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ABSTRACT: The desiccation of Aral Sea and Amudarya River delta caused significant damages to aquatic and terrestrial 

ecosystems which have supported the local population with a multitude of ecosystem services for centuries. In this 

contribution, we want to identify and assess the value of relevant ecosystem services in order to restore wetland functions 

and improve livelihoods and rural well-being. We developed a classification system and vulnerability indicators for 13 

deltaic lake systems and estimated the hydrological regime required to maintain provisions of valuable ecosystem services in 

the northern part of the Amudarya River. The expected benefits are: i) increase in fish, muskrat, and reed productivity as 

well as meat and milk production; ii) improvement of legal and environmental guidelines and rules on O&M of the delta 

ecosystems and capacity building of water institutions and lake system‟s personal. The paper highlights importance of 

institutional changes to incorporate economic valuation of the ecosystem services to sectoral and environmental policy 

appraisal and a moving towards multi-purpose water use. 

 
Keywords: ecosystem services, economic valuation, aquatic and terrestrial ecosystems, vulnerability, environmental flow, 

wetland restoration 

 
 

1. INTRODUCTION 

 
Ecosystems provide wide range of services that improve human welfare. Changes in ecosystems imply potential changes in 

generation of these ecosystem services and thus changes in welfare. The wetland ecosystems of Amudarya River delta have 

supported for centuries the local population of the two Central Asia countries - Republic of Uzbekistan and Republic of 

Turkmenistan with a multitude of ecosystem services before large man-made changes in the hydrological regime caused 

their serious decline. Many valuable ecosystem services have been lost or strongly impacted, over the last 50 years such as e 

fish production in Aral Sea, muskrat and reed production in the delta area, or groundwater table regime changing. In an 

attempt to improve the current adverse water situation in the delta, water management measures have been implemented in 

recent years, to increase water storage capacity of the delta. However, given the large consumption of water resources in 

agriculture, most of those wetland ecosystems only irregularly received freshwater input which is crucial for their 

functioning. Practically all of the aquatic ecosystems have undergone significant changes of their services. Moreover, 

economic valuation of wetland and lake ecosystem services is subject to stress due to drought and high variability of water 

flow is insufficiently studied. 

 

1.1. Objective and approach 

The goal of the presented research study is to identify and assess the value of relevant ecosystem services in order to restore 

wetland functions and improve rural livelihoods and environmental safety. Economic and financial analyses were carried out 

to assess the viability of the wetlands restoration interventions in the northern part of Amudarya River delta to determine 

value of the ecosystem services needed to improve livelihoods and rural well-being.  

The underlying methodology of this study has been designed according to environmental and technical standards and rules, 

with the objective to assess of the current state, vulnerability of deltaic ecosystem and value of their services using local 

methods and international guidelines [1, 2, 4]. 
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The assessment was based on empirical data and reportsas well as stakeholders‟ knowledge elicited during field studies, 

consultations, expert workshops and social surveys using participatory methods and tools, and review and evaluation of 

assets, outputs and lessons learned within the framework of technical projects and research programs carried out over the 

past 10 years [2, 3, 4].  

 
The technical and ecological interventions to rehabilitate and maintain the provision of valuable ecosystem services were 

defined in the Feasibility Study on “Creation of Small Local Water Ponds on Littoral zone of the Amudarya River Delta” 

(2004) and the GEF pilot project “The Lake Sudoche Wetlands Restoration”, implemented in the framework of the GEF  

WEMP Project, Component Е (2002). 

 

2. CURRENT STATE AND VULNERABILITY OF THE DELTAIC ECOSYSTEMS 

 

The wetland ecosystems of Amudarya Riverdelta represent a common hydrographic net of major irrigation canals, lakes 

and lake systems and wetlands on the territory of Karakalpakstan Republic and Khorezm veloyat of Uzbekistan and Tashauz 

region of Turkmenistan associated with a single source of water supply –Amudarya River. The climate of the delta is semi-

arid with a mean annual precipitation of only 80-100 mm/year. Evaporation is high with 1200 – 1600 mm/year caused by 

high temperatures and strong winds in summer seasons. The northern part of the delta is between 42о30 and 44оN of North 

Karakalpakstan territory which comprises most of the former wetlands areas and remaining semi-natural ecosystems. The 

wetlands are strongly dependent on the freshwater inflow from the river which regulates their salinity regime and chemical 

composition.  

 

With the approval of the intergovernmental agreement on water management between the newly independent Former Soviet 

Union Central Asian states in 1992 the Pre Aral region acts as an independent water user. The agreement prescribes an 

annual water flow from the Amudarya River to the Northern delta of about 3 km3 for basic needs and another 2.3 km3 for 

farming needs. Those water resources are aimed for the conservation of the deltaic ecosystem, for maintaining a regular 

water exchange in artificially regulated water bodies, for conducting forest amelioration and for other aims (IFAS 2004). 

However, those limits are often not observed nor enforced [8]. 

 

 

2.1. Sensitivity of deltaic ecosystems 

 
The lake systems of the western and eastern parts of the northern delta fully or partly depend on the volume and quality of 

collector-drainage runoff, which amounts to a total mean runoff of 1.56 km3/year. Runoff fluctuations of drainage water are 

less severe than fluctuations of the river flow and thus fluctuations of the lake levels are less severe (0.3-0.5m) 

comparatively to lakes that receive mainly freshwater input. The hydro chemical regime of the wetlands is not stable and 

completely depends on the volume and quality of the water inflow [ ]. Differences in water salinity determine differences in 

their fish population and the formation of the food basis. The extreme drought event in 2000/2001 has dried up 

approximately 85% of the water bodies in the delta with negatively affecting for livelihoods and income of local 

communities [4,8]. 

 

2.2. Vulnerability of deltaic ecosystems 

 

With the aim of a comprehensive assessment the system of vulnerability indicators for 13 deltaic lake systems has been 

developed. Based on this system of indicators the ranking of wetland ecosystems by level of vulnerability in mean-water and 

dry years, and estimation of hydrological regime required to maintain provisions of valuable ecosystem services in the 

northern part of the Amudarya River has been provided. 

The analysis shows, that despite their common origin, the lake systems and wetlands of Amudarya delta differ in their forms, 

sizes and ages, and are characterized by different relative depths, levels of littoral development and their coverage with 

wetland vegetation. One of the major differences is whether the lake has an outflow and thus water circulation or it is a 

runoff accumulator. As a whole, the wetlands and lake systems in the delta of Amudarya River are potentially unsustainable 

systems for the time being, as planned measures on their management, including construction of hydro technical structures 

and supporting measures, are still not fully realized because of institutional, financial and organizational barriers. These 

difficulties and constraints have been revealed during the extreme drought in 2000-2002, when wetlands of river delta 

practically fully degraded and lost their environmental and social useful functions and services (Figure 1). 

 



 

Figure 1.State of the lake ecosystems in the low water year 

In all observed aquatic ecosystems, the reduction of species diversity and loss of productivity of the zooplankton biocenosis, 

connected with a loss of freshwater species from the plankton associations and formation of a homogenous hemophilic and 

halo tolerant fauna has been noted. 

The institutional and social dimension analysis confirms the importance of water management regime and integrated lake 

water needs into water allocation planning and awareness raising among local communities and decision makers.  

3. VALUATION OF DELTAIC ECOSYSTEM SERVICES 

The valuation was undertaken to determine the likely impact of project interventions on improvement of the vulnerable 

deltaic ecosystem services, as well as to provide a clear indication of the responsible water institutions and local 

communities‟ capacity to meet future operation and maintenance (O&M) costs and the costs of rehabilitating the lake system 

civil works.   

 

Two alternative policy options have been considered: (i) Without Project (where current level of investments to rehabilitate 

and maintain deltaic ecosystem services will take place - as «business as usual»). (ii) With Project (where development of 

investments flow to promote combination of technical, institutional and environmental interventions with socio-economic 

measures) [ 3, 4]. 

 

The technical and ecological interventions consisted of direct investments for construction and O&M of the water bodies 

management structures with total capital investment of US$ 24.050 million. The direct investment for rehabilitation of I&D 

infrastructure and land improvement in command area of Muynak district is estimated in US$ 3.8 million.  

The main economic benefits are expected to be: (i) increased ecosystem productivity as a consequence of implementing full 

combination of the technical interventions, and (ii) avoiding a gradual loss of ecosystem services due to further land 

degradation and desertification which is anticipated in the absence of the project.  

 

3.1. Expected Change of Deltaic Ecosystem Habitats Areas 
 
Table 1 summarizes thecurrent state and expected area of habitats ofdeltaic ecosystems in North Karakalpakstan. 

 

Table 1.Expected Area of Habitats of DeltaicEcosystem in North Karakalpakstan ((„000 ha) 
 

Area of habitat Before  1995 Current state ( 2005) 

(Without Project) 

Expected areas 

With Project) 

Fish  28.4 178 

Muskrat  28.4 178 

Game Bird  28.4 178 

Reed 500 28-70 210 

Motley grasses  35 140 

Pasture 350-400 45 200 

Natural licorice (Glycyrrhiza) 18 < 10  

Source: EU NeWater Project. Amudarya Case Study Final Report (2008) based on [2, 3] 

 
The analysis shows that in spite of disturbance and reduction of deltaic ecosystem functions the expected area of habitats has 

increased by 75-84% in the option «With project».Accordingly, implementation of option «With project» will enhance 

sustainable increasing of qualitative values of aquatic and terrestrial ecosystems services. 

 



Development local plan on conservation and collective use of lake ecosystems and wetlands are critical for increasing 

capability of responsible water authority and affected inhabitants to better copy with drought challenges and maintain 

sustainable value of deltaic ecosystem services.  

3.2. Benefits 

 
Expected increasing area of rehabilitation in Amudarya delta up to 234 000 hectares will provide benefits to both aquatic and 

terrestrial ecosystem services and rural livelihoods. The benefits are expected to be: i) increasing value of wetland and lake 

ecosystems goods and provision of services (fish, muskrat, reed productivity and meat and milk) and vitally incomes from 

irrigated croplands (grains, vegetable, fruits etc.); ii) building capacity of the responsible water management institutions to 

awareness raising and knowledge management; iii) improvement of  technical and environmental guides and regulations on 

operation and management of the delta lake and wetland ecosystem. The economic viability of «With Project» policy option 

is high sensitive to adverse changes in key variables. The IRR for the Project is 23.3% and the annual benefit is of US$ 

14,473 mln. 

This assessment clearly shows the importance of implementing the technical, institutional and environmental interventions 

with mitigation measures for income generation and rural wellbeing which will be primarily focused on diversification of 

deltaic ecosystem services and environmental safety. 

 

4. POLICY ORIENTED RECOMMENDATIONS 

 
The results of the analysis indicate that objectives of this study are beneficial to both wetlands and lake ecosystem services 

and rural livelihoods. It clearly demonstrated the need for: (i) strengthening capability of responsible institutions and target 

groups (scientists, NGO, farmers, fishermen‟s, and local communities) to incorporate economic valuation techniques to 

sectoral and environmental policy appraisal; (ii) development of local plans  on conservation of lake ecosystem and wetlands 

to improve water management and water allocation planning; (iii) valuing current and expected benefits from the natural 

environments are essential to move towards better policy making, ensuring that policy appraisals fully take into account the 

costs and benefits to the degraded and drought-phone environment.  

 

5. CONCLUSSION 

 
The current state of the ecosystems of Amudarya River delta was analyzed and a system of vulnerability indicators for 13 

deltaic lake systems has been developed, which included key abiotic and biotic indicators of ecosystem vulnerability. The 

applied approach on vulnerability assessment and economic evaluation of deltaic ecosystem services has significant 

advantages and ensures possibility for achievement and adaptation of the spatial-temporal balance of water needs between 

deltaic ecosystems, multiple users and society interests.  
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ABSTRACT: Argentina’s central west encompasses a vast dryland territory, organized on the basis of a great 

contradiction: the confrontation between oasis and rainfed area (desert lands with no irrigation). Within a territory under 

conditions of aridity with different desertification levels, Mendoza is a paradigmatic case. The development model 

fostered at the end of the XIX century was based on the supremacy of strategic resources: water and soil. A mode of 

regional development reliant on irrigated lands was supported there from to consolidate the wine exporting model. 

Nowadays, Mendoza’s non-irrigated lands and their people are marginal not merely by the effect of a restrictive 

environment but also by the combined action of a fragile environment and the weightier social, political and economic 

forces that have banished them to the system’s margins. Analysis of the region’s history informs that non-irrigated spaces 

provided both strategic natural resources for development of irrigated areas and labour to start production activities. 

Simultaneously, non-irrigated lands were restricted in their right to access strategic resources for their social reproduction: 

water, land and identity.  

This report delves further into the analysis of the dynamics of territory construction whereby some territories stand as 

central while others are relegated to marginal positions. The analysis goes deeper into a case study with signs of a serious 

process of territory impoverishment, social exclusion and progress of desertification and poverty, and presents the efforts 

to encourage a rural development strategy for non-irrigated drylands that allows full inclusion of these territories and 

actors as rights-bearing subjects.  

Keywords: Drylands, desertification, macro-economic policy drivers, Mendoza province, Argentina 

1. INTRODUCCION 

Entre los 22º y 55º de latitud sur, a lo largo de 3.700 km, se extiende la porción continental de Argentina con una 

superficie de 2.758.829 km2. Esta gran extensión determina una amplia variedad climática, desde climas subtropicales al 

norte hasta los fríos en el extremo sur y en las zonas montañosas, con predominio de los templados en la mayor parte del 

país. Según el régimen hídrico se divide al país en tres grandes regiones: la húmeda, que ocupa el 21 % de la superficie; la 

subhúmeda y semiárida, con aproximadamente el 27,50 % y la región árida - la mayor- que representa el 51,50 % de la 

superficie, extendida sobre la porción occidental y sur del área continental, desarrolladas a la sombra de la Cordillera de 

los Andes. De este modo, Argentina es el país de América Latina con mayor proporción de superficie árida, semiárida y 

subhúmeda seca. La relación entre la precipitación y evapotranspiración potencial define áreas con predominio de 

regímenes hídricos deficitarios sobre el 70% del territorio de Argentina. Aproximadamente el 30 % del total nacional de 

habitantes vive en estas tierras secas. De éstos, aproximadamente un tercio vive bajo la línea de pobreza. A pesar de la 

magnitud que alcanzan las tierras secas a nivel nacional y la gravedad de los procesos de desertificación que las afectan, 

esto no se ha visto traducido en la formulación de políticas públicas que colaboren a prevenir o controlar los procesos de 

degradación. Argentina es más conocida por ser el país “granero del mundo” que por ser el “país de las tierras secas” 

(Abraham et al. 2009). Con las políticas de promoción y desarrollo históricamente focalizadas en los núcleos de 

producción de la pampa húmeda, el resto de las regiones siempre fueron periféricas, cumpliendo principalmente el papel 

de proveedoras de insumos y mano de obra. Desde la época colonial el diseño de las vías de comunicación y transporte de 

nuestro país confluyen en la capital, para facilitar la concentración de riquezas y su comunicación con el exterior, 

fundamentalmente a través del puerto de Buenos Aires. La mejor expresión territorial de esta política es la macrocefalia 

de la Capital Federal, reflejada en el mapa de densidad de población y alimentada por las intensas migraciones internas 

producidas por el agravamiento de la desertificación y la pobreza en el interior del país, que a su vez -en un círculo 

vicioso- generan más desertificación y pobreza, por la ausencia de población activa en las zonas desertificadas.  

Esta situación cambia relativamente con la consolidación de las economías regionales, puesto que cada región e incluso 

las provincias mismas repiten a su manera este esquema en la relación espacios productivos/desierto (tierras secas 

irrigadas/ tierras secas no irrigadas). La política nacional en relación con los recursos naturales se inscribe en nuestra 



constitución. En un estado federal, cada provincia es dueña y soberana de sus recursos naturales, entre los que se incluye 

el agua, que en el caso de las tierras irrigadas, es inherente a la tierra. Este marco legal dio lugar a muy disímiles 

situaciones, dependiendo de la madurez político-institucional de cada provincia, pero en general marcada por el reiterado 

abuso de los recursos de las tierras secas, que sirvieron de base para la construcción de la riqueza de los territorios 

centrales, excluyéndolas del proceso. 

La provincia de Mendoza, en el centro oeste argentino, es altamente ilustrativa de esta situación: el total del territorio 

provincial se extiende bajo condiciones de sequedad, con patrones de estructuración fuertemente fracturados (Abraham et 

al. 2009). De un lado las concentraciones de ciudades y zonas rurales desarrolladas al amparo de los beneficios del riego 

(oasis) y del otro vastos territorios rurales sin riego con población dispersa que aprovecha los exiguos recursos naturales 

en base a la producción pecuaria. Mientras los primeros (3% del territorio) se integran a la economía de mercado y 

concentran los recursos territoriales más valorados, los segundos se despliegan a la sombra de éstos comercializando 

productos de poco valor agregado que hacen un uso intensivo de los escasos recursos naturales disponibles. A la baja 

densidad poblacional de las tierras secas rurales no irrigadas (menos de 0,5 hab. por km2) se suman ingresos per capita 

promedio inferiores a la media nacional y hogares con NBI que duplican la media nacional. Este panorama de extrema 

polarización oasis/desiertos se completa si se considera que la provincia se ha desarrollado respaldándose en sus territorios 

de oasis, mientras se registra una llamativa ausencia de políticas para las tierras secas no irrigadas. Esta situación 

conforma un panorama de intenso desequilibrio territorial y exclusión social.  

1.1 Un modelo de desarrollo adoptado que genera desequilibrio territorial, exclusión y marginación social 

Mendoza, situada al pie de la Cordillera de los Andes se extiende en el centro-oeste argentino, entre los 32° y 37°35´ de 

latitud sur y los 66°30´ y 70°35´ de longitud oeste, con una superficie de 150.839 km2 y una población total de 1.741.610 

habitantes. Desde el punto de vista de su posición tiene una situación estratégica de encrucijada entre las dos capitales más 

australes de América del Sur (Santiago de Chile y Buenos Aires), plasmado en el espacio a través del incremento de los 

flujos comerciales y de personas. Presenta un marco natural heterogéneo, signado por la aridez, la restricción de los 

recursos hídricos y de los suelos, la pérdida de biodiversidad, los riesgos naturales y la desertificación, donde aparecen 

agudos desequilibrios económicos y territoriales, cuya máxima expresión es la contradicción áreas irrigadas (oasis) y-

áreas no irrigadas (desierto). A partir de fines del siglo XIX, con la consolidación del modelo vitivinícola bajo riego, a 

expensas de la degradación del territorio no irrigado y de la extracción de su capital natural y social podemos hablar de 

dos Mendozas: la ciudad-bosque, del agua abundante, de la prosperidad y la del desierto, excluida, empobrecida, 

desertificada. Esta provincia argentina brinda un escenario interesante para el análisis de las políticas macroeconómicas 

que favorecieron los procesos de desertificación por cuanto encierra una aparente paradoja: expone al mismo tiempo 

problemas ambientales de considerable gravedad, íntimamente asociados a la ubicación que exhibe dentro de las tierras 

secas, al mismo tiempo que es reconocida en el contexto nacional como una economía regional exitosa, que ha logrado 

sobreponerse y capitalizar sus condiciones de aridez, a favor de una actividad productiva que encuentra en ellas su 

principal fuente de ventajas comparativas. 

Una serie de condiciones naturales -bajas precipitaciones, elevadas amplitudes térmicas, alta heliofanía y escasa humedad- 

en asociación a acciones de modelación del territorio sustanciadas en una amplia red de riego, han dado nacimiento en 

Mendoza a tres oasis que permiten el desarrollo de la vitivinicultura. Por fuera de ellos, sin embargo, similares 

condiciones ambientales revierten en procesos críticos de desertificación. 

La posibilidad de explicar esta aparente paradoja lleva a suponer que el proceso histórico de conformación de territorios 

irrigados y no irrigados ha promovido en Mendoza el desarrollo diferenciado y polarizado de territorios de oasis, que 

concentran recursos, población y sobre todo poder y territorios no irrigados, que se integran en condiciones de 

subordinación a aquellos y que serán los que expongan las mayores evidencias de desertificación. El hecho de que sea en 

los territorios no irrigados aquellos que expongan los procesos de desertificación de mayor gravedad no debe llevar sin 

embargo, a suponer que las causas de la degradación se agotan en el sobrepastoreo derivado de acciones individuales 

irracionales. Muy por el contrario, las causas estructurales de la desertificación se relacionarían a procesos de mayor 

envergadura y profundidad temporal, íntimamente asociados al proyecto de desarrollo regional que la provincia y sus 

grupos hegemónicos han promovido a lo largo del tiempo. 

1.2. Las condicionantes políticas y macro-económicas de la desertificación en Mendoza: recuperando las dimensiones 

históricas del proceso.  

Al momento de la llegada de los españoles, que en Mendoza se concreta hacia el año 1551, la provincia era ocupada por 

cuatro grupos étnicos: huarpes, puelches, pehuenches y olongastas (Prieto 2000). Dentro de ellos, los huarpes se 

localizaban en la zona norte del actual territorio de Mendoza, siempre en las proximidades del curso del actual Río 

Mendoza. Algunos se ubicaban sobre los piedemontes y depresiones que constituyen el actual “oasis norte de Mendoza” y 

otros alrededor del sistema de lagunas y bañados de Guanacache, en la parte baja de la cuenca (actuales “tierras secas no 

irrigadas”). Sobre la base de un patrón de asentamiento disperso, la población ubicada en las depresiones y piedemontes se 

distribuía en aldeas que se proveían de agua a través de acequias; una infraestructura básica de manejo de los recursos 

hídricos que permitía aprovechar los deshielos cordilleranos y sortear las condiciones de aridez de la región, haciendo 

posible el desarrollo de algunos cultivos. Relativamente alejada de éstos, la parcialidad huarpe que se localizaba en las 



llanuras, mostraba un patrón de ocupación también disperso que seguía los bordes de las lagunas y los márgenes de ríos y 

arroyos (Abraham y Prieto 1981). La principal actividad productiva estaba asociada al sistema lacunar y combinaba la 

caza, pesca y recolección, además del cultivo de algunas especies cuando el desborde temporario de los ríos así lo 

permitía. Entre ambos territorios se reconoce la existencia de fuertes vinculaciones a lo largo del tiempo, no sólo por la 

común dependencia de un mismo curso de agua (actualmente Río Mendoza) sino además, porque se registran activos 

procesos de intercambio de productos entre ambos grupos (Prieto, 2000:59). 

Apenas instalados los españoles en el norte de Mendoza, centrarán su ocupación en las tierras de regadío, que albergaban 

a dos tercios de la población huarpe (Prieto y Abraham, 1994) y que habían sido previamente modeladas por éstos, a 

través de acequias y canales. El desplazamiento progresivo de los grupos huarpes, pronto resultó insuficiente para los 

grupos españoles en expansión, de manera que éstos debieron proceder a la conquista de nuevos territorios, ahora más 

alejados, que se incorporaron al naciente oasis mediante la ampliación de la red de riego. Todo el período colonial será 

testigo de este proceso de crecimiento dual, es decir, de expansión desde las tierras irrigadas a las no irrigadas y de 

arrinconamiento de los pueblos originarios en los territorios con menores facilidades para el riego. Al mismo tiempo, si 

bien los procesos de intercambio no cesarán, experimentarán crecientes tendencias hacia el desequilibrio, de suerte tal que 

mientras los primeros se irán concentrando en el cultivo bajo riego de cereales y forrajeras, en el engorde de ganado para 

su posterior venta a Chile y en la fabricación de alcoholes y vinos (Prieto y Abraham, 2000), los territorios ubicados 

“aguas abajo” que albergaban a los grupos huarpes desplazados, constituirán la principal fuente de provisión de que se 

servirán los oasis, en especial de personal de servicio y de pescado (Abraham y Prieto, 1981:127). 

Comienza en esta etapa a perfilarse un modelo de desarrollo territorial fuertemente asociado al agua y que, respaldándose 

en obras de riego, permitirá la consolidación del “Modelo Vitivinícola” que madurará a lo largo del s. XX y que permitirá 

que la región se acople sin competir al eje Pampa Húmeda-Buenos Aires-Puerto, ya hegemónico para ese entonces. En el 

contexto de la división internacional del trabajo, la Argentina se ubica a fines del s. XIX y principios del s. XX como un 

país proveedor de productos agrícola-ganaderos provenientes de la pampa húmeda, que hallaban su principal destino en 

Gran Bretaña. La especialización productiva que logra el país, funcional a los requerimientos externos, dan lugar al 

incremento de la inversión extranjera, a la expansión de la red ferroviaria, al crecimiento exponencial de las exportaciones 

y al establecimiento de una política de atracción de inmigrantes tendiente a satisfacer las demandas crecientes de mano de 

obra. El interior del país debe rápidamente acomodarse al escenario nacional. Algunas regiones lo harán evitando al gran 

competidor pampeano, maximizando las ventajas comparativas que se derivaban de sus suelos y clima. Es el caso de la 

producción de caña de azúcar en Tucumán y de la producción vitivinícola de Mendoza, ambas montadas sobre 

experiencias que se venían desarrollando en el pasado y que, sin embargo, se consolidan definitivamente en el contexto de 

una organización nacional acorde al rol asignado a la Argentina en el escenario internacional.  

A lo largo de s. XX la actividad vitivinícola se consolida definitivamente en aquellos territorios de Mendoza, donde la red 

de riego había dado balances favorables de agua y suelo. Los flujos migratorios provenientes de Europa, incluso de 

regiones con tradición vitivinícola brindarán, por su parte, los saberes y disponibilidades de mano de obra que la puesta a 

punto del modelo requería. Siempre dependientes de los deshielos cordilleranos pero cada vez más aprisionados en la red 

de riego, los caudales del río Mendoza dejarán con el tiempo de proveer a los territorios situados “aguas abajo” del oasis 

norte, que verán entonces comprometidas las dotaciones que daban origen al sistema de bañados y lagunas y que sostenían 

la pesca y los cultivos. A las demandas de agua que planteaban los oasis en expansión, no tardarán en sumarse las 

demandas de madera que plateará la ciudad de Mendoza, también en crecimiento y, del mismo modo que ya pasaba con el 

agua, ésta será extraída de los territorios situados al este de Mendoza, “aguas abajo” del río Mendoza. 

A lo largo del s. XX se registrarán en las llanuras del este de Mendoza, tres procesos concurrentes: disminuciones 

sostenidas en el agua superficial disponible (ahora con destino a las zonas de oasis), extracción masiva de recursos 

forestales (con destino a las zonas urbanas) e introducción progresiva pero sostenida de ganado caprino, único que por sus 

características podía hacer frente a condiciones ambientales cada vez más restrictivas. Hacia fines del s. XX y principios 

del s. XXI, la vitivinicultura de Mendoza experimenta un profundo proceso de re-estructuración, que la lleva a alejarse de 

la producción de vino comunes y de mesa para proyectarse a la producción y comercialización de vinos de alta gama. 

Nuevamente, son las transformaciones del sistema-mundo las que dan el marco posibilitador a estas transformaciones, 

orientadas a posicionar a los productos locales en los mercados internacionales de consumo. Concomitantemente, en las 

tierras secas sin riego los procesos de desertificación avanzan y se profundizan. Así las cosas, aun cuando resulta común 

la asociación desertificación – sobrepastoreo e incluso en esta zona se atribuyen a éstos últimos la mayor responsabilidad, 

el análisis realizado debe necesariamente conducir a reflexionar acerca de la también tradicional asociación que algunos 

autores promueven entre sobrepastoreo y acción individual irracional (Thomas et al. 2011). Más bien por el contrario, una 

mirada sensible a la historia de estos territorios revela que las situaciones diferenciales que en la actualidad se expresan en 

Mendoza son el resultado de complejas tramas de relación desigual sedimentadas a lo largo del tiempo, en el marco de las 

cuales los espacios irrigados han procedido a hacer un uso extractivo de las riquezas –naturales y humanas- de los no 

irrigados. La consolidación de la vitivinicultura y de los oasis comanda al mismo tiempo la subordinación de otros actores 

y territorios y, más allá, determina la extracción de determinados recursos naturales que indefectiblemente son puestos al 

servicio de un proyecto económico regional que se disputa fuera de los territorios que en el presente exhiben los signos 

visibles de la desertificación. 



El caso presentado también revela que aunque las dinámicas de relación desigual que traban las tierras secas irrigadas y no 

irrigadas adquieran una faz territorial, no se trata de disputas explicables en términos estrictamente ambientales. Son, en 

todo caso, disputas ancladas en el territorio, que expresan y son fruto de relaciones de poder que van mucho más allá. La 

naturaleza no adquiere, por tanto, rol particular; por el contrario, las porciones de la naturaleza que se convierten en 

recurso por el uso del que son objeto, dan materialidad a procesos explotativos que encuentran en los procesos de 

desertificación una forma de expresión. Finalmente, si en la escala territorial provincial estos procesos y dinámicas deben 

ser pensados como causas estructurales de la desertificación, en las escalas locales su visibilización debe necesariamente 

invitar a revisar los argumentos que atribuyen a las víctimas la responsabilidad exclusiva de los problemas.  

RECOMENDACIONES ORIENTADAS A LOS TOMADORES DE DECISION 

Al interior de las tierras secas se dan condiciones de desequilibrio territorial y falta de equidad política y social. Se repite 

el modelo de concentración económica y demográfica en los territorios irrigados, que han logrado capitalizar recursos 

estratégicos como agua, suelo y población, en detrimento de los territorios de tierras secas no irrigadas. Surge la 

recomendación de reparar esta situación con la formulación de políticas que tiendan a mejorar las condiciones de 

equilibrio territorial y falta de equidad social a través de medidas macro- económicas que reviertan los procesos de 

extracción del capital natural y social de las tierras secas no irrigadas. El conocimiento de las verdaderas causas de la 

desertificación y sus consecuencias en estos territorios excluidos de los procesos de desarrollo se convierte en un 

verdadero motivo de reparación histórica.  

CONCLUSIONES 

Con un territorio íntegramente extendido bajo condiciones de sequedad, con diferentes niveles de desertificación, la 

provincia de Mendoza es un caso paradigmático de organización basada en una gran contradicción: la confrontación entre 

tierras secas irrigadas “oasis” y tierras secas no irrigadas “desierto”. Las principales causas que potencian los riesgos a la 

desertificación provienen de la debilidad de políticas integrales y de coordinación intersectorial, que se manifiestan en 

desequilibrios territoriales con efectos negativos sobre las dimensiones sociales, económicas y ambientales, políticas que 

históricamente se han mostrado prácticamente ausentes en el desarrollo del desierto, en contraste con la diversidad de 

políticas y promoción de actividades dirigidas a los oasis (Abraham, 2009).  

El modelo de desarrollo impulsado por los grupos dominantes de fines del siglo XIX, se basó en el dominio de dos 

recursos estratégicos: el agua y el suelo. A partir de allí se favoreció una modalidad de desarrollo regional fuertemente 

apoyado en las tierras irrigadas para la consolidación del modelo vitivinícola exportador. 

En la actualidad los territorios no irrigados de Mendoza y sus habitantes son marginales, no por el sólo efecto de una 

naturaleza restrictiva sino por la acción combinada de un soporte físico limitado y frágil y de fuerzas sociales, políticas y 

económicas de mayor envergadura que las han ubicado en los márgenes del sistema. El análisis de la historia de la región 

informa que los espacios no irrigados funcionaron como proveedores de recursos naturales estratégicos para el desarrollo 

de las zonas irrigadas y de mano de obra para la puesta en marcha de las actividades productivas dominantes. 

Paralelamente, los territorios no irrigados fueron cercenados en el ejercicio de su derecho al acceso a recursos estratégicos 

para su reproducción social (agua, tierra e identidad) (Abraham y Torres, 2011). 

Cuando se formulan estrategias sólo para los oasis, se está decidiendo, por omisión, sobre el resto del territorio, que 

funciona como espacio marginal. Se trata entonces –tomando la oportunidad que plantea la reciente Ley 8051 de 

Ordenamiento de los usos del suelo- de aceptar el reto de una planificación con criterio sistémico que articule la relación 

oasis-áreas no irrigadas en un proceso de complementación y no de competencia. 
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ABSTRACT: In the Sahel people have always faced extreme climate conditions with high rainfall variability. Rising population 
density, unsustainable cultivation practices and degradation of resources, particularly of soils, are progressing and lead to 
desertification. The effects of climate change have already further exacerbated these difficult conditions and will continue to 
increase the stress on eco-systems, leading to higher vulnerability of the rural population.  

Since the 1980s, German development cooperation has been providing support to people in the Sahel region with the 
development and implementation of improved natural resource management strategies and approaches. A special focus has been 
given to soil and water conservation (SWC) and soil protection and restoration (SPR). In the paper several techniques and 
approaches of SWC / SPR will be presented and their contribution to improving the resilience of the prevailing agro-sylvo-
pastoral systems and to reducing the vulnerability of the rural population will be examined.  

A special focus will be on water spreading weirs as a relatively new technology for the rehabilitation of degraded dryland valleys, 
which has been introduced in the Sahel by Swiss and German development cooperation. This technique has to be embedded into 
a spatial approach combining several land management techniques, which reduce soil erosion and improve soil fertility and food 
security. 

In the conclusion the paper gives policy and technical recommendations for the up-scaling of the presented 
techniques in order to contribute to sustainable land management and resilience building on the ground. 

Keywords: soil and water conservation, resilience, climate change adaptation, food security 

1. INTRODUCTION 

More than 10 million people in the Sahel suffered from food crises in 2010 (Gubbels, 2011). Also in 2012 large parts of the 
population in the region is affected by food insecurity which is exacerbated by the conflict in northern Mali, forcing many people 
to leave their home regions. About 18 million people are at risk of hunger within West African Sahel (European Commission, 
2012). Crises of food security have a cyclic character in the Sahel and are caused by a complex of factors, and are generally 
linked to natural phenomena such as drought periods or locust outbreaks (Sendzimir et al., 2011). Well known drought periods 
linked with famines occurred for instance 1942-49, 1968-73 and 1982-84 (Reij et al., 2009).  

Inter-annual climate variability is a typical characteristic of dry regions as the Sahel. People have learnt over time to cope with 
and to adapt to permanent water scarcity, erratic rainfall and risks of climate related shocks. But due to different factors, such as 
high poverty rates, changing socio-economic and political conditions, population growth and degrading natural resources these 
traditionally adapted strategies have widely become insufficient, leading to unsustainable practices of land management 
(UNCCD et al., 2009). On the other hand, traditional approaches which had been abandoned due to changing political and 
economic conditions contributing to the degradation of land have later been rediscovered and promoted, as demonstrated by the 
example of the farmer managed natural regeneration (FMNR) in Niger (Sendzimir et al., 2011; Reij et al., 2009).  

Climate change has to be understood as an additional pressure to the already destabilised livelihoods in the Sahel. Drylands in 
general are particularly vulnerable to the impacts of climate change as population has a low adaptive capacity. The high 
dependence on natural resources combined with the fact that ecosystems in drylands are very fragile, high poverty levels and 
unfavourable political conditions contribute to this high vulnerability (Sörensen et al., 2009).    

Enhancing resilience of rural livelihoods in the Sahel must focus on strengthening the adaptive capacity of the vulnerable 
households, meaning the “the nature and extent of access to and use of resources in order to deal with disturbance” 
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(Frankenberger et al., 2012: 3). Given the fact that concepts of resilience and vulnerability are closely interlinked, the reduction 
of vulnerability contributes as well to increasing resilience. Frankenberger (2012) proposes the terms resilience and vulnerability 
pathways in order to underline the process character of the two concepts. Households that are able to adapt to shocks and stresses 
(adaptive capacity) and incrementally reduce their vulnerability are on a resilience pathway. The holistic framework of resilience 
is appropriate to guide long term and multi-sectoral interventions integrating humanitarian assistance, reduction of risks as well 
as climate change adaption and development (Gubbels, 2011). 

One frequently cited dimension for increasing resilience in rural areas of the Sahel is agro-ecological agriculture which 
comprises for instance agro-forestry, integration of livestock and soil and water conservation. These approaches contribute to 
sustainable increases of agricultural yields, regeneration of natural resources, increased income leading to improved food security 
(Gubbels, 2011).   

In the present paper some of the key factors determining the vulnerability and resilience of the rural livelihoods in the Sahel 
region are presented and the potential of practices of sustainable land management, such as soil and water conservation (SWC) as 
well as soil protection and restoration (SPR), based on practical experience of German development cooperation will be 
discussed.  

2.  MAIN FACTORS DETERMINING THE RESILIENCE IN RURAL SAHEL 

The reasons for the unstable situation in the Sahel region are complex and cut across several sectors: low productivity,  
inadequate access to food and health care; malnutrition; missing social safety nets, poor infrastructure (Mertz et al., 2009; 
European Commission, 2012). Underlying causes include degradation of ecosystems as well as impacts of climate change leading 
to more fragile agricultural production systems. Economic disparities and weak public institutions further contribute to the low 
resilience of the region. In the following sections selected factors determining resilience with special importance for the natural 
resource base will be presented in more detail. 

2.1 Population Growth 

The population of the African continent has grown at 2.5% annually for the past 60 years from 186 million in 1950 to 856 million 
in 2010 (UNDP, 2012). In most of the Sahelian countries the population grew even more than 3% per year. In 2050 the African 
population will probably reach 2 billion, whereas in East and West Africa the fastest growth is projected. This growth in 
combination with shifting diets towards processed food, meat and dairy products increases the pressure on food systems and 
natural resources. 

It is estimated that food supplies have to be doubled in the next few decades (UNDP, 2012; Foley et al., 2011). The expansion of 
agricultural areas in the tropics is in a global consideration of limited use, as experience shows that this expansion contributes 
very little to the global food supplies but has far-reaching negative impacts such as reducing biodiversity, depleting ecosystem 
services as well as increasing greenhouse gas emission, since 80% of new croplands are replacing forests (Foley et al., 2011). 
Consequently, water and soil productivity have to increase in order to sustainably maintain and increase food production on 
already existing agricultural lands.  

2.2 Land degradation 

Measuring the extent of desertification on a bigger scale always relies on qualitative assumptions and scientific models. As the 
input data and also the normative assignment of desertification vary between the different studies, so do the results. 

According to Zika & Erb (2009), globally about 23% (12 Mio. km²) of drylands are affected by desertification. Some authors 
suggest even higher numbers, reaching up to 71% (36 Mio. km²) (Dregne u. Chou 1992). Especially Africa is severely affected 
by desertification. According to the frequently cited GLASOD study about 10% of the total African land area is affected by 
desertification (Oldeman et al 1991).  Reich et al. (2001) arrive at the even more alarming share of 46% of the African land mass 
that is impacted upon by desertification, which would affect not less than 485 Mio. people. Climate Change and an increasing 
population pressure further sharpen the situation. Between 1990 and 2025 the average agricultural area per capita in Sub-Sahara 
Africa will decrease by 61% to 0.63 ha (Norse et al 1992). For instance, in some areas of Niger, up to 50% of the landmass have 
already become totally unproductive due to land degradation (Gubbels, 2011). 

Soils in the Sahel are very fragile, poor in plant nutrients and prone to erosion. Torrential summer rains and limited water 
absorption capacity of soils (runoff rates of 40% of annual precipitation are common) make soils highly sensitive to erosion and 
crusting. About 100 tonnes per hectare per year are common rates of erosion due to rainfall. Furthermore in some areas wind 
erosion can amount to 150 tonnes per hectare additionally. Wind and water erosion are considered the main constraints in 
agricultural sustainability in the Sahel contributing to a large extent to desertification (Kandji et al., 2009). Furthermore, land 
degradation is caused by a number of different factors such as:  

• Insufficient or non-existent spatial planning; land use plan as important tool for sustainable land management is often 
missing or not implemented  

• Traditional strategies of natural resource management are not more viable due to population growth and are leading to 
overexploitation (overgrazing, deforestation and over-utilisation of vegetation)   
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• Insufficient / lacking land tenure security favours unsustainable land use practices   
• Increasing climate risks are act as additional stress factors on the system  

 
Maintaining soil fertility is therefore of crucial importance for sustainable agriculture (Kandji et al., 2009). 

2.3 Climate Change 

The Sahel is characterised by strong climate variations and irregular rainfall between 200 and 600 mm. The succession of dry and 
wet years is typical. This variability of climate is the biggest obstacle for assuring food security (Kandji et al., 2006). 
Temperatures in West Africa increased by an average of 0.5-0.7°C between 1951 and 2001 with an increase of around 0.7°C in 
the minimum temperature and 0.35°C in the maximum temperature (Sarr & N’Djafa Ouaga, 2009).  

Analyses of the rainfall in the Sahel reveals the following climate periods (see figure 1): 

1. 1950-1968: a period of high rainfall with year-to-year variability and an overall downward trend; 

2. 1968-1993: a dry period with high year-to-year variability; 

3. 1993-2006: a period of very high year to year variability with humid years alternating with dry years. 

 

Fig. 1: Rainfall rate in the Sahel (Sarr & N’Djafa Ouaga, 2009). Positive values indicate years registering rainfall levels which 
exceed the average for the period 1950-2006, and negative values indicate years registering rainfall levels lower than the average 
for that period. 

Future climate projections for the Sahel region predict a warming of 0.2°C to 0.5°C per decade across the African region, 
whereas the warming is expected to be greatest in the interior of the Sahel and in central southern Africa (Kandji, 2009). Arid 
conditions are likely to be exacerbated because of higher evapotranspiration linked to higher temperature. Regarding future 
projection of precipitation there is much more uncertainty if rainfall is going to increase or decrease. Despite these uncertainties, 
especially regarding the evolution of precipitation, the following characteristics of future climate have to be expected: 

• Higher temperatures and more frequent heat waves 
• Decline of annual precipitation and superficial runoff in North and South Africa; increase in East Africa 
• Longer drought periods in North and South Africa,  reduction in East Africa  
• Increase in rainfall intensity over virtually the whole continent 

 

Even if Africa’s drylands may not experience considerable changes in annual precipitation, the fact that rain will become more 
intensive and that generally extremes such as droughts and floods will be more frequent will lead to an increased risk of soil 
erosion and vegetation destruction (Mertz et al., 2009; Kandji et al., 2009; Sörensen et al., 2009). 
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3. GERMAN DEVELOPMENT COOPERATION IN SAHEL 

Since the eighties of the 20th century, German Development Cooperation has developed and implemented soil and water 
conservation approaches in the Sahelian Countries. Huge rural development projects in Niger and Burkina Faso but also in Chad 
and Mauritania supported rural populations by providing knowledge about soil and water conservation technologies. 

Communities and user groups have been advised in land use planning and implementation of measures contributing to a slower 
run-off of water and a better fertility by technical and biological measures. These small scale interventions helped protecting 
huge landscapes against desertification. They have been accompanied by management instruments like “local conventions” 
which can be understood as documented arrangements between different user groups helping to prevent conflicts. Other 
international partners and donors as the FAO and the Swiss Cooperation used similar approaches.  

As people in these semi-arid regions are rather vulnerable and poor, the SWC-measures have been supported by social transfer 
systems as Food-for-work or Cash-for-Work. This was based on the idea that on a short-term perspective, people will participate 
because of the access to food and money provided by these measures and that in a long-term perspective they will have an 
understanding of the positive impact on the environment. Rehabilitated landscapes are used for agriculture, grazing and forestry. 
Livelihood systems get much more diversified and households are more resilient against droughts and other shocks and crises. 

In the following sections the measures of soil and water conservation / soil protection and restoration as one of the priorities of 
German cooperation in the Sahel region will be discussed in more detail.  

4. SWC/SPR 

SWC/SPR measures aim to achieve various goals: (i) improve water management, (ii) increase the productivity of cropland, 
forestland and rangeland and (iii) ensure sustainable management at the environmental, social and economic level. With regard to 
the beneficiaries, the goal is to improve food security by guaranteeing, increasing and diversifying production to enable them to 
cope better in the lean season. Their income increases and comes from more diversified sources, which contributes to reducing 
poverty. In social terms, the goal is to improve the organisation and capacities of rural communities, promote the rational use of 
natural resources and prevent conflicts over them. These measures also contribute to raising the water table and making water 
more readily available to people and livestock. In environmental terms, they improve the ecology of the areas in question by 
protecting the land against erosion, increasing soil fertility and conserving biodiversity. SWC/SPR measures therefore provide 
people living in these areas with a more stable livelihood, reduce their vulnerability to external factors, such as climate change, 
and contribute to increasing their resilience.  

SWC/SPR measures are implemented taking into account the topographical units of the entire watershed, which generally include 
plateaux, slopes, pediments and valley bottoms. The topographical units have different types of soil, vegetation and uses and are 
often exploited by different groups of users under different forms of land tenure (see figure 2).  

The plateau areas are communal lands with shallow, infertile, stony soils. Uses include grazing for livestock and the collection of 
wood, straw, fruits, bark and other secondary products. The land and vegetation on the plateaux are often severely degraded due 
to overuse.  

Slopes also have shallow, stony soils with some grass and bush cover. Runoff water flowing over the plateaux and steeper slopes 
hollows out gullies and causes landslides, which leads to serious degradation of the hillsides. These areas are of limited use as 
communal rangeland for livestock.  

Pediments are located in the piedmont areas of the plateaux. They are gently sloping areas with deeper, more fertile soils. These 
are the main areas used for growing rain-fed crops. Plots are farmed by individual farmers who grow food crops. The straw is 
used as forage for livestock in the dry season. This type of land is prone to sheet erosion and gully erosion caused by surface 
runoff flowing over the plateaux and down the slopes.  

The valley bottoms have deep, more fertile soils enriched by fertilising elements from upstream areas. Bottomlands are used to 
grow irrigation crops during the rainy season. During the dry season, the shallow water tables are used to irrigate off-season 
subsistence crops and cash crops. Plots of land in the valley bottoms are farmed by individual farmers, although there are also 
sometimes communal grazing areas for livestock. The concentrated flow of water from upstream areas can pose a serious threat 
to bottomlands. Although it carries fertilising sediment, it can also cause severe gully erosion and the siltation of land and hydro-
agricultural infrastructures.  
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Fig. 2: Toposequence diagram. Source: Nill & Dorlöchter-Sulser (2012). 

 
There is no one-size-fits-all technical solution; it is necessary to determine the most suitable measures in each case, taking into 
account the topographical units to be improved as well as subsequent land uses. An assessment of the watershed as a whole is 
made to choose a combination of techniques and approaches adapted to the area’s specific agro-ecological conditions (rainfall, 
topography, soil properties and structure, type of degradation, vegetation cover, watershed influence, etc.), which must also be 
feasible and within the means of the farmers and have perceptible direct effects.  

The way in which SWC/SPR measures work is relatively simple. The overland flow of rainwater is slowed down or stopped, 
increasing the infiltration of water into the ground. The loss of rainwater and fertilisers (manure and chemical fertilisers) is 
therefore reduced, and more water is available to both cultivated and wild plants. The infiltrated water is stored in the soil or 
drains deeper to recharge the water table, which can rise by several metres. 

Crucial for the successful establishment of SWC/SPR measures is the diagnostic assessment of the watershed or area of land to 
be improved with the participation of all the different watershed users and, if necessary, users in adjacent downstream areas. It 
brings to light any potential conflicts over land tenure, particularly in relation to areas on the boundary between villages, and any 
conflicting interests that there may be over certain areas or strategic natural resources. 
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The strong participation of the beneficiaries in implementing the SWC/SPR measures is an effective means of mobilising the 
rural population. This cuts costs for the projects and is an enormous investment in the productive resources of the beneficiaries. 
The close involvement of the beneficiaries also serves to strengthen their organisational and management capacities and their 
expertise in SWC/SPR techniques.  

5 WATER SPREADING WEIRS 

A relatively new technology for the rehabilitation of degraded inland valleys is water spreading weirs which have been 
introduced in the late nineties. This technology has originally been introduced in the Sahel by Swiss and German development 
cooperation and has been refined particularly in the last 10 years. Water spreading weirs are now widely implemented in Burkina 
Faso, Niger and Chad and have the potential for further up-scaling. 

Water spreading weirs are stone and cement constructions that extend from one side of the valley to the other, usually built in a 
series to stabilise the entire valley. The weirs permit spate flows to overflow and flood the inland valleys, thereby increasing the 
regularly flooded area. Due to the reduced speed of the water flow, fertile soil is deposited, and water infiltrates into the ground, 
thereby lifting the water table by up to several meters. This allows farmers to grow crops all year round (rainfed and irrigated), 
even on formerly degraded land, thereby contributing to food security and resilience. In most cases the rehabilitated land is used 
for the production of high value crops like vegetables. 

Though thorough cost-benefit studies are still underway, indications are that the cost of rehabilitation which is between € 400 – 
2,000 per hectare can in some cases be recovered by the additional harvest of one year, depending on the state of degradation, the 
type of valley and the region. In any case, the cost of a water spreading weir is much lower than that of a dam.  

In order for water spreading weirs to be successful and sustainable, they need to be planned in a participatory way with the local 
population, and they need to be integrated in the relevant land use planning instruments. Land rights need to be clear, and local 
maintenance structures need to be created and trained. The maintenance of the weirs requires minimal effort if there is no major 
damage. On a technical level, it is still necessary to develop the capacity of local contractors and government officers. Technical 
knowledge needs to be shared and be the subject of on-going development. 

In conclusion, water-spreading weirs permit the rehabilitation of degraded inland valleys and constitute an effective means of 
combating erosion and rehabilitating agricultural soils. They contribute to optimising water and soil resources management, 
thereby increasing agricultural production in a sustainable manner. Water spreading weirs are not a stand-alone technology, but 
they complement other anti-erosion measures, e. g. on the valley slopes and on the plateaus. They form an integral part of 
watershed management. The technology can be implemented in a wide range of environmental conditions and is therefore 
suitable for up-scaling to other semi-arid regions within and beyond the Sahel. 

 
                       Fig. 3: Example of a water spreading weir. Photo: © GIZ/Klaus Wohlmann 
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6. CONCLUSIONS AND POLICY RECOMMENDATIONS 

Agro-ecological techniques such as SWC/SPR measures have the potential to be effective in overcoming the effects of climate 
change, providing a more secure livelihood for the rural population and improving their standard of living. They can be 
implemented on a wide scale and benefit thousands of farmers and livestock keepers.  

SWC/SPR measures are an effective way of improving the management of water resources and reducing degradation of the soil, 
vegetation and biodiversity, which helps to increase and maintain crop, forest and forage yields. They therefore contribute to 
mitigating the effects of climate change and significantly improve food security and the resilience of the rural population to 
external shocks. Including the rational use of natural resources in territorial planning increases land tenure security, reduces the 
risk of conflicts and incorporates this component into commune and regional plans.  

The implementation of SWC/SPR measures is a promising solution for countries in the Sahel, but it requires a long-term 
commitment. Implementing these measures over an area wide enough to achieve a significant impact, not just on individual plots 
but also on entire areas, is a task that will take several generations. It also requires a sustained national effort on the part of 
governments to ensure effective community organisation and oversee the efforts of communities to implement, operate and 
maintain SWC/ SPR measures. Without this external oversight and guidance, the implementation of SWC/SPR measures will 
lose momentum. While international support is necessary to finance investments, experience has shown that it is long-term 
commitment that achieves positive results. The traditional short-term project can only contribute to a specific investment in the 
broader land improvement framework. 
Recommendation for the promotion and implementation of agro-ecological practices 

In order to ensure that the most vulnerable groups are reached the impact of the agro-ecological system has to be monitored 
across wealth groups and different types of household economy (see also Gubbels, 2011).  

The different techniques should not be promoted isolated. Synergies of approaches promoting conservation of soil and water as 
well as the regeneration of natural resources shall be created and promoted. In order to promote the adoption of agro-ecological 
practices on a large scale, the mix of techniques must be flexible, adaptable and testable by farmers under their specific social, 
economic and environmental conditions (see also Reij et al., 2009) 

To address ecological and social priority vulnerabilities and to design a coherent package of appropriate technical measures, a 
landscape approach based on spatial analyses and planning for the up-scaling should be adopted.  

By the combination and inter-linkage of techniques and approaches addressing the individual household with those addressing 
community interest the local ownership and thus sustainability will be fostered. Based on local ownership, experience exchange 
and trainings on a farmer-to-farmer base must be promoted.  

General recommendations 

Long-term measures including sustainable management and restoration of fragile ecosystems are needed to address root causes of 
vulnerability. Development programmes must therefore foresee long term engagement. The promotion of stable and secure land 
tenure by customary arrangements, traditional land use and resource management regimes and modern property regimes must be 
one priority of action. 
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ABSTRACT: Access to water in the sub-humid areas is influenced by many biophysical and socio-demographical contexts 
which can trigger vulnerability or modify adaptive capacity of local communities in the area due to a greater dependence on 
water resources that are climate sensitive for livelihoods supports. Within the context of future climate change and climate 
variability, Oke-Ogun region is likely to get drier and water stress becomes more severe. The study provides a method of 
assessing vulnerability to water scarcity in local communities by generating Water Vulnerability Index (WVI) for Oke-Ogun 
region, Nigeria. Data were captured through household survey in three local communities of the study area along side with 
key informant interviews and document review. Frequencies of responses to study variables were categorised to form the 
sub-components of WVI such as access, resources, capacity, and environment. Equality of ranking (Kruskal-Wallis with Chi 
Square)) was done to determine the significance differences in the observed WVI of the case study communities. Results 
indicate that within the study region, there are significant variances in the WVI of each community depending on land and 
water-related livelihoods and in relation to different socio-demographic characteristics. The critical areas are the 
predominant agrarian communities which have less WVI, pointing to the fact that households living in most biophysically 
vulnerable places are more affected by water stress and are in needs of critical interventions for adaptation.

Key words: Semi-humid environment, socio-demographic factors, water stress, Water Vulnerability Index, Oke-Ogun

1. INTRODUCTION

Climate change impacts water systems with its variability and vulnerability. Growing demand for water in Africa is 
exceeding available water resources as a result of population pressure and settlements’ spatial expansion without water 
infrastructure development and resource degradation in the continent (UNDP, 2006). Water supply shortages impact human 
health, livelihoods with increasing poverty in the sub-Sahara Africa in particular where most population are already 
vulnerable to other climate stress (Adger, 2006; Boko,et al. 2007).

Researches have shown how climate change and its impacts on water regime influence regional and  national vulnerability 
using some indicators (Adejuwon, 2008; Sullivan, 2001; Sullivan et al. 2002; Sullivan and Meigh, 2005). At community or 
neighbourhood levels, there is a need to for such analysis of impacts at micro level of human population where the impacts 
are felt directly by the people and the findings may influence local policy making since most often, regional or national 
policy may not integrate some local specifications such as demographical, biophysical and environmental factors.

It is in light of the above assertion that this paper aims at presenting Water Vulnerability Index (WVI) as aggregate of social 
and biophysical factors (access, resource, capacity, environment and use) that contribute to population vulnerability as 
relates to water shortages in local communities of Oke-Ogun region, Nigeria. This is because, one way to do the 
vulnerability assessment is the use index which incorporate specific demographic characteristic in providing information on 
immediate impacts on households and local communities and their adaptive capacity.

2. DATA AND METHODS

2.1 The study area

Oke-Ogun Region is characterized by the wooded savannah of southwest Nigeria. Mean temperature during the wet season 
is 28oC and 35oC during the dry seasons. Annual mean rainfall ranges between 1600 mm and 1200 mm. Observed impacts of 
the rainfall pattern include short days/months of rain in the wet season, double peak rainfall periods with interlude of a little 
dryness in June, July, August (JJA), fluctuations in the intensity and amount of annual rainfall which impacts on dryness of 
wells and aquifers shortly after the rainy season (Adeniji-Oloukoi et al. In press). The study area is not connected with the 
public water supply system. The main source of water is well which serves 64.6% households of the population. Livelihoods 
sources of the people are agro-based such as farming, charcoal production, forestry and trading. 

2.2 Data types and sources

This study drew inspiration for index methodological approach related to water resource assessment such as the Water 
Poverty Index (WPI), Climate Vulnerability Index (CVI) (Sullivan et al., 2003) and Human Development Index (HDI) of the 
United Nations Development Programme (UNDP). While HDI are generally applied for national assessment (Sen, 1999); the 
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WPI and WVI focuses on more local scales (Sullivan and Meigh, 2003; Sullivan et al. 2003). The WVI was designed as a 
composite, inter-disciplinary tool, linking indicators of water and human welfare to indicate the degree to which water 
scarcity impacts on human populations. The five key components are combined using the following mathematical 
expression:

WVI =  ∑N wiXi
i=

∑N wi
i=1                                … (1)

This can be can be re-written as: WVI  =         wrR + waA + wcC + wuU + WeE
w1, + wr +  Wa + Wc  +  Wu  +  We                  … (2)

Where w the weighted average of the five components: Resources (R), Access (A), Capacity (C), Use (U), and Environment 
(E). Each of the components is first standardized so that it falls in the range 0 to 100; thus the resulting WVI value is also 
between 0 and 100. The highest value, 100, is taken to be the best situation (or the lowest possible level of water poverty),
while 0 is the worst.

Data were sourced via household survey of 397 respondents which were selected through a multistage systematic sampling 
technique across three local communities (i.e. Iseyin, Okehoand Shaki) of Oke-Ogun. Participating households were selected 
from informal formal neighbourhoods. The former are found in the agarian communities with no connection to pubic water 
services, mostly engaged in land related livelihoods and are mostly live extended family colony. The later are planned with 
services, layout with building approval and land zoning procedure, owned by single families who are mostly engaged in non 
primary production. The selection of two different neighbourhoods was intended to examine spatial differences within the 
same communities in relation to all components of WVI. The survey questionnaire aimed to capture to capture demographic 
and livelihood issues, coping capacity, housing characteristic, water resource, use and access.

Responses from household survey’s questionnaire were coded and entered into a Statistical Package for Social Sciences 
(SPSS 16th edition)) programme for descriptive analysis provided the frequencies and percentages. Study variables were 
then categorized and recoded into binary format using acceptable benchmark for household water access (UN-Habitat, 
2003). The percentages of the responses within the “acceptable” line combined to generate subcomponents of the WVI.
Equality of ranking (Kruskal-Wallis with Chi Square)) was done to determine the significance differences in the observed 
WVI of the case study communities.

3.0 RESULT AND DISCUSSION

The analysis of the WVI in the Oke-Ogun region indicates a spatial variation within the sub-components of the WVI. It is 
observed that type of neighbourhood has a significant contribution to the vulnerability of the selected communities. 
Specifically, residents in the informal areas of Iseyin have the highest WVI value of 0.4193 (Table 1).

Table 1: Measuring the Water Vulnerability Index of Oke-Ogun 
Local Communities Informal neighbourhoods Formal neighbourhoods
Indicators Sub components Iseyin

N=65
Okeho
N=56

Shaki
N-104

Total
N=225

Iseyin
N=60

Okeho
N=48

Shaki
N=64

Total
N=172

Resource 
(R)

Water quality
Water reliability
Protection of water sources

0.651
0.429
0.862

0.759
0.212
0.839

0.638
0.450
0.913

0.673
0.383
0.880

0.764
0.531
0.833

0.780
0.167
0.875

0.625
0.365
0.906

0.717
0.356
0.872

Access
(A)

Access to water (type)
Access to sanitation facilities
Access to bathroom facilities
Percentage of water carried by women
Time spent in water collection
Proximity of water point

0.350
0.185
0.468
0.651
0.188
0.141   

0.290
0.250
0.524
0.667
0.218
0.236

0.552
0.327
0.722
0.613
0.208
0.224 

0.397
0.267
0.571
0.643
0.205
0.224 

0.721
0.367
0.621
0.536
0.685
0.857   

0.652
0.292
0.800
0.568
0.659
0.818   

0.500
0.375
0.742
0.527
0.679
0.946   

0.630
0.349
0.715
0.542
0.675
0.878 

Capacity
(C)

Household monthly income
Education level of household head
Occurrence of water related illness
Access to climate-related information
Membership of CSO (social networks)

0.308
0.521
0.635
0.277
0.333

0.464
0.428
0.679
0.736
0.405

0.369
0.735
0.538
0.809
0.417

0.375
0.561
0.495
0.780
0.397

0.367
0.817
0.350
0.931
0.313

0.521
0.752
0.617
0.889
0.550

0.460
0.687
0.500
0.902
0.457

0.444
0.753
0.480
0.909
0.449

Environm
ent (E)

Waste disposal methods
Human population ( household size)
Population density (room density)
Building structural condition
Percentage of household living in risky
zones

0.620
0.846
0.250
0.462
0.231

0.710
0.873
0.304
0.692
0.304

0.135
0.782
0.452
0.663
0.279

0.980
0.782
0.357
0.613
0.271

0.500
0.950
0.780
0.850
0.431

0.146
0.917
0.729
0.938
0.521

0.281
0.969
0.766
0.859
0.578

0.163
0.948
0.760
0.878
0.512

Use (U) Quantity of water per person per day 0.222 0.286 0.345 0.294 0.304 0.222 0.351 0.297
Note: 1. The analysis is based on the “acceptable or desirable” responses from frequency. Values represent the percentiles of the 

frequency (f/100) of each sub components which were derived from the variables in the questionnaire.
2. The lowest WVI value both within the components and within the weighted average indicates the most critical zone (most 
vulnerable) which needs urgent policy intervention.
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In the overall assessment, the most critical areas are the informal neighbourhoods (Figure 1). A logical deduction from this 
analysis is that the spatial dimension and pattern of settlement have impact on the vulnerability of the residents. 
Communities and neighbourhoods with access to other social services such as education and with improved social status 
which were found in the formal neighbourhoods indicate a more resilience capacity for water vulnerability. For instance, the 
formal neighbourhood in Shaki in particular has the highest WVI value (i.e the area is less vulnerable) is more populated but 
has higher order of community services. The observed characteristics and functionality of Shaki as a nodal town also provide 
a likelihood of the community building up more capital for adaptive capacity.

Figure 1: Water Vulnerability Index (CVI) in the selected communities based on equality of ranking

The analysis also identifies the contributions of each component to the overall WVI of the selected communities. The 
dominant components with the highest level of acceptability are in this order: environment, resource, and capacity.
Component with less contribution value are use and access which have lowest percentages especially in informal 
neighborhoods (Figure 2). This is similar to the conclusion of the Human Development Report (HDR-UNDP, 2006) that 
water scarcity is not about physical scarcity but more of poverty and governance.

Figure 2: WVI sub-components values for the case study communities

4.0 POLICY ORIENTED RECOMMENDATIONS

Implications from the overall estimates of WVI in this study for policy intervention in the sub humid environment in Nigeria
include:

1. Provision of mini water schemes aiming at improving water access and water use of the population. Water
vulnerability is not directly as a result of physical absence of water resource, or other environmental capitals but 
that of inability of the communities to translate the available water resources into real access and use. 

2. Investment in building adaptive capacity of local communities through improved livelihood and access to other 
social services. This is because the result of the component analysis also shows that higher capacity values were 
obtained in the area with which access to education services and climate-related information are available. 
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3. It is imperative that water policy in Nigeria should be downscaled to take care of local variations and specification 
which always suffer from generalization models in national policy interventions. The observed pattern of water-
related vulnerability in the study area shows that population living in the informal neighbourhoods who are already 
deprived and vulnerable to some other socio-environmental stressors are worse off.

5.0 CONCLUSION
This study shows that population vulnerability in relation to water supply shortages varies in relation to localities and 
neighbourhood types depending on demographic composition, access to water, capacity to cope and other biophysical 
factors. It is also evident from this study that water access and use are the most critical components of WVI which are to be 
addressed especially in the informal neighbourhoods that are already marginalized from development and social services are 
the most critical areas for policy intervention. In the context of the changing climate and desertification in the sub humid 
environment such as Oke-Ogun, Nigeria, addressing social deprivations and other environmental stressors of local 
communities to improve water access and use therefore, is a key determinant in reducing water-related vulnerability. 
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ABSTRACT. The process of desertification is the focus of many studies, but the association of social aspects in this analysis 
is still underutilized. The objective of this study is to evaluate the environmental vulnerability to desertification processes in 
the Hydrographic Sub-basin of the Médio Jaguaribe - Ceará. Therefore, data were collected from different sources, 
processed and manipulated to provide the composition of indices (index of vulnerability - social and  natural aspects; 
environmental vulnerability index). It was found that the distribution of vulnerability in the study area ranged mostly from 
very low to low, where the social aspects were influential. Assume, then, that these aspects are important and determining 

when analyzing the level of environmental vulnerability to desertification processes. Thus, further study of each indicator 
used as well as the inclusion of other social factors, is needed. 
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1. INTRODUCTION 

We live today, according to Araújo; Freire (2008), surrounded by environmental problems, with regard to the use, occupancy 
and preservation of natural resources. These problems emerged due to the use of predatory nature by man. The cited authors 
add that the levels of degradation that natural resources have suffered over the recent times are of human responsibility.  

Other studies (LEITE et al., 1993; FERREIRA et al., 1994) demonstrated that, in the State of Ceará, extensive areas have 

problems of environmental degradation and desertification relating them to the aridity index
1
, ie, linked to aspects 

natural/weather. 

The complexity in establishing a concept for desertification ultimately also affect the actual research methods and the ways 
in which such a process is studied. This fact can be justified in most cases because the concept of transdisciplinarity, which 
therefore requires a stake together from different areas and disciplines (WERTHEIN, 2001 apud MATALLO JR, 2001). 

The United Nations (UN) defines desertification as land degradation in arid, semi-arid and dry sub-humid zones, resulting 

from various factors including climatic variations and human activities. 

Assuming that the study of vulnerability to desertification processes, takes into account the limitations imposed on the 
environment through natural and anthropogenic components, the objective of this study was to evaluate the environmental 
vulnerability to desertification processes in the Hydrographic Sub-Basin of the Médio Jaguaribe - Ceará. 

2. METHODOLOGICAL ASPECTS 

2.1 Characterization of the Study Area 

The Sub-basin Jaguaribe (Figure 1), the object of this research study, located in the eastern portion of the State of Ceará and 
is limited in its eastern portion, with the State of Rio Grande do Norte. This Sub-Basin drains fully nine municipalities: Alto 
Santo, Deputado Irapuan Pinheiro, Ererê, Iracema, Jaguaribe, Pereiro, Potiretama, São João do Jaguaribe, Solonópole 
besides drain, however partially, the cities of Icó (40.15%), Jaguaribara (91.79%), Jaguaretama (58.12%), Limoeiro do Norte 
(1.15%), Milhã (56.44%), Orós (7.31%) and Tabuleiro do Norte (21.47%) (CEARÁ, 2009). 

In this research area, the predominant vegetation types are: open shrub caatinga, dense shrub caatinga and riparian forest, 
highly degraded, which borders part of the bed of the Rio Jaguaribe (op cit.). With annual rainfall around 742.6 mm and with 
a hot semi-arid climate, it appears that this region is prone to serious problems of degradation of natural resources (soil, 
vegetation, water, air etc.) that are enhanced by the action anthropic inconsequential, becoming brittle and poor areas, in 
areas prone to desertification causing consequently, social and economic problems. 

                                                
1 The aridity index, prepared by Thornthwaite (1948) and subsequently adjusted by Penman (1953), calculates the difference between the 

amount of rain and water loss of the system, ie, evapotranspiration (Barros, 2010). 

 



 

Figure 1: Location of Sub-basin of Médio Jaguaribe.  

2.2 Selection of Indicators and Data Source 

With the aim of obtaining a better assessment of environmental vulnerability, focusing on the processes of desertification, 

indicators
2
 were adopted distributed according respects the following groups: 

  - Social (socioeconomic aspects); 

  - Natural (physical and climatic aspects). 

In the present study will be generated three maps: 1 - Map of Natural Vulnerability, 2 - Map of Social Vulnerability and 3 - 
Map of Environmental Vulnerability (crossing data from the two maps above). 

The variables used (Table 1) were selected by means of a literature which identified as relevant to the study of vulnerability 
to desertification processes. 

Table 1: Classification of indicators as to their category, source data collection and timescale. 

Category Variable Source of data 

Period Analysis 

Initiation End 

Social 

Aspects 

 

Proportion of households with water supply (%) IBGE (Census) 2010 

Proportion of households with sanitation (%) IBGE (Census) 2010 

Proportion of households with garbage collected (%) IBGE (Census) 2010 

Proportion of households with electricity (%) IBGE (Census) 2010 

Illiteracy rate (%) IBGE (Census) 2010 

Proportion of people below the poverty line (%) IBGE (Census) 2010 

Natural 

Aspects 

Hydrography 
MMA (Environmental Governance - 

Geoprocessing) 
- 

Types of Soil LEÃO, 2010 - 

Slope 
NASA (Shuttle Radar Topography Mission 

- SRTM) 
- 

Precipitation FUNCEME 1974 2010 

Use and Land cover INPE (Landsat 5 Images) 2011 

                                                
2
 Single variable used in conjunction with one or more different variables to form a composite measure or a multiple scale (Hair et al. 2005). 



2.3 Methodology 

2.3.1 Techniques of Geoprocessing 

Initially, it was necessary to apply different GIS techniques, not only for processing data, but also to leave them arranged so 
that it was possible to perform statistical analyzes.  

The data type of shapefile and raster were processed so that their coordinates systems were standardized (UTM - SAD 1969, 
24 South Zone). 

The data from the Instituto Brasileiro de Geografia e Estatística (IBGE) were manipulated and reallocated by each census 
tract contained in Mesh Digital Census 2010 (provided by that instituition). 

The main application of Terraview 4.2 was using the plugin Fill Cells. This plugin allows to calculate values (metrics) for 
attributes of table associated with information layers of cell type. The goal was to aggregate different data in the same space-
time basis. We chose to use cells 10,000m x 10,000m, having encompassed more adequately census tracts. 

2.3.2  Construction of the Environmental Vulnerability Desertification Processes Index (IVA) 

Once established, each indicator has undergone two stages: the standardization of the selected variables and the calculation 
of this indicator itself. The standardization of variables aimed enable comparison and aggregation of them (they are 
expressed in varying magnitudes) and determine the classification of the cells studied, since it assumes values between 0 and 
1, representing, respectively, the best and worst situation, ie, the higher the value, the greater its vulnerability (adapted from 
LIMA et al., 2008). We adopted, therefore, the expression: 
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Where:  

IPji = Value standardized indicator j in the ith cell or partial index of category j in the ith cell, being: 
Iji = Value of indicator j in the ith cell 
Ijr = Value of the indicator j in the cell in worse situation 
Ijm = Value of indicator j in the cell in better situation 

 

The partial indexes were obtained by the arithmetic average of the standardized values of each variable. Like this: 

IVSi = Index of Vulnerability to Desertification – Social Aspects related to the ith cell 
IVNi = Index of Vulnerability to Desertification – Natural aspects related to the ith cell 

 
The Environmental Vulnerability Index (IVA) was the arithmetic average of the partial indicators: 
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Where: 
 
IVAi = Environmental Vulnerability Index 
i = Indicators/categories analyzed = (1,..., m) 

j = Variables analyzed = (1,..., n) 

 
For the analyzes were awarded the following classification: 

Class Vulnerability  Interval between classes 

1 ou very low 0,000 a 0,250 
2 ou low 0,251 a 0,500 

3 ou average 0,501 a 0,750 
4 ou high 0,751 a 1,000 

3. RESULTS AND DISCUSSION 

3.1 Partial Indexes - Social Aspects (IVS) e Natural Aspects (IVN) 

The Figure 2 shows the spatial distribution of the values obtained by partial indexes. Analyzing, a priori, partial index linked 
to social aspects (IVS), it appears that its majority classification was 2nd class characterized as low vulnerability. We can 
infer, then, that public policies related to the analyzed aspects (education, income and infrastructure) are expressing their 
efficiency and effectiveness as to their goals. Furthermore, we assume that the social aspects are not, alone, the determinants 
of desertification process found in some studies (for example: BARROS, 2010). 



The above chart shows an area (cell) where the rating was high, ie greater vulnerability. This is located in the municipality of 
Jaguaribe which has lower levels of water supply, garbage collection, electricity distribution, and median values of sewage 
and people below the poverty line. The association of these values worsens, directly or indirectly, to misuse of natural 
resources. 

  
(a)                                                                      (b) 

Figure 2: Spatialization Partial Indexes: (a) Index of Vulnerability to Desertification - Social Aspects, (b) Index of 
Vulnerability to Desertification - Natural Aspects. 

 

Regarding the natural aspects, it was observed that the classification was varied by focusing between very low and low 
classes, the former being more concentrated in the upper portion and the second in the lower. 

Among those framed in class 1 (very low), the determinants were mainly average annual rainfall ranging from 400 to 860 
mm, use and land cover composed, mostly, by vegetation and water, and presents soils with physical and chemical 
characteristics that confer reduced vulnerability to desertification processes (e.g., greater depth, fertility, easy infiltra tion of 
water, etc.). 

In cells classified as low vulnerability (2nd class), aspects that were influenced, mainly, to higher levels of steepness (located 
in this area the Ererê Sierra and Pereiro Sierra). 

In the chart below (Graph 1), we can check the percentage distribution of each class for each observed partial index. 
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Graph 1: Percentage distribution of Environmental Vulnerability Classes: (a) Index of Vulnerability to Desertification - 
Social Aspects, (b) Index of Vulnerability to Desertification - Natural Aspects.  

 

 



3.2 Environmental Vulnerability Index (IVA) 

The Figure 3 shows the map obtained through the spatial distribution of the values of IVA. Note, by the pattern of 
distribution of classes in the cells, which the social aspects strongly influenced this index. Mainly due to more uniform 
spatial distribution of the second class (low vulnerability). The darker cells (mean vulnerability) was through the association 
of the social aspects that stood out on individual assessment of IVS, along with the slope steeper. 

 
Figure 3: Spatialization of Environmental Vulnerability Index. 

 

When we analyzed the percentage of each class in this index (Graph 2), we see clearly the dominance of the second class 
(low vulnerability). 
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Graph 2: Percentage distribution of classes of vulnerability observed in the Environmental Vulnerability Index. 

4. POLICY ORIENTED RECOMMENDATIONS 

The term "vulnerability" to be worked on the analysis perspective impacts natural and social adaptation, ie 
environmental vulnerability assessment should be generated in an inter-and trans. Also, knowing the history of the 
occupation process and economic development of the region helps to understand the local reality, however, fit this reality in 

regional and global context it is important to define future actions to combat desertification. 

5. CONCLUSION AND SUGGESTION 

The social aspects are important when analyzing and determining the level of Environmental Vulnerability to 
Desertification Processes. Thus, further study of each indicator used as well as the inclusion of other social factors, is 
needed. 
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ABSTRACT: Yield of rainfed crops show a declining trend due to rainwater mismanagement aspects 
rather than physical availability in Sudan. The objective of this study was to evaluate and recommend the best in 
situ rainwater harvesting techniques that can ensure sustainable crop productions under arid conditions of the 
central Sudan. This was done through monitoring of soil moisture content, soil moisture depth, infiltration rate, 
crop evapotranspiration, yield and green water footprint. Data collection was lasted for two consecutive 
experimental seasons, using the 1-factor completely randomize design. The tested in-situ rainwater harvesting 
techniques were topsoiling and subsoiling tillage. The conventional bund rainwater harvesting techniques coupled 
with zero tillage that adopted widely by the local farmers was taken as the control. The collected data of both 
topsoiling and subsoiling were found better than those of the control, suggesting that topsoiling and subsoiling 
were win-win techniques (increasing crop yield and improving soil hydrological properties) under the arid 
conditions of the central Sudan. This was questioned the current Sudanese governmental believe on the zero tillage 
for upgrading the rainfed agriculture in the central clay plain of Sudan.  

  
Keywords: Topsoiling, subsoiling, zero tillage, arid conditions, Sudan 
 
1. INTRODUCTION 
 
Livelihood security in Eastern and Southern Africa is strongly dependent on rainfall distribution and land 
management practices among small holders' farmers as the rainfed agricultural sector produces over 95% of the 
food (Rockström, 2000). However, water rather than land is the limiting factor. Thus, future food production has 
had to be achieved through sustainable water and land management practices, especially in rainfed agriculture 
(Rockström et al., 2009). Among these practices rainwater harvesting is tremendously prompted by the national 
and international water related agencies (Vohland and Barry, 2009). Positive impacts of rainwater harvesting 
techniques (RWHT) on rainfed crops, especially in arid and semi arid areas, were thoroughly investigated and 
shown successful results (Tian et al., 2003; Motsi et al., 2004).  
 
Water availability has constrained the irrigation development in Sudan. Accordingly, the growth rate of the 
agricultural sector is dominated by the performance of rainfed sector (Ayoub, 1999). Two types of rainfed 
agriculture are practiced in Sudan: the dominant traditional and the mechanized sectors. Crop yields under rainfed 
agriculture are far beyond its potential, resulting in a poor sustainability. A report by the Food and Agriculture 
Organization of the United Nations, FAO (2006) mentioned that farmers have had to increase their cultivated area 
by 75% in order to maintain the same level of the 1970/1971 income. This is attributed to rainfall variability and 
loss of soil fertility (Ayoub, 1999).  Shamseddin (2009) attributed the low yield to water mismanagement. In the 
period 1970s-1990s, a number of rainwater harvesting projects were implemented in order to combat the effects of 
drought. However few were succeeded due to the lack of technical know-how, and to inappropriate approaches of 
selection with regards to the prevailing socio-economic conditions (FAO, 2011).  
 
Recently, The Sudan's government has believed that zero tillage practices have the potential for improving rainfed 
agriculture performance (FAO, 2010). However, a mixture of successful and unsuccessful results of adopting zero-
tillage was documented worldwide. Mati (2004) called that in East Africa zero tillage was not promising due to 
poor infiltration (as soils are easily self-sealing) and costs of herbicides being prohibitive. 
 
The construction of surrounding dykes on a flat land with no till and plant distances of a one meter (20 000 plant 
ha-1) is the locally widely adopted practice by poor traditional rainfed farmers, in the central Sudan. On one hand, 
this practice can be considered as a rainwater harvesting technique, as it concentrates within-field sheet runoffs to 
the crop. On the other hand, it is a zero tillage practice. Evaluating this conventional practice (hereafter referred to 
as BT) against furrows (FT) and chisel (CT) practices was the general aim of this study.  
 
2. MATERIALS AND METHODS 
 
The study area locates in the central Sudan. The climate is arid and characterized by a low rainfall concentrated to 
three months (July-September). Seasonal rainfall ranges from 200-300 mm, coupled with a high evapotranspiration 
rate of 2600 mm, with a daily average ranges from 5.5 – 9.5 mm. The length of growing period is 75-90 days. This 
gives a cumulative potential evapotranspiration of 460-560 mm during the growing period.  Thus, water supply is 
very limited.  



 

Rainfall and length of dry period are the most important climatic variables, in the region (FAO 2006). The region 
is susceptible to repeated drought cycles. The severest has been witnessed during the periods 1970s and 1980s and 
resulted in catastrophic consequences, i.e. mass lost of souls, destroyed vegetation covers, failure in biomass 
production, displacement and social stability (Osman and Shamseldin, 2002). Thus, the drought has been related to 
famine, civil unrest, ill-health and desertification and in turns as a constraint upon development in Sudan (Hulme, 
1987; Osman and Shamseldin, 2002). Hulme (1986) stated serious deterioration of growing conditions in the 
central Sudan. Thus, drought and dry spells (short periods of water stress due to the poor distribution of rainfall) 
are often caused serious impacts on crop yield, especially if dry spells occur during a critical water sensitive 
development stage, e.g. flowering stage (Rockström, 2000). 

 
2.1 Field Experiments 

 
The experiments last for two consecutive seasons (2006/2007-2007/2008), at the Faculty of Agricultural Sciences, 
University of Gezira (14.5º N and 33.5º E). The 1-factor completely randomize design was applied using two 
levels of tillage topsoiling (FT), and subsoiling (CT) that is in-situ RWHT. The control was the locally widespread 
bund RWHT coupled with zero tillage. Thus, the experiment total number of runs was six. The experimental site 
belongs to the central clay plain, where the soil is vertisols having a clay percent of 55%. The cultivated crop was 
sorghum (the dominant staple food crop in the country). In order to avoid water stagnation problems, plants holes 
were placed a little bit higher than the beds of the furrows (0.7 m wide). Soil moisture contents were measured 
using the gravimetric sampling method. The crop evapotranspiration (ETc = Ks*Kc*ETo) was estimated following 
the procedure mentioned in (Allen et al., 1999; Mekonnen and Hoekstra, 2010). The actual evapotranpiration 
(ETa) was estimated using ETc and changes in soil moisture. The estimation of reference evapotranspiration (ETo) 
is based on CROPWAT 8.0. In situ infiltration tests were carried out using a double ring infiltrometer, based on 
the empirical equation of Kostiakov-Lewis. The efficient use of water was indicated through the water footprint 
concept (WFP, m3/kg), following the procedure mentioned in Hoekstra et al. (2009) where grain yield and green 
crop evapotranspiration data were used [WFP ≈ ETa/yield]. Tests of significance were done using t-test. 
 
3. RESULTS AND DISCUSSION 
 
3.1   Hydro-climatic Conditions 
 
The average rainfall of the region was found to be 268 mm (1975-2005), of which 97% was concentrated to two 
months (July and August). Therefore the total rainfalls of the first and the second experimental seasons, 270 mm 
and 327 mm respectively could represent normal and above normal hydrological conditions, respectively. 
However, the first season was experienced a better rainfall temporal distribution as during the second season two 
dry spells  of 17 days for each were recorded. Also, during the second season the shorter time spans between 
rainfall events (Fig.1) resulted in water stagnation problems. According to Fig.(1) sowing dates could be very 
important in combating drought. During the second season the majority of rainfall events (62%) were received 
prior to the sowing date, compared to only 28% of the first season (most of the local farmers sow after 20th of 
July). Therefore, it is misleading to judge the agricultural season as good or bad without considering the sowing 
dates.  
 
3.2 Implementation of In- situ Rainwater Harvesting Techniques (RWHTs) 
 
During the normal hydrological conditions of the first season, the implementation of FT and CT increased 
significantly the soil moisture content (P ≈ 0.01), compared to the BT, confirming the results obtained by Motsi et 
al. (2004) in Zimbabwe. Also, the averaged maximum wetted profiles were 1.0 m for FT and CT plots and 0.6 m 
for the BT. Fig. (2a) showed that during the initial and vegetative growth stages (15 July-10 September) the soil 
moisture content of the BT was larger than those of FT and CT, but the opposite holds true for the remained 
growth stages. This was attributed to three reasons: (1) the high evaporation rates in BT due to large distances 
between plants (1.0 m a part); (2) the FT and CT practices were capable to retain more soil moisture under low 
rainfall event conditions that overcome the terminal droughts, Vadez et al. (2011) found that the transpiration 
efficiency could significantly explain yield differences under terminal droughts in sorghum; (3) the redistribution 
of soil moisture was better under FT and CT. Laddha and Totawat (1997) found that deep tillage was superior to 
shallow tillage practices as it significantly reduces the bulk density, increases soil porosity and profile water 
contents, compared to zero tillage, in a sandy loam soil. Topsoiling and subsoiling therefore were better than zero 
tillage in conserving soil moisture during the normal hydrological conditions of the arid environments. The 
significant differences found in soil moisture contents of the first season lead to significant variation (P≈ 0.01) in 
daily ETc values (Fig. 3a). Thus, rather than the seasonal, the daily hydrological differences would have the 
significant contribution on the progress of the growth season in the arid environments. During the wet conditions 
(second season) the soil moisture contents as well as ETa shows insignificant differences (Fig. 3). Table (1) shows 
the final obtained sorghum grain yields, which were found significantly different (P ≈ 0.01). FT and CT produced 
the highest yields compared to the BT. The depleted fractions (ETa/Rainfall) of the first season were 45% for BT, 
58% for FT and 81% for CT and for the second season were 35%, 39% and 40%, respectively. Accordingly, 
topsoiling (FT) and subsoiling (CT) practices are more successful than the zero tillage (BT) in tolerating dry spells 
and water stagnation problems that frequently occurred in the arid central clay plain of Sudan.  



 

 
Fig. 1: Rainfall distributions during the first (left) and the second (right) seasons. DAS refers to days after sowing 

 
 

 
Fig. 2: Soil moisture content during the first (a) and second (b) seasons 
 
Table (1) Sorghum yields (kg/ha) for  FT, CT) and BT  

 
Technique FT CT BT 
Season 1 1880 1623 493 
Season 2 396 625 90 

 

 
Fig. 3: Actual evapapotranspiration (ETa) values for the first (a) and the second season (b) 
 
The soil hydrological characteristics of the topsoiling and subsoiling were found better than the zero tillage. The 
basic infiltration rates were found to be 4.8 cm h-1 for CT, 4.2 cm h-1 for FT compared to 1.8 cm h-1 for BT (data of 
BT infiltration test is taken from WMII database). Mohanty et al. (2007) found that the basic infiltration rate of 
vertisols is greater after the subsoiling tillage (5.65 cm h-1) than the topsoiling tillage (1.84 cm h-1), under rainfed 
conditions. However, Reynolds et al. (1995) found no consistent trends for the near-saturated hydraulic 
conductivity values on tilled and untilled soils. The normal conditions (first season) resulted in WFP values of 
0.85, 1.4 and 2.5 m3/ kg of grain for FT, CT and BT, respectively. During the wet conditions (second season) WFP 
values were 3.2, 2.1 and 12.7 m3/ kg, respectively, because of dry spells and water stagnation problems. Therefore, 
zero tillage plots (BT) consumed higher water for producing one kg of grain in arid environments. Thus, FT and 
CT could provide rooms for water savings (85%) in the arid conditions of the central Sudan.  
 
3.3 Abbreviations and Acronyms 
 
BT: Bund rainwater harvesting technique with zero tillage. CT: Chisel tillage. FT: Furrow tillage. RWHT: 
Rainwater harvesting techniques. WFP: water footprint. FAO: Food and Agriculture Organization of the United 
Nations. 
 
4. POLICY ORIENTED RECOMMENDATION 
 



 

Rather than Zero tillage, Topsoiling and Subsoiling as rainwater harvesting techniques were win-win techniques 
(increasing crop yield and improving soil hydrological properties) under the arid central clay plain conditions of 
Sudan. Therefore, zero tillage is neither sustainable nor recommended practice for upgrading the rainfed 
agriculture in the central clay plain of Sudan.  
 
5. CONCLUSION 
 
Rainfed agriculture is the largest contributor for livelihood generation and food security in Sudan. Thus, it largely 
affects the sustainability of natural resources. Currently, most of rainfed farmers adopt widely the bunds rainwater 
harvesting technique with zero tillage, which was found unsustainable. The adoption of the topsoiling and 
subsoiling practices among rainfed farmers however requires political will, facilitation of proper equipments and 
capacity building programs among agricultural extensionists and farmers. The successfulness story of zero tillage 
is a site specific. Thus, there is a badly need for validating the Sudanese governmental believe on zero tillage 
before expanding its adoption.  
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ABSTRACT: It is common nowadays to observe different forms of environmental degradation, particularly those related to the 

semiarid region of northeastern Brazil, where highlights desertification. The desertification process has gained importance in the 

70's when he noticed a great need to do studies related to environmental issues. Studies related to this process pointed questions 

natural, economic and social as sources of this process in different areas of the planet, thereby demonstrating that the 

phenomenon of desertification is regarded as a worldwide problem, caused mainly by human activities over a prone environment. 

Soon, it may be emphasized that the practice of interdisciplinarity must be present when seeking the solution of problems 

involving the planet, and multivariate statistical analysis can be an important tool in this process, seeking to identify, clarify and 

spatialize some variables that can be related to nature. What is sought in this research is to use multivariate techniques: 

correspondence analysis and cluster analysis combined with a GIS in order to identify where the process of desertification is 

occurring in São João do Tigre / PB, trying to assess what factors exert greater contribution to the same, since both physical and 

socio-economic aspects are related to this phenomenon. 

Keywords: Degradation, SIG, analysis of correspondence, cluster 

1. INTRODUCTION 

The Northeast Regionin particular the the Brazilian semiarid region, has its history linked to climate variability and the 

problem of dry, strongly affecting the environment and the local population (Mendonça, 2007; Sousa 2008). It should be noted 

that when it comes to weather, it is linked to economic and physical processes strongly influencing the organization of space in a 

society. In certain areas where the agricultural exploitation occurs more sharply degradation processes are observed, among them, 

the most representative is desertification (Angeltti et al., 2009), especially in the region occupied by the Caatinga. 

Among the various definitions of desertification, in 1994, the UN attributed the origins of desertification are being the 

complex interactions between physical, biological and social. This process, subject of research, especially in recent decades, is 

caused mainly by human activities: overgrazing, irrigation, deforestation, mining and excessive cultivation, besides the system of 

land ownership and overpopulation. Regardless, its area of occurrence is directly related to drier climates in the world. In this 

sense, Lima (2010), an area prone to this type of phenomenon can be defined as one that has an aridity index (AI), ie, an area 

ratio of annual potential evapotranspiration and precipitation below 0.65 . 

In this context, the use of GIS comprises an important technological tool in spatial analysis, particularly with regard to 

data integration system and combined with multivariate statistical techniques that can support the study of these indicators 

"because they allow transform thematic maps on matrices binary, so they can be read and analyzed by statistical software "(Silva, 

2011), giving support to the understanding of environmental issues and collaborating in the analysis of desertification processes. 

     So, analyze the spatial variability of desertification processes in the São João do Tigre, through environmental indicators is 

one of the most important ways for analysis of geoenvironmental conditions of this region. 

 

2. METODOLOGY 

2.1 Study Area  

The municipality of São João do Tigre (Figure 1) is located on the plateau of Borborema, lying 243 km from João 

Pessoa, capital of Paraíba. Part of the municipal area is included in the Environmental Protection Area of the Jaguars (APA), and 

according to Rocha (2011), has many archaeological sites, thus providing a protected under the tutelage of SUDEMA, 

Superintendent of Environment, occupying an area of 36,000 hectares in the municipality in question. Besides the archaeological 

wealth, the APA has such a great diversity of landscapes, related to diverse biomes and ecosystems in close harmony with the 

characteristics of topography and climate. In contrast, excessive grazing, irrigation sloppy and fires, are mainly responsible for 

the degradation of soils in these areas. 

mailto:eduvianalima@gmail.com
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                                      Fig. 1: location map the São João of Tigre 

 

2. Using Correspondence Analysis and clustering technique for data treatment 

For this work, the use of two techniques were extremely important due to the fact that cluster analysis help in the 

interpretation of correspondence analysis (CA). At the beginning of each search data is qualitative and it is necessary to use the 

ACM technique, since one of the pre requistos to this technique is that the data are qualitative. 

For the study of desertification, the use of indicators that define the formation of this process have become 

indispensable for composition analysis, a fact that has generated a lot of variables, requiring addition of ACM technique, using a 

second technique multivariable cluster analysis. It will serve to group the categories of indicators with major contribution. 

2.3  Analisys and treatment of the data 

                 For Statistical Analysis data were structured as follows: 

• Data were arranged in a matrix structure where each cell becomes the vector information that was mapped on the 

ground, ie the information of each pixel; 

• The data used in the study originated in satellite images CCD / CBERS, spatial resolution initially adopted for all 

products in raster format was 20 m. However, due to the volume of data generated, the final resolution adopted was 

changed to 200 m); 

• Conversion of the regular grid, each map in a binary matrix (0, 1) in the form text (. SPR) using the program 

GRD2SAS.EXE. This program allows you to join side by side on a single array, so regular grids, PIs (information 

layers) as needed for analysis, so that can be imported by using SPSS software; 

                 Information was collected from maps and Censuses IBGE structured and allocated among classes: Dams, Illiteracy, 

Vegetation Cover, Cargo Animal Population Density, Degree of Water Erosion, Below the Line, Production of Coal, Firewood 

Production, Producers under 5 acres, Ownership schemes and degraded Lands, being able to write a matrix with 20,490 data; 

3. RESULTS 

For the formation of clusters, we used the scores of the variables of greatest contribution in Multiple Correspondence 

Analysis (MCA). Table 1 shows the number of dimensions and some relevant data for the formation of the concept of 

Correspondence Analysis. It is resaltar that before the choice of only two dimensions (two-dimensional solution), was made a 

preliminary examination of a larger number of dimensions, this fact ensures a more sustained and decision free of major errors. 
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                     Table 1: some number of dimensions and values relevant 

 

  

Dimension 

Cronbach's 

Alpha 

Variance Accounted For 

Total 

(Eigenvalue) Inertia % variance 

1 0,937 7,705 0,55 55,035 

2 0,752 3,314 0,237 23,671 

Total   11,019 0,787   

Média ,881a 5,509 0,394 39,353 

          
 

 

With a coefficient of 0.937 and 0.752 Alpha, dimension 1 and dimension 2 respectively can be considered valid for a 

coposição ACM. Figure 1 shows the geometric representation of the profiles of pixels 20,490 to two dimensions. According to 

the above table, the first axis (dimension 1) has one eigenvalue of 7.705 corresponding to an inertia of 55%. The second axis 

(dimension 2), has an eigenvalue of 3.314 corresponding inertia of 23.7%. The graph can be constructed based on two 

dimensions, based on the values related to the two eigenvalues, presenting an explanation greater than 78%. 

 

                                                 Table 2: Discrimination measures 

  

  

Dimension 

1 2 

Açudes 0,001 0 

Analfabetismo 0,985 0,011 

Carga Animal 0,743 0,255 

Cobertura vegetal 0,002 0,001 

Densidade da 

população 

0,724 0,012 

Grau de erosão 

Hídrica 

0 0,001 

Mulheres Chefe 

de Família 

0,013 0 

Poço 0,245 0,005 

População abaixo 

da linha 

0,031 0,014 

Produção de 

carvão 

0,997 0,997 

Produção de lenha 0,985 0,011 

Produtores menos 

de 5 ha 

0,997 0,997 

Regimes de posse 0,997 0,997 

Terras degradadas 0,985 0,011 

Active Total 7,705 3,314 

 

               It can be observed (Table 3), the indicators Açude, Cobertura Vegetal, Grau de Erosão Hídrica, Mulheres Chefe de 

Família e População Abaixo da Linha as well as their respective categories has projections nearest the origin, ie, may be 

relatively indifferent any one of category indicators cited regarding the identification of spaces occupied that space conducive to 

desertification. In contrast, with the exception of the indicators mentioned above, other measures of discrimination have quite 

high (at least in one dimension), differentiating the objects of analysis. Graph 1 shows the arrangement of multiple variables 

defined in the plans, this provision is able to assist in the selection of indicators that best define each of these dimensions. 
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Based on the clustering technique performed by k-means, Table 2 is described as follows: 

 

Table 3: 

Cluters Frequency Percent 

  1 66 0,30% 

2 20303 99,10% 

3 121 0,60% 

Total 20490 100 

 

 

            Referring to reported and frequencies obtained by clustering technique (AA), one can see a higher concentration of cases 

in cluster 2 (99.1%). According to the two techniques can be applied to evidence characteristics contributing to the formation of 

zones / areas of desertification: 

 Characteristics of the Zone 1: 

Semi arid conditions, slight degree of erosion, high percentage of degraded land, density regular cover, a low density of both 

population and women heads of households, average illiteracy rate, low percentage of the population below the poverty line , 

average production of firewood, charcoal production high, high concentration of wells, large concentration of producers with less 

than 5 hectares and average tenure. 

 

 Characteristics of the Zone 2: 

Semi arid conditions, slight degree of erosion, high percentage of degraded land, density regular cover, a low density of both 

population and women heads of households, average illiteracy rate, low percentage of the population below the poverty line , 

average production of firewood, charcoal production high, high concentration of wells, large concentration of producers with less 

than 5 hectares and average tenure. 

 

 Characteristics of the Zone 3: 

 

Semi arid conditions, slight degree of erosion, low percentage of degraded land, density regular cover, a low density of both 

population and women heads of households, average illiteracy rate, low percentage of the population below the poverty line , 

average production of firewood, charcoal production of regular, high concentration of wells, large concentration of producers 

with less than 5 hectares and low tenure. 
 

Fig.2: Font: Field works, January 2012. Photo: Mônica Macêdo. 

 

 

 

 

 

4. CONCLUSION 

 

This work will form the basis for future work. For further analysis will require more synthesis in the composition of the data, 

since the large amount of data generated for this study hindered the composition process. The statistical techniques used were 

important because they were able to better identify the indicators and their respective categories that contribute most to the 

formation process areas, ie areas susceptible to desertification. 
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ABSTRACT: The mechanism of Rainfall variability in Oman was investigated using time 

series of monthly precipitation as measured by a dense observational network. The 

nationwide network of meteorological stations active during the last four decades of the 20
th

 

century in Oman is characterized by different periods of function. In this work we consider 

only data from common windows, focusing on the period 1984–2007, during which a large 

number of measuring stations are available. Mean characteristics of the rainfall data were 

investigated for 20 stations, and then variations of Oman's station normalized rainfall series 

and spatial distribution of the normalized rainfall index were analyzed. Reanalysis data was 

used to investigate large-scale atmospheric properties during the winter rainfall in the 

northern of Oman and during the summer monsoon in the southern part. The data used in the 

analysis were derived mainly from the National Center for Environmental Prediction (NCEP) 

and the National Center for Atmospheric Research (NCAR) reanalysis project, which is 

currently the most extensive data record available. For the purpose of this study, five different 

analyses were carried out (NCEP/NCAR analysis): sea level pressure (SLP), geopotential 

height (GPH), wind vectors, outgoing long wave radiation (OLR) and specific humidity. 

These investigations have permitted to diagnose the main atmospheric processes that govern 

the rainfall variability in Oman. 

Keywords : Rainfall variability, Oman, water resources 

1. INTRODUCTION 

Climate change is predicted to have numerous impacts on Oman. These include, but not 

limited to the following; livestock's losses and severe water scarcity due to droughts and 

increased temperatures. Literature and scientific knowledge concerning the climate of Oman 

are limited, incomplete and scattered. Recently, Kwatering el al. 2008 examined the statistical 

variability of precipitation in Oman using selected dataset derived from the Ministry of 

Regional Municipalities and Water resources. Charabi, 2009 investigated the variability of 

the summer monsoon over the southern of Oman ant its teleconnection to the Indian Ocean 

Dipole and the southern oscillation. Charabi et Al-hatrushi 2010 examined the relationship 

between winter rainfall variability in Oman and the large-scale circulation based on a 

monthly basis.  This paper aims to determine the degree of climate variability and the rate of 

the future climate change in Oman and its impact on water resources.  

  

2. GEOGRAPHY of OMAN 

The Sultanate of Oman occupies the south-eastern corner of the Arabian Peninsula and is 

located between latitudes 16°40´ and 26°20´ North and longitudes 51°50´ East (Figure 1).  

The Sultanate of Oman borders kingdom of Saudi Arabia and the United Arab Emirates in 

the West; the republic of Yemen in the south; the Strait of Hormuz in the North and the 

Arabian Sea in the East. 



 

Figure 1 : Location of Oman in the Arabian Peninsula 

 

The Sultanate of Oman, with an area of 309,500 square kms, encompasses a diverse range of 

topography, including mountain ranges, arid deserts and fertile plains (Figure 2).  

 

 

Figure 2: Topography of Oman 

 

3. CLIMATE of OMAN 

3.1. Normal Climate Patterns 

By virtue of its position astride the Tropic of Cancer, and according to Köppen and Geiger 

classification (1928), the Sultanate of Oman belongs to the arid region of the earth. Although 

arid and semi-arid conditions prevail across the Arabian Peninsula, the large latitudinal extent 

and complex topography of Oman introduce many particularities at local scales. From the 

intense summer heat of the Rub al Khali to the moderate climate on the Hajar mountains, one 



passes from the hyper-arid (< 100 mm rainfall) coasts and plains, through the arid (100–250 

mm rainfall) higher plains and foothills to the semi-arid (250– 500 mm) mountain slopes and 

summits of Northern of Oman. Scarce and erratic rainfall and varying temperatures have 

combined to shape the distribution and abundance of vegetation (Ghaznafar & Fisher, 1998). 

The annual average of temperature in Oman fluctuates between, 10 to 30 °C (Figure 3). The 

average of maximum temperature is between 23 to 42 °C. Coastal regions are hot and humid 

in summer with high temperatures of 40°C and more than 90% humidity. In the interior plain, 

high temperatures in summer can exceed 42 °C. The average of minimum temperature of the 

coldest month is between -3 to 20 °C. During the winter season, the coldest minimum 

temperature is encountered in the highlands and mountains area in the northern and southern 

part of Oman. 

 

Figure 3: Annual mean of temperature in Oman. 

  

Rainfall in the Arabian Peninsula occurs primarily as a result of four main meteorological 

conditions originating from the Mediterranean, central Asia, the tropical maritime regime of 

the Indian Ocean and tropical Africa. During different times of the year, these atmospheric 

influences bring varying rainfall to different parts of the peninsula. In general, the Arabian 

Peninsula is dominated by two air masses, namely, the Polar Continental that occurs from 

December to February and the Tropical Continental that occurs in summer from June to 

September. Both systems are affected by minor incursions of Polar Maritime and Tropical 

Maritime (Fisher and Membery, 1998). Rainfall patterns in Oman depend on these and other 

meteorological conditions and their interaction with the local topography (Figure 4). 



 

Figure 4: Annual precipitation in Oman  

 

Rainfall in Oman is caused by four principal mechanisms (Kwarteng et Al. 2008). 

 Convective rainstorms that are associated with localized cells of strong convection can 

develop any time of the year, but mostly during summer. 

 Cold frontal troughs that are most common from November to April originate from North 

Atlantic or the Mediterranean Sea and may bring rain to the northern parts of Oman, and 

possibly to central and southern Oman. Rainfalls in these areas vary depending upon the 

physiographic location. For example, the average rainfall in Muscat, situated on the coast, 

is 75 mm whereas the average rainfall in the Al Jabal Al Akhdar, with elevations between 

400 and 3000 m above mean sea level is between 250 and 400 mm. 

 On-shore southwesterly monsoon currents occur from June to September and bring humid 

conditions to much of Oman accompanied by frequent drizzle, fog, mist and rain 

(khareef) in Dhofar coast and bordering mountain areas. Occasionally, the monsoon 

currents penetrate further inland to produce convective storms. During the khareef season, 

parts of Dhofar region are transformed into lush landscapes of green field and verdant 

vegetation. The monsoon season in Dhofar region brings 100–400 mm of rainfall. 

 Tropical storms and cyclones over the Arabian Sea are almost entirely confined to two 

cyclone seasons namely, the pre-monsoonal period (May-June) and the post-monsoonal 

period (October-November).  

3.2. Rainfall Trend 

Trends of precipitations are presented in this section for 8 stations installed in the country 

namely: Seeb, Khasab, Sohar, Saiq, Sur, Masirah, Thumrait and Salalah (see Figure 5). These 

8 stations have the longest data record of homogeneous climate time series since 1980. The 

total annual precipitation trends values show only 1 station with statistically significant trend. 

Saiq has recorded a decrease of about 67.7 mm per decade (an overall decrease of 196.4 

mm). All of the remaining stations trends are negative and not statistically significant. The 

monsoon summer season (June, August and September), rain over Salalah (southern of 



Oman) shows statistically significant negative trend (-3.72 mm per decade) (Figure 6) (Al-

Sarmi & Washington, 2011).  0 

 

Figure 5: Localization of the 8 meteorological stations with longest data record in Oman. 

 

 

Figure 6 : Total annual precipitation trends per decade (1980-2008). 

 

3.3. Rainfall Projection  

 

For the assessment of the future climate projection over Oman, the 21st century IPCC AR4 

A1B (CO2 Concentration 720 ppm until 2100) forcing scenario is used with the HadGEM3 

climate model (Worldclim. 2004). The obtained results are developed using dynamical 

downscaling approach to a model grid of 0.30 second. Baseline of 1960-1989 was used to 

calculate the anomalies for precipitation. Figure  7, shows the precipitation anomaly from 

A1B for the period 2010-2039. A1B scenario predicted that the north of Oman will have 

negative anomaly indicating dry seasons. On the other hand, it predicted the summer 

monsoon (khareef) will have positive anomaly, indicating stronger khareef.   
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Figure 7 : Precipitation anomaly for the period (2010-2039) 

 

4. WATER STATUS 

4.1. Water Resources Status 

There are two main types of water resources in the Sultanate; conventional water resources 

(natural) including surface and ground water that represent about 84% of the nation's water 

resources, and non-conventional water resources including desalination water and treated 

wastewater accounting for 16%. The annual average of wadi flow in the Sultanate is 

estimated at 211 million m3. The average of the overall rainfall in the Sultanate is estimated 

at about 9.5 billion m3 per year, 80% of which evaporates while the rest flow as surface 

water and some infiltrate directly to the underground reservoirs. Wadis are essential ground 

recharge resources that mostly remain for few hours to several days depending on the volume 

of rainfall and the hydrological and hydro- geological features of each wadi. Wadis flow from 

mountain toward plains where water is lost by either evaporation or to the desert or sea. 

Otherwise the water recharges aquifers. Groundwater, which is the stockpile that is usually 

used when surface water is not available, is the main source for meeting the different water 

needs. It represents about 78% of the water supply in the Sultanate (Ministry of Regional 

Municipalities and Water Resources, Sultanate of Oman (2012).   

4.2. Water shortage 

The total of the renewable ground reserve (the annual ground recharge quantity) reaches 1295 

million m3 per year which is less than the general consumption of 25%. This forms one of the 

challenges facing the Sultanate in the water resources field - striking a balance between 

supply and demand. Aquifers are mostly recharged through infiltration of surface water 70% 

and rainfall. For some time now, the available water resources has increased widely through 

the exploitation of non-conventional water resources in the form of water desalination and 

treated wastewater. The percentage of such resources increased to 16% of the total volume of 

water used in the Sultanate (Ministry of Regional Municipalities and Water Resources, 

Sultanate of Oman (2012). 

The increase in water demand due to increase in population and comprehensive development 

in all fields during the last few years led to over extraction of water through wells and aflaj, 



consequently leading to imbalance in natural water resources. In some regions the extraction 

rates exceed the recharge rate leading to a decrease in water levels, which is a clear indication 

of the decrease in the underground reservoir. Decrease of water levels in some coastal regions 

led to a reversal in the direction of the natural flow of underground water, and seawater 

flowing towards land 0. The hydrological data on water scale points out water shortage of 378 

million m3. The shortage is concentrated in Al Batinah region representing 69% of the total 

shortage. This is mainly due to agricultural activities where about 50% of agricultural 

production is concentrated in Al Batinah ((Ministry of Regional Municipalities and Water 

Resources, Sultanate of Oman (2012). 

5. CONCLUSION 

The threat of changing climate and higher average temperatures will decrease the availability 

of fresh water resources in the Sultanate of Oman. Even without climate change occurring, 

water availability has been identified as the main development constraints with absolute 

water scarcity predicted by as early as 2020. While currently, the domestic water use in the 

Sultanate of Oman is about three times above the natural renewal rate. Water tables have 

dropped sharply as demand from rapidly urbanising and industrialising populations has 

outstripped supply from fossil water and local aquifers. Currently, more than 20% of the 

water used originates from desalination or wastewater treatment. However, in the mid-term 

perspective, the growing freshwater demand of the country cannot be sustained by the 

reliance on fossil water reserves, which is why both the relative and absolute amounts of 

desalinated water are going to rise. The desalination plants that are currently operating in the 

Sultanate of Oman have adverse environmental effects such as releasing gases, hot brine, 

treatment chemicals and other trace elements. Next to the production costs and carbon-

emissions of this energy-intensive industry, their impact on marine life might become a 

liability. 
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ABSTRACT: The susceptibility of land to desertification in the semi-arid region of the State of Ceará in Brazil has 

risen in recent decades due to the impacts of the historical process of occupation and land use. Currently, the state has 
a nucleus of desertification and susceptible areas. This multidimensional process has environmental, social and 
economic implications that affect thousands of smallholder families. This article examines the possibilities of 
developing strategies identified in the territorial approach from the perspective of public policies directed to the 
Territory of Inhamus-Crateús. These strategies include the coexistence with the semiarid, poverty reduction and 

combating desertification in the region. The territory of Inhamus-Crateús comprises twenty municipalities. Among 
these, Arneiroz, Independência and Tauá are in the Inhamuns Nucleus of Desertification and the municipality of 
Santa Quitéria is in the Irauçuba Nucleus. The estimated population of Inhamuns-Crateús is of approximately 
518,941 inhabitants with 47.83% living in rural areas. The methodology employed in this article involves a literature 
review, analysis of primary and secondary data and interviews with qualified sources. It was observed that multiple 
interrelated factors leave a significant portion of the population, more specifically the smallholder farmers, in a 
vulnerable situation. The knowledge of the causes of the vulnerabilities associated with socio-economic enables the 
elaboration of appropriate interventions. Public policies directed to the territory of Inhamus-Crateús should be 

articulated with initiatives from the civil society. In this sense, the territorial approach is presented as a real 
possibility to prompt actions that reduce poverty and the process of desertification. 

Keywords: Desertification, Semiarid, Territories, Smallholder Farming, Rural Poverty 

 

1. INTRODUÇÃO 

The fight against poverty and environmental degradation in rural areas requires a combined effort. These issues still 

occupy a marginal position within the government agenda. In arid and semiarid regions of the world, the development 
of public policies aimed at socioeconomic problems is both a technical challenge and a challenge for the democratic 
process. 

In recent decades, the susceptibility of land to desertification in the semi-arid of the State of Ceará has increased due 

to the impacts produced in the historical process of land use and occupation in the state. Currently there are three 
nuclei of desertification. This process has multidimensional environmental, social and economic implications that 
affect thousands of smallholding families. 

Territorial development arises as a possibility of articulation of different actions, social actors, governmental and non-

governmental organizations. The role of these actors is a challenge for democratic practice. Within the territory it is 
possible to move towards this practice and the elaboration of proposals, mechanisms and tools aimed at overcoming a 
series of problems involving inequity, poverty and environmental degradation. This allows interaction between 
different public policies and the actions of civil society. 

This article examines the possibilities of developing strategies identified in the territorial approach from the 

perspective of public policies directed to the territory. These strategies include the coexistence with the semiarid, 
poverty reduction and combating desertification in the region. For this work we have chosen the Territory Inhamus-

Crateús in the State of Ceará. The methodology employed in this article involves a literature review, analysis of 
primary and secondary data and interviews with qualified sources. 

 

2. CHALLENGES FOR SUSTAINABLE DEVELOPMENT IN THE SEMIARID 

The extent of the Brazilian semiarid region, its characteristics, the significant presence of smallholder farmers and the 

high rate of people living in extreme poverty are a challenge for designing alternatives to combat problems related to 
rural poverty and environmental degradation. In addition to deforestation of the Caatinga, in the Brazilian semiarid 
region there are areas that show evidence of a serious desertification process. Thus, the articulation of different social 
actors (governments, farmers and their representative bodies, non-governmental organizations and social movements) 
is a real possibility in the construction of instruments and mechanisms of action that are more connected to the reality 

of the affected populations. 
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In the case of semiarid of the State of Ceará and specifically in the case of the Territory of Inhamuns-Crateús some 
government and non-governmental organizations initiatives try to transform the historical context of poverty and 
degradation. In this scenario, we point out two government actions: the National Program to Combat Desertification 

and Mitigate the Effects of Drought (PAN) and the National Program for Sustainable Development of Rural 
Territories (PRONAT). The main initiatives of non-governmental organizations are the actions propped up by the 
Semi-Arid Articulation (ASA) within the Territory Inhamuns-Crateús in the state of Ceará. A brief description of the 
programs and actions of ASA are presented below to see how they play into the dynamics of Inhamuns-Crateús and 
how they arise within its territorial plan. 

2.1 National Programme of Action to Combat Desertification and Mitigate the Effects of Drought 

(PAN) 

This programme was created in 2005 by the Secretariat of Water Resources of the Ministry of Environment. It 
establishes as an overall aim the creation of guidelines and institutional instruments to improve the formulation and 

implementation of public policies and private investment in Areas Susceptible to Desertification - ASD (BRAZIL, 
2005). Among its specific objectives are: a) to improve the knowledge of processes of desertification and occurrence 
of droughts in Brazil, b) to develop guidelines for designing, developing and assessing policies and actions to support 
sustainable development in areas susceptible or affected by desertification processes, and c) to develop tools to prop 
up the development of productive activities compatible with the preservation, conservation and sustainable 
management of natural resources. 

This program is a guide for the implementation of joint actions of combating and controlling desertification and for 

the expansion of social agreements involving various segments of society. The thematic axes of PAN are: a) 
combating poverty and inequality b) sustainable expansion of productive capacity, c) preservation, conservation and 
sustainable management of natural resources, and d) democratic management and institutional strengthening. 

It is important to highlight the need to strengthen smallholder farming; besides pointing out that agroecology is 

considered an appropriate production model for the reality of smallholder farmers in areas susceptible to 
desertification (BRAZIL, 2005). According to the program, agroecosystems have lower demand in the use of external 
inputs and allows increased production associated with water catchment systems and its rational management. These 

elements enable the conservation of natural resources by reducing the risks and climate fluctuations and are key to 
prevent and combat desertification. 

For the institutionalization of PAN in the states the creation of state action programs to combat desertification was 

stimulated. The State Action Program guides the planning and development of integrated actions, besides the 
application of public and private investments in the state (BRAZIL, 2005). 

Ceará has a State Action Program to Combat Desertification and Mitigate the effects of drought. Its objectives are to 

contribute to the balanced coexistence with the semiarid by means of the environmental sustainability of the Caatinga 
biome, from the perspective of environmental, social and economic policies focused on poverty reduction. For its 
management, it presupposes both institutional integration and decentralized management such as democratic dialogue 
and participation with society. 

The State Action Program of Ceará went beyond what had been established in the PAN. This state has acknowledged 

the existence of three nuclei of desertification comprised of 14 municipalities. These nuclei are located in the Sertão 
of Inhamuns, Irauçuba, Centre-North and the Middle Jaguaribe. They cover an area of 29,030 km ² or 23% of the 
state. In the Inhamuns Crateús Territory there are four municipalities that are included in two of these nuclei. The 
municipalities of Arneiroz, Independence and Tauá are in the Inhamuns Nucleus and the city of Santa Quitéria is in 
the Nucleus Irauçuba. 

2.2 National Program for Sustainable Development of Rural Territories (PRONAT) 

Created by the Secretariat of Territorial Development of the Ministry of Agrarian Development, the National 

Program for Sustainable Development of Rural Territories (PRONAT) stimulated the social management of 
territories. Its main goal is to enable new integrated forms under the format of boards, councils, committees, forums 
and working groups able to manage responsibilities and duties between the State, economic actors and civil society. 
The integrated social management of the territories would be simultaneously able to promote the rescue of relations 
of partnership, reciprocity, solidarity, cooperation and formation of a desirable social capital. The territory is 

therefore not only a unit of a set of physical and natural aspects with defined boundaries and limits, but above all, a 
coordinated network of specific correlations between various social groups, involving cultural, political and economic 
aspects. 

2.2.1 Territorial Approach 

Territorial development proposed changes in the focus of rules and models that regulate the decision making, design, 

implementation and evaluation of public policies. In this process both local institutions and a space for decision 
making would be legitimized, besides strengthening the role of individuals as crucial actors in promoting change 

(CUNHA AND GOMES, 2007). The concept of territory, coupled with its conception of development, becomes both 
an analytical matrix and an area for government action in interaction with other non-governmental social actors to 
reduce poverty and social exclusion. Thus, it assumes a pedagogical character, and therefore strengthens democracy. 

The territorial approach innovates when it brings multi-factorial planning into the sphere of public administration 

evaluating the relationships between major local economic activities, socio-cultural and environmental aspects. The 
emergence of territorial policy arose from the need to achieve greater efficiency in the management and planning of 



urban and rural areas, in which there was still no appreciation of the participation and articulation between the main 
local active forces. 

The interaction between different social actors that make up the territories, allows, besides the debate and discussion, 

seeking more attuned solutions to the reality of the groups that coexist. However, this coexistence due to differences 
in interests among these actors, at times, is conflictual. Thus, the process of participation and decision making require 
enhancements that allow for greater representation of social groups that make up the territories. 

2.3 Coexistence with the Semiarid 

In recent decades different social actors have incorporated in their speeches the notion of sustainability. Thus, by 

means of actions and mobilizations of civil society, these actors incorporated the vindication of coexisting with the 
Semiarid. This is gaining space among policy makers and, therefore, in the elaboration of actions, projects and 
intervention programs in this area. This perspective emphasizes the importance of living with the specificities of the 
region, to recover traditional practices of smallholder farmers and develop appropriate technologies to the 
characteristics of the region, which necessarily impacts the improvement of living conditions of the population. 

The need to cope with environmental conditions of the Semiarid induced the development of technologies, whose 
main objective is to strengthen agricultural production with the available water in the environment, providing quality 
of life for smallholder farmers and generating income. The coexistence with the Semi-Arid is defined as a cultural 

perspective guiding the promotion of sustainable development in Semiarid. Thus, its purpose is to improve the living 
standards of the population and to promote citizenship through appropriate socioeconomic and technological 
initiatives, compatible with the rational use of natural resources of the Caatinga, with its preservation and renovation 
(SILVA, 2006). 

Currently there are a number of social technologies, among these water tank for collecting rainwater that can be used 

for human and animal consumption and agricultural production; underground dams that retain water in the soil 
allowing cultivation for a longer period of time and heirloom seed banks that allows the access of families of 
smallholder farmers to seeds of native species that are more adapted to the semiarid conditions. 

The formation of networks of mutual aid and technical dialogue has allowed for the exchange of knowledge among 

farmers, broadening their horizons and helping in mobilization regarding claims for public policies that consider the 
specific social, cultural and environmental aspects of the region (SABOURIN, 2002). The prospects of further actions 
of coexistence with the semiarid articulated with government programs were contextualized in the debate of Tonneau 
and Cunha (2005). These authors highlight the intersection of local initiatives with actions of federal, state and 

municipal government as one of the crucial points for the design of territorial development. 

 

3. TERRITORY OF INHAMUNS-CRATEÚS 

The Territory Inhamuns-Crateús consists of 20 municipalities whose geographic area is 32,327.24 km ². It has an 

estimated population of 518,941 inhabitants. The population living in rural areas represents 47.83% of the total 
population, i.e., it is composed of 248,389 inhabitants (BRAZIL, 2010). This percentage reveals an important 
presence of farmers in the municipalities that comprise the Territory. The sum of people living in extreme poverty in 
its rural region reaches 101,643 (BRAZIL, 2011). Also, as defined by the State Program of Action to Combat 

Desertification, there are four municipalities in this Territory, which are part of two nuclei of desertification. The 
municipalities of Arneiroz, Independence and Tauá are in the nucleus of the Nucleus of Desertification of Inhamuns 
and the municipality of Santa Quitéria is the Nucleus of Desertification Irauçuba. 

This Territory is notable for exhibiting a rich social dynamics due to the presence of a set of entities and social 

organizations. This is reflected in its social management process. This management has ten committees divided by 
themes, as follows: social management of the Territory; education and culture, health, basic sanitation and access to 
water; infrastructure; land shares; sustainable organization of production; rights and social development, 
environment, besides a sectoral committee for women, indigenous people, quilombolas and youngsters (BRAZIL, 
2010). 

In its organizational structure there is a leading nucleus, a technical nucleus and territorial advisor. However, it is the 

general assembly of this territorial management process that stands out. It consists of one hundred and forty 
organizations representing civil society and government. In this space policies that must be worked upon are decided 
and it is where elections for the leading and technical nucleus are held (BRAZIL, 2010). The number of members of 

the general assembly from the government is equivalent to the number of members from civil society organizations. 
Moreover, there are other forums covering various sectors in Inhamuns Crateús. Among them are: the Semi-Arid 
Articulation; Forum of Settlers and Education Network of the Brazilian Semiarid. The Territory has twenty rural 
workers' unions, three unions of smalholder farming, ten non-governmental organizations; five federations of 
community associations, ten cooperatives and more than eight hundred associations (BRAZIL, 2010). 

3.1 The Environmental Dimension of the Inhamuns-Crateús Territory 

Environmental concerns and the prospect of coexisting with the semiarid are part of the issues discussed in Inhamus-
Crateús and reflect both governmental actions that come to the Territory as the presence of non-governmental 

organizations, in this case the Semi-Arid Articulation. It is possible to observe the influence of the State Program to 
Combat Desertification and the initiatives of the Semiarid Articulation. This can be confirmed in the Territorial Plan 
for Sustainable Rural Development (PTDRS). Accordingly, the main objectives are: a) to create alternative 



production and coexistence with the Semiarid and income generation, b) contribute to the recovery, preservation and 
sustainable use of the Caatinga (BRAZIL, 2010). 

With regard to the coexistence with the semiarid region, a program called Coexistence Technologies for the Semiarid 

has been created. In this program four projects were outlined, as follows: a) construction of water tanks, b) the 
deployment of technologies such as underground dam, successive detention dams, direct tillage, “in situ” catchment 
productive use of small reservoirs, c) use of the water and wetlands for food production in small reservoirs, and d) 

establishment of nurseries for native plants, fruit and exotic trees. 

Between the years of 2003 and 2010, 10,344 water tanks were built in the Territory of Inhamuns-Crateús. These 

water tanks were built in partnership with the Ministry of Social Development and the Semi-Arid Articulation. The 
families that were selected constructed the tanks. They were trained to build and manage the water that was stored in 
the tanks. 

Regarding the preservation and use of Caatinga biome two programs were developed. The first program called Rural 

Environmental Sanitation consists of three projects, namely: a) implementation of rural garbage collection and 
recycling; b) construction of basic sanitation c) recycling of water. The second is called Combating Desertification 
and Degradation and includes ten projects, among them are: a) control and reduction of agricultural burning, b) 
control and reduction of deforestation c) recovery of degraded areas; d) reforestation in communities; and e ) 
promoting environmental education in rural communities (BRAZIL, 2010).  

 

5. POLICY ORIENTED RECOMMENDATIONS 

It is important to support initiatives arising within the dynamics of the territories. This includes logistical, financial 
and methodological support. In parallel, we should improve the process of participation and decision-making within 

the territorial boards. Thus, the role of different social actors that compose the territories will be stimulated. This 
measure will improve the construction of solutions for problems that include combating rural poverty and 
environmental degradation processes such as desertification. 

The territorial approach should be encouraged in the analysis of social problems and building solutions. This 

articulates contributions of both social actors linked to the various levels of government (municipal, state and federal) 
and those linked to a series of non-governmental organizations. 

 

6. CONCLUSIONS 

The territorial approach is presented as a possibility in the construction and implementation of actions to reduce both 

poverty and desertification processes. We observed several experiences in this direction in the Territory of Inhamuns-
Crateús. In the case of the chosen experience, the diversity of its social composition and rich dynamics is highlighted. 
The involvement of social actors in developing alternatives to the problems afflicting the population, provides more 
contextualized solutions with the territorial reality. Thus, the territorial cutting and the derived approach from this 

perspective of development can be seen as an area of joint elaboration between different actors, both governmental 
and nongovernmental. 

The search for alternatives to combat poverty and environmental degradation, particularly deforestation and 

desertification should articulate different social actors, in addition to smallholder farmers. In this process, the 
accumulated experiences by non-governmental organizations should be considered. 
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ABSTRACT:  Over the past several years, there has been a recent surge of interest in foreign investment in agricultural 

land. The convergence of global crises in food, energy, and environment has lead to search for ‘empty’ land often in distant 

countries.  Though many factors contribute for this growing trend of land grabbing, water and desertification are the most 

significant drivers. For example, Saudi Arabia, which for many years encouraged wheat production, decided to phase out by 

2016 because depletion of  freshwater. Equally many firms in Gulf countries abandoned agriculture due to alkalinity. Now 

they invest in foreign agriculture land.  Food sovereignty is the right of peoples to healthy and culturally appropriate food 

produced through ecologically sound and sustainable methods, and their right to define their own food and agriculture 

systems.  The changing nature of foreign investment in agricultural land increases the potential to shift rights from domestic 

to foreign actors. In many of the host States, there is an inadequate legal framework to protect rights of people.  Many rural 

African dwellers consider land as one of the tangible asset that they could utilise in perpetuity, subject to traditional terms of 

use. Today, many livelihoods are insecure because it is quickly becoming lucrative for foreign agricultural investors to 

acquire pieces of land in rural Africa. Therefore land grabbing seriously affects food sovereignty of people.   This paper 

attempts to analyse in detail about the link among desertification, land grabbing and food sovereignty. 
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1. INTRODUCTION  

 
Land grabbing is defined as taking possession of or control over a large scale agricultural land for commercial/industrial 

agricultural production that is disproportionate in size in comparison to the average land holding in the region (Behnassi and 

Yaya, 2011). There has been a recent surge of interest in foreign investment in productive agricultural land in overseas 

largely in Africa. In contrast to past trends, almost half of the agricultural investment projects (48 %) covering two-thirds of 

the total area (39.7 million ha) involved are in Sub-Saharan Africa (Deininger, 2011) which is being considered as 

‘Agriculture’s final frontier’ (Woertz, 2012).  The purchase or long-term lease of agricultural land for food production, 

predominantly by State-owned and private investors from Arab and wealthy Asian States into African and Southeast Asian 

countries, has received significant attention at different levels due to its long term irreversible impact on the socio, economic 

and environmental conditions of host countries and its communities (Smaller and Howard, 2009). 

 

A number of socio-economic and environmental factors triggered the recent surge of interest for agricultural land across the 

political and jurisdictional boundaries by the governments. Most importantly, interest in land acquisitions increased rapidly 

in the wake of the 2007–2008 commodity price boom and remained very high thereafter (Deininger, 2011). Also this food 

price crisis convinced these investors that global food markets would be less reliable and more volatile in the future, and that 

these markets could not be trusted to provide a stable supply of food commodities (Schutter, 2011b). Of the long-term 

factors, depletion of water resources and acceleration of desertification and land degradation process are some of the most 

significant drivers of this new rush of investment in agricultural land at overseas which has been termed as ‘Food 

Colonialism’ (EFRAC, 2009). 

 

Food sovereignty is the right of peoples to healthy and culturally appropriate food produced through ecologically sound and 

sustainable methods, and their right to define their own food and agriculture systems and practices. Also the concept of food 

sovereignty puts those who produce, distribute and consume food at the heart of a highly complicated network of food 

systems and policies rather than the demands of markets and corporations in a liberalized trade regime (Patel, 2009).The 

changing nature of foreign investment in agricultural land in overseas by governments and major private companies is more 

strongly driven by food, water and energy security than a notion of comparative advantage  (Schutter, 2011b) in the context 

of recent  studies suggesting that the world will need 70 to 100% more food by 2050 (Godfray, et. al, 2010).   This emerging 

investment trend has the potential to shift rights of local communities from national to foreign actors and from domestic to a 

complicated international jurisdiction. In many of the host States, there is an inadequate legal framework to protect rights of 

people.  For example, many rural African dwellers consider land as one of the tangible asset that they could utilise in 

perpetuity, subject to traditional terms of use and culturally accepted practices. Today the livelihoods of many in Africa are 

already in vulnerable conditions due to erratic rainfall and arid climate. Equally the current investment trend may accelerate 

this insecure condition because these small land holdings are quickly becoming attractive commodity for foreign agricultural 

investors to acquire pieces of land in rural Africa for fulfilling food security needs of their population and commercial 

interests of their private enterprises. Therefore land grabbing seriously affects food sovereignty of people.   

 

2. DESERTIFICATION AND LAND GRABBING 

 
The term ‘Global land grab’ refers to the explosion of national and transnational commercial and transactions and land 

speculation in recent years mainly, but not solely, around the large-scale production and export of food and bio-fuels 
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(Saturnino M et.al,  2012). A convergence of global crises including financial, environmental, energy, food, etc, in recent 

years has contributed to a dramatic revaluation of, and rushes to control, land, especially land located in the global South 

(Saturnino M et. al, 2012). Among different countries involved in land acquisition process at overseas, Gulf Cooperation 

Council (GCC) Countries have emerged as major players in recent years due to a number of socio-economic and 

environmental factors. This overseas investment in agriculture is not a new exercise for the GCC Countries. In retaliation to 

the Arab oil boycott, the United States of America (USA) threatened to cut off food supplies in the 1970s. As a policy 

response, the Gulf Countries explored and embarked on an ill-fated attempt to develop Sudan as a breadbasket.  This strategy 

failed, yet in many ways it was a precursor to the current land investment drive in overseas by the GCC Countries (Woertz, 

2012). Because of their geographical proximity and historical and cultural ties, the African countries ranked prominently at 

the agricultural investment radar of the GCC Countries. 

 

In contrast to the global trends, the GCC Countries are not interested in bio-fuels which have accounted for a whopping 58% 

of large international land acquisition. However, they are more concerned about the stability of food supplies (Anseeuw, 

et.al, 2012). Rising food prices were not so much the issue for the GCC Countries when the global food crisis hit in 2008.  

They could easily afford them because of ample oil revenue.  In fact their real concern was temporary export restrictions 

imposed by the food exporting countries.  To make the matters worse, the limits of domestic agriculture became apparent at 

the same time (Woertz, 2012). Under these circumstances, in order to ensure continuity in food supply, the GCC Countries 

through overseas investment are planning to supplement to the market purchase, not to substitute at least for time being.   

 

In the GCC Countries the decade-old practice of mining the fossil water aquifers has hit a wall of unsustainability.  Fossil 

water has been exploited at an alarming rate. Renewable ground water is used above the replenishment rates (Woertz, 2012).  

They use around 80 % of their total water supply for agriculture (Smaller and Howard, 2009) have low levels of self-

sufficiency in food production and are not very well suited for agriculture given the arid climatic conditions and lack of 

availability of arable land. Nevertheless, Saudi Arabia and the United Arab Emirates (UAE) have developed highly 

subsidized agricultural production schemes that are economically unviable and ecologically unsustainable because of an 

increasing water shortage and depletion of ground water resources. Together with a rapidly growing population, this lead to 

increased reliance on global food markets for fulfilling the growing domestic demands (Woertz, et.al, 2008). 

 

The large scale land acquisition is largely about shifting land and water uses from local to essentially long-distance farming 

to meet domestic food and energy needs (Schutter, 2011b). Saudi Arabia, which was till recently remained as world's sixth-

largest wheat exporting country (Elhadj, 2008) and for  many years actively encouraged wheat production domestically, has 

decided to phase out it  by 2016 because it has significantly depleted the freshwater reserves in the country. This is in order 

to spare its remaining water resources for drinking and household purposes for future generations (Elhadj, 2008). Though it 

was late, finally the concepts of sustainable development and the principles of environmental governance struck the minds of 

Saudi policy-makers. In 2008, Saudi Arabia established a new agricultural fund which primarily focuses on preserving 

domestic water resources by investing in agricultural projects at overseas (Smaller and Howard, 2009). In the GCC 

Countries, the conventional water sources are predicted to last for 30 years at most. These calculations are based on the ratio 

between the annual water withdrawal and groundwater recharging (Woertz, et.al, 2008).  Except Oman, all the GCC 

Countries have renewable water resources of less than 10003 /y per capita, the benchmark established to identify chronic 

water scarcity (Alsharhan and Wood, 2003). The Food and Agriculture Organization (FAO) studies in 1992 indicated that in 

Saudi Arabia alone, approximately 50 million ha land was affected by wind erosion (Nasr, 1999). About 2 million ha of 

irrigated land area in Saudi Arabia and 33.6% of the cultivated land of Bahrain are moderately salinised (GRC, 2007). Under 

this condition, land becomes unproductive for cultivation. Also in Qatar around 30 % of irrigated agriculture land is salinised 

(ACSAD, 2003). Similarly about 68 farms went out of production due to salinization in Qatar. The yield in State farms 

decreased by 30% or about 1500 ha from irrigated soil degraded due to salinization (ACSAD, 2003).  In Qatar, shallow 

profile soils (approximately 136,000 ha) are said to be susceptible to water erosion due to the occurrence of erratic 

rainstorms (UNCCD, 2000). Also the Water Stress Index (defined as percentage of renewable water resources versus 

actually used), is over 100 % in five of the six GCC countries (Alsharhan and Wood, 2003). 

 

Desertification and land degradation played a significant role in guiding the GCC Countries to explore the option of 

acquiring productive agriculture land at overseas especially in Africa for fulfilling its domestic food requirements. However, 

concerns are expressed on land grabbing since along with other negative impacts it may lead to desertification and land 

degradation in the host countries. The ecological sustainability of land and water resources allocated for foreign investment 

is another important issue which needs focus considering nature of large-scale foreign investments made in agriculture 

sector. Introduction of intensive agricultural production for export and commercial purpose can seriously threaten 

biodiversity, carbon stocks, and land and water resources. Equally converting forests or rangelands to monocropping under 

the large scale land acquisition projects will in the long run reduce diversity in flora, fauna, and agro-biodiversity, as well as 

aboveground and subsurface carbon stocks. Many tropical soils are not suitable for intensive cultivation, or there is lack of 

sufficient water resources for undertaking intensive cultivation (Braun and Ruth, 2009).  

 

According to some studies, in 1990, soil degradation was estimated to have affected 500 million ha or 17% of Africa’s land. 

Susceptible dry lands (arid, semiarid, and subhumid aridity zones), covering 43% of Africa, are the worst-affected areas, 

affecting 485 million people. Approximately 65% of agricultural land, 31% of permanent pastures, and 19% of forest and 

woodland in Africa were estimated to be affected by some form of degradation in 1990 (Jama and Pizarro, 2008). Though 

the process of desertification may force the GCC Countries like others to undertake large scale land acquisition projects at 

overseas, the same trend accelerates the process of desertification and land degradation in the areas where the land is being 

acquired on a large scale for intensive cultivation. 
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3. FOOD SOVEREIGNTY AND LAND GRABBING  

 
Food is a basic human right.  For a healthy and productive life, everyone should have sufficient access to nutritious, safe, and 

affordable food.  One of the humanity’s significant achievements has been to produce adequate food for the largest growing 

population. Although, at the global level, there has been significant progress in increasing average food consumption over 

the last few decades, today at least 2.5 billion people mostly from developing and under developed countries lack essential 

micronutrients that are needed to lead a healthy and active life (Schutter, 2011a). Almost 33% of Sub-Saharan Africans are 

malnourished, which is the highest prevalence in the world. In one-third of African countries the average daily calorie intake 

remains below the recommended level of 2100 kcal (Boussard, et.al. 2005). In 2007 and 2008, 20 countries faced severe 

food riots. In 2008, 33 countries were reported to be in a state of a severe food crisis (Vanhaute, 2011). 

 

Food security is a multi-dimensional phenomenon, reflecting the overlapping, complex and highly interacting concerns of 

food access, availability, and utilization and the cross-cutting dynamic dimensions of ecological sustainability, equity, and 

health (Tyfield, 2011). However, this concept of food security doesn’t clearly spell out where the food comes from, who 

produced it, or the socio-economic and environmental conditions under which it was grown (Pimbert, 2009). ‘Food 

Sovereignty’ is considered to be a broader and inclusive concept associated with food politics. This is a term that was very 

specifically intended as a foil to the prevailing notions of food security. Food sovereignty is being considered as a 

precondition to genuine food security (Patel, 2009). 

 

Food sovereignty is relatively an emerging concept associated with food politics, first brought to international attention at 

the United Nations’ World Food Summit organised by the FAO in 1996. It was put forward by La Vía Campesina, an 

international movement which co-ordinates peasant organisations of small and medium-sized producers, agricultural 

workers, rural women, and indigenous communities from Asia, America, and Europe (Pimbert, 2009). Food sovereignty is 

the right of each individual, community and nation to maintain and develop its own capacity to produce its basic foods 

respecting cultural norms and traditions and productive diversity and harmony of its environment (Patel, 2009). Local 

knowledge of resource conservation and farming practices are aimed at producing and harvesting different crop varieties, 

livestock, and fish to meet the needs of the farmers and local community. The local markets are at the core of this traditional 

agricultural system. These practices are in equilibrium with the environment and biodiversity of the region.  

 

Overall, 80% of the poor in developing countries live in rural areas and derive their livelihood directly from agriculture 

(Carvalho, 2006). Most of these rural poor are smallholder farmers, and agriculture is dominated by these smallholders in 

South and Southeast Asia and sub-Saharan Africa (Jama and Pizarro, 2008). They depend on small-scale farming activities 

mostly at the mercy of rain for their subsistence (Schutter, 2011a).  Today most of the world’s food is still grown, collected 

and harvested by over 2.5 billion small scale farmers, pastoralists, forest dwellers and artisanal fisherfolk. This food is 

primarily sold, processed, resold and consumed locally, with many people deriving their incomes and livelihoods through 

work and activities at different points of a long and complicated food chain, from seed to plate. Such localised food systems 

and networks provide the very foundations of people’s nutrition, incomes, economies and culture throughout the world 

(Pimbert, 2009). A critical examination of core ideas of food sovereignty reveals the complex and heterogeneous 

composition of peasant, family, and small-scale agricultural communities. Understanding the heterogeneity, complexity, and 

subjectivity of these communities alongside the diversity of their cultural values, traditions, and customs shows the 

importance of protecting the food sovereignty of these people in the era of land grabbing and liberalized trade regime 

(Schanbacher, 2010).  

 

To comprehensively address the pressing issues of hunger and poverty, the food sovereignty principles empower local 

communities to have greater control over their productive resources, use and sustain ecologically friendly means of 

production, and access local markets as well as nutritious and culturally accepted food. Advocates of food sovereignty 

believe that food should be produced through diversified and community-based production systems in harmony with 

environment and biodiversity (Quaye, et.al, 2010). Food sovereignty recognizes the total benefits of small-scale agriculture 

by focusing not only on economic gains, but also on how this  protects environment, promotes biodiversity, connects farmers 

and communities to the land and provides an intimate and culturally developed link between farming community and the 

crops and foods they produce and consume (Schanbacher, 2010). 

 

Although poverty and under nourishment is increasing in large cities also, 80% of the undernourished and poor live in rural 

areas. They are not likely to be fed by enhanced industrialization and, as the World Food Summit (1996) recognized, small 

scale and sustainable agriculture, could provide the required food to reduce hunger in these areas. Promoting local 

agriculture is a goal of the Millennium Development Projects (Carvalho, 2006). Though the small scale farmers and local 

communities are at the heart and core of food sovereignty concept, the existing trend of land grab especially in Africa may 

seriously affect food sovereignty in an unprecedented level since this region is more vulnerable due to its climatic conditions 

and low level of socio-economic development. Of the projects with commodity data, only 37 % focus on food crops 

(Deininger, 2011). Also this land grab will not only displace large number of these small land holding farmers but also 

disturb the environmental balance and ecological equilibrium between the long established production system and the sound 

cultivation methods. This land grab has the potential to radically change the ecological balance maintained by the farmers 

with respect to a long established production system and culturally accepted consumption pattern. 

 

4. DESERTIFICATION AND FOOD SOVEREIGNTY  

 
Food security refers not only to an adequate aggregate supply of food but also to a condition when all people at all times 

have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs for leading an active and 
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healthy life (Sacks and Levi, 2010). Considering the current level of food inflation, countries that are net food exporters 

experience improved terms of trade, while net food importers face increased costs in meeting domestic demand. Almost all 

countries in Sub-Saharan Africa are net importers of cereals, and therefore likely to be affected negatively (Wodon and 

Zaman, 2010). 

 

The ability of agriculture to support food requirements of increasing population has been a great concern for generations and 

continues to be high on the global policy agenda (Rosegrant and Cline, 2003). Food production depends on natural resources 

(water, land, biodiversity), farm inputs (capital, power, chemical inputs, and seeds), and human inputs (labor, management 

skills, institutions).  The demand for food has long since outstripped the capacity of nature to provide it unaided, and for 

several millennia humans have radically transformed natural system and ecological balance for the singular purpose of 

obtaining more accessible, reliable, and productive sources of food to meet growing demands of people. Adequate water 

supply and availability of arable land are vital resources for sustainable agriculture as a source of food for the global 

population. The main concern at the present time is whether the finite water and land resources are capable of producing 

adequate food to meet the projected nine billion people in 2050 (Sadik, 2010).  Currently Sub-Saharan Africa uses only two 

per cent of its freshwater resources for agricultural production. This region is therefore seen by foreign investors as potential 

destination for agricultural production due to its untapped water reserves. For example, Sudan, one of the countries 

interested to sell and lease land, greatly expanded irrigated agriculture in the 1970s with investment from Gulf States. 

Irrigated land now constitutes 10.2 per cent of total Sudanese cropland and provides more than half of total agricultural 

production (Smaller and Howard, 2009). In Africa as whole, less than 5% of farmland is irrigated and the average fertilizer 

application is less than 10 kg/ha (Jama and Pizarro, 2008). 

 

On the other hand, throughout African history droughts and famines have occurred with varying degree of frequency and 

intensity affecting livelihoods of millions of people in many parts of this region. Large-scale droughts that affect several 

countries simultaneously have wider implications on food security and food sovereignty. Most of the population in these 

countries identified as experiencing high-drought frequency are agro-pastoralists whose livelihoods are constantly threatened 

by erratic rainfall and arid environmental conditions. These countries are among the poorest in Africa and are extremely 

vulnerable to natural disasters and are struggling to cope with the impacts of droughts and famines (Haile, 2005). Due to lack 

of resources and poor access to environmental friendly technologies, farmers in Africa are unable to apply the appropriate 

adaptation and mitigation strategies. 

 

About 55% of Africa’s land area is unsuitable for agriculture.  Only 11% of the continent, spread over many countries, has 

high-quality soil that can be effectively managed to sustain more than double its current population.  Most of the remaining 

arable land is of medium or low potential, with at least one major constraint for agriculture. This land is at high risk of 

degradation under low input systems (Jama and Pizarro, 2008). In fact, none of the Sub-Saharan African countries that 

attracted foreign investor interest recently achieved more than 25% of potential yields, and area cultivated per rural 

inhabitant remains below one ha (Deininger, 2011). Though the African region is being considered as a destination of 

untapped potential and unexploited natural resources, it remains as vulnerable area for the changing weather and climatic 

conditions. Under these, the acquisition of large scale agricultural land and its cultivation techniques may accelerate the 

desertification and land degradation process in this region. The farmers and local communities will seriously be affected not 

only by the land acquiring process but also the resulting process of land degradation and desertification due to intensive 

cultivation.  

 

5. RECOMMENDATIONS 
 

While acquiring or leasing land, the governments may prioritise local and national economies and markets. Effective and 

practical measures need to be taken to empower peasants and local communities and to ensure food production, distribution 

and consumption based on environmental, social and economic sustainability. Governments need to initiate appropriate 

policy measures to protect the right of peoples to healthy and culturally appropriate food produced through ecologically 

sound and sustainable methods, and their right to define their own food and agriculture systems. Also policy guidelines may 

be developed for governments and private companies for appropriate use of acquire the lands.  In order to ensure food 

security of local communities, a particular percentage of agriculture production should be shared with local communities 

where the land is acquired. The Principles for Responsible Agricultural Investment may be translated in local languages 

and distributed to the local community.  Local participation and employment opportunities for local communities in the land 

acquisition project should be incorporated. Local knowledge on water and land conservation should be utilized to ensure 

long tern sustainability of the region and to protect the environment. Instead of displacing the local communities and the 

farmers, a kind of Green Corridors may be developed where the farmers can stay as it and produce. The governments or the 

private companies which acquire the land may help these farmers to produce more for both their consumption as well as 

export which may strike a balance between food sovereignty and land grab.  

 

6. CONCLUSIONS  

 
The link among desertification, land grabbing and food sovereignty is highly complicated. There are many factors involved 

in this complex process of interaction which include socio, economic, political, cultural and environmental. For GCC 

Countries, desertification and depletion of water resources played major role along with population growth and price rise in 

guiding the governments to explore the option of acquiring the lands in overseas. On the other hand, the way large scale land 

is being acquired and cultivated may lead to desertification. Food sovereignty is the right of individual, community and 

nation to maintain and develop its own capacity to produce its basic foods respecting cultural and productive diversity. The 

manner in which land deals are being signed between different governments and major companies affect the food 
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sovereignty of people. Desertification and land degradation lead to migration of large number of people to other regions for 

livelihoods which affect their food sovereignty. A systematic multidimensional approach requires in addressing this complex 

link. 
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ABSTRACT Desertification adversely affects people’s livelihoods, causes diseases, accelerates rural-urban migration and 
destroys infrastructure. Desertification has impacted 17 provinces in Iran, a situation partly caused by but also compounded 
by low rainfall and frequent droughts. However, the country has spent considerable funds on anti-desertification plans over 
the last fifty years which, in addition to social benefits, have provided economic gains for local people.  

This research, based mainly on two global reports produced by the World Bank and UNEP and on reliable national 
reports, attempts to assess the monetary value of anti-desertification plans in Iran for the first time. The global reports find 
that infrastructure such as roads, lands and buildings have been preserved as a result of implementation of anti-
desertification projects. The current investigation further elaborates on but does not cost/benefit other important aspects of 
anti-desertification plans such as job creation, humanistic valuation, and other issues (e.g. reduced migration). Based on the 
two global reports, the annual value of anti-desertification plans in Iran is estimated to be about 0.7% of the country’s annual 
GDP, equivalent to around US$ 2680 million. This assumes all local projects were successful and had province-wide 
impacts. Even a conservative 10% of this estimated value would yield annual benefits of US$ 268 million, a major return on 
an annual investment of US$ 23 million. The return attributed to anti-desertification expenditure does not include the added 
value of infrastructure preserved, and local jobs developed. 

 
Key words: economic benefits, anti-desertification plans, Iran, GDP 
 

 
1. INTRODUCTION 

Over the last fifty years, Iran has embarked on anti-desertification plans in all 17 provinces affected by desertification 
(Amiraslani and Dragovich, 2010, 2011). In addition to the many social benefits of these plans for local people, economic 
benefits have been derived from a broad range of activities such as plantation, oil mulch spraying, exclosure, and runoff 
control. These wide-ranging activities put Iran among those countries which have been successful in dune-fixing activities 
(Anon, 2008). Overall, 2.1 (17.5%) of the 12 million hectares of desert areas in Iran have been stabilized through these 
programmes (NAP, 2005).  

This paper will employ reliable national and global datasets in order to assess, for the first time, the economic benefits 
of these anti-desertification plans in Iran.  

 
2. MATERIALS AND METHODS 

This research is based on various datasets and reports, papers and documents published in Persian and English 
languages and international literature.   

The first dataset is based on a national survey conducted by the Forest, Rangeland and Watershed Management 
Organization (FRWO), a national governmental body that has managed natural resources including rangelands, forests and 
deserts for the last century. The Bureau of Desert Affairs (BDA) within this organization was established fifty years ago and 
has been involved in soil conservation, reclamation of deserts and stabilization of sand dunes. Several years ago the Bureau 
implemented a national survey to assess positive impacts of anti-desertification plans carried out in Iran. The survey 
requested information from the 17 provincial offices about the types and nature of infrastructure which had been preserved 
by anti-desertification measures.  

The current analysis also considers two other datasets published globally for monetary valuation of anti-desertification 
activities. The cost of environmental degradation in Iran was assessed through assigning monetary values to each 
environmental element or category (e.g. land and water) by the World Bank (2005). Of Iran’s 31 provinces, slightly more 
than half – 17 – are regarded by FRWO as desertified provinces. Where relevant, the Bank’s total national figure for costs of 
different forms of environmental degradation was adjusted for the proportions of desertified areas within the 17 desertified 
provinces (Table 3) or the population in desertified provinces was compared as a proportion of Iran’s total population. These 
assumptions led to a clear over-estimation of the value attributed to anti-desertification measures, as generalizing at the 
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mailto:deirdre.dragovich@sydney.edu.au
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province level assumes that any measures undertaken – mostly through projects that are local in scope – were both 
successful and province-wide. Neither of these premises is likely.    

Another global dataset (Kumar et al., 2010) was not directly relevant to Iran but covered issues that can be addressed 
in anti-desertification activities anywhere in the world. The report provided some details for valuation of regulation services 
across various ecosystems (e.g. air quality regulation, biodiversity regulation). Where appropriate, those figures relating to 
countries with geographic situations similar to drylands in Iran were selected. 

 
3. RESULTS  
3.1. Preservation of infrastructure 

FRWO officers in all 17 desertified provinces responded to the BDA survey and results are illustrated in Table 1. 
Anti-desertification projects have been carried out over the last fifty years in all 17 desertified provinces, covering 97 towns 
and 4353 villages (Abdinejad, 2007). Infrastructure has been preserved by the implementation of projects such as 
establishment of forest plantations, windbreaks, and oil mulch spraying.   

Table 1. List of preserved infrastructure detailed in the BDA questionnaire, and combined responses from 17 provinces  
Existing infrastructure Area/Unit Created infrastructure Area/Unit 
Roads, railroads 9000 km Forest plantations 2.1 million ha 
Rivers, water canals 9800 km Man-made parks 54 (6000 ha) 
Arable lands 600, 000 ha   
Residential buildings 521,000 units   
Industrial townships 51   
Fisheries wharves 20   
Military basements 271   
Airport 23   
Source: Abdinejad (2007) 

 
 
3.2. Job-creation 

Since the 1950s, numerous staff have been directly involved in anti-desertification activities at the national level. The 
BDA is being supported by a number of graduates both in Tehran and other provinces. Normally, each provincial bureau has 
up to four permanent staff.  

Indirectly, sand dune stabilization projects have encouraged and supported dry-farming, animal husbandry, fisheries, 
bee-keeping, and market gardening in affected provinces (Amiraslani and Dragovich, 2011) and created job opportunities 
and conserved landscapes. In the Carbon Sequestration Project that has been implemented in cooperation with GEF/UNDP 
in one of the desertified provinces (Southern Khorasan, east), a number of job-creation workshops were held each year to 
support local people and improve their skills (Table 2).  

Table 2. Job-creation features in the Carbon Sequestration Project 

 
Income/job creation workshops conducted 49 workshops (2005 to 2010) 

Training topics Mushroom and vegetable farming, herbs processing, pastry cooking, carpet 

weaving, livestock vaccination 

Approximate number of jobs created  421 jobs (2005 to 2011) 

Source: Hunnam and Amiraslani (2012) 
 
3.3. Humanistic valuation 

Disruption of the ecological equilibrium of agro-ecosystems impacts not only on land productivity (economic 
dimension), but also on living conditions of the resident population (social dimension) (FAO, 2011). There is no doubt that 
anti-desertification plans in Iran have saved and improved the lives of thousands people, in particular those of children, and 
reduced adverse health issues among the population. Where anti-desertification measures have been successful, living 
standards improve (Amiraslani and Dragovich, 2011).  

 
3.4. Other issues  

 A study was carried out to assess 30 years (1966-1996) of anti-desertification activities (establishing plantations, oil 
mulch spraying, and exclosure) in Kerman province (Ahmadi and Jafarian-Jeloodar, 2004). The study showed positive 
impacts including preservation of infrastructure, providing land (2850 ha) for expansion of industry, agriculture, education 
and urban areas, as well as providing fuel wood for local people.  
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3.5. Monetary valuation of anti-desertification plans 
Two global datasets (World Bank and Kumar et al.) were reviewed here. Those results relevant to anti-desertification 

were included and assigned monetary values in US$ as well as GDP% as provided in the reports (Table 3). Our estimates 
presented in Table 3 suggest that 84% of the World Bank’s cost assessment of environmental degradation can be linked to 
desertification. Within desertified provinces, anti-desertification projects reduce degradation costs but do not eliminate them. 
Even if it is assumed that anti-desertification improvements only reach a level of 10% of existing degradation costs, a return 
of US$260 million represents a substantial return on annual anti-desertification expenditure of US$23 million.   
 

Table 3. Valuation of anti-desertification plans on an annual basis. Nationwide World Bank estimates for Water and Land were 
attributed to desertification by (1) establishing whether only people living in the desertified portions of desertified provinces benefited from 
each improvement category (if yes, then Iran’s figure was divided by the proportion of all desertified areas within all desertified provinces 
[=18.85%]; if no, then Iran’s figure was divided by the proportion of inhabitants living in desertified provinces in relation to Iran’s total 
population [64.6%]); and (2) where anti-desertification measures apply for both urban (cities >100,000 inhabitants) and rural populations, 
Iran’s total population figure was divided by the proportion of inhabitants living in desertified provinces; and (3) where World Bank data 
provided broad estimates, the senior author applied personal knowledge of desertified provinces; these instances are noted with an asterisk.      

 
Category Parameters assigned an 

economic value (nationwide) 
(World Bank and Kumar et 
al.) 

Improvements assumed in this 
assessment by anti-desertification 
measures in 17 desertified provinces 

Adjusted World 
Bank and Kumar et 
al. valuations (US$ 
million) 

GDP % (year 2010 
equal to 
US$386,670 
million) (UNstats, 
2012) 

1. Iran-related dataset (World Bank, 2005) 
Water Water supply, sanitation 

and hygiene  
Water supply, sanitation and  hygiene 
improved  

1320 * 0.34 

Groundwater 
depletion  

Groundwater recharged  
 

190*0.1885= 36 0.01 

Water erosion and dam 
sedimentation 

Erosion reduced  
 

370*0.646= 239 0.06 

Land Cropland salinity Soil salinity reduced  1200m*0.1885= 226 0.06 
Rangeland degradation  Rangelands reclaimed 172*0.1885= 32 0.01 
Wetland degradation  Wetlands reclaimed  350*0.1885= 65 0.02 
Floods and soil erosion Floods and erosion prevented 150*0.646= 97 0.025 
Deforestation and forest 
degradation 

Deforestation prevented by exclosure 906*0.646= 585 
 

0.15 
 

2. Global dataset (Kumar et al., 2010) 
Air regulation 
services 

Planting 500,000 mesquite 
trees remove 6,500 tonnes of 
particulate matter 
annually in USA; US$ 
4.16/tree 

Description A 1;  
(200 trees per ha 2) 

35  0.009 

Soil stabilization Valued by replacement cost of 
nutrients in Turkey; US$46/ha 

Description A 1 2 0.0005 

Carbon storage 
and sequestration 

US$34 tC Description A 1;  
30 tC/ha is the annual average carbon 
sequestered in a desertified province in 
Iran 3 

43 0.01 

Total 0.6945 
1 2.1 million ha forest plantations established in desertified provinces (NAP, 2005) – an annual average of  
   42,000 ha/yr in 50 years;  2 Haghani et al., 2007;  3 UB, 2009   
 
3.6. Challenges  

It will become more difficult for the Iranian Government to allocate funding for anti-desertification plans in the future. 
Although no precise and continuous data are available, annual anti-desertification costs have undoubtedly increased while 
the areas treated with anti-desertification measures have shrunk due to higher inflation, logistics costs and wages. If these 
cost pressures continue it may be impossible to increase the extent of works without further financial support from foreign 
investment or the private sector.  
 
4. POLICY ORIENTED RECOMMENDATIONS  

Iran’s experience has shown that persistent efforts towards the implementation of anti-desertification plans can result in 
more sustainable development especially at the local level. Government involvement in such activities has empowered and 
persuaded local communities to be more cautious in exploiting their local environment, partly by providing clear alternatives 
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and new ways of maintaining livelihoods. The huge investment in anti-desertification plans has thus provided multiple 
economic and social benefits within local communities and also reduced rural-urban migration. At a larger scale, numerous 
dune stabilization programs have yielded benefits for local agricultural and animal husbandry activities, for the maintenance 
and preservation of essential infrastructure, and for human health.  

Clear benefits have therefore already flowed from Iran’s long-standing anti-desertification policies and projects. In 
future, a rigorous cost/benefit analysis of specific programs would provide the basis for government to direct its increasingly 
scarce financial resources towards those projects most likely to provide sustainable livelihoods. In planning for this, variable 
environmental responses to a given level of financial investment would also need to be assessed. All projects require funding 
both for equipment/ materials and trained personnel, and an essential part of any successful anti-desertification plan is 
experienced personnel capable of identifying with local community needs: the implementation of projects is just as critical to 
their success as the initial planning. 
 
5. CONCLUSIONS 

Despite the considerable amount of work already undertaken, the story of land degradation is still being played out in 
some desertified areas in Iran in the form of over-exploitation of land and water resources and soil erosion (Amiraslani and 
Dragovich, 2011). However, some successful local projects have highlighted the finding that small-scale anti-desertification 
projects have added value to local development and businesses. The predicted annual budget allocation for combating 
desertification in Iran was about US$23 million in 2011 (0.004% of the total annual national budget in 2011) (Hamshahri 
newspaper, 28 February 2011, p.11). If an economic return of 0.7% of the national budget is attributed to anti-desertification 
outcomes, then an investment of US$ 23 million returns an estimated US$ 2680 million. Because most projects are local and 
some are less successful than others, even a conservative assumption of 10% of these returns yields US$ 268 million for an 
outlay of US$ 23 million.   

This current research reported a crude preliminary assessment of economic benefits of anti-desertification using 
published data and information, and considered the financial values of all environmental benefits except preserved 
infrastructure. If improvements are province-wide it suggests that the overall economic benefit of anti-desertification plans 
may be around 0.7% GDP of Iran (GDP Year 2010).  
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RESUMEN 

 
El objetivo del presente trabajo es presentar los costos actuales de inacción por la degradación de las tierras en el sector 

agrícola en Bolivia, y la posible incidencia de las variables climáticas en escenarios futuros. 

 

Dado que Bolivia no dispone de datos censales recientes, se decidió buscar las mejores especificaciones econométricas 

posibles de modelos en los que el Rendimiento es la variable dependiente y las variables climáticas, las explicativas. 

Las funciones de rendimientos se han estimado para áreas degradas y no degradadas con base a la información de series 

temporales provistas por los Ministerios de Agricultura de Bolivia. Estas funciones corresponden a un conjunto 

seleccionado de los principales cultivos realizados, considerando criterios como contribución el Producto sectorial, al 

empleo, importancia para la seguridad alimentaria entre otros criterios. 

 

De este modo finalmente se tienen las estimaciones de los Rendimientos y partir de ellos, de los Valores Brutos de 

Producción,  para áreas afectadas por procesos de degradación y para áreas no degradadas, para la Línea de Base y 

proyecciones para años de corte seleccionados. Lo primero, es decir los valores para la Línea base corresponde al primer 

objetivo del proyecto, cual es tener una primera aproximación al valor actual o costo de la degradación de las tierras, y el 

segundo aspecto, a la consideración de la incidencia de las variables climáticas en escenarios futuros.  

 

 
1. INTRODUCCION 

 
Bolivia es uno de los países de América Latina con mayor proporción de población que vive en el sector rural; 40% de la 

población es rural y dependen en gran medida de las actividades agropecuarias para su subsistencia. 

 

Los principales productos agropecuarios son el maíz, la papa, el arroz, la soya, el trigo, la ganadería de carne y entre los 

productos no tradicionales de exportación sobresalen el banano, las piñas y los palmitos.  

 

El aporte del sector agropecuario al PIB se sitúa alrededor del 13 %, (año 2008) mientras que las exportaciones sectoriales 

contribuyen con el 35% del total exportado, siendo la soya el principal producto. La industria participa con el 36% y los 

servicios con el 51%. Parte importante de la contribución de estos sectores al PIB está estrechamente relacionada a las 

actividades agropecuarias. 

 

Entre el 2000 y el 2007, la pobreza total disminuyó del 60,6% al 54,0% y la pobreza extrema se redujo del 36,4% al 

31,2%. En el mismo período la pobreza rural cayó de 80,7% a 75, 8% y la indigencia de 64,6% a 59%. 

 

De acuerdo a la metodología seguida, se seleccionaron los principales productos agropecuarios según varios criterios entre 

los que cabe mencionar los siguientes:  

 

a) Importancia económica medida según su Aporte al Producto Sectorial 

b) Importancia social medida según el aporte a la dieta nacional y al ingreso de los pequeño productores 

c) Importancia en las exportaciones, según su participación en el total exportado 

d) Importancia del punto de vista de las regiones de cada país 

Los productos seleccionados de acuerdo a estos criterios fueron los siguientes: Arroz, Maíz, Papa, Trigo y Soya. 

 

Los productos seleccionados representan el 64% de la superficie cultivada.  
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Las zonas agroecológicas consideradas para obtener la información sobre las variables climáticas (temperaturas máximas 

y mínimas y precipitaciones) fueron Los Llanos, Los Valles intermedios y Yungas, y el Altiplano.  

 
2. FENOLOGIA DE LOS CULTIVOS  

 
Cada una de las zonas agrícolas descritas anteriormente se caracteriza por  planos altitudinales que marcan diferencias no 

solo de relieves, sino de clima (principalmente temperatura y precipitaciones), vegetación, flora y fauna. Es por esta razón, 

que en cada una de estas zonas existen discrepancias en cuanto a las fechas de siembras y cosechas de los cultivos. De este 

modo, el calendario agrícola en Bolivia se presenta la forma que se indica a continuación: 

 

Bolivia: Fenología de los cultivos seleccionados 
Zona agroecológica Temporada Fase fenológica meses 

Llanos Principal 

(Verano) 

Siembra Mayo Junio 

  Cosecha Septiembre Octubre 

 Corta (Invierno) Siembra Febrero Abril 

  Cosecha Julio Septiembre 

     

Valles intermedios y Los 

Yungas 

Principal 

(Verano) 

Siembra Octubre Noviembre 

  Cosecha Abril Mayo 

     

Altiplano  Siembra Septiembre Octubre 

  Cosecha Abril Mayo 

Fuente: Agar, S. Fenologías de los principales cultivos de Bolivia. Informe no publicado 

 
En este contexto, y considerando que tanto el arroz, como el maíz de grano, el trigo y la soya se producen en su gran 

mayoría en la región de Santa Cruz (Los Llanos) y que la papa se produce principalmente en La paz (Altiplano), a 

continuación se presentan la información técnica utilizada para construir los cuadros con los parámetros para estimar los 

respectivos modelos.  

 
Arroz:  
El ciclo vegetativo del arroz en Bolivia tiene una duración de 4 meses. En Los Llanos la temporada de verano se encuentra 

entre Mayo y Octubre y la de invierno entre Febrero y Agosto. El principal departamento productor de arroz es Santa 

Cruz, con una participación del 84% en la producción nacional. 

 

La temperatura óptima para el correcto desarrollo de todas las etapas fenológicas del cultivo se encuentra entre los 22º C y 

los 30º C, con una mínima de 10º C y una máxima de 35º C. 

 
Maíz Grano:   
El Maíz grano tiene un ciclo vegetativo de alrededor de 150 días. En relación a los requerimientos térmicos, la 

temperatura óptima para el correcto desarrollo de todas las etapas fonológicas del cultivo se encuentra entre los 21º C y 

los 25º C, con una mínima de 10º C y una máxima de 35º C. 

 
Trigo: 

 
El trigo tiene un ciclo vegetativo de 160 días. En relación a los requerimientos térmicos, durante la geminación, macollaje 

y encañazón, la temperatura óptima fluctúa entre los 15º C y 20º C, con una mínima 15º C. Luego, durante la formación 

de espigas y la maduración lechosa, cérea y cornea, la temperatura óptima se encuentra entre los 20º C y 25º C, con una 

mínima de 16º C en un principio y luego de 20º C.  

 
Soya: 
La Soya tiene un ciclo vegetativo de 4 meses. En Los Llanos la temporada de verano se encuentra entre Mayo y Octubre y 

la de invierno entre Febrero y Agosto. La floración comienza luego de 40 días y tiene una duración de 15 días, 

presentándose entre Junio y Julio en temporada de verano y entre Marzo y Mayo en temporada de corta. En relación a los 

requerimientos térmicos, la temperatura óptima para el correcto desarrollo de todas las etapas fonológicas del cultivo se 

encuentra entre los 18º C y los 25º C. 

 
 



Papa: 
Se cultiva en 7 de los 9 departamentos del país y se produce en más de 200.000 unidades campesinas en las que laboran 

más de 900.000 personas en la zona rural.  

 

La papa tiene un ciclo vegetativo que puede variar entre los 120, 150, 180 y 210 días. En relación a los requerimientos 

térmicos, la temperatura óptima para el correcto desarrollo de todas las etapas fenológicas del cultivo se encuentra entre 

los 7º C y los 12º C, con una mínima de 7º C y una máxima de 19º C. 

 

3. LA DEGRADACION Y LA DESERTIFICACION 

Aún cuando hay diferencias según las fuentes consultadas, existe consenso de que la desertificación afecta una proporción 

muy elevada del territorio boliviano. De acuerdo a algunos antecedentes oficiales, la desertificación afecta al 41% del 

territorio nacional (450.943 Km2) superficie que ha aumentado un 86% desde 1954. De éste total el 22% corresponde a un 

nivel bajo, un 21% a moderado, 43% a alto y el 15% restante, a desertificación muy alta. 

 

De acuerdo a estas fuentes, la situación es la siguiente por Departamentos; la superficie total de los Departamentos de 

Oruro, Potosí, Chuquisaca y Tarija, presentan distintos niveles de desertificación. En Cochabamba el 45% de las tierras se 

encuentran afectadas cifra que alcanza a más del 30% de los Departamentos de la Paz y Santa Cruz. De este total a su vez, 

se estima que más del 60% está afectado por procesos de desertificación fuertes o muy fuertes con índices de pérdidas de 

sobre las 31TM por año. 

 

De otro lado, el 77% de la población vive en las áreas afectadas  y de ellos el 89% vive en la extrema pobreza. 

 

Antecedentes más recientes del Ministerio del Medio Ambiente y Agua (MMAyA), destacan la estrecha vinculación ente 

cambio climático y desertificación. De acuerdo a ellos, se ha incrementado sensiblemente el área total afectada debido a 

los cambios ya perceptibles de las variables climáticas, lo cual sumado a las actividades humanas desarrolladas en 

ecosistemas frágiles, han incidido en este incremento. (Cesar Altamirano Bustillos, responsable del Programa de Lucha 

Contra la Desertificación y Mitigación de la sequía en Bolivia).  

 

De otra parte, y por cuanto se refiere a la degradación de las tierras, el MMAyA, estima que a nivel nacional, el 22,4% de 

éstas se encuentran afectadas por procesos de degradación que van de fuertes a graves. El cuadro que sigue muestra el 

detalle de ésta situación por Departamentos. 

 
Bolivia: Estado de degradación de suelos por Departamento 

Departamento  Superficie  Total  

(hectáreas) 

Sup.afectada  

(fuerte  a grave) 

(%) Principales problemas de degradación 

La Paz 13.398.500,00 641.000,00 4,78 Erosión, deforestación, usos inadecuados de tierras 

Beni 21.356.400,00   Deforestación, manejo inadecuado de praderas 

Chuquisaca 5.152.400,00 4.717.900,00 91,57  Erosión, sobre pastoreo 

Cochabamba 5.563.100,00 2.436.500,00 43,8 Presión demográfica, prácticas inadecuadas  agrícolas, 

deforestación, salinización 

Pando 6.382.700,00   Deforestación, usos inadecuados de tierras 

Santa Cruz 37.000.000,00 4.658.300,00 12,59 Deforestación, erosión hídrica y eólica, tenencia de la 

tierra, sobre pastoreo, compactación de suelos 

Oruro 5.358.800,00 3.078.700,00 57,45 Sobre pastoreo, salinización, erosión 

Potosí 11.821.800,00 8.408.100,00 71,12 Sobre pastoreo, salinización, erosión 

Tarija 3.762.300,00 619.900,00 16,48 Erosión, deforestación, sobre pastoreo 

TOTAL   109.796.000,00 24.560.400,00 22.36  

 

 

4. LOS MODELOS SELECCIONADOS 

La tabla que sigue muestra los modelos seleccionados para cinco cultivos seleccionados. Al igual que en todos los otros 

casos, estos modelos fueron testeados con todas las pruebas que se indicaron al comienzo de esta sección a fin de tener la 

seguridad que no presentan problemas de significancia, multicolinealidad, autocorrelación, heteroceasticidad, 

estacionareidad de los errores, estabilidad del modelo, etc.  

 



Bolivia: Los modelos seleccionados 
Cultivo modelo especificación Rend. 

Degrad. 

Rend. Prom R2 R2 Ajust. 

Papa Eq15sqDegr Rend = c- pptacum-pptacumcrit +tmin*tmin + t 3709,8 5532 0,61 0,55 

 Eq17sq_a Rend = c +an1promt + pptacum-pptacumcrit + tmin*tmin t 5105.4 5528.8 0.58 0.49 

Trigo EQ11sqDgr Rend = c+ oscterm - pptacummcrit*pptacumcrit + t 827,3 1254,2 0,41 0,31 

 Eq12sq Rend = c pptacumcrit/pptacum)*(pptacumcrit/pptacum) flormin t 1131.0 1254.2 0.41 0.32 

Soya Eq17sqDegr Rend= c- flormax + pptpromcrit(-1)*pptpromcrit(-1) 1302 1877,8 0,35 0,24 

 Eq12sq Rend = c - tprom +an1pptprom*an1pptprom + pptacumcrit(-1) - t 1961.6 1881.8 0.50 0.38 

Arroz Eq20sqDegr Rend = c - ppt(-1)*ppt(-1) + tmax-tmin - t 1470,4 2091,6 0,47 0,38 

 Eq16sq_a Rend = c - an1min -pptflor*pptflor - t 2543.8 2120.5 0.68 0.62 

Maíz Eq7sqDegr Rend = c + flormax-tmin  - pptr*pptr  + t 1592.5 1930.2 0.68 0.63 

 Eq8sq Rendbol = + c  + ppt*ppt + unidcalor + t 2071.7 1879.8 0.64 0.58 

Fuente: Elaboración propia 

 
Con los modelos seleccionados se procedió a estimar los rendimientos para las áreas degradadas y las no degradadas, los 

cuales fueron posteriormente utilizados para calcular el Valor Bruto de producción de cada uno de los cultivos. De 

acuerdo a los antecedentes actualmente disponibles antes expuestos, se discriminaron las superficies cultivadas en 

afectadas y no afectadas por la degradación. Para valorar la producción para las áreas afectadas y no afectadas, se 

utilizaron los precios al productor del 2009 obtenidos de las bases de datos de FAO. 

 

Los VBP de ambas áreas se sumaron y se compararon la producción potencial que se podría haber obtenido si no estuviera 

presente el proceso de degradación de las tierras. Para ello  se utilizaron los rendimientos promedios obtenidos de las 

bases de datos del Instituto Nacional de Estadísticas de Bolivia y los precios al productor.  

 

5. LOS RESULTADOS 

Los resultados obtenidos muestran pérdidas totales por degradación importantes para la línea de base y los años a cuales 

se proyectó para captura la incidencia del cambio climático en tierras degradadas y no degradadas. El cuadro que sigue 

muestra esta situación en la Línea de Base y en las proyecciones al 2050 y 2100 para los cultivos seleccionados. El cuadro 

inmediatamente siguiente, muestra el resumen consolidado de las pérdidas por degradación y por los efectos del cambio 

climático en áreas afectadas y o afectadas por la degradación de las tierras. 

 

Como puede verse, las pérdidas alcanzan al 15,5% en el año 2010 para pasar al 26,8% en el 2050 y a la mitad del 

Producto Interno Bruto del sector a fines del siglo, cifra que es extraordinariamente elevada y que pone de relieve la 

urgencia de ahondar en estos análisis a nivel territorialmente más desagregado poniendo énfasis en las medidas de lucha 

contra la desertificación y de adaptación al cambio climático, ambas de las cuales tienen un denominador común, cual es 

recuperar la cubierta vegetal de las áreas afectadas y evitar que éstas se amplíen.  

 
Bolivia: Estimación de las pérdidas por degradación. Valores en VBP   en millones de US$ 

 Degradado (1) No Degradado (2) Suma (1+2) VBP Potencial (3) Diferencia (2-3) 

Papa      
2010 147.36 52.74 200.10 237.42 -37.32 

2050 73.30 56.04 129.34 237.42 -108.08 

2100 38.55 47.79 86.35 237.42 -151.07 

      

Trigo      
2010 8.36 29.50 37.86 45.39 -7.52 

2050 8.54 42.57 51.12 45.39 5.73 

2100 6.97 47.82 54.78 45.39 9.39 

      

Soja       

2010 54.41 318.55 372.96 490.07 -117.12 
2050 62.24 283.82 346.06 490.07 -144.01 

2100 27.83 220.67 248.50 490.07 -241.58 

      



Arroz      
2010 22.92 39.32 62.24 65.53 -3.29 

2050 15.30 26.39 41.68 65.53 -23.85 

2100 9.72 6.71 16.43 65.53 -49.10 

      

Maíz      

2010 62.45 71.18 133.63 109.50 24.13 
2050 88.71 47.77 136.47 109.50 26.97 

2100 74.60 12.14 86.74 109.50 -22.76 

Fuente: Elaboración propia 

 

 
Bolivia: Resumen Consolidado de las Pérdidas por degradación de las tierras. Línea Base y proyecciones al 

2100. Valores en Millones de US$ y como porcentaje del PIB agropecuario y del PIB total 
 2010 2050 2100 

Papa -37.32 -108.08 -151.07 

Trigo -7.52 5.73 9.39 

Soya -117.12 -144.01 -241.58 

Arroz -3.29 -23.85 -49.10 

Maíz 24.13 26.97 -22.76 

Total muestra cultivos representativos -141.12 -243.24 -455.12 

Total Agrícola -220.50 -380.06 -711.12 

Total Agropecuario -275.63 -475.07 -888.90 

% PIB Agropecuario -15.53 -26.77 -50.1 

% PIB  -1.59 -2.74 -5.13 

Fuente: Elaboración propia 

 
6. CONCLUSIONES 
Bolivia es uno de los países de América Latina con mayor población que vive en el sector rural, zona que presenta una 

importante actividad agrícola. La pobreza en Bolivia se redujo del 60% al 54% entre el 2000 y 2007. En cuanto a la 

degradación y desertificación de las tierras, se concluye que mas del 60% está afectado por procesos de desertificación 

fuertes o muy fuertes con índices de pérdidas de sobre las 31TM por año. Así mismo el 77% de la población vive en las 

áreas afectadas por este problema y de ellos el 89% vive en extrema pobreza. Finalmente de cálculo el Valor Bruto de 

producción con cada uno de los cultivos utilizando los modelos seleccionados, sumando el VBP de las áreas degradadas y 

no degradadas para ser comparados con la producción potencial que se podrían obtener sino se tuviera el proceso de 

degradación de las tierras.  
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ABSTRACT: Irauçuba city, Ceará, is one of the sites in the Brazilian territory highly affected by desertification. The 

desertification effects jeopardize regional social-economic development, especially familiar agriculture, main source of income 

and subsistence of Irauçuba. The desertification has increased poverty, already significant due to factors as income concentration, 

adverse climate conditions and ineffectiveness of social rights. Local society has still low access to information regarding the 

problematic. Thus, our goal is to educate the local community on the theme of sustainable management and emphasize the 

importance of social relation with the surrounding environment, to enhance familiar agricultural income. The specific goal is: 

publicizing already efficient methods on the combat to the phenomenon, avoiding prejudicial practices as burning soil to clean 

the land, mobilizing local youth to disseminate the program to next generations, developing along with the rural community new 

means of preservation and recovery of the soil. The methodology is based on field research, interviewing local citizens; and 

qualitative research, throughout broad bibliography, comparing previous successful experiences with local initiatives developed 

in collaboration with the people of Irauçuba, in order to improve social and environmental conditions. Preservation programs that 

work with local communities have shown more efficiency than those that exclude the people‘s participation. Once the community 

assumes the ecosystem as their home, they start contributing to its conservation and recovery. Therefore, sustainable management 

practices have potential to not only restore and preserve the ecosystem but also to diminish the high levels of poverty in Irauçuba, 

providing better social conditions. 

Keywords: Desertification, reeducation, sensilization, sustainability, fundamental rights, Irauçuba. 

1. INTRODUCTION 

Desertification is a phenomenon of land degradation in arid, semi-arid and dry sub-humid areas that can result from various 

factors, including climatic variations and human activities. The main cause of the process of desertification in the case of 

Irauçuba is the inadequate management of natural resources by local people. The process is detrimental not only to the 

environment but also to society by reducing the natural productivity of the soil, main source of income of the population of 

Irauçuba, disrupting the family system of production and causing migrations to the urban centers besides the increase of poverty. 

Thus, desertification, beyond its negative consequences to the environment, is also prejudicial to society, by reducing the 

people’s quality of life and jeopardizing their access to fundamental rights established in the Constituição Federal do Brasil 

(Brazilian Federal Constitution) of 1988. 

The activities encompassed within the concept of inadequate management of the land are within the human activities that most 

contribute to the desertification process in Irauçuba, thus, it was necessary to examine the origins of these practices in the area 

analysed, which were found to be mostly social causes. Therefore, our objective is to identify which are these social causes and 

why they have remained throughout time without any effective solutions to the problem of inadequate management of the land, 

which dates back to the colonization of the region Nordeste of Brazil. Thus, inserting the social-economic, cultural and historical 

contexts, we have delimited which social factors have allowed the perpetuation of the present practice of inappropriate 

management of natural resources and environmental degradation in the area of Irauçuba.  

The methodology used was bibliographical research and the compilation of interviews and statements from representatives of the 

State’s Government (Estado do Ceará), the academia, the civil society and the city’s population. The research will encompass 

projects implemented in the Irauçuba region and others implemented throughout the State of Ceará, establishing comparisons 

between the experiences, in order to identify what can be replicated in other regions. In order to do so, we have chosen two 

projects that have been implemented in Irauçuba city, one of which is about contextualized education and the other is about land 

management. They have been chosen because they represent both preparation (sensilization) and practice, as we will clarify in 

topic number 3. We have also analysed two broader projects that have been implemented in the state of Ceará, within the scope 

of comparing the local actuation with the regional actuation in the combat to desertification. 

1.2 The concept of inadequate management of the land 

The practices that can be qualified as inadequate management of the land in the Irauçuba region, as much as in the whole state of 

Ceará, are itinerant agriculture, deforestation through burning the land, overgrazing, extraction of the vegetation in order to 

obtain firewood, main source of power in the region and population concentrations that exceed the capacity of the land. 

The origins of these practices are social-economic, historical and cultural. 
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1.3. Cultural and Historical contexts 

The Brazilian colonization was characterized by the exploitation of the territory with the objective of obtaining immediate profit, 

not with the purpose of habitation. Thus, from the beginning, the priority of the colonizers was not environmental preservation 

for future generations, but the exploitation at any cost. 

In the Nordeste region of Brazil, particularly, colonization followed two paths. The conquest of the coast was due to the easy 

access and favorable conditions for agriculture. However, the sertão, backcountry of the State, was colonized as result of the 

practice of animal husbandry. Such activities, both agriculture and animal husbandry, were practiced itinerantly, by abandoning 

the area from the moment its natural resources had been depleted. Since then, cleaning the land by burning it was already a 

common practice (DIAS, 1998). 

The Portuguese, by the beginning of the colonization, had no interest in staying in the territory, so did not mind settling or taking 

care of the land explored, fact aggravated by the immensity of the conquered lands, whose natural resources were seen as 

inexhaustible. 

Besides the type of colonization established in Brazil, two other social factors have contributed to desertification throughout the 

years. As a consequence of the patriarchal social structure and the traditional division of the land in Nordeste region, the farm 

owners find it difficult to understand their land isn’t only theirs, but is also a patrimony of the society as one. Therefore, they 

comprehend the land and the environment as a source of benefits for their own, not realizing what consequences their actions, as 

the inadequate management of the land, may bring to other people and to the environment itself. 
Thus, a culture of inadequate management of the land was established and it was transmitted from generation to generation 

without any concern of reversing these practices. 

1.4. Social-economic context 

In 2006, the Gross Domestic Product (GDP) per capita in Brazil was R$ 8,193.22, however, in Irauçuba the GDP per capita was 

R$ 2,431, almost one quarter of the national GDP per capita (CEARÁ, 2010). Furthermore, the Gini Coefficient, which measures 

the income inequality, is 0.4, expressing a high income concentration (CEARÁ, 2010).  

In the Nordeste region of Brazil, there is a large concentration of land, which contributes to enhance and maintain poverty. As a 

consequence of land concentration, the population density is high in certain areas, what increases the pressure over the land, 

causing the process of desertification. 

2. SOCIAL CAUSES TO THE INADEQUATE MANAGEMENT OF THE LAND 

In this context, there are some social reasons that can be recognized as important causes, and its disregard induces great problems 

that could be solved relatively simply, with the understanding of some citizenship’s duties. And these duties should not be seen as 

penalties, but as moral and civic obligations. 

Thereby, this is the way we must see the environmental law: as protective and safeguard. The reasonable use of the soil is highly 

connected with this mentality (COMA, 1998), and the reasonable soil utilization could be a Law’s affirmation tool for having a 

worthy and adequate life. 

2.1 The Social Function of Property 

The social function of property has great importance in the context presented, in which the farmers understand the land as their 

absolute property. This traditional kind of understanding, the private property as something sacred, leads to inappropriate 

management of the land, because the land owners have the traditional idea that, if they own the land, they can manage it how they 

want to, since there wouldn’t be any consequences. Therefore, in order to implement the adequate management of the land in the 

region, firstly, it is important to sensilize the farmers towards the social function of property. 

The Brazilian Constitution (BRASIL, 1988), in article 186, brings guidelines about the social function of property (rural, to be 

more specific), about how to accomplish this constitutional norm in Brazilian society. It says the social function of property is 

fulfilled when the rural property meets simultaneously, according to some criteria, the following requirements: reasonable and 

adequate use; adequate use of available natural resources and environmental preservation; work relationship regulation devices 

observance and exploration that favor landlord’s and workers’ welfare. However, the law is flaw and incomplete. It is unable to 

give us a good meaning of rural property’s social function. For this, Coma says at own time, the inevitable emergence of 

dysfunctions in the economic process (pollution, environmental and landscape degradation, loss of cultural identity etc) has 

spawned a new facet of implementation of the social function of the property: the conservation of natural or inherent values of 

assets in order to remove them or prevent their productivist transformation, with Administration acting not according to their 

transformation promoter but as a means of preserving their control of natural and cultural values as such are assumed by Act (the 

so-called cultural and environmental). In the determination of the legal relationship not only tutor the general interests, 

represented by the Administration, but also a series of individual and collective interests that are taking shape in the development 

of society and fighting for their expression and active recognition or with independence from the administration - the so-called 

'anti-rights' - such as the right to health, the environment, consumer protection etc. 
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We can easily see how great is the importance of Irauçuba’s little farmers being instructed to follow this kind of law, and not 

being attached to an old mentality about the uses of land under the landlord law. It’s important for the farmers to understand this 

moral and civic obligation and promote a joint growth of land’s preservation, harvest increase and society’s awareness. 

Thus, the consciousness about the property's social function can be a great help in this process, since the farmer will understand 

that one’s land has a greater function to the community and not only to its owner. The rights of the property are no longer 

absolute and have been relativized by the social function of property. 

2.2 Ineffectiveness of Fundamental Rights and the soil misuse 

This kind of problem is due to an ineffectiveness of the fundamental rights’ render. Without school, information or governmental 

aid, for example, it’s hard to chance a long date mentality from poor and miserable people. There should be a sensilization of the 

community in order to enhance reeducation, so there could be a change in the interface between land and farmer. Consequently, 

as agriculture represents the biggest economic activity, it will bring lots of economic and environmental advantages to Irauçuba’s 

society and its quality of life, as Harvey S. Perloff warns, the quality of the environment where we live, work and have fun 

considerably influences our quality of life. The environment can be satisfying and attractive, and allow individual development, 

or may be harmful, irritating and atrophicans (apud SILVA, 1997). 
Within this reality, we can perceive a cycle between the desertification and poverty. Desertification’s consequences are the loss 

of productive capacity of natural resources, productive area’s reduction, drop in food supply and commerce, and decrease of farm 

income, what leads to Irauçuba’s impoverishment. The impoverishment, by its turn, according to Maslow’s hierarchy of needs, 

makes the people focus in their physiological needs, bringing some of  the desertification’s factors: deforestation, plant and 

animal extraction, misuse of natural resources and other environmental degradation practices. In addition, because of this context 

of poverty, Irauçuba’s people cannot see further needs, not seeking improvements in other areas and not realizing that the correct 

use of land can make their situation gets better. 

 

3. WHAT HAS BEEN DONE 

It was published by the government of the State of Ceará, in 2010, the Programa de Ação Estadual de Combate à Desertificação 

e Mitigação dos Efeitos da Seca – PAE, which is a program developed in response to the United Nations Convention to Combat 

Desertification. The program works based on the integration of all society to combat the process of desertification, including the 

academia, the NGOs, the government and the rural population. 

The program has a specific line of action regarding environmental education and citizenship. Within other various initiatives 

implemented, there is a project of training for multipliers in environmental education, which we must highlight due to its 

importance to the theme discussed, that dealt directly with the farmers teaching them the importance of the natural resources and 

the proper use of the land, along with other concepts as environmental education and citizenship. 

Among the initiatives implemented by the civil society in the State of Ceará, there are the results accomplished by the NGO 

Associação Caatinga (Caatinga Association), whose goal is to preserve the biodiversity of Caatinga (the natural biome of 

Irauçuba), by creating protected areas of land and stimulating the research, environmental education and sustainable development 

among the local population. 

These projects, like many others, have been implemented in various cities of the State of Ceará, however, have not been 

implemented in Irauçuba city, mainly because of a lack of integration between the units of Brazilian Federation, in other words, 

there is still much to improve in the integration between the Municipal Government and the State Government.  

In Irauçuba city, particularly, we must highlight two projects that have been very important to the local community in the fields 

of environmental education and citizenship. Even though the Irauçuba region doesn’t have many resources and is inserted in a 

context of poverty and low access to fundamental rights, there have been successful initiatives in the area. 

The first one was implemented by the Instituição Cactus (Cactus Institution), which is a local NGO, in association with the 

Universidade do Vale do Acaraú (Vale do Acaraú University),  representing the academia. The project works with primary 

school teachers by teaching them environmental education contextualized with their subjects of instruction, so they can teach 

what they have learnt to their students. The project has started in 2010, therefore, its long-term results have not yet been shown, 

however, short-term results have shown a sensilization of the children contemplated by the program. These students represent the 

next generation of farmers and landowners, thereby, the project guarantees the sustainability of the environmental preservation as 

it radiates knowledge to future generations of decision makers. Besides educating the children, the project would have medium-

term results as the children pass to their parents what they have learnt in school, which is how to give the proper management to 

the land and how they should interpret the relation between man and environment, affecting, thereby, the rural society positively. 

We have chosen this project because of its importance to the sensilization process, once it works with children in a language they 

can understand. This would break, as a long-term result, the vicious cycle of inadequate management of the land, besides 

providing the students important concepts as environmental citizenship. 

The second project was created by the Municipal Government associated with Ministério do Meio Ambiente (Brazilian 

Environment’s Cabinet), that has funded the initiative. The goal of the project is to distribute seeds to farmers so they can plant 

sustainable gardens, ensuring their source of income and environmental conservation, besides combing poverty. This project, by 

its turn, was chosen because it implements the other side of sensilization, which is the practice of adequate land management. 

Therefore, we have chosen two projects that demonstrate both preparation and practice. They were implemented by integrated 

actions between various social partners, such as the government (in the different levels of the Federation system), the civil 
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society, the academia and the local population. These initiatives present the importance of the cooperation between the social 

partners in order to protect the environment and promote social development. 

 

4. CONCLUSIONS 

The environmental conservation and preservation must be achieved as a path towards the accomplishment of one’s fundamental 

rights. If we manage to sensilize the population that by taking care of the environment they will be improving their quality of life, 

the protection would be more effective. Therefore, we would have a cycle of improvements: once people start protecting the 

environment and conserving the natural resources, their quality of life will improve, and, by understanding their role in the bigger 

picture and the good consequences it would bring to them, they would keep protecting environment, not only because it is their 

moral duty, but also because they would have understood the benefits that a balanced environment would mean to their lives. 

It’s also important to understand the context in which a society is inserted so the sensilization can be made in a way that people 

can understand, here lies the importance of contextualized education to children. The protection of natural resources has to be 

accomplished alongside society, the local population should perceive that the natural resources are part of their common 

patrimony and that it is one’s interest and civil duty to protect the environment in order to enrich as human beings. 

Moreover, there must be a better integration and joint action between the units of Brazilian Federation and between these units 

and the civil society (academia, rural population, ONGs) in order to implement and maintain projects and initiatives successfully. 

If local population doesn’t understand the greatness of the projects and initiatives and the importance of these to their lives, there 

will be no continuity to what has been already done. It is critical to accomplish sustainability in the process of protecting the 

natural resources, and for that population must participate consciously of this process. 

Therefore, it’s important to capacitate the population to protect the environment and acknowledge the cause as their own 

responsibility. If people understand their social rights and duties, they will also understand the importance of preserving natural 

resources and the impact such actions will bring to their lives, like decreasing poverty. 

The Irauçuba experience has thought us that even though a small city in a poor region can combat the desertification if the 

population is united to do so. There are problems still to solve, like the lack of better integration between the Brazilian Federal 

Units, but the solution to the problem of desertification doesn’t have to be complicated. Once the people are prepared and 

conscious about the importance of protecting nature, the adequate management will be much easier implemented, because the 

rural population would want it to happen. 
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ABSTRACT:  
Frequent rainstorm events that occur during the early wet season, while agricultural land is bare and vulnerable due to intensive 
cultivation, can result in severe soil erosion. During the October 2006 an extreme soil erosion event occurred in the northern part 
of Harod watershed, located at the semi-arid Yizrael Valley, Israel. Although the total rainstorm amount was moderate (i.e. 65 
mm) the combination between high rainfall intensity, of above 65 mm/h peaks, and partially cultivated bare land resulted with 
approximately loss of 60 m3/ha fertile soil even though large area of the catchment (~40%) was dealt with soil conservation 
measures that were tolerant to runoff. Laboratory analysis of soil texture, from the cultivated upper horizon (0-5 cm) showed a 
reduction of 11.5% and 44.4% of clay and sand fraction (respectively), comparing pre-storm conditions, which negatively 
affected the soil hydraulic properties. These results imply that, without sustainable interface, future occurrence of intensive 

rainfall events will impact soil condition and eventually would result in an accumulated effect on land degradation mechanisms if 
no measures of sustainable land management (SLM) activities will be implemented.  
This extreme erosion event led to a significant change in the standpoint of farmers and stakeholders at the local and regional 
scale. Following the analysis of the rainstorm event, implementation processes (e.g. workshops, practical courses and field 
excursions) took place to increase awareness of the effectiveness of soil conservation measures. Another substantial phase 
resulted with the Ministry of Agriculture & Rural Development decision to intensify national incentives for enhanced measured 
of SLM. 
 
Keywords: SLM, Land degradation, Soil Erosion, Soil conservation 
 

1. INTRODUCTION 
Sustainable Land Management (SLM) is a growing discipline in Israel agricultural interface. Two major parameters are taken 
into account while implementing the SLM at any geographical location – prevention of land degradation due to soil erosion 
(wind and water) and enhancing water use efficiency.  
At the semi-arid hilly region of the country, the SLM approach focus on two major aspects [1] Agronomical soil conservation 
practices (e.g. no-tillage, minimum tillage, composting and cover crops) and [2] Agro-technical practices (e.g. terraces, dikes, 
protective canals etc.). One of the most important issues to be solved, which result from these operations, is sub-surface drainage 

due to water logging and salt accumulation. 
Although the awareness of the importance of SLM, over the years, intensive agriculture had been increased due to enhanced 
water use efficiency in rainfed agricultural fields while shifting agricultural production into an intensive economical discipline. 
The increasing pressure over any cultivated land unit resulted with land degradation processes, some are invisible - soil chemical 
degradation and visible - soil physical degradation (e.g. soil erosion). Most the erosion processes in the country are derived by 
runoff that involves two major soil related processes: (1) Detachment of soil minerals and organic material by raindrop impact 
and/or runoff shear velocity; and (2) Sediment transport by runoff. Although the two processes are driven by rainfall, no clear 
correlation was found between rainfall amounts and soil erosion rates (Romero et al. 1999). One of the reasons is that at a small 

scale, soil properties such as clay content, surface roughness and crust formation may affect soil erosion more than 
meteorological conditions (Cerda 1997). Other studies show that erosion processes are substantially affected by land-use 
management and vegetation cover (Patton and Schumm 1975: Newson 1985; Bryan and Campbell 1986) while runoff and 
erosion decrease exponentially as Sustainable Land Management (SLM) interface are taken into account (Valentin and Poesen, 
2005; Zuazo et al. 2006; Zuazo and Pleguezuelo, 2008). When SLM is absent large agricultural areas become susceptible to soil 
erosion due to decreased vegetation cover, which reduces rainfall energy on the soil surface. Thus, the unprotected land might 
face a reduction in infiltration rate due to soil compaction and the formation of soil surface sealing (Morin and Binyamini, 1977). 
This process is particularly enhanced over cultivated fields of rain-fed crops. Consequently, relatively high soil erosion rates 

occurring in Mediterranean catchments are caused by frequent rainfall events of high intensity, occurring usually after a long dry 
season (Martinez-Murillo and Ruiz-Sinoga, 2007), and are characterized by high rainfall amounts during a short duration. These 
rainfall characteristics were pointed out as the major parameter to affect the susceptibility of Mediterranean catchments to soil 
erosion at autumn and spring seasons (Poesen and Hooke 1997). 
However, despite the large impact of soil erosion on land degradation processes, only little attention was given to the effect of 
extreme rainfall events on spatial distribution of soil surface physical properties through erosion processes.  
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During 27-28 of October a moderate rainstorm was monitored over the Harod watershed, while the authors were conducting a 
water use efficiency study over different land use\land cover (LULC) plots. The aforementioned rainstorm, combined with the 
monitoring data and erosion outcomes, which ended with an extreme erosion event provided the authors the ability to 
demonstrate to farmers and other stakeholders the impact of the importance of SLM as a tool for enhancing soil physical quality 
and resistance to runoff and erosion impact.   

2. STUDY AREA 
The area studied is Yehezkel catchment, a sub-catchment to the Harod Basin, located southward to the Yizrael valley 
(N32035’1.00” E35020’54.5”). The Yehezkel catchment area is ~13.0 km2, extending from Harod stream in the south up to 
Givat-Hamore forest in the north and bounded by Yehezkel and Shkedim streams from east and west, respectively. The dominant 
land-use is field crops (>50%) in addition to almond plantations and orchards. Soils parent materials are calcareous and basalt, 
with average profile depth varied from ~ 40 cm at the upper part of the catchment to ~ 90 cm at the lower boundaries (Svoray and 
Markovitch, 2009). Average values of soil pH at the catchment range from 7.6, at the lower part of the catchment, up-to 8.0 at the 
middle and upper regions. These values can be defined as moderately alkaline and, without appropriate interface, can cause poor 
crop quality. The climate is considered Mediterranean with mean annual precipitation of ~500 mm, falling mostly between 
September and April. The main erosive rainfall events occur during the early wet season during October to November, with high 

intensity at short duration.  

3. SOIL EROSION EVENT 
Moderate rainstorm event that took place during 27-28 of October 2006 and lasted approximately 34 hours, was recorded using 
tipping bucket rain gauge of 0.1 mm resolution (Figure 1). The total rainfall amount was 65 mm, with rainfall peaks of above 67 
mm\h (per 5 min). As seen from the rainfall distribution chart, although the event lasted for 34 hours, the storm was mainly 
constructed from two major phases. The first phase, that lasted only 30 minutes, ended without significant soil erosion. While the 
second phase, that lasted 2 hours while the soil is already wet and infiltration rate was lowered, ended with extreme soil erosion 
where more than 10,000 hectares of fertile agricultural land eroded downstream. The average erosion depth was 6 mm, where at 
some cultivated location reached up to 200 mm of depth. Though the total erosion was significant, all fields that were maintained 
under conservation practice were not affected by erosion, although some were moderately eroded by rill erosion that initiated 

along upper cultivated areas (Figure 2).  

 

 
Figure 1: rainstorm distribution of the October 2006 & November 2007 events. The vertical arrows show the rain volume per pha se and 

horizontal arrows show the duration of each phase. 
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Figure 1: The figures show the impact of runoff on tillage and no-tillage land-use. [A] one can see the rill erosion at tillage field that diminish 

when it flow over no-tillage field; [B] Close-up of A, which show clearly the reduction of rill erosion while runoff flow pass from tillage down to 

no-tillage field; [C] Generation of extensive rill erosion that start directly at the beginning of tillage field.  



 

4. POLICY ORIENTED RECOMMENDATIONS 
The most important observations, followed by the extreme erosion event, showed that fields under SLM practice, prior to the 
event, resulted with low soil erosion impact. The average erosion rate of no-tillage and minimum tillage fields reduced by 90% 
comparing conventional tillage fields; aggregate stability fields that treated at minimum-tillage with organic manure and compost 

was significantly high comparing conventional tillage; infiltration rates in SLM interface areas were significantly higher 
comparing conventional tillage fields. These observation were the source for initiating local and regional implementation actions 
combined with the soil conservation and drainage division and the agricultural extension service (“SHAHAM”) of the Ministry 
of Agriculture & Rural Development (MOAG).  
However, implementation of agro-technical SLM action faces a significant burden at the farm level. Agro-technical actions (in 
Israel) range between 4000 US$ up to 7000 US$ per hectare, while the MOAG subsidize ~50% of the investments. Thus, in this 
region, the high risk of agricultural production loss (due to drought, where no compensation is delivered) deterrent most farmers. 
In order to overcome these gaps, the recommendation route was constructed together with farmers and stakeholders. The result 

ended with multi-disciplinary training courses of farmers while rising of public awareness (as well as decision-makers) toward 
successful implementation of SLM actions in the region.  
Furthermore, in order to reduce the potential future impact of land degradation and soil erosion two routes of recommendations 
were taken: 
1. Implementation of enhanced SLM interface that include the following phases:  

1.1. Constructing with farmers a mutual workplan where a long-term treaty was signed, among all partners who were 
whiling to join this action, based on watershed management plan.  

1.2. Building of regional steering committee that will guide and direct the necessary stages toward SLM. 

1.3. Development of subsidizing tools, as well as compensation and penalties, to urge SLM actions toward the desired 
route. 

1.4. Construction of SLM guidance system that provide farmers and stakeholders enhanced tools and supervision when 
and where SLM actions are taken. 

2. Support and partially subsidize farmers who are whiling to initiate SLM acts. 
The second route was informal, thus number of farmers who were whiling to join this route was large comparing the first 
suggested route. The major cause was that the latter did not force farmers to get organized together and made the shift toward 
SLM gentle comparing the contract that they had to sign. The most important link, between the MOAG, research and the farmers 

are the regional soil conservation unit of the Valley region, Israel. 
 

5. CONCLUSIONS 
Demonstration of an extreme soil erosion event and its impact on the environment led to rising awareness of SLM. 
Following these actions, additional farmers had exposed to the aforementioned routes and nowadays, the Valley region is 
promoting SLM over additional regions of the country.  
Promoting agro-technical practices were found effective, at the threshold of 80% subsidize, while farmers are obliged by the 
signed treaty. Encouraging farmers to take agronomical conservation actions as cover crops, monitoring grazing pressure etc. 
showed that runoff and erosion impact reduced significantly. However, although SLM was found effective, we have other 

difficulties: SLM is multi-disciplinary approach thus make it difficult to implement; financing SLM actions is a limiting factor, 
while the demand for subsidize increases; lacking of SLM standardization. 
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ABSTRACT: As conservation and sustainable use are no longer sufficient to halt or reverse land 
degradation and desertification, ecosystem restoration and rehabilitation are now recognized as a 
global priority in terms of human well-being and environmental sustainability. Along with 
conservation and sustainable use, restoration is another essential pathway “to achieve a land 
degradation neutral world in the context of sustainable development”. In addition to improving 
biodiversity and ecosystem functioning which underpins all ecosystem services, there is a 
compelling economic rationale for dryland restoration and rehabilitation activities that create 
jobs, raise incomes, and foster long-term sustainable development. 

Keywords: dryland restoration, rehabilitation, land degradation, cost/benefit, resilience, 
ecosystem services, sustainable livelihoods, biodiversity, dry forests, grasslands, livestock, 
agriculture, agroforestry, arid lands 

1. INTRODUCTION 

Land degradation refers to the diminishment of biodiversity and ecosystem functioning that 
negatively impacts the provisioning of ecosystem services (e.g. food production, access to water) 
and ultimately human health and livelihoods. Degradation is caused by various human activities 
and natural processes intricately linked to climate change and biodiversity loss. In addition to 
unsustainable agricultural and livestock management practices, mining, forestry, and 
urbanization contribute to land degradation and reduced socio-ecological resilience, particularly 
in the dryland ecosystems. As conservation and sustainable use are no longer sufficient to halt or 
reverse these trends, ecosystem restoration and rehabilitation are now recognized as a global 
priority (de Groot et al. 2010; Bullock et al. 2011; Aronson & Alexander 2013) and considered 
essential “to achieve a land degradation neutral world in the context of sustainable development” 
(UNCSD 2012). (see Fig. 1) 
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Fig. 1: A Land Degradation Neutral World in the context of sustainable development 

2. DRYLAND RESTORATION AND REHABILITATION 

By 2030, over half the world’s population will depend on drylands for the provision of critical 
ecosystem goods and services. However, every year, over 12 million hectares in the arid, semi-
arid and sub-humid regions are being degraded primarily due to unsustainable land use 
(Bainbridge 2007). The restoration and rehabilitation of dryland ecosystems is the primary focus 
of numerous national and international programs, with some countries spending over US$100 
million (Bullock et al. 2011; Merritt & Dixon 2011). These efforts involve a broad range of 
activities – from assisted natural regeneration to reinstating landscape connectivity – that protect 
and augment stocks of natural capital. This, in turn, ensures adequate flows of ecosystem 
services which are transformed into benefits to people (e.g. food, fodder, water, and fuel). 
Although natural and social capital are often not included in national accounting, the shared 
vision of ecological economists and restoration ecologists is bringing the foundation of human 
well-being into better focus. 

The restoration and rehabilitation of severely degraded lands is now a prerequisite to sustainable 
use and socio-economic development around the world (Neßhover et al. 2011; Nellemann & 
Corcoran 2010), not least in the dryland ecosystems (Lacombe & Aronson 2007). This should be 
seen as a long-term investment and not some costly burden to bear (de Groot et al. in press). 
When properly designed and implemented, restoration and rehabilitation projects can also serve 
to complement and enhance the benefits derived from conservation and sustainable land 
management. In many low and middle income countries, traditional knowledge and practices 
related to sustainable agriculture, livestock and agroforestry management will be significant 
factors in reversing land degradation trends. In some cases, local knowledge can be effectively 
integrated with western science for restoration outcomes that minimize costs and maximize 
benefits. 

In the dry forests of southern coastal Peru, the recovery of native species, such as the multi-
purpose Huarango tree and its associated flora and fauna, has been successful largely due an 
approach that recognizes people and their cultural diversity as a key part of the ecosystem. By 



using appropriate, low-technology methods of planting with minimal irrigation and engaging 
local communities in a long-term vision, the Huarango Project is now reversing a long history of 
landscape degradation (Whaley et al. 2010). This is a shining example of restoring natural capital 
at the landscape scale in a project which successfully combines bottom-up and top-down 
approaches. 

Clearly it is time to reassess our notion that dryland ecosystems are naturally characterized by 
low productivity and slow recovery, particularly if we consider their bio-physical potential and 
the low level of inputs required to maximize outputs. In addition to improving biodiversity and 
ecosystem functioning, there is a compelling economic rationale for restoration and rehabilitation 
activities that create jobs, raise incomes, and foster long-term sustainable development (TEEB 
2010). In South Africa, the Working for Water/Woodlands programs generate employment, 
conserve soils and habitat, and reduce the cost of water provisioning to urban areas with 
relatively simple, labor-intensive interventions, such as the removal of invasive and planting of 
native species (Woodworth 2006a,b). In many parts of Africa, Asia and Latin America, dry 
forest or woodland restoration and sustainable agro-forestry hold great potential for reducing 
land degradation and the spread of desertification (WRI 2010; Newton & Tejedor 2011). 
Publically available guidance, tools and technologies for restoring dryland ecosystems offer a 
wealth of proven solutions that minimize costs while maximizing benefits (CBD 2012).  

3. KEY MESSAGES TO CONSIDER 

3.1. Conceptual frameworks must lead to practical applications 
First, a simple conceptual framework and common terminology are needed to help communicate 
the LDNW target to decision-makers in the public and private sectors as well as indigenous and 
local communities, and other stakeholders. To be most effective, this framework ought to evolve 
from a transdisciplinary collaboration involving both the natural and social sciences. By reaching 
a more diverse audience, the LDNW target should highlight the dependency of human well-
being on the quality, quantity, and flow of ecosystem services. Emphasis should be placed on the 
full suite of ecosystem services or multiple benefits derived from biodiversity and ecosystem 
processes so that they are captured in land use planning and management. Particular attention 
should be given to the often undervalued regulating and supporting services of drylands, such as 
those provided by soil microorganisms and biological crusts. The resulting framework will help 
facilitate the development and implementation of participatory and cost-effective applications for 
conservation and sustainable use, and the restoration of degraded lands.  

3.2. A multi-sectoral approach will require good governance and strong institutions 
Too often, the various socio-economic sectors of society (e.g. farm, health, water, energy) 
operate independently to secure the delivery of their targeted ecosystem and environmental 
services. Increased cooperation and coordination among these sectors will first require 
recognition of, and accounting for, the manifold functions and processes that link production or 
multifunctional landscapes to ecosystem integrity and resilience. Good governance and strong 



institutions responsible for decision-making and implementation will also be needed to help 
ensure that land tenure and resource rights regimes are equitable and respected. In addition, good 
governance strengthens the institutional links between and among communities, corporations, 
and governments that are needed to facilitate a multi-sectoral approach to long-term natural 
resource management that operates at a variety of scales and levels. 

3.3. Public-private and other partnerships will be essential 
Global partnerships are needed to achieve sustained results on the ground. The Rio Conventions 
and other multilateral processes (e.g. UN agencies, GEF, development banks) will be 
instrumental in assisting countries and communities with financing and knowledge transfers, 
including capacity building and training courses at all levels. Local partnerships between 
governments, corporations and communities have been proven successful in leveraging scarce 
resources for restoration and transitioning from degraded and unproductive lands to those that 
are sustainably managed and harvested. Partnerships with communities also convey a sense of 
ownership and engagement that often encourages the use of other forms of capital available 
locally (e.g. human, infrastructure, financial), a key element for scaling up dryland restoration 
activities. Above all, conservation, sustainable use, and restoration should be seen as part of an 
integrated development strategy that involves diverse stakeholders with common goals -- to 
enhance food and water security, provide jobs and sustainable livelihoods, and reduce poverty 
and inequality. 

3.4. Assessments and indicators will be needed to measure progress 
Baseline and periodic assessments, including socio-economic and bio-physical indicators of 
degradation and desertification, will be required to demonstrate and measure progress towards 
the LDNW target. In addition, the “mapping” or spatial analysis of biodiversity and ecosystem 
services will be extremely valuable to decision-makers at all levels in prioritizing restoration 
efforts both in time and space. National, sub-national, and local assessments, mapping, and 
indicators will also be important tools for governments, corporations, and communities when 
formulating action plans and strategies that identify appropriate interventions for reducing land 
degradation. 

3.5. Restoration is not a justification for continued unsustainable land management 
Finally, dryland restoration and rehabilitation should in no way be construed as a rationale or 
justification for continued land degradation nor a substitute for conservation or sustainable use. 
Restoration and rehabilitation activities are an appropriate option in those areas where 
degradation has already occurred and where the drivers of degradation are being minimized or 
eliminated. The objectives of these activities should be biodiversity and ecosystem functioning 
as they are inseparable from ecosystem services. It should also be made very clear that the 
LDNW target is not a global or national compensation scheme to support the status quo, i.e. the 
continued unsustainable management of drylands and their natural capital.  
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ABSTRACT: FACCE MACSUR is a three-year project for assessing the current state of the art of modelling climate impact 
effects on food security in the areas of crop production, livestock and trade. Suitable models will be selected to be linked at farm, 
national, and continental level. The linked models will be used to assess climate change effects on food security in pilot regions 
representing the variation of European farming systems. In addition, the project will identify the consequences of adaptation and 
mitigation measures. Stakeholders will be involved in setting acceptable references of food security and uncertainties in factors. 
Modelling activities will also provide a hands-on education of a new generation of integrative modellers. For enhancing global 
assessments of food security, MACSUR collaborates closely with other international networks like AgMIP. 

Keywords: climate change, food security, international network, modelling.  

1. INTRODUCTION 

While the world population is growing and food preferences change, droughts occur simultaneously in different parts of the 
world more often. The tangible consequences of global climate change cause higher prices for staple food, which hits poor 
countries especially hard. In contrast, climate change will rather favour the most productive European agricultural regions. This 
increases Europe’s responsibility for those parts of the world that are affected strongly by climate change.  

Nineteen European countries plus Turkey and Israel, recognizing the need for closer collaboration in the area of food security and 
climate change, launched the Joint Programming Initiative on Agriculture, Food Security and Climate Change (FACCE JPI, 
http://www.faccejpi.com) in 2010. One of the first activities of FACCE JPI was to establish a Knowledge Hub, a network of 
scientific excellence, with the tasks of assessing the state of the art of modelling climate impact effects on food security in the 
areas of crop production, livestock and trade and identifying research needs for reducing the uncertainty about future food 
security. 

2. THE FACCE MACSUR KNOWLEDGE HUB 

The Knowledge Hub FACCE MACSUR (http://macsur.eu) joins more than 200 scientists from 71 institutions in 17 countries. 
The Hub is structured into three ‘Themes’ crop modelling, livestock and grassland modelling, and economic modelling. Each 
Theme initially surveys existing models and approaches for assessing climate-related issues. In a second step, models from 
different Themes will be coupled in a way that each model can benefit of the strengths of another model. For example market 
models could use the output of more physiology focused crop production models for capturing climate effects and livestock 
models could use the output of economic models for setting a profitable animal density. In a final step, models from all three 
Themes will be coupled for assessing impacts of climate on food and feed production, world market prices and feedbacks to 
entrepreneurial decisions at individual farms at selected locations in Europe.  

Other groups are working on similar issues as MACSUR. MACSUR will collaborate with networks like AgMIP and projects like 
Climate Smart Agriculture, FoodSecure, and Climate Change, Agriculture and Food Security for sharing model protocols, 
scenarios, and test data. MACSUR will add to the existing knowledge by focusing on the European diversity in soil, climate, 
socio-economy and agricultural systems and on feedbacks among the three thematic areas. 

Stakeholders (policymakers) will be involved in selecting likely socioeconomic and political scenarios in the future. MACSUR 
will also offer workshops where stakeholders can learn about the uncertainties associated with scenarios and assumptions used in 
the models. 

Another strong component of MACSUR is capacity building. This will occur on several levels. Collaboration across Themes in 
MACSUR requires mutual understanding of topics at the intersection of the Themes. Therefore, internal workshops are used to 
learn about the background and assumptions of models of other Themes and for arriving at joint decisions about the advanced 
coupling of models. The large network of experts also offers opportunities for associated young scientists to discuss details of 
methodologies in model linking, scaling, and related issues. MACSUR is also developing online courses that will be available to 
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students outside MACSUR. The involvement of stakeholders will also enhance their understanding of the scientific background 
of the overall results produced by MACSUR.  

3. EXPECTED OUTCOME 

MACSUR will set an example for integrating models for assessing food security under climate change. The scientific results will 
be presented at a conference in the first quarter of 2015 and in a different format at a stakeholder congress in May 2015.  

4. POLICY ORIENTED RECOMMENDATIONS 

The methods and approaches developed in MACSUR will assist European and other governments in assessing likely future 
constraints on food security. Through collaboration with international networks and institutions the results of MACSUR will 
radiate to improved assessments of food security internationally. 
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Commercial pressure on low-population density area in Ethiopia: Impacts of 
large-scale agriculture investment on land use, livelihood strategies and 
employment  
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ABSTRACT:  The paper analyses the potential future impacts an ongoing large-scale land project will have on local population’s 
(i) income level and distribution, (ii) mix of livelihood activities, including varieties of land use, and (iii) employment situation. It 
uses a linear programming model to simulate adoption of the local groups to a changing situation, due to the occurrence of a large 
scale commercial rice investment in western Ethiopia, Gambella Region. Data was collected during two extended field stays in 
the area, during 2010 and 2011. Limitations of the model and policy implications of scenario results are discussed. 

Keywords:  Micro-economics, Ethiopia, Livelihood strategies, Employment, Small-holder agriculture, Optimization. 

1. INTRODUCTION 

Since food-prices peaked in 2007/08 increased interest in the acquisition of farmland abroad was documented (Cotula, 
Vermeulen, Leonard, & Keeley, 2009; Deininger et al., 2010; von Braun & Meinzen-Dick, 2009). According to data by The Land 
Matrix (ILC/GIGA 2012), East Africa is the region with the most deals and the largest land areas involved. Ethiopia in particular 
has seen a prominent  rise of ‘large-scale land deals’,  with an earmarked area of above three million hectares and a huge demand 
for land by foreign investors (Ethiopian Investment Agency data).  While large-scale acquisitions of farmland are not necessarily 
new in Ethiopia the extent and size involved indicates a new trend since 2007 (Baumgartner, 2012). Ethiopia’s agriculture is still 
almost exclusively based on small-holder production, with commercial farms producing less than five percent of total produce in 
2008 (CSA, 2009). 

The appearance of a large-scale agriculture investment will bring about significant change on the rural factor markets. Through 
increased demand for local labour, off-farm employment opportunities shall increase, wages potentially rise, inputs might 
become available, or – if they scarce – their price might increase. In addition the appearance of a large commercial farmer will 
affect local infrastructure, create new demand for services (food supply, beverages, clothing for workers, etc.). On the other hand 
side it shall affect (reduce) the available land, which was prior used for less land-intensive practice than agriculture (such as 
hunting & gathering of forest products). In that regard the inception of a large-scale deal as the one researched in this chapter can 
be conceptualized as a “shock to the local rural economy”.  

 
Figure 1 Conceptual framing of Large-scale agro-investment as shock to existing rural economy 
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Conceptualized this can be seen as an   

• Increasing demand for the inputs Land and Labour; and subsequent change of prices for these factors on the factor 
markets (assuming existing markets) or establishment of exchange for these factors (assuming absence of markets/ 
policy domination – as in the case of land). 

• Changes on the prices for agricultural and non-agricultural inputs (some might only then start to become available).  
access to new technologies 

• Increasing demand for outputs through increasing population (labour-migration) and increasing income/ cash-
availability (more off-farm jobs; while potentially less focus on domestic food production).  commercialization of 
local agriculture economy 

Objective: This paper will use a case study approach to evaluate potential future impacts of one early stage large-scale land 
acquisition on the surrounding local communities. More precisely it will answer to the following five research questions:  

Does the early stage large-scale investment... 

1. ... affect the poverty levels among locals? What are distributional effects among the 2 local groups?  

2. ... affect the livelihood strategy of nearby rural households? How does the mix of activities to generate a households’ 
income change due to an investment activity?  

3. ... affect agriculture production, and if yes through which factors (assumption opportunity costs of land and labour)  

4. How does it affect off-farm employment opportunities?  

5. How does it affect the shadow-price of land and other resources?   

2. Context of the large-scale land acquisition in Gambella, Ethiopia 

Gambella is one of Ethiopia’s poorest regions. It is characterized by a high share of population living in poverty, with 34.9 per 
cent of the population live in the lowest quintile of the country’s wealth-ranking1.  In addition its wealth is unequally distributed, 
with a gini coefficient of 0.29 it has the highest regional gini coefficient (together with Affar) in the country (CSA, 2012). 

Population density in Ethiopia varies significantly across regions. The highland is much denser populated, hosting about 85% of 
the national population on only about one third of the countries area. Given population growth the average national density 
increased over the past decades. Census data showed that per km² on average there used to live 34.0, 48.6 and 67.1 people in the 
years 1984, 1994 and 2007, respectively (CSA, 2012).  In Gambella, population density is much lower, ranging between only 
three and twenty seven people per km² in 2005 (Figure XY).  

 

Figure 2 Population Density across Districts of Gambella2 

(The Arrow indicates the approximate location of the investment within Abobo Woreda.) 

                                                
1 For a more detailed discussion on the wealth ranking see the relevant sections in the 2011 Ethiopia Demographic and Health Survey (CSA, 
2012). 
2 Source: http://www.ethiodemographyandhealth.org/Gambella.html (accessed Oct29. 2012). Data was derived from the Demographic and 
health survey in Gambella from 2005. 
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The relevant region for our research was Abobo Woreda, which shows a population density of 5-6 people per km² in the above 
map for a period which coincides with the inception of the investment. The investment case under analysis is the Saudi Star Rice 
Project, that plans to produce commercially rice on 10.000 ha of irrigated farmland. Water will be taken from an existing dam, 
the Alowero dam, near Abobo town. 

In the vicinity of the investment two major groups can be distinguished.  

A number of Ethiopians who where settled to the area under a Derg (former Regime) resettlement scheme in 1984. They use ox 
as drought animals for their agricultural activities, plant mainly maize and sorghum. Do some fishing in the river/lake and collect 
occasionally wild plants/roots. These “settlers” are concentrated in two settlements: Village 17 and Abobo town. The town  has 
number of shops, restaurants and hotels, as well as a hospital and two offices of smaller non-governmental organizations (NGOs). 
The communal administration is also located in Abobo Town, being the biggest employee prior to the arrival of the Saudi 
investment. Business activities increased after the appearance of the large-scale investor. 

The Anyuak ethnic group has lived in the lowlands of Ethiopia and Sudan for the last two centuries (Kurimoto, 1997). They live 
in group-villages, use digging sticks (Chala) to cultivate their fields. Practicing shifting cultivation (every 3-7 years) with plots of 
about 1 ha size. They mainly cultivate maize (intercropped with Pumpkin) and Sorghum. In the dry season river-side cropping is 
cultivated (maize & vegetables), as well as fishing and hunting. The frequently collect wild fruits and roots to supplement their 
nutrition. The Anyuak were little involved in the cash-commerce, only selling a small share of their output to purchase some 
necessary goods (salt, jericans, cloth, etc.). Wage employment was very rare, but occasional work for other investors, or richer 
highlanders was done in the past.  

Tables 1 and 2 display the respective values of key endowments for the model used to simulate future impacts of the investment 
on the local peoples livelihood situation.  

Table 1   Average values of key endowments for both local groups 

AVERAGE/ MEDIAN VALUEs (per HH)        
  Indigenous  Settler  comment  

av farmsize 2010/ HH [ha]   1.8  2  mean  

av Hhsize [person/HH]   5.5  5.6  mean  

av. Working age members / HH [AEU]  3  2.7  mean  
HH_Ox   0  0.4  mean  
TOTAL Capital / HH [Birr, 2011 pr]   2573.7  7522.1  Summed total assets + total cash  
 

Table 2  Total values of key endowment used in the model, both local groups 

TOTAL VALUEs (all HH)  Indigenous  Settler  Total  comment  
             

# of HHs                               1,040                        560                  1,600  From sampling frame  

Private land [ha]                               1,872                    1,120                  2,992  based on average land/HH  

Communal Land [ha]                             67,906                  29,102                97,008  
as residual from total area (Ind 70%; 

Settler 30%)  
Labour [days/year]                           898,560               435,456          1,334,016  based on average  
Capital [Birr, 2011 pr]  2,676,648            4,212,376  6,889,024   

Total Ox  0  168  168  based on average  

TOTAL Land [ha]               100,000  Assumed (sim. 10K => Inv)  
 

3. DATA, METHODOLOGY CHOSEN, SET UP OF THE MODEL & FIRST FINDINGS 

The paper builds on extensive field work in Ethiopia and specifically Gambella Region during 2010/11. To answer the case-
related research question concerning the impact on local population’s livelihoods, we use household survey data, results from 
focus group discussion and village visits conducted by one of the authors during a field stay in early 2011 to parameterize a 
programming model  (Hazell & Norton, 1986). The model simulates potential positive and negative impacts of the large-scale 
investment and changes in land access. The strength of the model is that it allows (a) a scenario of future impacts as the large 
farm increases in size and looks at (b) potential alternative policies’ impact on local peoples’ income and employment. 
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The model distinguishes between two groups of local small-holders that follow a mix of different income strategies to meet their 
basic needs and generate their income. These activities are (i) Agriculture cultivation using hand hoe or sticks, (ii) agriculture 
cultivation using draught animals, (iii) land opening and converting into new fields, (iv) hunting of game meat, (v) gathering of 
wild fruits, roots and fuel wood, (vi) self-employment activities such as beer brewing or small businesses, and (vii) off-farm 
employment paid in cash on a monthly or daily basis.  Each of these activities has different resource requirements, on which the 
groups spent their endowed resources. The resources are (i) agricultural land, (ii) open access land, (iii) labour during peak 
harvest season, (iv) labour during off-peak season, (v) draught animal (Ox) and (vi) cash and assets.  Sensitivity testing of the 
model was done. Assumptions about actors’ behaviour and initial endowment will be discussed as well as limitation of its results. 

In this paper two steps of analysis are done. Firstly, it is simulated what happens if the prior open land is allocated to the investor, 
thus local users loose access (Scenario 1). Secondly, the land is taken away, but the investment also starts to take up and hire 
local people for manual labour and the increasing wage-employment triggers higher demand for local produce (Scenario 2). A 
third scenario of more policy intervention in small-holder commercialization will be discussed, but is not yet simulated here.  

Table 3  Results from Scenario 1: step-wise taking away 10.000 ha land from both groups 

    Indigenous      Settler    

Scenario  Total Revenue Birr  ppp$ /capita  % Change  Total Revenue  pppUS$/ capita  %Change Total  
BASE  6,137,208 0.85 0.00% 5,043,701 1.4 0.00% 
1000 ha  6,110,254 0.84 -0.40% 5,038,268 1.4 -0.10% 
2000 ha  6,083,300 0.84 -0.90% 5,032,834 1.4 -0.20% 
3000 ha  6,056,346 0.83 -1.30% 5,027,400 1.4 -0.30% 
4000 ha  6,029,393 0.83 -1.80% 5,021,967 1.4 -0.40% 
5000 ha  6,002,439 0.83 -2.20% 5,016,533 1.39 -0.50% 
6000 ha  5,975,485 0.82 -2.60% 5,011,099 1.39 -0.60% 
7000 ha  5,948,532 0.82 -3.10% 5,005,666 1.39 -0.80% 
8000 ha  5,921,578 0.82 -3.50% 5,000,232 1.39 -0.90% 
9000 ha  5,894,624 0.81 -4.00% 4,994,798 1.39 -1.00% 
10000 ha  5,867,671 0.81 -4.40% 4,989,364 1.39 -1.10% 
NOTE: Simulation results based on linear programming; Values derived from HH-Survey data collected in Gambella region early 2011. Factor 
prices are kept constant. 2011 market prices used; per capita income adjusted  to PPP using PEN World Tables and Jan 2011 Exchange rate. 

Table 3 shows that both groups lose revenue due to the conversion of prior open access land to the investor. However, losses are 
unequal with the indigenous group losing out much higher shares of their income (factor four). Table 4 (below) shows that these 
losses are overcompensated if the investment takes up and hires local people, as well as leads to an increased market demand for 
locally produced goods (self brewed beer, tea & coffee shops, restaurants, baskets, etc.). Again the increases are not equally 
distributed and one group is likely to leave out on potential future developments.  

Table 4 Results from Scenario 2: stepwise reduction in land with parallel increase in employment 
and demand for local produce, both groups 

  Indigenous    Settler   

Scenario  Total Revenue Birr  ppp$ /capita  % Change  Total Revenue  pppUS$/ capita  %Change Total  

-1%_50_0%_0    6,141,147  0.85  100.1%    5,072,848  1.41  100.6%  

-2%_100_5%_0    6,200,370  0.85  101.0%    5,182,702  1.44  102.8%  

-3%_150_10%_0    6,259,593  0.86  102.0%    5,292,556  1.47  104.9%  

-4%_200_10%_0    6,263,532  0.86  102.1%    5,321,703  1.48  105.5%  

-5%_250_15%_0    6,322,755  0.87  103.0%    5,431,557  1.51  107.7%  

-6%_300_15%_0    6,326,694  0.87  103.1%    5,460,704  1.52  108.3%  

-7%_350_20%_0    6,385,917  0.88  104.1%    5,570,558  1.55  110.4%  

-8%_400_20%_0    6,389,856  0.88  104.1%    5,599,704  1.56  111.0%  

-9%_450_25%_0    6,449,079  0.89  105.1%    5,709,559  1.59  113.2%  

-10%_500_25%_0    6,453,019  0.89  105.1%    5,738,705  1.60  113.8%  

Note: Scenario codes: “-OLand%” – “+Jobs” – “+Demand_Self%” + “Ox” ; Factor prices are kept constant. 
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5. CONCLUSION, LIMITATIONS & POLICY ORIENTED RECOMMENDATIONS 

Results from the model show that in the short run both groups loose income due to the denied access to prior open access land, 
which they had been using for gathering and hunting. This negative immediate effect can be compensated or even 
overcompensated by additional employment opportunities and business activities in the surrounding area, thus leading to an 
increase of both groups’ income levels. However, preliminary findings of alternative scenario analysis show, that even higher 
income gains could be reached if more participatory design was chosen and training for better agriculture production provided to 
local small-holders.  

The model does not include the potential cost occurring due to the loss of supportive environmental services (such as water shed 
management, protection against soil erosion, etc.) the prior open access land might have had for the local, but also further away 
located population. Depending on how those services are priced, the results of the impact might even reverse. It therefore remains 
key, that the policy framework regarding large-scale agriculture has a strong focus on social and environmental impacts. Keeping 
the size of project below the often reported mega-projects (above 10.000 ha) might be one first attempt. Let investors show that 
they are capable of managing a reasonably large farm sustainably first, before leasing out too much land, which might be 
deforested quickly, but not recover so fast. 

Other limitations of the model, such as the implicit assumptions about behavior of actors and the features of its nature will be 
discussed in the paper. It still shows, that there is a poverty-reducing potential in large-scale land deals, mainly through job 
creation and local market demand. 
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ABSTRACT: Essential knowledge on the feasibility and cost-effectiveness of actions to combat desertification remains scarce. 
There is a growing demand for land management assessment, which ultimately can provide essential inputs for decision-making. 
PRACTICE Integrated Protocol, IAPro, is a methodology for the assessment of management actions in drylands and, in 
particular, for the assessment of actions to combat desertification. IAPro is a multi‐step participatory protocol aimed at promoting 
learning in the assessment process. It is structured as a sequence of steps that offers a path for knowledge exchange among the 
variety of stakeholders and between scientists and stakeholders. It integrates expert and local knowledge as well as assessment 
data and stakeholder perspectives. IAPro assumes the mutual human-environment interactions in land-use change and 
simultaneously considers both biophysical and socio-economic attributes. IAPro bases the assessment of actions on (1) 
science‐based common indicators that represent key ecosystem services and overall functioning of drylands and that are also 
relevant for the objectives of CBD and UNFFC, and (2) site‐specific indicators identified by local stakeholders that are relevant 
to the particular context conditions. All indicators are grouped into categories representing biodiversity, ecosystem services, and 
socioeconomic conditions, and then their relative weights are elicited from the stakeholders. The process is iterative and provides 
a path towards consensus building. This approach has been successfully tested in 18 dryland sites distributed across eleven 
countries, demonstrating its potential for the consistent but also adaptive assessment of a large variety of management actions in 
varying socio-economic, cultural and environmental conditions in drylands. 

Keywords: Dryland, Integrated assessment, Indicators, Management actions, Participatory evaluation. 

1. INTRODUCTION 
There is an increasing demand for the development and implementation of appropriate assessment methods to measure progress 
on combating desertification (UNCCD 2009). The adoption of best management practices requires a good use of the existing 
scientific and local knowledge, as well as improved understanding on the impacts of the strategies and techniques applied on the 
target socio-ecological systems. Both requirements can be met through the systematic and participatory evaluation of the actions 
applied and further dissemination of the results. 

Approaches to the assessment and monitoring of dryland management range from those that focus on particular biophysical 
properties of the system (e.g., soil erosion) to those that emphasize socio-economics (e.g., cost-benefit analysis). In recent years, 
focus has shifted to socio-ecological assessment, which recognizes the complex and dynamic relationships between humans and 
ecosystems (MA 2005). Particular challenges are the integration of biophysical and socio-economic fields; the identification and 
selection of a set of indicators that capture key sustainability issues, that are manageable and simple enough to be applied 
consistently and affordably in different regions over long periods of time, but also relevant for each specific ecological and socio-
economic context assessed; and the development of participatory approaches that integrate scientific and local knowledge, as 
well as the variety of stakeholder perspectives (Bautista and Alloza 2009). 

The participation of stakeholders and the incorporation of local knowledge in the assessment of environmental problems and 
potential solutions have been increasingly demanded by international institutions. Recent recommendations from the UNCCD, in 
particular, emphasize the need to integrate the knowledge of scientists and local stakeholders in dryland assessments. 
Conventional environmental assessments tend to be expert-led, top-down activities that generate knowledge for understanding 
the impacts of management actions. However, these approaches suffer poor adoption rates in part because the engagement of 
local stakeholders is unidirectional and often limited to defining the context at the beginning and delivering the findings upon 
completion. Participatory assessment has the potential to engender social learning among all stakeholders, including scientists, 
which then has the potential to increase collaboration (Reed et al. 2008). Assessment approaches that promote the identification 
and selection of assessment criteria by the stakeholders, ensure a link between stakeholder perspectives and what is measured and 
create the demand on the part of the stakeholder for accurate and representative data that are relevant to their local realities and 
constraints.  
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The PRACTICE Integrated Assessment protocol, IAPro, responses to the need for participatory assessment methods that focus on 
the evaluation of practices to combat desertification, facilitate the exchange of knowledge and experiences, and integrate the 
human and social dimensions of land degradation and land management. 

2. PRACTICE INTEGRATED ASSESSMENT PROTOCOL, IAPro 
PRACTICE IAPro links the evaluation of management actions with knowledge exchange and social learning through a 
participatory process. IAPro is based on (1) key common indicators that represent key ecosystem services in drylands, and that 
are also relevant for the objectives of CBD and UNFFC, and (2) site-specific indicators identified by local stakeholders that are 
relevant to the objectives and the particular context conditions. 

IAPro provides guidance on how to engage a comprehensive and representative set of stakeholders interested in actions to 
combat desertification. It provides a means to capture baseline stakeholder perspectives on management actions and assessment 
indicators, and then facilitates knowledge exchange and social learning among stakeholders.  

The basic assumptions underlying IAPro evaluation method are: (1) Participatory assessment increases adoption. (2) Assessment 
improves by linking scientific and local knowledge. (3) Assessment must be supported by accurate monitoring data. (4) There are 
not absolute best practices. Evaluation of practices depends on tradeoffs between criteria, individual stakeholder perspectives and 
interests, as well as dynamic socio-environmental contexts. (5) Dryland social-ecological systems are coupled, and therefore the 
assessment of management options must simultaneously consider both biophysical and socio-economic attributes. 

2.1 IAPro structure 
IAPro is structured as a sequence of steps that offers a path for knowledge exchange among the variety of stakeholders and 
between scientists and stakeholders. Some of the modules are full participatory activities (Steps 1 to 3 and 6), while Steps 4 and 5 
represent scientific and technical work to be performed by the local assessment team (Fig. 1).  
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of site-specific 
indicators

1. SHP
Identification & 
engagement

5. Integrating data 
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Fig. 1: IAPro structure. Flowchart of the protocol steps 

 

2.2 IAPro science-based common criteria and indicators 
The suite of science-based criteria and indicators in IAPro aims to represent a well-balanced basket of ecosystem services, 
covering the four broad categories of provisioning, regulatory, supporting, and cultural services, and focusing on key services in 
drylands (MA, 2005). Table 1 summarizes the criteria proposed, including potential indicators for their assessment. This 
framework and the selected criteria and indicators complement efforts to encourage national assessment and monitoring of the 
United Nations Convention to Combat Desertification (UNCCD), while also maximizing possible synergies with global 
programmes pursuing ecosystem health and associated human well-being, such as the United Nation Framework on Climate 
Change (UNFCC) or the Convention on Biodiversity (CBD). 
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Table 1: Science-based common criteria and indicators for the assessment of management and restoration actions to combat land 
degradation in drylands. 

Criteria Indicators 

Income; personal/family wealth Site-specific 

Provisioning Services: Goods (food, fiber, timber, fuel wood, forage...) Productivity; Productivity value  

Regulating & Supporting Services:  
Water and soil conservation Plant cover and pattern; Soil surface condition 

Carbon sequestration Soil organic carbon; Above-ground biomass 

Cultural Services: Landscape and cultural heritage Site specific (e.g., aesthetic value; spiritual value)  

Biodiversity Diversity of vascular plants 

These criteria and indicators, which aim to capture the overall functioning of dryland systems, are combined with additional site-
specific indicators identified by local stakeholders that are relevant to the objectives and the particular context conditions.  

2.3 The assessment process 
The protocol begins with the identification and engagement of the site-specific stakeholder platform (Step 1). This step aims to 
identify and involve a comprehensive and representative set of stakeholders who can contribute to the evaluation process. IAPro 
defines Stakeholder Platform (SHP) as a voluntary partnership of “different stakeholders perceiving same resource management 
problem, realizing their interdependence for solving it and collaborating to find common solutions” (Steins and Edwards 1999). It 
is essential not to assume a priori knowledge of all stakeholders. The stakeholder identification method to be used is a form of 
“chain referral” where initial key respondents (potential stakeholders) are interviewed to obtain information and referrals of other 
potential stakeholders. 

Step 2 aims to capture the baseline stakeholder perspectives on (1) the actions applied to combat desertification and (2) the site-
specific indicators for the assessment of these and other potential actions. This step provides two crucial elements for 
participatory assessment and social learning. On the one hand, it captures and makes explicit the individual stakeholder baseline 
perspectives, which can be later contrasted with monitoring data and other stakeholders’ perspectives, leading eventually to the 
production of new knowledge and learning. On the other hand, it provides stakeholders the opportunity for participating in the 
definition of the assessment method itself, by proposing site-specific indicators that are relevant for the local conditions. Step 2 
therefore offers the first opportunity for incorporating local knowledge into the assessment process. 

Step 3 aims to establish both individual and integrated stakeholder perspectives on the relative importance of the indicators 
selected in previous steps. Step 3 is designed to gather information on stakeholder preferences on both the indicators suggested 
by different stakeholders and the common indicators suggested by IAPro. Therefore, Step 3 offers opportunities for social 
learning and the integration of scientific and local knowledge. The final outcome from Step 3 is a set of collective weights for the 
list of selected indicators. The weights elicited are then incorporated (See Step 5) into a Multi-Criteria Decision Analysis 
(MCDA) applied to the data collected for each indicator and action assessed. 

There are several approaches and methods available for weighting indicators and criteria. IAPro proposes a revised version of a 
procedure known as SIMOS procedure (Figueira and Roy 2002). It is an exercise that uses a ‘card playing’ format in which 
different criteria (indicators) are classified and ranked. Main advantages of this method are its simplicity and plasticity, which 
allow the exercise to be carried out by stakeholders that may greatly vary in their educational and cultural backgrounds, also 
being applicable in cultural context where numeric values are not typically used for expressing preferences (Fig. 2). 

 

 
Fig. 2: Examples of Step 3 implementation (weighting exercise) in Alentejo, Portugal (left) , Ouled Dlim, Morocco (middle), and 
Mier, South Africa (right). Foto credit, from left to right: E. Luís; M. Mortaji; and K. Kellner 
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Step 4 addresses the collection of data for each of the indicators proposed in previous IAPro steps. Data gathering must rely on 
the expertise of local researchers and technicians, who are responsible for choosing the most appropriate metrics and survey 
methods, yet participation of stakeholders in the process is desirable and encouraged. 

IAPro Step 5 applies MCDA to integrating the stakeholder perspectives on the assessment method (through the selection of 
indicators and definition of their relative importance) and the data gathered for each of the selected indicators. The final result of 
the procedure is a partial or ordinal ranking of options, which helps visualize the alternatives that perform at least as good as the 
others in most of the criteria. 

Step 6 represents the end of a process where the combination of science and local knowledge, monitoring data and stakeholder 
perspectives converge into a collective evaluation of the actions implemented to combat land degradation. This step brings what 
scientists have learned from the stakeholders from previous steps back to them and brings the science (the approach and the data) 
to the stakeholders so that they can make a more informed assessment of the management actions through social learning and 
other forms of informal learning. Step 6 is conducted in a framework of a workshop with the SHP that targets the integrated 
evaluation of the management actions to combat land degradation, supported by the results from the site-specific MCDA 
performed in previous Step 5, and encouraging the re-evaluation of actions according to these results and the discussion on the 
opportunities and constraints for the adoption of the actions assessed. 

4. POLICY ORIENTED RECOMMENDATIONS 
Sustainable management can benefit from participatory assessment methods that incorporate the knowledge and perspectives of 
scientists and the stakeholder community. Participatory assessments that promote social learning have a great potential to 
increase adoption of good practices. Methods that result in social learning also result in engagement, a necessary precursor to 
collaborative decision making and collective action.  

Implementation of IAPro facilitates knowledge exchange and learning through the participatory assessment of management 
actions to combat desertification. This approach has been successfully tested in 18 dryland sites distributed across eleven 
countries, demonstrating its potential for the consistent but also adaptive assessment of a large variety of management actions to 
combat desertification. The PRACTICE-IAProl can be used at larger scales, for instance, to help identifying best policies at a 
national level. Spatial and temporal scale would be determined by the stakeholder platform and the actions and programmes 
being evaluated. Since IAPro indicators are also Sustainable Land Management (SLM) indicators, the protocol can be used to 
SLM assessment. Similarly, the participatory approach could be adjusted for a priori exploration of alternatives. 

Dissemination of lessons learned among local communities, and among different sites and the larger desertification community is 
crucial to further promote knowledge exchange and learning. PRACTICE Netweb (http://practice-netweb.eu/) is a place where 
people involved in or affected by actions to combat desertification/land degradation can connect, share their stories and learn 
from each other. 

5. CONCLUSIONS 
PRACTICE Integrated Protocol, IAPro, is a methodology for the assessment of management actions to combat desertification. 
IAPro is a multi‐step participatory protocol that promotes learning in the assessment process. It is structured as a sequence of 
steps that offers a path for knowledge exchange among the variety of stakeholders and between scientists and stakeholders. It 
integrates expert and local knowledge as well as assessment data and stakeholder perspectives. The process provides a path 
towards consensus building and adaptive management in varying socio-economic, cultural and environmental conditions in 
drylands. 
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The UE- ECONORMAS- MERCOSUL   Project is being implemented at a regional scale 
comprising the Mercosul country members Argentina, Brazil, Paraguay and Uruguay. The 
general objective is to provide a sound basis for addressing dry land degradation and drought, in 
accordance with the UNCCD principles. 

The four Mercosul countries have adhered to the UNCCD and have elaborated their National 
Action Programmes (NAP’s) in accordance with their commitments towards the Convention. 
Currently, they are addressing the aim  to have their respective NAP’s fully implemented and 
guided by national policies targeted to control the continuous land degradation associated either 
with natural climatic variations or anthropogenic activities. 

Studies will be carried out at regional level on four homogeneous or critical areas, taking into 
account the vulnerability and threads related to active desertification processes as well as, 
droughts. This initiative is in line with the main objective of the UNCCD Convention to secure 
the long-term commitment of its Parties to combat desertification and mitigate the effects of 
drought through effective action at all levels, with a view to contributing to the achievement of 
sustainable development in affected areas. These include strategies and priorities, paying special 
attention to the related socioeconomic factors, addressing the underlying causes of dry land 
degradation, promoting the participation of local populations particularly women and youth, and 
providing an enabling environment by issuing as necessary new laws and policies. 

Goals and targets are envisaged and change of scenarios is foreseen as an outcome of the 
ongoing initiative.  Pilot projects will be implemented in all four countries aimed at the control 
of the desertification process by means of suitable technologies that should contribute and 
benefit the reclaimed degraded landscapes.

This among other objectives of the UE-Econormas Project, targets the harmonization or 
alignment of the individual country NAP´s into a common action plan viewing the region as 
a whole.  On the other hand, the main objective of the Convention is to secure the long-term 
commitment of its Parties to combat desertification and mitigate the effects of drought through 
effective action at all levels, with a view to contributing to the achievement of sustainable 
development in affected areas.

 The Convention calls on the affected countries to develop National Action Programs to Combat 
Desertification and Drought (NAPCD), within the framework of national development plans. 
These include strategies and priorities, paying special attention to the related socioeconomic 
factors, addressing the underlying causes of dry land degradation, promoting the participation 
of local populations particularly women and youth, and providing an enabling environment by 
issuing as necessary new laws and policies.  

Based on a set of socio-economic and environmental indicators  identified  by the participating 
countries and a common base line of indicators was adopted in order to establish a common 
ground for the process of identifying critical areas in the Region potentially prone to 
desertification –diagnosis- and  for the simulation of future scenarios- prognosis. This is 
particularly of importance regarding the climate indicators such as temperature, precipitation 
and evaporation that constitute components of the aridity index used to delimit the arid, semi-
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arid and the dry sub-humid areas in the region.

 The global warming trend is likely to change the distribution patterns of such indicators and 
redefine the boundaries of the aforementioned areas. These changes, as predicted by future 
scenarios, should be taken into account in NAP implementation and be given due consideration 
in the formulation of public policies towards combating desertification.

 

Environmental Effects:

Environmental degradation increases as national and international environmental systems are 
restricted and regulation, both direct and indirect, is minimized. Loss of biodiversity, toxic 
chemical waste accumulation, deforestation, desertification and climate change worsen. The 
ambitious objectives of Agenda 21 (Earth Summit 1992) and of environmental conventions, 
again considered to some extent at the summit on Sustainable Development in Johannesburg 
(2002) and the Rio + 20 ´´The Future we Want´´, continue essentially rhetorical. The 
Millennium Development Goals-MDG’s are also showing signs that targets may not be met. 
The MDG’s direct development planning towards priority goals. Each of the goals interacts with 
disaster risk potentially contributing to the reduction of human vulnerability to natural hazard.

National development sustainability initiatives are launched but the efforts are few and isolated. 
The same is often true of the initiatives, many converted into action plans, emerging from 
numerous sub-regional and regional conferences and fora, and from bilateral and multilateral 
agreements. However, the NAP’s, in some cases rely heavily on community participation as is 
the case of the Brazilian NAP which was elaborated with a multitude of stakeholders and with 
the direct participation of the public or civil society fully represented. 

The demands and expectations of the public are to be carried out at the NAP’s implementation 
phase. Political awareness is flaring up and the issue to combat desertification is drawn into to 
the political agenda of active congress representatives who are engaged in the pursuit of the 
means of implementation for the required actions to be effective. The National  pluri-annual 
plan takes into account and provides budget provisions for the envisioned actions that are to 
produce a change in scenario and provide improvements in the overall quality of life.

Reducing Climate Related Disaster Risk:

Improving natural resources management, adopting policies to confront vulnerability and 
applying preventive measures, lessen the impact of natural disasters on people and ecosystems. 
The vulnerability of areas susceptible to land degradation or desertification to both natural and 
human origin is reduced thanks to early warning systems in the zones most vulnerable to the 
effects of drought. Scenarios are devised to simulate the behavior of environmental processes, 
and to help integrate management and monitoring. Climate change is the most serious unsolved 
environmental problem in the three decades from 2002 henceforth.

 The Intergovernmental Panel on Climate Change (IPCC) has released reports stressing the 
seriousness and concerns about the integrity of the climate system. The Latin American and 
Caribbean (LAC) region is prone to extreme meteorological events and is exposed on average 
every year to tropical cyclone hazard with relatively high vulnerability found in several 
countries. The southern hemisphere, recently has also experienced unforeseen phenomena 
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such as the Katarina anticyclone that build up strong winds in the low pressure zone over the 
Atlantic Ocean and made landfall on the southeastern region of Brazil affecting livelihoods and 
extensive damage to properties.  

Clima and National Action Programs in the Mercosul Region: 

Global climate change brings with it long-term shifts in average weather conditions and the 
possibility of the increasing frequency and severity of extreme weather events. The effects of 
climate change increase uncertainty and the complexity of risk for the whole society. The lack 
of capacity to manage and adapt to climate related risks is already a central development issue 
in many developing countries. These regions have larger and more concentrated vulnerable 
populations. The national economies are dependent on agricultural production and are less 
equipped to deal with extreme weather events. 

The lack of capacity to manage risks associated with current climate variability will likely 
also inhibit countries from adapting to the future complexity and uncertainty of global 
climate change. If development is to be achieved in countries affected by climate risks and if 
development is not to aggravate climate change risks, an integrated approach to local climate 
risk reduction needs to be promoted. Successful risk reduction approaches already practiced by 
the disaster risk community should be mainstreamed into national strategies and programmes as 
envisaged by NAP’s.

In the short run, it will be necessary to promote integrated climate risk management since the 
climate change is likely to be experienced as an increase in both frequency and magnitude of 
extreme hydro meteorological hazards, such as tropical cyclones, floods and droughts. Climate 
change will affect most aspects of life.

Therefore, it is also important that guiding principles be established for ensuring the 
mainstreaming of climate change concerns with ongoing human. Key sectors of economic 
planning -- agriculture, tourism, land use planning, public health, environmental management 
and basic infrastructure provision -- will all need to take climate change into consideration.

There is a growing perception that due to the visible effects of climate change, science and 
technology should go hand in hand with the richness of the traditional knowledge of the rural 
communities in preventing and monitoring climatic phenomena.
 
Therefore, at regional meetings, it was proposed to consider traditional knowledge and practices 
as a part of the strategies for establishing early warning systems for extreme events. One of the 
major potentials of the region lies in the amount of traditional knowledge for the control and 
rehabilitation of degraded land and management of water, soil and forests. The identification 
and validation of this knowledge and related practices has been, although not in a systematic 
manner, carried out over many decades and now country Parties can confidently apply them to 
affected zones.
 
Therefore, country Parties are encouraged to disseminate and use appropriate traditional 
knowledge, and when suitable, in combination with modern technologies and techniques, 
always considering local population’s needs and conditions. The entire region has made 
important advances in the identification of indicators and benchmarks of desertification 
and drought: many countries of the region have national diagnosis that has been used while 
formulating the NAP, as baselines for monitoring and assessment. Significant efforts have been 
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made of country Parties to integrate social indicators when assessing desertification processes
Highlighting the importance of establishing clear linkages between land degradation
And poverty.
 
The countries underline that the various proposals on benchmarks and indicators
create a fragmented scenario that does not allow comparisons, neither between
Neither zones nor countries. Additionally, they stress that in general data collection
requires significant economic resources, personnel and time which many affected
countries cannot afford.
 
In this respect it is continuously stressed that developed country Parties provide financial and 
technical support to the use and dissemination of existing indicators and benchmarks to monitor 
and assess desertification and drought in affected country Parties. Also, it is considered of 
utmost importance to recognize the importance of the monitoring and assessment processes for 
desertification and drought and to make all necessary efforts to apply indicators and benchmarks 
in these processes involving local communities in a participatory manner.
 
Additionally, there is a willingness of the country Parties to harmonize their monitoring and 
assessment systems by means of exchanging information and through south-south cooperation 
in order to develop an integral and comparable tool aimed at monitoring and assessing drought 
and desertification on a regional scale in an efficient and timely manner. The country Parties in 
the region expect the international cooperation agencies to provide the necessary and required 
technical and scientific support in this respect.
 
In order to streamline the various demands, an innovative approach was considered, calling 
upon the UNCCD Secretariat, the international scientific community and international 
cooperation agencies, to explore the possibility of establishing in the near future an observatory 
to monitor and assess the desertification process in the region. This observatory should be 
supported through TPN 1 on benchmarks and indicators and be devoted to collect,
process, manage and disseminate scientific information for the benefit of each country of 
the region. The region must capitalize on the outcomes in this field and to this aim act along 
with the initiatives undertaken by international agencies and generate terms of reference for 
coordinated and joint actions.
 
The country Parties are committed to develop and adapt modern technologies for combating 
desertification and mitigating the effects of drought. Those countries that have made more 
progress in this field are to continue and reaffirm their recent efforts in sharing information and 
consolidating bilateral and multilateral cooperation to help other countries in the region access 
the appropriate technology, knowledge and know-how.
 
Over the last years, the region has made remarkable progress in widening and deepening the 
diagnosis of vulnerability and productive capacity of their ecosystems, mainly watersheds 
and high mountains ecosystems. A wide range of projects addresses water and soil resources 
assessment and management, vegetation coverage and soil protection as well as livestock 
production systems. However Country Parties recognize the uneven development within the 
region in the use and sustainable management of the natural resources due to technical
capacities, institutional enabling environment, availability of funds and priority assigned 
by the governments. It is also acknowledged that there is limited project articulation among 
government and non-governmental organizations as well as those entities responsible for NAP 
implementation and monitoring.
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The overall objective of these countries as well is, to improve the socio economic conditions of 
the communities affected by desertification, by adopting a novel production and development 
model, as well as, promote a behavioral change through the use of new technologies, capacity 
building and training taking into account sustainable development. The involvement of the 
various stakeholders in this process is regarded essential.
The specific objectives are:
 
• gather experiences that can be replicated throughout the region in respect to harmonized 
indicators aimed at identifying and measuring the effects of desertification considering the 
following aspects: physical, biological, agricultural, socio economics and institutional,
• capacity building of personnel in monitoring and measuring techniques to combat 
desertification,
• promote a close participation process of the affected communities in the use of
indicators, as well as, in the design and application of countermeasures to counteract
the effects of desertification and
• enhance and strengthen institutional capacity to deal with land degradation issues.
 
The project’s strategy:
 
The reduction or loss of the biological or economic productivity and complexity of dry lands 
(e.g. rained or irrigated cropland, or range, pasture, forest and woodlands) has its roots in land 
uses or from a process or combination of processes, including those arising from unsound 
human activities and habitation patterns that affect the livelihood of local populations. With 
this current UE –Econormas Project Desertification Indicators (meaning very sensitive 
characteristics of the dry land environment to degradation processes) will be used, monitored 
and evaluated in Pilot Project Sites of the participating countries, to standardize their use for dry 
land degradation   control, aimed at desired results towards policy formulation and application.
 
This in fact will represent a step forward, regarding public policies formulation envisaging 
structural changes. The primary purpose is to promote scenario changes by physical intervention 
to control and to reverse the situation of environmental
degradation and the overall process of desertification.
 
Efforts to prevent or control dry land degradation processes within the region,
have given rise to the need for early warning systems and early warning information
technology to cope with them timely and effectively.
 
The use of benchmarks or landmarks to clearly point out the scenarios without project and 
after project implementation should highlight the differences and represent an incentive to 
have the gathered experience replicated throughout the region. Goals and objectives regarding 
reclaimed territories should be quantified and measured in order to be translated into policies 
and Government strategies.
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ABSTRACT: Meeting water demands of irrigation, industry, and environmental systems is a main issue in many arid 
regions of the world, including the Aral Sea Basin (ASB). Traditional administrative approaches in water management 
prevents efficient use of water leading higher water use in less productive lands and lower water use in more productive 
lands, which case is particularly critical in water scarce years. Market-based water allocation as an alternative option to the 
traditional administrative water allocation was examined in this study to deal with water scarcity issues in the ASB. Potential 
economic gains when tradable water use rights are allowed were estimated based on hydro-economic river basin 
management model. 

Keywords: water trading, transaction costs, hydro-economic model. 

 

1. INTRODUCTION 

Increasing water demand due to population growth, irrigation expansion, industrial development, and the need for ecosystem 
improvements under the mounted investment costs for developing new water sources calls for efficient, equitable and 
sustainable management of water resources in many developing countries. Secure water availability for food production, 
drinking needs, and the environment are essential for achieving the Millennium Development Goals (UN, 2000) to decrease 
malnutrition, to eradicate poverty, to improve sanitary conditions, and to ensure environmental sustainability (von Braun, et 
al., 2003). As irrigated agriculture demands for more than 70% of global water withdrawals (WRI, 2005) and irrigation 
efficiency is less than 40% at global level (Pimental, et al., 1997), the sector has a huge potential for reducing water use.  

Providing water security is more essential in the Aral Sea Basin (ASB) where the tremendous development in irrigation 
since the 1960s combined with unbalanced water resources management led to the destruction of the ecosystems in the delta 
zone and the gradual desiccation of the Aral Sea, once the fourth biggest lake of the world with a surface area of 68,000 km2 
and total water volume of 1,100 km3 (Micklin, 2007).  Disintegration of the Central Asian states after the collapse of the 
Soviet Union also increased the tensions among up- and downstream users over sharing water resources further decreasing 
already low water use efficiency. Command-and-control based water management in the ASB does not create any incentives 
to make investments for improving irrigation infrastructure, adopt water-wise approaches, and improve water use efficiency. 
We examined the potential role of benefit sharing based water allocation to incentivize farmers to cooperate for improving 
overall water use efficiency in the basin (Bekchanov, et al., 2013).  

2. STUDY AREA 

The territory of the ASB is shared mainly by five Central Asian states – Kyrgyzstan, Kazakhstan, Uzbekistan, Tajikistan and 
Turkmenistan – and partly by North Afghanistan and Iran. Amu Darya and Syr Darya are two main rivers which are lifelines 
of the irrigated agriculture and thus lifelines of the economies in the ASB. Both rivers are started from the tributaries in the 
Pamir and Tien Shan mountains and flows to the west crossing numerous valleys and deserts finally feeding the Aral Sea. 

The tremendous expansion of irrigation and cotton production since the 1960s combined with unbalanced water resources 
management in the Aral Sea basin is one of the main reasons of the destruction of the ecosystems in the delta zone and the 
gradual desiccation of the Aral Sea. Due to the collapse of the production systems and wide-scale degradation of health, land 
and water resources in the regions adjacent to the Sea (Glantz, 1999), the shrinkage of the Sea was acknowledged as one of 
the worst manmade disasters in the world (UN, 2010). Disintegration of the Central Asian states after the collapse of the 
Soviet Union in 1990-s is another reason fuelled inefficient use of water resources due to increased tensions among up- and 
downstream users over sharing water resources and over water release regimes of the reservoirs (Dukhovny and de Shutter, 
2012). Insufficient investments in irrigation infrastructure, lack of economic incentives to adopt water-wise approaches, and 
inefficient water governance and institutions led to decreased water use efficiency in the post-Soviet period. Command-and-
control system based water management which is inherited from the Soviet system lingered preventing empowerment of 
individual water users and local governments to deal with water scarcity issues. Despite availability of many options to cope 
with water scarcity in the ASB which includes not only irrigation technology adoptions at field level but also water transfers 
from the other neighboring river basins inadequate financial capability of the Central Asian states became a key concern for 
the top-down based (administrative) realization of these projects. Bottom-up approaches such as adoption of efficient water 
use technologies by irrigators and cropping less water intensive crops did not take place because of lack of appropriate 
incentives under the control-and-command system based management as well as inadequate awareness of water users on 
ecosystem values. Due to lack of sufficient cooperation among the Central Asian countries all of them try to unilaterally use 



2 

 

common water resources of the basin while neglecting the interests of the other neighboring countries as evidenced by the 
national perspective plans which intend extra diversion of water for irrigation needs neglecting already apparent ecological 
and water sharing problems (Dukhovny and de Shutter, 2012). Furthermore, interstate agreements on water sharing have 
often been disobeyed by the riparian countries which in turn increased vulnerability of downstream regions and 
environmental ecosystems to the reduced natural river runoffs (Dukhovny and de Shutter, 2012). Considering the massive 
scope of the problem and interdependence of the all users within a single basin, integrated approach of basin management 
which considers efficient, equitable, and sustainable use of water resources (Ringler, et al., 2004)  is required to effectively 
deal with water scarcity issues in the ASB. 

3. WATER ALLOCATION APPROACHES 

Several approaches exist for water allocation among different water users: uncoordinated water use (Harmon rule), 
minimization of water gap, maximization of benefits assuming fixed yields and water use per hectare, and maximization of 
benefits considering water use-yield response functions, and water allocation based on water rights trading. The first option 
is the least favorable in terms of water use efficiency unless upstream users own high productive lands (which is unusual 
case) since it allows abundant water access to the upstream users while neglecting the rights of the downstream users. 
Minimization the gap between the real and required water demands by different water users in the basin provides equitable 
water sharing but does not consider the fact that different users have lands with different productivity and thus fails to attain 
the most efficient way of water use. Revenue or benefit maximization approaches under the assumption of fixed revenues or 
benefits and water uses per hectare cannot consider benefits from deficit irrigation. Improved benefit maximization approach 
incorporated the relationships between water uses and benefits rather than assuming fixed water use and revenues per 
hectare. Despite the latter approach provides maximum level of benefits for the entire basin under different water availability 
conditions, it does not answer to the question why the farmer with lower marginal water use benefit should transfer part of 
his water use quota to the more productive water users for attaining optimal benefits for the entire basin partially losing 
one’s own individual benefit meantime. Market-based water allocation is a proven tool for efficient and equitable allocation 
of river basin resources, incentivizing the users for willingly transfer or buy water use rights. Water reallocation through 
water use rights trading allows additional water transfers to users with higher water productivity while providing 
compensation to users that voluntarily relinquish water rights (Dinar, et al., 1997). Trading can increase welfare and water 
productivity for the entire basin because water is generally transferred from lower-valued to higher-valued uses (Easter, et 
al., 1998; Ringler, et al., 2004). Moreover tradable water rights incentivize users to reduce water overuse and invest in 
efficient technologies if market prices are high enough. Treating water as a tradable (economic) good, given the conditions 
of current and expected shortages was also recommended by the Dublin Conference (1992). It is also additionally stated that 
efficient water management should adopt a holistic approach by implementing the Integrated Water Resources Management 
(IWRM) paradigm that combines social and economic development with ecosystems protection and aims coordinated 
management of land and water resources over the entire river basin. Since potential role of market-based water allocation for 
water use efficiency improvements in the ASB has not been studied by now despite its recognized advantages over 
administrative based water allocation this study aims to assess their scope to cope with water scarcity in the basin. 

4. WATER TRADING BENEFITS 

Despite substantial increase (30%, 39%, and 50% under normal water supply levels, 90% of normal, and 80% of normal 
respectively) in overall basin benefit under optimal water allocation, the regions with lower marginal water productivity will 
only cooperate in attaining optimal basin-scale profits if they are compensated for lost income due to reduced water use. 
Introducing tradable water rights would provide incentives for cooperation by increasing willingness of less water productive 
regions to transfer part of their water rights for appropriate compensation to more productive regions. Results indicated that 
although additional gains from introducing water markets were less than those of the pure optimization scenario, economic 
gains were substantially higher than those under fixed water rights (Figure 1). Additional benefits from inter-catchment 
water trading vary between US$ 373 million to US$ 476 million and increased in parallel with the level of water scarcity. 
Less than that but still higher than baseline gains were available under intra-catchment water trading. Furthermore, the 
scarcer water becomes the more beneficial water trading is, as reflected in the increased trend of additional gains in parallel 
with decreased water availability. Those results are in line with the findings of Booker and Young (1994). 

Additional gains from water trading were achieved in all regions. The top gains from trading are expected in Surkhandarya 
and Mary of the Amu Darya basin and in Ferghana and Tashkent of the Syr Darya basin. Additional regional gains under 
intra-catchment trading (restricted) compared to the benefits under inter-catchment trading (unrestricted) depended on the 
marginal water profitability of the regions within the catchment. Furthermore allowing tradable rights resulted in 
smoothened marginal water productivities or water prices across regions. Smoothening of the prices was higher under 
unrestricted water trading (UWT) than restricted water trading (RWT) as expected. The average water prices were US$ 
0.012/m3 in the Amu Darya basin regions and US$ 0.02/m3 in the Syr Darya basin regions under normal supply. Average 
water prices under inter-catchment water trading were US$ 0.014/m3 and US$ 0.023/m3 in the Amu and the Syr Darya basin 
regions respectively under 90% of normal water supply. Similarly, average marginal water use benefits under 80% of the 
normal water supply were US$ 0.016/m3 and US$ 0.025/m3 in the Amu and Syr Darya basins respectively. Comparison of 
marginal benefits under different levels of water availability showed that marginal water use benefits increased and that 
water trading was more beneficial in parallel with decreased water availability. 
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Fig. 1: Comparing benefits and additional gains from water trading and optimal water allocation 

5. WATER TRADING BENEFITS CONSIDERING TRANSACTION COSTS 

Impact of increased transaction costs of establishing market-based water allocation institutions were analyzed based on 
scenario analysis. Consideration of the transaction costs of establishing tradable water use rights slightly decreased overall 
irrigation water use while substantially decreasing water trade volume and benefits from water trading (Figure 2) in both the 
Amu Darya and Syr Darya River basins. When transaction costs were not considered, the optimal volume of water trade 
under normal water availability was more than 7.5 km3 in each basin. Increase in transaction costs up to US$ 0.05 per m3 of 
traded irrigation water volume practically nullified the potential additional economic gains of water rights trading. Since 
there are only five regions whose marginal productivity was higher than US$ 0.05 per m3 and varied between US$ 0.05 and 
US$ 0.08 per m3 in the baseline scenario, water rights trading among the remaining regions were obviously not beneficial 
while among these five sectors was mainly constrained by other land and water use capacity as well as other hydrological 
and water trading limitations. According to the comparison of total benefits under different levels of transaction costs and 
different levels of water availability, overall benefits without considering transaction costs if water trading is allowed were 
more than US$ 1,050 million and US$ 800 million in the Amu Darya and Syr Darya basins respectively (Figure 2). 
However, once transaction costs per cubic meter of water exceeded US$ 0.05/m3, total benefits fell to US$ 950 million and 
US$ 650 million in these two river basins respectively. Reduced water transfers, decreased net benefits, and lowered water 
trading gains due to increased costs were also found by Cai, et al. (2006) in the case of the Maipo Basin in Chile. 

 

Fig. 2: Change in water trade volume due to increases in transaction costs in the Amu Darya and Syr Darya basins 

6. POLICY ORIENTED RECOMMENDATIONS 

The analysis showed that, as an alternative to the command-and-control based water management system, market-based 
water allocation institutions could incentivize the riparian irrigation sites to voluntarily cooperate in order to obtain 
additional gains through reallocating water from its lower to higher valued use in the ASB. Given the heterogeneous 
distribution of land and water productivity across the irrigation zones, re-allocation of water from less productive water users 
to the more productive users would result in increased economic gains and improved water productivity throughout the 
basin. Under improved institutions, more productive users who obtained additional water and consequently additional 
economic gains would pay the part of these gains as compensation for unused water use rights by less productive water users 
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consequently maintaining equal distribution of additional gains. Apparently, the realization of the agreed amount of the 
compensations and water transfers should be guaranteed through strengthening the rule of law by the state organizations. 

It was also shown in this study that transaction costs of establishing water markets determines the profitability and thus 
relevance of water rights trading. Low transaction costs can be achieved by improved irrigation infrastructure and improved 
legal and governance settings (McCann, et al., 2005). Although the system based on the supremacy and dominance of the 
government and dependence on authorities in all decision making processes perhaps can enhance economic or social stability 
in short-run, empowering the ordinary people to make decisions over their own fate can effectively work for long-term social 
and economic sustainability. In the latter case, government must participate actively in development programs but indirectly 
through maintaining research and education capacity and establishing necessary institutional and legal frameworks. 

7. CONCLUSIONS 

Substantial economic gains and water use efficiency improvements were found through market-based water allocation than 
administrative water use to the case of the ASB. Additional economic gains from water rights trading and thus its importance 
gets higher in parallel with growing water scarcity. Although tradable water rights promise substantial economic gains under 
zero transaction costs, the establishment of water trading and enforcement of the rule of law will require additional costs 
which influence on the level of water trading gains. Improvements in legal-institutional frameworks, maintenance of 
infrastructure, provision of the rule of law, development of the human capital and promotion of the participatory approach  in 
water management are important pillars for the success of market oriented reforms in land and water resources management. 
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1 - INTRODUCTION 

 
For the last twelve years, a group of professors from UFC has accomplished activities of research and 

formation of personnel in the nucleus of desertification of Irauçuba and its surroundings, having the financial support 

of CNPq (National Council for Scientific and Technological  Development), FUNCAP (Cearense Foundation for 

Scientific and Technological Development) and Ceará’s State Legislative Assembly (Parliamentary Amendment from 

state representative Lula Morais) through the projects: Process CNPq 521213/98-3 – Study of 

Degradation/Desertification in Production Systems in the Northeastern Semi-Arid in the states of Ceará and Piauí, 

valid from 01/09/1999 to 31/03/2002. Process FUNCAP 094/02 – Study of Degradation/Desertification in Systems 

of Production in Ceará’s Semi-Arid: The Case of Irauçuba, valid from 11/09/02 to 30/12/04. Process CNPq 

50.3326/03-8 – Study of Degradation/Desertification and its Implications over the Hydric Balance in Systems of 

Production in Ceará’s Semi-Arid: The Case of Micro region of Sobral/Ceará, valid from 12/07/2004 to 12/01/2007. 

Process CNPq 472080/2006-7 – Study of Degradation/Desertification and Its Implications with The Use of Land in 

Systems of Production in Ceará’s Semi-Arid: The Case of Micro region of Sobral/Ceará, valid from 07/2006 to 

08/2008. Process FCPC/FUNCAP 06/08 – Study of Degradation/Desertification and Its Implications in The Use of 

Land in Systems of Production in Ceará’s Semi-Arid: The Case of The Nucleus of Desertification of Irauçuba/Ceará 

(Parliamentary Amendment from state representative Lula Morais), valid from 09/2008 to 31/07/2010. 

 
2 – OBJECTIVES 

 
The objectives of the research program were:  

2.1 - Study of Geoenvironmental Susceptibility to Desertification in Dry Lands of the States of Ceará and Piauí.  

2.2 – Identification of processes of physical and biological nature in the recovery of fenced areas protected against the 

use of land for grazing and agriculture. 

2.3 - Identification of processes of physical and biological nature of land degradation in open areas under the use for 

grazing and agriculture. 

2.4 – Formation of personnel. 

 
3 – RESULTS 

 
With financial support from these projects, two thesis and five dissertations were developed in Irauçuba and 

four other dissertations were developed in other semi-arid regions of states of Ceará and Piauí. These thesis and 

dissertations are listed as follow: 

 

Climatic, Morpho-pedological and Phyto-Ecological Studies in the Desertification Nucleus of 

Irauçuba/Ceará, Doctoral thesis of Marta Celina Linhares Sales, MAJOR PROFESSOR: Prof. José Bueno Conti; 

MAJOR AREA: Physical Geography, UNIVERSITY: University of S. Paulo – S. Paulo - 2003. ABSTRACT: The 

work uses three main approaches in dealing with the desertification processes in Irauçuba, Ceará. The first approach 

deals with the climatically and hydrological aspects at a meso scale level; it covers the region of the Municipality of 

Irauçuba; it leads to the identification and characterization of a nucleus of aridity; and it also shows the level of 

available water at ground and subterranean levels. The second approach deals with the morfo-pedological variables 

and it was directed to determinate the erosion potential of the lands in the area. The third approach deals with fito-

ecological factors, exploring results from a two-year survey on the area vegetation. This survey was carried out over 

3 parcels of overgrazed native pasture, which, for the objectives of the present study, were fence isolated and 

protected from any use, in order to allow the observation of the natural vegetation recovery. The integration of the 

results of the three approaches above mentioned led to the results of the study. It points to the climatic conditions, 

which prevails over most of Irauçuba as the principal limitation towards improving the use of its lands. The tree cover 

of native pasture areas has been destroyed over time in order to increasing the growth of forage production species. 

Soils and climatically conditions do not allow the development of dense arboreal vegetation. The management of 

native pasture areas and water resources are the means of improving the land use. 

 

Morphological, Micromorphological and Mineralogic Characterization of Three Toposequences in 

the Municipality of Irauçuba/Ceará and Their Relation with The Process of Desertification, Doctoral thesis of 

Jacqueline Pires Gonçalves Lustosa, MAJOR PROFESSOR: Prof. Joel Barbujiani Sigolo; MAJOR AREA: 

Geology. UNIVERSITY: UNESP (Rio Claro) – São Paulo - 2003. ABSTRACT: This research investigates the 

origin and evolution of two soil systems and their influence over the supposed process of desertification in the 
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County of Irauçuba-Ceará. This County is characterized by the occurrence of a rainfall index lower than 550 

mm/year, an accentuated hydric deficit, shallow soils and vegetation well degraded. Because it presents these 

characteristics the region of Irauçuba is considered as one of the main areas in process of desertification in the semi-

arid region of the state of Ceará, being the anthropic action pointed out as the main cause of the process. This study 

was developed based on the methodology of the Structural Analysis of the Pedological Coverage, considering the fact 

that soils, as pedological organizations, are organized from the crystal level of the mineral constituents (microscopic 

scale) up to the landscape level (macroscopic scale). The projection of the pedological coverage under the 

topographical profile and the detailed description of these organizations indicated the ideal sites for sample 

collection. The results of the field analysis were complemented by micromorphological, mineralogical, granulometric 

and chemical of mobile (friable) and non-deformed samples carried out in laboratory. The study of the 

toposequencies and the laboratory analysis allowed the identification of two pedological systems: the podzolic system 

with ferruginous nodules and the system of lythodependent soils. The results of the study of both systems indicate 

that the processes of formation and evolution of the pedological coverage, along with the conjugation of the 

geological, climatic, geomorphological and biogeographical conditions, contribute to the origin of the xeric 

physionomy of the landscape. The human interference, by the use of the soil and the vegetation, contributes to 

emphasize the “dry” aspect of the landscape. However, evidences that the anthropism has affected the natural 

mechanisms that originated the current landscape of Irauçuba, were not found. 

 

Study of Geoenvironmental  Susceptibility to Desertification in Dry Lands of the State of Piauí, 

Master dissertation of Cláudia Maria Sabóia de Aquino, MAJOR PROFESSOR: Prof. José Gerardo Beserra de 

Oliveira; MAJOR AREA: Development and Environment; UNIVERSITY: Federal University of Ceará - 2002. 

ABSTRACT: Desertification is not a recent phenomenon and has worried researchers and governments all over the 

world for a long time, especially due to the loss of productive potential caused by desertification in areas exposed to 

this phenomenon. These areas, according to the ONU convention to combat desertification, are the arid, semi-arid 

and sub-humid dry regions of the world, defined through a dryness index estimated as the quotient between the 

potential precipitation and evapotranspiration annual data, calculated by Thornthwaite’s method. Here, these areas are 

called dry lands. Based on this conception, the dry lands of the state of Piauí susceptible to desertification process 

were identified and delimited. From this point, the geoenvironmental susceptibility of dry lands to desertification, in 

the state of Piauí, was estimated by the use of rain erosivity factors, soil erodibility, steepness of the land and 

vegetable cover, with which the universal soil loss equation is formed (USLE). The rain erosivity was estimated by 

Bertoni and Lombardi Neto’s method, the erodibility was estimated by Romkëns’s equation, the steepness was 

estimated from the constant relief classes of soil profile descriptions and the evaluation of vegetable cover followed 

the methodology proposed by Crepany for the economically ecological zoning in Brazil. The results for each factor of 

the USLE were cartographically represented and then were combined by using the Geographical Information System 

(IDRISI), resulting in summarized maps that represent the levels of natural and antropic geoenvironmental 

susceptibility to desertification, in dry lands of Piaui. The analysis of the natural susceptibility map, taken into the 

natural vegetable cover conditions, shows that 94,6%, 5,2% and 0,2% of the area studied, present, respectively, low, 

medium and high susceptibility to desertification. The analysis of the antropic susceptibility map, a condition where 

all dry lands would be used for the art and science of agriculture, shows that 73,1%, 26,5% and 0,4% of the area 

being studied, present respectively, low, medium and high susceptibility to desertification. The fact that only a small 

extension of the area in the study presents medium and high levels of natural and/or antropic geoenvironmental 

susceptibility to desertification, should not reduce the importance of the problem for the state of Piauí,  and the 

urgency with which these precise areas should be studied and protected. There’s the need for the development of 

future research work in order to complement this study considering the socio-economic, political and cultural 

variables in an interdisciplinary approach, which leads to a more precise diagnosis of desertification in the dry lands 

of the state of Piauí. 

 

Geoenvironmental Susceptibility of Dry Lands in the Microregion of Sobral/Ceará to Desertification, 
Master dissertation of Tânia Maria Serra de Jesus Nolêto, MAJOR PROFESSOR: Prof. José Gerardo Beserra de 

Oliveira; MAJOR AREA: Development and Environment; UNIVERSITY: Federal University of Ceará - 2005. 

ABSTRACT: The is a phenomenon that has occurred in diverse parts of the world, what it took the ONU if to worry 

about its causes and expansion determining the areas that would be susceptible to the process. Irauçuba, integrant city 

of the Sobral’s Microregion is known as a Nucleus of in the half-barren Brazilian. The Sobral’s Microregion is 

distinguished in the State of the Ceará for its historical, educational and economic importance. With the purpose to 

evaluate the propagation of the desertification in this area, a methodology based on the Climatic Index - IC was 

adopted, represented for the Index of Dryness - IA of the UNEP and the Index of Severity of Climate - ISC, gotten by 

Thornthwaite's method using the data collected in thirty and two rain ranks of the SUDENE in the historical series of 

50 years. The Index of Erosion of Ground - IES, represented for the Natural Potential of  Erosion - IESN and for the 

Antropic Potential of Erosion - IESA, was determined by the use of the Universal Soil Loss Equation - EUPS, with 

the factors rain erosivity, soil erodibility, topographical component, vegetable cover and support practice, 

phenomenon caused for natural processes and activities human beings. The results allow to conclude that 80.10% of 

the territory are fit in susceptible areas to the process of desertification, demonstrated in Natural the 

Geoenvironmental Susceptibility - SGN and in the Antropic Geoenvironmental Susceptibility - SGA, in which the 

cities of Sobral, Miraíma and Irauçuba had presented a bigger susceptibility to the phenomenon. 

 

Seed Bank in the Soil of an Area of Caatinga in Regeneration, in the Nucleus of Desertification of 

Irauçuba/Ceará. Master dissertation of Carla Daniela Sales Pessoa, MAJOR PROFESSOR: Profa. Francisca 



Soares de Araújo; MAJOR AREA: Development and Environment; UNIVERSITY: Federal University of Ceará -

2008. ABSTRACT: The objective of this study is to gather knowledge about the attributes of a seed bank at soil level 

and to verify which of these attributes reflect the best regeneration of the caatinga in areas of desertification. In order 

to do that, we investigated the seed bank at the end of the dry season in area of caatinga suffering the process of 

degradation/desertification, at the municipality of Irauçuba, Ceará. We analysed the attributes of density, 

composition, diversity and richness of species as well as germination dynamics. The collections were realized in three 

areas, at Formigueiro, Cacimba Salgada I and Cacimba Salgada II farms. In each area, we sampled a seed bank at soil 

level in the experimental portion (fallow) and at the continuous use portion (control). Each portion of each area was 

divided in sixteen portions of 10 x 10 m, from which were drawn five portions for the study of the seed bank at soil 

level. In the center of each one of the five portions of 100 m2, a soil sample of 0,25 m2 was removed. The density and 

the composition of the seed bank at the soil level were analysed using the plantule outgrowth in greenhouse. The 

bank was composed primarily by therophytes. The densities found were 592, 1804, 2080 seeds/m2 for the 

experimental portions 1, 2 and 3, respectively, and 680, 1288 and 1408 seeds/m2 for the control portions 1, 2 and 3, 

respectively. Regarding the richness parameter, we found equal values for both the experimental and control portions 

(8 and 2 for areas 1 and 2, respectively); area 3 presented greater richness in the fallow portion (15 and 10 for the 

control and experimental portions, respectively). The equability values of the experimental portions were equal to 

0,751, 0,041 and 0,740 for areas 1,2 and 3 respectively and of 0,613, 0,054 and 0,603 for areas 1,2 and 3 of the 

control portions. Regarding diversity, the values for the experimental portions 1, 2 and 3 were 1,562, 0,028 and 

2,004, respectively, and 1274, 0,038 and 1,388 for the control portions 1,2 and 3, respectively, which reveals a major 

diversity for the areas of fallow, with exception of area 2. The raising diversity and density demonstrate the 

occurrence of regeneration of the herbaceous component in the fallow areas. 

 

Soil Recovery of Degradated Areas in Process of Desertification Due to Agropastoral Activities in the 

Brazilian Northeast: The Case of Irauçuba. Master dissertation of Francélio Pereira de Sousa, MAJOR 

PROFESSOR: Prof. Ricardo Espíndola Romero; MAJOR AREA: Soil Phisics; UNIVERSITY: Federal University 

of Ceará - 2009. ABSTRACT:The extensive livestock in semi-arid regions in Brazil, driven by the mechanisms of 

intensification of exploitation of natural resources, exerts great pressure on native vegetation, both by the elimination 

of the plants on the soil compaction due to excessive trampling. In terms of land use, degradation means reduction or 

loss of biodiversity and productivity, increasing the rate of erosion and reducing the ability to produce in a sustainable 

way. The aim of this study was to evaluate changes in soil properties according to use, comparing the effects of 

overgrazing and areas with seven years of exclusion of domestic animals, through analysis of physical and chemical 

attributes of degraded areas in the process of desertification in semi-arid Ceará. The dissertation was divided into 

three chapters. The first chapter presents a review of literature on the impacts of activities, characteristics of degraded 

and desertified areas in semi-arid regions and searches that are being developed. The second chapter shows that the 

chemical and physical variables analyzed did not show behavior that could be attributed to the type of land use when 

analyzed in depth. The third chapter shows that the exclusions in general, showed better results for organic C and 

total soil N and organic matter fractions studied. 

 

Study About The Changes of Soil’s Microbiota of Managed Areas or Not, in the Nucleus of 

Desertification of Irauçuba/Ceará, Master dissertation of Luiza Cunha Filha, MAJOR PROFESSOR: Prof Paulo 

Mendes Filho; MAJOR AREA: Soil Microbiology; UNIVERSITY: Federal University of Ceará - 2011. Abstract: 

The residue resulting from the oil extraction of jatropha and castor seeds is considered an excellent source of organic 

matter, which is rich in nitrogen, phosphorus, potassium and other nutrients. In this sense, it was set a research with 

the objective to evaluate the effects of the application of these seed residues in the soil collected from two areas: an 

overgrazing site and other conserved as exclusion site, both located in Irauçuba county of Ceará State, Brazil. The 

study focused especially on chemical and biological parameters which are related to the soil quality. The experiment 

was conducted under greenhouse conditions belonging to the Department of Soil Science, Federal University of 

Ceará, Campus do Pici, Fortaleza-CE. The experimental design was a completely randomized blocks in a 2 x 3 

factorial (two areas and three doses of pie), with six treatments and four replicates, totalizing 24 units for each seed 

residue. After 45 days of the seed residue application, the pots were sown with cowpea [Vigna unguiculata (L.)] and, 

after a 30 days growing period, it was determined the soil pH, Total Organic Carbon (TOC), density of spores in the 

soil microbial biomass carbon (MBC), soil basal respiration (SBR) and both metabolic (qCO2) and microbial (qMIC) 

quotients. In addition to plant growth parameters, the results showed that the overgrazing of the area (area 1) was 

favored by the application of the castor bean and jatropha seed residues, especially at the rate of 5% (D2) which had 

the highest values of qCO2, while the exclusion area (área 2) showed the highest values of soil MBC. The addition of  

jatropha and castor seed residues increased the TOC soil, indicating that the application of these seed residues can be 

an alternative for rehabilitating degraded soil areas. 

 

Impact of Recovery of Desertified Area Over the Production of Water and Sediments in a Semi-Arid 

Environment. Master dissertation of Cícero Lima de Almeida, MAJOR PROFESSOR: Prof. José Carlos Araújo; 

MAJOR AREA: Water Resources; UNIVERSITY: Federal University of Ceará - 2011. ABSTRACT: The semi-

arid zones encompass areas that are highly sensitive to environmental changes. The Brazilian semi-arid zone, one of 

the world's most populous such zones, is one of the most susceptible to human activities such as deforesting (usually 

to open space for farming or pasture land). This research was developed under the project “Estudos dos processos de 



degradação/desertificação e suas relações com o uso da terra em sistemas de produção no semiárido cearense: o caso 

da microrregião de Sobral – Ceará” (Studies of the processes of degradation / desertification and its relationship with 

land use in production systems in the semi-arid region of Ceará: the case of the Sobral – Ceará micro-region). The 

experimental area is located in the municipality of Irauçuba, which is inserted in a desertification nucleus of the 

Brazilian semi-arid zone. The climate is of the hot and semi-arid type with summer rainfall (annual average 530 mm) 

and aridity index of 0.34. The soil is typical Orthic Natraqualf, weak, and the native vegetation is of the Caatinga 

scrub and scrubby tree type. The main economic activitiy in the region is cattle in overgrazing, without the use of 

conservation practices. This study aims to compare the hydrological and sedimentary processes in two slopes in semi-

arid environment: a hillslope (370 m²) is subjected to the practice of fallow since 2000, while the other hillslope (468 

m²) is degraded, being used as grazing area for more than twenty years. The two hillslopes have the same soil 

conditions, climate and topography, differing only in the use and land cover. Hydrological and sedimentological 

variables are analytically compared. The experiments were carried out between January first (2010) and April 15th, 

2011. In order to promote this comparison, rainfall data (level and intensity), runoff and soil loss data were collected. 

The rainfall was 264 mm in 2010 and 445 mm in 2011 (limited to 15th April), having been registered 55 events in the 

16 months. The rains in Irauçuba showed high spatial variability: There was statistical difference (significance level 

of 5%) between the two rain gauges used in the research, although the distance between them is just 200 m. The 

hydrological rainfall pattern in the region is intermediate to late (70% of events), resulting in higher erosion potential. 

It is concluded from the comparative analysis, that the ten years of fallow reduced by 2/3 the runoff relatively to the 

degraded slope. The lowest rainfall capable of generating runoff was 7.2 mm on the degraded slope, whereas this 

value was 8.6 mm for the fallow slope. This demonstrates the increase in initial abstraction of the preserved slope, 

i.e., its higher capacity to retain moisture. The increase in storage capacity is due to trapping vegetation, organic 

(mostly plant) residues and topsoil. However, we found that the highest rainfall still unable to generate runoff was 

similar (17 mm) on both slopes. The explanation for this result is that the dominant parameter in this process is the 

soil structure, and even with the differences in the surface soils, the ten years of fallow have not been able to change 

this structure, as assessed in independent research by Sousa. It was observed that the decay rate of flow was 

significantly affected by the practice of fallow: the rate of 0.107 min-1 in the decayed slope, decreased to 0.045 min-1 

in the preserved slope. The lower rate of decay of the fallow slope flow indicates the beginning of the recovery of its 

base flow, which promotes better water retention in the water body. The ten years of fallow were also able to reduce 

soil loss. This reduction of 80% compared to the degraded slope, leads to improvement of physical, chemical and 

biological soil conditions responsible for the increase in crop production. We conclude, based on our experiments, 

that the ten years of fallow improved measurably sedimentological and hydrological conditions in the semi-arid at the 

hillslope scale. The practice of fallow, therefore, can be adopted for recovery of degraded Caatinga areas. It is 

suggested that further research be conducted, to assess the effects of the association of this practice with others in 

order to intensify the process of recovery of degraded areas in semi-arid regions.  

Process of Degradation/Desertification in The Basin of Feiticeiro River, Municipality of 

Jaguaribe/Ceará. Master dissertation of Renata Aline Bezerra Pinheiro, MAJOR PROFESSOR: Prof. José 

Gerardo Beserra de Oliveira; MAJOR AREA: Development and Environment; UNIVERSITY: Federal University 

of Ceará - 2010.  ABSTRACT: The article treats the problematic of Degradation/Desertification of the Riacho of 

Feiticeiro basin, through the use of the methodology of Physical Conservancy Diagnosis (DFC) and the use of 

satellite images with which it was verified the state of degradation of vegetal cover using the Normalized Difference 

Vegetation Index (NDVI) and on the forms of soil use and occupation, which were also analyzed with secondary data 

of production of combined agricultural and stock raising. The results allow the conclusion that there was an increase 

of vegetal cover, presenting this way, better indexes of protection in relation to the risks of physical and vegetal 

degradation. It also occurs, between the verified years, a reduction of destined areas to use of combined agricultural 

and stock raising, which may have contributed positively for the diminishing of the degradation process, although this 

decline may have a direct relation with the reduction of soils´ productivity and the capacity of environmental support. 

 

Physical Conservationary Diagnosis of the Microbasin of Cavalo’s River – Crateús/Ceará – Master 

dissertation of Ewerton Torres Melo, MAJOR PROFESSOR: Profa. Marta Celina Linhares Sales; MAJOR AREA: 

Development and Environment; UNIVERSITY: Federal University of Ceará - 2008. ABSTRACT: The 

hydrographic micro basin of the streamlet dos Cavalos is located in the municipal district of Crateús, located in the 

extreme west of the State of Ceará. It belong the net of drainage of the basin of the river Poti, in which is part of the 

basin hydrographic of Parnaíba. That area presents physical properties that qualify it as the best in conditions of 

natural resources of the municipal district, mainly of soil and hydric resources. That contributed to the accelerated 

process of exploration of those resources, mainly for the agricultural activities, that most part of the time, it uses 

inappropriate techniques causing negative impacts taking, consequently, to the process of environmental degradation. 

Before of that context, it becomes necessary and urgent to understand the components of the environmental system of 

the micro basin, looking for to establish forms of maintainable exploration of the natural resources, through the 

planning, contemplating the potentiality and vulnerability imposed by the natural environment. In that way, the 

principal objective of this work consisted in the accomplishment of the physical conservationist diagnosis, 

considering the micro basin of the streamlet dos Cavalos as basic unit of analysis, because it is a system natural well 



delimited in the space, where the physical interactions are integrated and, therefore, easier for them be understood, 

delimited and characterized. The application of this diagnosis resulted in the supply of several qualitative and 

quantitative values with relationship to the conditions of the natural resources, indicating the risk of environmental 

degradation in which the sections of the micro basin are submitted. It still took place a comparative study of the 

vegetable covering and use of the earth among the years of 1979 and 2006, considered of highest importance in the 

maintenance of the natural resources. Finally, the physical conservationist diagnosis of the micro basin supplies 

subsidies for the elaboration of the prognostics in the planning project and environmental recovery. 

 

Natural and Socioeconomical Conditionings of Desertification in Middle and Lower Valley of The 

Jaguaribe River in The State of Ceará. Master dissertation of Ana Cristina Fernandes Muniz, MAJOR 

PROFESSOR: Prof. José Gerardo Beserra de Oliveira; MAJOR AREA: Development and Environment; 

UNIVERSITY: Federal University of Ceará - 2008. ABSTRACT: The desertification process constitutes itself in a 

form of degradation that became one of the serious environmental problems faced by Humanity. The areas that were 

susceptible to degradation/desertification were recognized by the Convention of Combated a Desertification 

(Desertification Combat Convention (1977) and were considered as such, those situated in the regions of arid, semi-

arid and subhumid climate. The state of Ceará has most of the proportional area susceptible to desertification in the 

Brazilian Northeast with a preeminence of the areas of Irauçuba, Inhamuns and midstream, lower stream of Jaguaribe 

river. This study considered seven municipalities that were located along the Vale of Jaguaribe in its mid and lower 

stream, the municipalities chosen were: Alto Santo, Iracema, Jaguaretama, Jaguaribara, Jaguaribe, São João do 

Jaguaribe and Solonópole. The general objective of this research was to identify the conditioners of natural and socio-

economical aspects of the process of desertification in this region, taking into account the characterization of  

environmental framework, observing its main potentialities (natural and socioeconomically) through the evaluation of 

impacts originated by the system of land use and evaluating the implication between the process of susceptibility to 

desertification and its impact over the socioeconomically characteristics of the area. The methodology used in the 

research had as its main fundamentation, the Beltrame focus (1994), that uses as its main parameter the standard 

analysis of vegetation through a comparison of satellite images betweens the years of 1986/89 and 2007. An 

application of the methodology allowed the realization of a general synthesis of the actual reality of the area 

regarding its problems, fragilities and potentialities of natural resources and socioeconomically aspects and to have a 

general vision of the degradation framework. 

 

Diagnosis of the Socioenvironmetal Aspects of the Microbasin of the Arribita dam - FORQUILHA-

CE. Master dissertation of Déborah de Andrade Aragão MAJOR PROFESSOR: Prof. José Gerardo Beserra de 

Oliveira; MAJOR AREA: Development and Environment; UNIVERSITY: Federal University of Ceará - 2011. 

ABSTRACT: The circumstances provoked by droughts on the semi-arid of the northeastern region of Brazil, 

assumed along the history, unavoidable character that led to the adoption of politics related to the construction of 

hydric reservoirs as an attempt to mitigate the effects of drought. However, the construction of a great number of 

reservoirs, done in a random way, without observing its framing to the conditions of the hydric dynamics as well as 

its yours support capacity, allied to an occupation, motivated by the offer of water, ended up inserting itself in the 

context of socioenvironmental problematic. The analysis of the decision process in allocating different uses for water 

involves several difficulties which characterizes the present context. Among the most important are the necessary 

interdisciplinary approach to the subject matter, the subjectivity of the agents involved in the process of water 

management, the randomness of the hydrologic events, the uncertainty of the economic, social and environmental 

processes, the difficulties in measuring such variables as social well-being and environmental protection and others as 

cultural and aesthetics, besides the traditional problem of measuring economic efficiency. This dissertation presents, 

examines and compare some techniques of socioenvironmental analysis as important support tools for decision-

making in water management. Therefore, the integration of hydric resources management through the institution of 

hydric basins as an unit of management should consider as prioritary manner, the question of damming as concern to 

the northeastern hydric resources, in special, the ones of small size, that support directly the local communities and 

which are more seriously affected  by the degradation generated by antropic actions as well as inadequate use. 
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0. Abstract 
The awareness that ecosystem degradation has detrimental implications for livelihoods, biodiversity  and 
climate change has resulted in the renewed call by policymakers for quantitative information on 
degradation and the implication on ecosystem functioning as a basis for food, water and energy security, 
and the cost of rehabilitation. Progress towards agreed policy targets, including restoration of 15% of 
degraded ecosystems (CBD) or for a zero net degradation (UNCCD) cannot be measured without 

quantified information. 

Much research on land degradation over the past decades has given partial views on various components 
only. We elaborate a methodology to integrate knowledge from various disciplines for quantitative 
estimates of global land degradation and loss of ecosystem functioning in the past, present and future. 
Advances in information technology and remote sensing facilitate analysis of massive amounts of 
remotely sensed and legacy data and the integration with complex quantitative crop, soil and climate 

modelling into global assessment methods. 

Changes in net primary production world-wide over the past three decades and geographically specified 
information on climatic variations, soil and land use provide the basis for identification and mapping of 
ongoing ecosystem degradation. For identifying and mapping and historical degradation, pristine soil 
conditions of soil depth, top soil depth, soil organic matter and sand, silt and clay content, are 
reconstructed  through back casting from knowledge about the impact of land use and other soil forming 
factors on soil characteristics and productivity. Subsequently, the loss -and consequently- restoration 
potential of ecosystem functions such as water retention, biodiversity maintenance, food and fibre 
production, and floods, drought and climate regulation, can be assessed by using the global models 
IMAGE, GLOBIO, LPJmL and PC-GLOB-WB.  Costs and benefits of restoration can be estimated based on 
the global WOCAT database that contains over 450 case studies of location specific conservation 

measures and their impact on productivity and other ecosystem services.  

 

1. Current status of global land degradation assessments  

Soil degradation hampers ecosystem functioning which in turn causes a threat to future food security, 
maintenance of biodiversity and mitigation of climate change. Yet, global soil degradation assessments 
are based on qualitative expert judgments or remotely sensed quantitative proxy values that suffice to 
raise awareness but are too coarse to identify appropriate sustainable land management interventions or 
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to provide quantitative and spatial information on the extent of the problem (Bindraban et al., 2012). For 
the same reason ongoing land degradation hasn’t been taken into account in scenarios of integrated 
global environmental assessments, nor hasn’t restoration been taken into account as most promising 
policy option (PBL, 2010; UNEP, 2011; OECD, 2012). A serious omission given the severity of the 

problem and the increasing competing claims for land and renewable natural resources (PBL, 2010).      

The Global Assessment of Soil Degradation (GLASOD) developed by Oldeman et al (1991) has for long 
been the single global assessment of land degradation based on expert judgement.  More recently Bai et 
al (2008) developed the GLADA (Global LAnd Degradation Assessment) approach based on consistent 
remotely sensed changes in NDVI (Normalized Differentiated Vegetation Index) over the period 1981–
2006  to identify areas of land degradation and improvement. NDVI or greenness serves well as a proxy 
for biomass and with that as an integral measure of land quality (Bindraban et al., 2000), but depends 
on factors like climate (especially fluctuations in rainfall, temperature, sunshine and length of the 
growing season), land use and management (land clearing, afforestation or exclusion zones), large-scale 
ecosystem disturbances such as fires; and increase in nitrate deposition (Dentener, 2006) or 
atmospheric carbon dioxide (Nowak, et al., 2004). Hence, the impact of these factors on land 
degradation should be disentangled in human and natural induced causes in order to identify measures 

for intervention. 

Accurate assessment of degradation is essential for estimating (potential) loss of ecosystem functioning 
and future consequences for humankind. Ye and Van Ranst (2009) for instance assessed loss of crop 
yield in China based on the GLASOD degradation assessment for Asia ASSOD (Van Lynden and Oldeman, 
1997). Such assessments have inherent weaknesses, because they are derived from yield reduction 
factors based on expert judgements,  on partial insight of adverse soil conditions on yield, and on 

statistical procedures that do not allow extrapolation over time nor in space. 

The complexity of factors affecting land degradation calls for location-specific interventions to prevent or 
mitigate degradation or to rehabilitate degraded areas. The World Overview of Conservation Approaches 
and Technologies database (WOCAT, 2012) contains more than 450 soil and land management 
technologies and their corresponding implementation strategies based on field investigations in over 50 
countries. It offers a unique standardized set for interventions for dissemination of best practices to field 
practitioners, decision-makers and policy-makers. Yet, the disconnection between the different levels of 

assessments and interventions remains to be overcome. 

 

2. Methodology to link data sources and approaches to arrive at global assessments 

Based on a review of degradation research Bindraban et al (2012) find that the methodologies that have 
been used over the past decades to assess degradation and the associated impact on ecosystem 
productivity reveal little consistency.  Different methods leading to divergent outcomes can hardly be 
verified. We feel that it should be feasible to develop a comprehensive approach to better assess both 
extent and impact of soil degradation interlinking various scales. The increasing computational power, 
along with the availability of consistent long term remotely sensed information and increasing insights in 
production ecological processes provide a means to integrate and verify process-based approaches at 
ever higher spatial scale and resolution to more accurately assess both degradation and impact 
interlinking different scale levels. Interlinked with existing model-based environmental impact 
assessment models, such as IMAGE (Bouwman et al., 2006) and GLOBIO (Alkemade et al., 2009), this 
approach could result in powerful tools to assess: 1) ecosystem degradation per se and its direct in situ 
impacts, and 2) associated off-site and indirect impacts, for example on water basin hydrology. The 
integrated nature of the IMAGE modelling suite allows to assess these impacts in isolation, as well as in a 

context of other processes in global change.  
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Figure 1. Flow diagram to interlink a range of methodologies to arrive at a comprehensive assessment 
of land degradation and impact on ecosystem functioning; 1) the current degradation assessments 
linking NDVI analyses and crop-soil modelling, 2) assessment of pristine and current soil properties, 3) 

assessment of forest cover and 4) integration in comprehensive models. 

The methodology that is being developed by a consortium of institutes1 comprises various analytical 
pathways to arrive at an objective and quantitative assessment of changes in soil characteristics, that in 
turn allows to quantify the impact on ecosystem functioning in combination with other environmental 

factors such as climate. 

 

2.1 Disentangling natural and human induced causes of current degradation 

To disentangle human and natural induced causes of land degradation Bai et al. (2012) and Conijn et al. 
(2012) integrated analytical methods for NDVI and crop-soil modelling. The impact of climatic variability 
on NDVI was, for instance, at first statistically adjusted (Bai et al., 2008). However, changes in climatic 
conditions, such as the total amount of rainfall in a seasons or temperature, may not proportionally 
affect biomass production. The combination of satellite-based estimation of NDVI and calculated total 
annual biomass based on long-term series of climatic data and constant crop and soil properties is used 
to disentangle the likely impact of climate from other causes on the observed trends in NDVI. 
 
Consistent remotely senses NDVI, representing the greenness on the earth’s surface, corrected for view 
geometry, volcanic aerosols, and other effects not related to vegetation cover, is available at 8km-spatial 
resolution for the period 1981-2006 (Bai et al., 2008). Total annual production of biomass is calculated 
for every year in the period 1981-2006 with the crop model LINPAC (Conijn et al., 2011; Jing et al., 
2012) following production ecological principles (van Ittersum and Rabbinge, 1997) and refers to the 
rain-fed production level, i.e. optimum management but not irrigated, ample nutrient availability and 
free from pests, diseases and weeds. The model calculates biomass based on crop characteristics, soil 
and weather data: including soil texture, soil depth, soil water holding capacity, radiation, temperature, 
precipitation, vapour pressure and wind speed.  
 
Time series of gridded weather data  from the Climate Research Unit (CRU, 2011) were used as input 
with a resolution of 30x30 arc-minutes. Soil characteristics were obtained from the ISRIC-WISE v1.0 
database (Batjes, 2006) in combination with the Digital Soil Map of the World from FAO with a resolution 
                                                 
1 PBL, ISRIC, WUR, UU, Deltares, WRI, SOW and PIK; led by PBL 
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of 5x5 arc-minutes (FAO, 1996). The land use map of Erb et al. (2007) was used to estimate the crop 
land fraction with a resolution of 5x5 arc-minutes. The annual crop has been approximated by taking the 
characteristics of a wheat/maize crop as input (wheat for temperate and maize for tropical regions) and 
those of Miscanthus to represent perennial vegetation. 
 
The changes in annual NDVI and biomass are compared at 5 by 5 arc-minutes resolution leading to four 
combinations. First, a positive NDVI and positive biomass change suggests that the improved greenness 
might be totally or partly explained by improved weather conditions as these are the cause for the 
increase in biomass. A relatively low positive NDVI change and high positive biomass change could even 
indicate that deteriorating conditions of e.g. soil and land use have had a negative effect on the 
vegetation, but have been masked by the larger positive effect of climatic changes. Second, positive 
NDVI and negative biomass change suggests that worsening climatic conditions decreased biomass but 
rather than an expected negative effect on NDVI, the greenness has improved. This might have possibly 
been caused by favourable interventions like irrigation, fertilization, increasing atmospheric CO2 
concentrations, deposition of reactive nitrogen, or reforestation. Hence favourable human interventions 
or natural changes could have caused these combined trends. Third, negative NDVI and positive biomass 
change suggest that the greenness declines against a trend of expected positive change from climatic 
conditions. It is likely then that other factors such as deforestation or severe soil degradation have had a 
larger impact on the productivity. And Forth, negative NDVI and negative biomass change suggest that 
the decline in greenness may have resulted (partly) from worsening climatic conditions. Here a stronger 
decline in NDVI over biomass could also indicate a worsening of soil conditions or land use change, like 
deforestation. 
 
 

2.2 Assessing pristine and current soil properties 

Developing a geo-referenced database of world soil property layers for pristine and current situations 
(Stoorvogel et al., 2012) is important for our modeling effort. Global soil maps like the Harmonized 
World Soil Database (HWSD, FAO et al. (2009)) and databases with soil profile information like the WISE 
database (Batjes, 2009) provide an excellent starting point. In the last decades a wide array of additional 
auxiliary global environmental data on e.g., topography, land use and climate has become available to 

develop such spatial distribution of soil properties. 

Four soil properties, important from a perspective of assessing productivity, were studied: organic matter 
in the topsoil, depth of the topsoil, soil texture of the soil profile, and soil depth. The ranges of the soil 
properties per soil type were assessed using the soil profile data from WISE. Four auxiliary landscape 
properties, i.e., slope, annual rainfall, average annual temperature, and land use intensity, were 
considered to be main driving factors for the variability in soil properties within the soil types. Correlation 
between the landscape properties and the soil properties were used to assess the global distribution of 
the soil properties. The methodology, denominated S-world (Soils of the World), resulted in global maps 

of the four soil properties. The basic formula in this procedure, performed at the grid cell level, is: 

????? ? ? ? ??????? ? ? ?????? ?? ? ? ??????? ? ? ? G? ? ? ? ??? ? ? ? ? ? ? ? ? ?? ? ??? ? ? ? ? ? ? ? ? ? ? ? ??????? ? ? ? ?? ? ? ? ? ??? ? ? ? ? ? ? ???? 
Where: 

Soillow  is the value of the 1st decile of a specific characteristic (organic C% of topsoil, thickness of 
topsoil, soil thickness, soil clay content) of this soil type in the WISE database; 

Soilhigh  is the value of the 9th decile of the same characteristic of this soil type in the database; 
fTemp  is a temperature factor; 
fPrec  is a precipitation factor; 
fSlope  is a slope factor; 
fLUI  is a land use intensity factor; 
? xxxx  is the weight Error! Reference source not found.attributed to the effect of each parameter 

(temperature, precipitation, slope and land use intensity) on the soil characteristic based on 
expert judgement. 

 
fTemp , fPrec  and fSlope are calculated as (x-xlow)/(xhigh-xlow), where x is the prevailing value of fTemp , fPrec  or 
fSlope in the grid cell and xlow and xhigh are the 1st and 9th decile respectively of the same landscape 
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property for this soil type in the WISE database. The land use intensity factor, fLUI,  is set to 1.0 for crop 
land and 0.5 for mosaics of crop land and pasture or natural vegetation. For natural areas and pastures 
fLUI,  is calculated as the ratio between actual and potential NDVI of each grid cell, where the potential 
NDVI was calculated using a frontier analysis, with temperature and precipitation as regression variables. 
Current soil properties are modeled by using current land use intensity, pristine conditions are modeled 

by setting the land use intensity at 0.  

In early 2013 the accuracy of resulting maps of historical degradation and ongoing degradation will be 

tested by comparing them with location-specific data (Sonneveld et al., in development).  

 

2.3 Assessing change in forest cover and carbon storage 

Forest degradation was defined as a substantial reduction in tree cover density in comparison with 

potential density. Four classes of forest degradation were mapped (WRI, 2012): 

• Intact forest landscapes (IFL), which show no signs of significant human activity.  
• Fragmented forest which contain forest that is fragmented by roads and/or managed for wood 

production 
• Degraded forest  which contain forest with a lower tree canopy density than its potential density: 

Closed forest which have been transformed into open forest or woodland or open forest into 
woodland. 

• Deforested lands – landscapes of forest with different potential density which have been 

converted into non-forest (canopy cover less than 10 percent). 

On the basis of these forest degradation maps the associated loss of carbon has been calculated as the 

difference between the potential and the current carbon stock on these lands:   

Carbon loss = Area of degraded forest * (Potential carbon stock/ha – Current carbon stock/ha) 

An estimation of the loss of forest productivity in terms of C sequestration, fibre and timber is still in 

development.    

 

2.4 Aggregated assessment of impact  

The information thus generated in the various components can either be used directly in the integrated 
modelling suit, or after an interpretation via so-called pedo-transfer functions to calculate parameters 
such as water infiltration rate and plant available soil water holding capacity from basic soil 
characteristics. For example, changes in soil, land use and land cover induce changes in landscape 
hydrology which, with a one-day time step are captured by the GLOFRIS module of PCR-GLOBWB model 
to calculate the incidence and risks of river floods. The LPJmL model (Bondeau et al., 2007; Biemans et 
al., 2011) uses the same information, to calculate crop yields and water use for irrigation. The 
comparison of NDVI and biomass calculation based on production ecological principles allows 
identification of location specific drivers for degradation or rehabilitation. IMAGE assesses the effects of 
CO2 emissions on climate change and integrates all these results to calculate the required amount and 
location of different types of agricultural land to satisfy a given demand for food and other agricultural 
products for different  socioeconomic scenarios. Additional coupling with an economic model (not 
included in Figure 1) such as LEITAP (Van Meijl et al., 2006) could eventually provide an estimate of 
economic impacts on the prices of land and food, agricultural employment and GDP. The GLOBIO model 
will assesses the loss of biodiversity due to historical degradation which is only partly taken into 
accounted in its analyses for UNEP and the CBD, and will assess additional losses in the future due to 

loss of productive landscapes and consequent additional demand for land.          

Furthermore, overlays of the results are being made with geo-referenced data on the proportion of rural 
incomes from agriculture, livestock or other activities that are directly dependent on ecosystem 
functioning. This information is being used to identify regions that are particularly vulnerable to 
ecosystem degradation and where livelihoods are most likely to be affected. Extrapolation of current 
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degradation trends, could eventually be used as an early warning system to identify degradation 

hotspots, where pressure on the land could even lead to geopolitical insecurity.  

 

3. Closing remarks 

The methodology proposed aims to integrate both scientific insight from different disciplines and advance 
information technological means to arrive at a comprehensive assessment of degradation and its causes 
for identifying location-specific interventions measures. The results aimed at, especially those on 
restoration options, might be of direct relevance for the achievement of all three Rio conventions, as well 
as for achieving the Millennium Development Goals on food, water and energy security. Preliminary 
results will be orally presented and both the methodology and the results will be openly discussed to 
advance the approach. The consortium also calls upon interested parties to contribute to this global 

effort. 
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Wetlands are known to perform many functions for the benefit of humanity.  Their continued ability to 
perform these functions depends largely on the way they are used and managed. Because of increased 
pressure for use of these wetlands for water and food production to alleviate poverty and  attain  water and 
food  security,  particularly  in  rural  Africa,  these  wetlands  are  likely  to  become degraded and lose their 
ability to continue to supply valuable ecosystem services.   FAO in partnership with Ramsar Convention 
elaborated guidelines so that development of wetlands does not compromise their ecological functioning while 
seeking to maximize the benefits that they can provide. 
 
Inland Wetlands occupy about 5% of the A f r i c a n  continent’s land area. Some of them are designated 
Ramsar sites for which commitment for their wise use has been established through the Contracting Parties of 
the Ramsar Convention by most African governments. The guidelines address sustainability of Inland 
Wetlands use from an ecosystem perspective and within the context of Integrated Water Resources 
Management (IWRM) which seeks to achieve a balance between Economic Efficiency, Social Equity and 
Environmental Sustainability.    
 
The number and areal coverage of wetlands in Africa have not been accurately determined, as both 
parameters are so variable that it is not possible to accurately quantify either of them. Several 
publications on inventories of wetlands in Africa (Hughes and Hughes, 1992; Stevenson and Frazier, 1999, Sally 
et al., 1994; Kamukala and Crafter, 1993; Masundire et al., 1998) only give estimates with varying degrees of 

reliability.   African wetlands cover a total area of approximately 1.5 million km2, with estimates of the various 
types, based on reviews of several inventory studies, presented in Table 1.2 (Lehner and Doll, 2004). 
 
Globally wetlands have suffered at least a 50% decline since 1900. Loss of wetlands has been attributed to a 
variety of causes including reclaiming land for agriculture, urban and infrastructure development as well as for 
control of water borne disease vectors (Dugan, 1990; IWMI, 2007). The extent of wetland loss varies considerably 
from place to place.  In Africa, wetland loss has been mainly due to agriculture, although there is generally lack 
of published data on the rate of this loss (IWMI, 2007; FAO 2008).  Agriculture dominates water use in all 
continents, with Africa and Asia having the highest average values of about 75%. Apart from direct rainfall, 
wetlands are usually the major source of water for agriculture. 
 
Agricultural practices in African wetlands have caused their extensive drainage, habitat loss, reduction of species 
and water quality due to use of herbicides, pesticides and fertilizers, and degradation o f  the environment 
(Ravenga et al., 2000; Finlayson and D‟Cruz, 2005).  Some of these agrochemicals associated with agricultural 
practices are “Dirty Dozen” Aldrin, Chlordane, Dioxins, Furans, Dieldrin, DDT (+DDD + DDE), Endrin,  
Heptachlor,  Hexachlorobenzene, Mirex, Poly-chlorinated biphenyls (PCBs) and Toxaphene.   These practices 
have significantly compromised the Ecosystem Goods and Services offered by Inland Wetlands (FAO, 2008). 
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The guidelines present a broad outlook of wetlands and the target audience for the guidelines and the 
legislative environment in which these guidelines should be implemented are also presented. They respond 
to an identified need that is aligned with the Rio declaration ‘ the Future we want’ in its vision statement  4 
on ‘changing unsustainable and promoting sustainable patterns of consumption and  production, and 
protecting and managing the natural resource base of economic and social development are the overarching 
objectives of an essential requirements for sustainable development.’ 
 
The document discusses the hydrology, water chemistry, soils and ecology of Inland Wetlands.  A case for 
economic valuation of Inland Wetlands is made to underscore their huge natural capital. The guidelines 
illustrate the linkage between Ecosystem Approach (EA) and Integrated Water Resources Management 
(IWRM), and how these two management strategies complement each other in the realization of 
sustainable use of Inland Wetlands. 
 
The document is also providing guidelines on importance rating of Inland Wetlands based on their hydrological, 
socio-economic and ecological factors.   These ratings should be used to inform types of development 
projects that can be accommodated in the Inland Wetlands.  The guidelines outline the steps for implementing 
the economic analysis of various development projects.   It is indicated that large scale projects like commercial 
agriculture should undergo Environmental Impact Assessment (EIA) according to national legislation, while small 
scale development projects could be implemented according to these guidelines.  A  p a r t i c i p a t o r y  
a p p r o a c h  i n  I n l a n d  W e t l a n d s  i s  p r o p o s e d  a s  w e l l  a s  a  m o n i t o r i n g  a n d  e v a l u a t i o n  
f r a m e w o r k .  They are to be piloted in selected countries, after which they will be further enriched with 
the insight that will emerge from the exercise, considering the pioneering nature of some of the 
components which need to be tested in practice in the context of Africa. It is therefore expected that these 
guidelines will be mainstreamed into various pieces of legislation in African States.    
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ABSTRACT 

Despite international efforts to protect human rights, climate mitigation policies are not 

adequately addressing the problems of vulnerable communities living in arid and semi-

arid zones. This paper analyzes how climate change policy plans may interfere with the 

(existing) adaptation strategies of vulnerable communities and local institutions, and 

provides recommendations on how climate change policy and process can better deal 

with their own negative impacts. Discussion is based on case studies of vulnerable forest-

dependent tribal communities from drought-prone semi-arid Rajasthan, India. Findings 

indicate that otherwise well-intended, but contradicting policy interventions can 

adversely affect tribal livelihoods, particularly women. Yet, community-based adaptation 

strategies adopted by tribal people fail to gain attention as potential solutions in policy 

processes. Recommendations to counter this failure are outlined. 
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WORKING DRAFT (NOT FOR CITATION) 

INTRODUCTION 

Discourse on climate change and forest emphasizes the risks and impact on forest 

landscapes and on forest-dependent people. In many developing countries, forestry, after 

agriculture, is the second largest land use and the major source of livelihood in poor rural 

and tribal areas. Adaptation has become an important solution to cope with climate 

change. Contrary to common interpretations, adaptation does not relate solely to the 

responsibility of vulnerable local communities, but rather to the responsibility of all those 

who are causing vulnerability, including those who are accountable for it.  

Poor rural people‟s adaptation to drought, storm or flood is not a new 

phenomenon. For centuries, people across the globe have adapted using diverse local 

strategies to cope with socio-ecological variability. With the growing concern about 

climate change and its impact on the livelihood of the poor – particularly marginalized 

women and children – it has become even more important to understand the adaptation 

knowledge of local communities. Several reports and documents link climate change, 

vulnerability and human rights issues to address the larger ongoing development 

challenges and international negotiations. Cannon, Twigg and Rowell (n.d.) state that 

those worst affected by climate variability and change are the world‟s poor, who are 

vulnerable to loss of livelihoods and assets, hunger and famine, and they have few or no 

support systems. Marginalized groups such as poor tribal people often live in drought-

prone or flood-risk zones without sufficient safety nets such as insurance to cope with 

any losses. Moreover, they lack the ability (power) to influence government policies by 

demanding protection or relief support. Thus, their daily livelihood is challenging even 

without climate variability or change. The larger question of marginalized communities‟ 

basic human rights is at issue.  

The objective of this paper is to elucidate relatively neglected local adaptation 

strategies for coping with droughts in semi-arid, poor tribal areas of India. More 

specifically, this paper is concerned with forest-dependent, vulnerable tribal women‟s 

experiences of droughts and their efforts to cope with the resultant changing 
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environment. The next section deals with the study area and methodology. The findings 

of this empirical case study are then presented. The last section concludes that there is 

need for further scientific and practice-based research to ensure that tribal women‟s 

voices are heard and that they can influence forest tenure policies and pro-poor drought-

risk reduction activities.  

 

THE STUDY AREA 

The Bhil tribe of western India 

India‟s 80 million ethnic minority known as Scheduled Tribes (henceforth used as 

interchangeable with the term, tribal people) are largely forest dependent for their 

livelihoods and inhabit arid and semi-arid regions. It is estimated that there are almost 

700 recognized Scheduled Tribes (Sinha 2005). Since it is the state government that 

adjudicates on whether or not a tribe can be recognized as such, often there are demands 

for formal recognition by some communities who recognize themselves as van vasis or 

adivasis in order to receive certain benefits and schemes from the state and the right to 

apply for reserved posts in government bodies. In the last decade, violence has erupted in 

several parts of India over the issue of non-recognition of several ethnic minority groups 

as Scheduled Tribes. In May 2008, Rajasthan state in the western region of India saw 

riots due to protests by the Gujar, a pastoralist community, in support of their demand to 

be recognized as a Scheduled Tribe. Gujars are classified by the government as 

Unscheduled Tribes (Kavoori 2007). Heterogeneity within Scheduled Tribes is immense 

and sometimes observed within the same tribe across geographical boundaries having 

distinct languages and dialects, habits, beliefs, religion and customary practices. Almost 

84 percent of India‟s tribal ethnic minority live in forested areas depended on forest-

based economies and experience the greatest poverty (Sunderlin et al. 2005).  

The population in this study is the Bhil tribe. Bhils are the third largest Scheduled 

Tribe in India after the Gonds and the Santhals, and one of the poorest. They are the 

predominant tribe in the contiguous semi-arid tribal districts in the Fifth Scheduled Areas 

of Gujarat, Madhya Pradesh and Rajasthan states in western and central India. Citing the 

work of several scholars, Mosse (2005) points out that, during the colonial period, the 
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stereotypical image of wild hill tribes was based on discourse that viewed the Bhils as a 

people forced by powerful pre-British Rajput and Maratha rulers into the remote forest 

tracts, from where they became a source of raiding and dacoitry. During colonial rule, 

like other forest-dwelling communities, the Bhils lost control of the forestland due to the 

introduction of a state monopoly on timber. Settled agricultural practice was introduced 

in the region by banning shifting cultivation. There are some instances of religious groups 

that attempted to convert the Bhils, but this did not fully succeed in this region. In other 

words, the Bhils were exposed several external forces that affected their livelihoods. 

They were supposed to be traditionally a matriarchal society, and most communities also 

have their own traditional or customary institutions. Over the years, the majority of Bhils 

have become settled agriculturalists like mainstream society practicing patrilineal kinship 

in relation to land title and property rights (Baviskar 2003).  

 

Semi-arid dry deciduous degraded forestland 

The nature of what constitutes a forest has been a debatable issue globally, because it is 

difficult to arrive at a single policy definition of forest that can apply in the continuum of 

forest-dependent people, trees and biodiversity, among other factors (Noordwijk and 

Minang 2009). Indian legislation and different actors have a number of contending 

definitions. The word forest signifies a different meaning to tribal people. It means home, 

habitat, culture and economic value for their livelihoods. For forest departments, on the 

other hand, the forest is an administrative unit of land categorization and protection. A 

definition proposed by the Union Ministry of Environment and Forests reads thus: “[a]n 

area under Government control notified or recorded as „forest‟ under any Act, for 

conservation and management of ecological and biological resources” (Rastogi 2007: 

35). This definition, if implemented, would have consequences for the local inhabitants 

of the forests, particularly for the Bhils who inhabit forest villages and degraded 

forestlands that are not surveyed, recorded or notified. Tribal land-use practices are 

traditionally based on oral culture. Lack of documents as proof of ownership has 

historically deprived the Bhils of their property rights, making them so-called 

encroachers in the area that has been their ancestral land for centuries. To rectify this, 

Forest Bill 2007 was passed in India.  
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On average, the agricultural landholding of a Bhil household is less than a 

hectare. Agriculture is rain fed and labour intensive. Poor soil quality due to soil erosion 

and low rainfall are major determining factors for the choice of crop diversity in the field. 

Crops grown during the Kharif (summer) season are largely rain-fed, non-hybrid varieties 

of maize and millets such as bajra (Pennisetum typhoides), kutki or little millet, which 

form the staple diet of this region. Whereas maize is grown on 75 percent of the rain-fed 

cropped areas in this region, most of the millets are traditional crops grown as 

intercropping. Some of the millets are have a high nutrient value, are drought resistant 

and grow easily on dry and degraded land. In some groundwater irrigated areas, wheat is 

one of the Rabi (winter) crops. The climate is tropical, with the temperature reaching 45 

degrees Celsius in the summer months from March to June, with an average rainfall of 

650mm to 950mm between June and September.  

Droughts have been a recurrent phenomenon in the semi-arid region of western 

India. However, the impact is more severe due to loss of forest tenure and a high 

dependency on rain-fed agriculture that often results in crop failure. The detailed 

evaluation report, State of the World’s Minorities 2008 (Minority Rights Group 

International 2008), points out that discrimination against minority groups and 

indigenous communities in India makes it harder for them to cope with the impacts of 

climate change. One of the factors mentioned in the report is that tribal communities 

rarely receive any drought-related relief packages. Dry, deciduous, degraded forests no 

longer provide safety nets for the forest-dependent Bhil tribe. Thus, due to recurrent crop 

failure, some Bhils are forced to migrate for work to supplement their income. Every 

year, increasing numbers of the Bhil population migrate to neighbouring towns and cities 

from this region to work as low-paid unskilled casual labourers. According to Sunderlin 

et al. (2008: 1388 ), such trend “is a reflection not just of increased income opportunities 

in agriculture and other domains, but also of decreased availability of types of forest 

resources that might have been abundant in the past.”  

Cattle used to serve an important economic function in Bhil livelihoods, but due 

to depletion of fodder the cattle number per household fluctuates every year. Moreover, 

the gauchar (communal grazing) land is either degraded or encroached or has been 

closed from open grazing. Tribal women suffer the worst impact of drought, poverty, 
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land alienation and scarcity of natural resources (Agarwal 2001). With the restrictions on 

access to commons, it is the tribal women who bear the brunt of the hardship involved in 

collecting potable water, firewood, fodder, medicinal plants and other non-timber forest 

products. Non-timber forest products such as honey, tendu leaves (Diospyros 

melanoxylon), mahua flowers (Madhuca indica), chirota (Cassia tora) and resins 

supplement to some extent the income of Bhil households. In some tribal districts, the 

collection of non-timber forest products is restricted to members of forest users‟ 

committees or village members formally protecting the adjoining forests. 

 

 

EMPIRICAL DATA AND METHOD 

 

The empirical data used in this paper derive from fieldwork undertaken during two 

summer seasons (2008 and 2009), which were two consecutive drought years in 

scheduled areas of semi-arid western India. The study was conducted in Banswara district 

of Rajasthan state (with one of the highest poverty indicators), with a large population of 

Bhil and Bhilala tribes. The site selection was based on a number of key criteria such as 

scheduled areas dominated by tribal communities, some form of tribal customary 

institutions in the management of common pool resources (CPRs), tribal people‟s 

dependence on natural resources and the implementation of forest decentralization 

(Forest Rights Act 2006) reform.  

A case-study method using a participatory approach was employed, including in-

depth qualitative interviews with two women‟s self-help groups from two neighbouring 

villages in the district. In addition, individual household interviews were conducted with 

12 women-headed households and executive committee members of village forest 

institutions in these villages. In view of the high illiteracy rate, seasonal migration of tribe 

members (for wage labour in neighbouring cities) and relevance to the study objectives, a 

combination of data collection approaches was employed: informal meetings, observation 

under natural conditions, focus group discussions, participatory mapping and interviews 

(Yin 1994).  
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In qualitative studies, it is possible for perceptions of respondents to be influenced 

(Leurs 1996). In this study, this effect could reflect either power difference between local 

people and researchers and/or the drought at the time the study was conducted (Bailey 

1978). For the qualitative data analysis, a database of codes was developed, the interview 

texts were coded and the data were verified (Kumar 2005).  

 

 

COMMUNITY-BASED ADAPTATIONS (CBA): FINDINGS  

 

The term adaptation is often misunderstood as the responsibility of local communities to 

adjust to the changing environment, placing on them the burden to deal with the changing 

situation. This is a narrow understanding of the term. Adaptation can also encompass 

holistic dimensions of the local adaptation with an inclusive approach – social, political 

and economic, as well as global development policy (Reid et al. 2009), but, more broadly 

on the community level rather than on an independent individual‟s response to drought. 

Community-based adaptation (CBA) is a relatively new concept. A simple meaning of 

community-based adaptation to climate change is “a community-led process, based on 

communities‟ priorities, needs, knowledge, and capacities, which should empower people 

to plan for and cope with the impacts of climate change” (Reid et al. 2009: 13). However, 

community is rarely a well-defined concept. Agrawal and Gibson (1999: 633) argue that 

if “community is viewed as a unified, organic whole, then, it fails to attend to differences 

within communities, and ignores how these differences affect resource management 

outcomes, local politics, and strategic interaction within communities, as well as the 

possibility of layered alliances that can span multiple levels of politics”. For equitable 

policy and decision making, such details about community require attention.  

Within a community, different sections have different power (political) and 

capacity to undertake adaptation. Marginalized poor Bhil women are affected by 

depleting firewood and fodder and increasing food shortage. Moreover, tribal women‟s 

voices rarely influence political decision making (Agarwal 1993), including in relation to 

their needs relating to adaptation to climate variability or change. With limited scope to 

influence political decision making, a decentralized local institution plays a significant 
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role. Decentralization, argues Ribot (2004), requires a significant transfer of discretionary 

powers to local bodies, who are accountable to the population in their jurisdiction, for 

example local elected government, e.g. gram panchayat in India. Bhil women‟s limited 

opportunity to participate in politics restricts them from voicing their opinion about 

climate change adaptation activities.  

 

Community-based adaptation of village A 

With two consecutive drought years (2008 and 2009), most forest-dependent Bhil men 

migrated to neighbouring cities for daily wage labour employment. Thus, Bhil women 

were household heads for almost six to eight months during these drought seasons. 

Almost two decades ago, during drought years most Bhil families were able to remain in 

their villages and adapt to the climate impacts by depending on non-timber forest 

resources. However, in recent years, with recurrent droughts over longer periods, 

degradation of forests and uncertain forest tenure rights, non-timber forest resources have 

become an insufficient source of livelihood. Bhil women in this village started to work as 

a community to face the challenges of climate variability and change (experienced as 

drought). The village group local government (gram panchayat) showed no interest in 

women‟s need for fodder (to feed livestock) or income-generation activities. On the other 

hand, the newly selected village forest institution excluded the women from the decision-

making process. This change was challenging for women who collect firewood and 

fodder from the forest. The newly formed informal women‟s community aimed to 

revitalize the indigenous and scientific strategies for coping with drought.   

The tribal women‟s CBA mainly took the form of horticulture on farm land, 

introducing the kitchen garden and drought-resistant millets for agriculture. Tribal 

kinship relations helped them to support each other in household chores and in farming 

drought-resistant millets. They took the initiative to explore different varieties of 

traditional millets that would tolerate the drought and dry soil conditions. In the first year, 

the crops failed. This led to a change in strategy and to creating pressure on the district 

government to support their adaptation practices. Funding to support this initiative was 

approved and, the next year, which was again a drought year, the tribal women 

successfully farmed the drought resistant millets. The men of the household, on the other 
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hand, initially opposed the women‟s interest in practicing horticulture on farmland. The 

fact that most women were devoid of any land tenure rights made them dependent on the 

men of their household. However, the support of the local organization and the training of 

the women‟s group helped the women to gain approval from their household head, and 

the women were empowered by the fact that they could now access the market. Exchange 

of their agricultural output in the market gave them independence (economic and political 

relations). Because of their success, horticulture and a community-based approach to 

alternative crops were extended to the other neighbouring villages.  

 

Community-based adaptation of village B 

As in village A, this village was facing extreme impacts from climate change. Moreover, 

about 25 percent of the households were below the poverty line, and more than half had 

no secured (forest) land tenure rights. Tribal women in village B created a community 

grain storage facility that helped the families who lacked resources. Another important 

aspect of their CBA was their claim on their traditional right to collect jatropha seed 

from the forest. With the increasing demand for jatropha seeds in the local market, the 

village forest institutions denied women the right to collect the seed from the forest. 

Through CBA, jatropha (a drought resistant plant) was planted as a fence on their 

farmland and on communal areas (grazing land). During the drought year, the tribal 

women‟s community took the initiative to negotiate with the district tribal development 

office in marketing the jatropha seed.    

During the CBA implementation process, the village B tribal women were able to 

network and establish good links directly with the buyers. This helped them to get the 

market rate without paying commission to an agent. Moreover, collective selling resulted 

in a better price, and the proceeds were distributed among them depending upon each 

woman‟s seed production. The amount of jatropha seed collected from the women‟s own 

plantations (planted as fences on farm land and in open-access/grazing land) as part of 

their CBA activity was greater than the total quantity collected by the village forest 

institutions from forestland. The women‟s group demanded re-selection of the women 

who would hold a seat on the executive committee of the village forest institution. 

Previously, the women representatives in the village forest institution were connected by 
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kinship to the few elite political members of the institution. Indirectly, their adaptation 

technique to survive climate change enabled the women to gain political power at village 

level.   

 

 

DISCUSSION 

 

Agrawal‟s (Draft 2007) framework on adaptation, institutions and livelihoods provides an 

interesting dimension for analysis. This framework classifies the basic coping strategies 

to counteract environmental risks to livelihoods into five analytical categories: mobility 

(over space), storage (across time), diversification (across assets), communal pooling 

(across households) and exchange (access to markets). Institutions, according to this 

framework, are important in reinforcing different livelihood practices. Using Agrawal‟s 

adaptation as an analytical framework, this paper briefly discusses community-based 

adaptation by tribal women.  

As observed from the above two cases, tribal women faced the challenge of 

decentralized local government (panchayat). In village B, the village forest institution 

resisted by not sharing information, thereby increasing unpredictability and by excluding 

the vulnerable groups – the tribal women. Findings indicate that different kind of 

institutions (see Table 1) influence or hinder community-based adaptation strategies. 

Property rights and forest tenure play a crucial role in community-based adaptation 

practices. Women without tenure rights face the challenges of access to resources and 

decisions relating to changing farming systems.  

The empirical evidence in this paper points to an interesting relationship between 

the institution, adaptation strategy adopted and livelihoods. However, this paper argues 

that political power and representation of marginalized groups are equally important (see 

Figure 2). It is possible to achieve community-based adaptation to climate change 

without the support of local institutions if the level of risk (here drought) is very high and 

may have a negative impact on livelihoods. Some of the women in these villages were 

not part of the adaptation process due to their household‟s economic situation and the low 

risk of drought. Finally, the case study also indicates that women‟s interest in political 
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participation in village forest institutions is high. This could be due to their dependency 

on the forest for their livelihood, especially during drought years. The jatropha plant 

became an important community-based adaptation for two reasons: its drought resistance 

and market demand. Such positive impacts of community-based adaptation helped to 

improve the livelihood outcomes of the forest-dependent tribal households.  

 

 

CONCLUSION AND RECOMMENDATIONS 

 

This paper attempted to show the role of tribal women‟s collective activities in 

understanding the importance of adaptation to frequent droughts in the semi-arid region 

of western India. However, it may be argued whether these activities can be considered as 

a response to frequent climate variability or as a response to concern about possible 

future climate change. Nevertheless, it is evident from this case study that tribal women 

protect themselves by various adaptation mechanisms. Community-based adaptation by 

diversification (agro-forestry, horticulture), asset pooling among kinship/hamlets, and 

migration to the cities or wage labour enabled them to overcome the climate stress. As 

observed, village forest institutions play an important role in enabling (or possibly 

hindering) the initiatives of community-based adaptation practices.  

Continuous dialogue and renegotiation are required to shape changing political 

relations between the main actors. At local level, there is need for a shift towards 

devolution of discretionary decision making and the transfer of tenure rights to 

marginalized tribal communities, including women. Moreover, there is need to statutorily 

recognize a forest management institution by different line ministries and departments 

managing forests in tribal areas. At national level, there is need for a constitutional 

approach to forestry reform in which the state should be accountable. A clear tribal policy 

that stresses the recognition of traditional forest and land tenure rights of tribal people is a 

key requirement for the success of coping with climate variability. The concept of 

adaptation as coined in the western world and by external agents (donors, researchers, 

etc.) is evidently different from the perception of poor, marginalized tribal communities. 

Therefore, there is an urgent need to revisit what community-based adaptation implies in 
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tribal areas for the management of degraded forests. Equally, there is need for empirical 

research to examine role of community-based adaptation and rights-based policies in the 

current decentralized approach to forest management in tribal areas.  

Political power is an important aspect of climate variability and change. Political 

participation by vulnerable tribal women is crucial to ensure that they influence policy 

and that their voices are heard in major forest and climate negotiations. For negotiations 

at local (village) level, people‟s representation, including the opinion of vulnerable 

populations, is essential. This begs the question as to who is vulnerable and calls for local 

knowledge to solve the problem, the local perception of what is at risk and how it can be 

solved, and what needs to be prioritized by policymakers. For negotiations at national 

level, in addition to the above, it will mean networking and policy advocacy with multi-

disciplinary institutions, ensuring devolution of power, implementation, monitoring and 

reviewing adaptation practices, allocation of funding and resources. And, at global level, 

negotiations must involve transparent deals that benefit the vulnerable groups such as 

children, indigenous peoples and poor women. The underlying process of such 

negotiations needs to be empowerment of marginalized groups, without any dangerous 

impact on their livelihoods and environment.      

A great amount of research is needed to document and analyse the community-

based approach. Forest and land tenure rights of tribal women and other vulnerable 

groups could complement their climate change and variability adaptation practices. 

Mainstreaming community-based adaptation in development projects is not the only 

option. Flexible localized rather than adoption of a single community-based approach 

should be focus of discretionary decision-making process of elected local institutions. 

The success of community-based adaptation depends on recent forest tenure reform that 

gives recognition of the forest tenure rights of the Scheduled Tribes and other forest-

dependent people. There is need to explore a holistic and comprehensive understanding 

of various adaptation strategies (including local initiatives) and existing forest policy 

activities to cope with droughts in semi-arid regions. That is, more scientific and 

empirical evidence is needed on how a given group of a marginalized population at high 

risk (of drought or flood) will be affected by climate change.  
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The key recommendation is that local initiatives (such as those described in this 

paper) should provide an opportunity for government, research institutions, donors and 

policymakers to recognize and promote community-based adaptation strategies. On an 

optimistic note, a win-win situation for sustainable forest management without any 

negative impacts (of climate stress or change) on vulnerable groups is possible to 

achieve.  
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ABSTRACT: Over the past two decades there has been increasing interest in developing indicators to monitor environmental 

changes at the local level. The purpose of this paper is to introduce a set of indicators developed to assess the general ecological 

condition and to highlight human environment systems functioning in relation to desertification in Menzel Habib and Haddej-

Bou Hedma observatories (Tunisia). The ROSELT/OSS (Long-Term Environmental Monitoring in a Circum-Saharan Network) 

was the framework of the monitoring programme of this study. Two approaches were used to monitor the environment. The first 

is designed to monitor biophysical parameters through measurements and evaluations of changes in natural resources. The second 

is based on surveys for the regular collection of socio-economic data. Monitoring results showed that the studied areas were 

marked by an increased aridity and variable drought frequencies, loss of vegetative cover; decrease in water availability and soil 

degradation due to improper irrigation practices. From the socio-economic perspective, the last four decades have been marked 

by major changes that have seriously altered the state of environment, the relations between the local populations and the 

environment, uses, practices, life styles and the adaptation of the local populations to ever-changing environmental conditions. 

Population growth, sedentarisation of livestock producers, land privatization, economic liberalization and agricultural 

"modernization" interact as part of the ecological and socio-economic dynamics. Data from these surveys have already been used 

in Local Environmental Information Systems (LEIS) and in making the first models of the socio-economic functioning of 

territories in the ROSEL/OSS observatories. 

Keywords: Arid; Desertification; Indicators; Local Environmental Information Systems; Monitoring. 

1. INTRODUCTION 

The ecosystems and the agro-systems of the arid zones of Tunisia are vulnerable to several kinds of desertification. Added 

together, these multiple forms of land degradation are causing major environmental damage and significant livelihood 

vulnerability for rural populations whose poverty is exacerbated by the steady deterioration in their natural resource base. 

In the last decades much effort has been put to combat desertification in arid area of Tunisia. Several measures aimed at 

achieving agro-pastoral development on these systems have failed for a variety of reasons including the lack of environmental 

knowledge. In Tunisia, until recently there was no effort put in place to monitor impacts anti-desertification management and to 

evaluate trends in desertification process. 

In this context and with the support of national and international partners (eg. UNESCO, DYPEN, CAMELIO, ROSELT/OSS, 

DNSE/OSS) the Institute of Arid Lands (IRA) has implement the Arid Zone Observatories Network an research programme for 

monitoring and assessment of desertification and land degradation status over large areas of the country using objective and 

reproducible methods, including diagnosis of driving forces. The project aimed at bringing the gap between the extensive 

research works carried out in the last years and the National Action Plan to combat desertification. This presentation will provide 

a brief description of local indicators to monitor desertification proposed in the frame work of ROSELT/OSS programme. 

2. METHODOLOGY 

2.1 Desertification monitoring programme 

The programme on desertification monitoring called Long-Term Ecological Monitoring Observatories Network (ROSELT) was 

launched in 1992 by the Sahara and Sahel Observatory (OSS). ROSELT/OSS programme aims to accompany involved countries 

to the implementation of the United Nations Convention to Combat Desertification (UNCCD) mainly through the National 

Action Plans (NAPs) and the Sub regional Action Plans (SRAPs). ROSELT/OSS is a regroup of observatories coordinate into 

networks at the regional level of Africa OSS geographical area. This area includes three sub-region of Northern, Western and 

Eastern of Africa totalling eleven countries and twelve local observatories. The key objectives of ROSELT/OSS in the field of 

environmental monitoring and research relate to: 

• improving knowledge of the mechanisms, causes, consequences and scope of desertification; 

• production of reliable and precise information on the state of the environment for end- users; 

• monitoring of the state and long term evolution of the ecological systems and of the available resources; 



  

• understanding the functioning of these systems and the interactive effects between the populations and their environment 

at local level, particularly with a view to identifying the respective and/or synergetic part of the climatic causes (climate 

change) and human causes of land degradation. 

In addition the objectives of ROSELT/OSS in the field of support for development are: 

• to provide reliable and useful decision-making products; 

• to develop training in the use of environmental data and information in development strategies and projects. 

2.2 Tunisian ROSELT/OSS observatories 

Two observatories were selected to represent the southern Basses Plaines of Tunisia. Mezel Habib and Heddej - Bou Hedma and 

classified as ROSELT/OSS observatories.  

The Menzel Habib (34°02’ and 34°90’ N latitude and 9°33’ and 9°58’E longitude) covers an area of 100000 ha. In relation to 

climate, this observatory is a part of the lower arid Mediterranean stage with mild winters and mean annual rainfall of about 150 

mm. The Menzel Habib is a rural delegation of the Gabes gouvernorat. In 1994, it had a population of 11,700 consisting of 1,818 

households. Livelihoods in Menzel Habib observatory depend heavily on crop and livestock (sheep and goats) production. The 

Main observatory limitations are imposed by lack of water and soil resources since the soils suffer from low fertility and erosion. 

The main plant formations represented by the steppe are dominated by Rhanterium suaveolens on sandy soils, Arthrophytum 

scoparium on sandy-silty soils, Artemisia campestris or Haplophytum vermiculare in post-cropping form that replace the 

Artemisia herba-alba steppe with Gymnocarpos decander and Atractylis serratuloides are dominant on crusted soils.  

Haddej-Bou Hedma observatory covers 75000 ha and includes the Haddej Park (800 ha) and the Bou Hedma MAB/UNESCO 

biosphere reserve (16000 ha). The presence of a relictual Acacia raddiana tree species, threatened with extinction, largely 

contributed to the labeling of this observatory in the ROSELT/OSS network. 

The observatory area has a population estimated to 13000 in 2058 households and distributed throughout some 30 settlements 

that make up the family groups. Livelihoods in Haddej - Bou Hedma depend heavily on crop and livestock production. Tree and 

cereal crops are grown on scattered plots. Plots are allocated in a manner that provides all the farmers in the area with access to 

water, rangelands and jessour (rain water harvesting structures used in olive and almond tree production). Wheat and barley are 

the main annual crops. Irrigated farming was recently introduced and is used mainly for pea and broad bean crops. Livestock is 

important in the steppic rangelands within the observatory's territory. Sheep are often reared alongside agricultural activities to 

diversify the income sources. 

2.3 Main ROSELT/OSS desertification Indicators 

In this study the Pressure-State-Response (PSR) Model was adopted to categorize the driving variables in two categories: namely, 

pressure variables referring to those driving variables like population growth, desertification and climate change which are 

responsible for the current state of the environment. The response variables refer to those variables that indicate adjustment to the 

state of the environment indicated by change of livelihood strategies or adoption of non-sustainable resource exploitation 

strategies. Two approaches were used to monitor the environment. The first is designed to monitor biophysical parameters 

through measurements and evaluations of changes in natural resources. The second is based on surveys for the regular collection 

of socio-economic data. Key parameters used for monitoring are listed below. 

Biophysical indicators 
• Climatic Indicators: air temperature, rainfall, wind, relative air moisture, sunshine, pan evaporation; 

• Water Indicators: ground water salinity; depth of ground water, runoff; 

• Soil Indicators: soil erosion; soil fertility; soil surface cover, soil organic carbon, soil surface characteristics, 

organic matter, salinization; texture. 

Flora and Fauna indicators 
• Changes in vegetation cover; 

• Changes from perennial to annual; 

• Species composition of vegetation cover; 

• Extinction of certain wildlife species; 

• Changes in species richness; and 

• Loss of biological diversity. 

Land use change indicators 
• Increased cultivation of rangelands; 

• Encroachment of cropping areas into pasturelands; 

• Changes in proportions of land cover time; and 

• Changes in crop yields. 

 



  

Socio-economic indicators 

• Population growth; 

• Population age structure; 

• Farm income; 

• Non-farm income; 

• Land use control; and 

• Life quality (potable water and rural electrification). 

In the frame of ROSELT/OSS for monitoring desertification at a local scale a set of data collection procedures (Boukchina et al. 

2006; Ouled Belgacem et al. 2006; Sghaier et al. 2006; Tbib et al. 2006) and manuals (ROSELT/OSS 2007; ROSELT/OSS 2005; 

ROSELT/OSS 2004 a; ROSELT/OSS 2003) was proposed for each indicator. This includes the use of remote-sensing methods, 

field measurement and sampling  protocols and socio-economic surveys and analysis methods. 

2.4 ROSELT/OSS decision making tools: Local Environmental Information System (LEIS) 

As indicated above, one of the goals of ROSELT/OSS programme is to develop an information system tool (decision support 

system) to be used by researchers to understand the ecological systems functioning and the interactive effects between human 

populations and their environment, but also a decision support tool to be used by public administrations in environmental 

planning processes and implement UNCCD to combat desertification in arid area. In this context, the Local Environmental 

Information System was proposed (ROSELT/OSS 2004 b). The LEIS model is an original tool elaborated and implemented in 

ROSELT/OSS research platform. The model concept (Loireau et al. 2006) aims at restructuring the landscape in a stable space 

units (during one given monitoring period), resulting from the crossing between two separately built geographical plans: 1) the 

spatial allocation of resources in landscape units, thanks to traditional cartographic methods and 2) the spatializing of practices, 

thanks to models, which identify homogeneous areas on which different practices are combined. These models run in fact with a 

quantification of the “artificialization degree” adapted to the local scale (ROSELT/OSS 2004 b). Whatever the data collection 

date(s) may be in this period, these data must represent a functioning that is as much biophysical as socio-economic, and that is 

relatively stable over this period. A priori, without exceptional events being observed, the duration of this period has been fixed 

at 4 years within the network. If there are exceptional events, climatic or social, we must be able to measure them and to monitor 

the consequences during the next monitoring period. 

3. Main ecological and socio-economic trends in Tunisian ROSELT/OSS observatories 

In general, it takes many years for long-term monitoring to be able to confirm significant changes to the ecosystems, especially 

when the system is prone to major variability. This explains the main objective that was established at the beginning of 

observatory operations, namely, to compile enough existing historical data from earlier works over a long enough period of time 

and, whenever possible, bring out the most important emerging trends. 

3.1 Climate trends 

In the Haddej-Bou Hedma observatory, between 1994 and 2005, rainfall amounts from (September to August) showed 6 years of 

deficit (P  < 80 % of mean), 2 normal years and 3 surplus years (P > 110 % of mean) particularly the year 2000, 2004 were the 

only surplus years. For Menzel Habib a great inter-annual variation was observed: between 19971 and 2009, mean rainfall P was 

150 mm and showed 19 years of deficit (P<80% of mean), 4 normal years and 11 surplus years (P > 110 % of mean) particularly 

the year 2000 and 2004 were the only surplus years. 

3.2 Soil monitoring 

The main Haddej- Bou Hedma  plant groups indicated that soil fertility is low and the organic matter rate is under 1%. On the 

other hand, information from monitoring the mineral composition of the soil in relation to the quantitative distribution of 

vegetation shows that under Acacia raddiana tree spices, the humidity and nitrogen rates have gone up, which explains the reason 

for a rich herbage cover in the protected zone, something that was not borne out in the grazed areas. This was confirmed by the 

higher density of perennials (14 against 3 indiv/m2). In the grazed area, the perennial plant cover, which is lower under acacia, 

can be traced to the more intense grazing in shady areas. 

3.3 Water resources 

Water scarcity makes it essential to monitor water resources in arid environments. In the observatories, water resources 

monitoring is done through evaluations of the water status and the quantity and quality of water available for agriculture and 

livestock production. In the Haddej-Bou Hedma observatory, the status of water from rainfall, groundwater available for 

irrigation and soil losses from water erosion are monitored and compared to the systems in the protected zones, considered as the 

reference system. Groundwater is monitored by measuring water salinity in 22 surface wells. The quality of the underground 

water used for watering garden crops (submersion or droplet irrigation) has not changed much. At Menzel Habib, evaluation 



  

made during two cropping seasons indicated an increase in conductivity from close to 2 to 10 mS/cm, probably caused by 

submersion irrigation. 

3.4 Socio-economic trends 

From the socio-economic perspective, recorded data showed that the last four decades have been marked by major changes that 

have seriously altered the state of environment, the relations between the local populations and the environment, uses, practices, 

life styles and the adaptation of the local populations to ever-changing environmental conditions. Population growth, 

sedentarisation of livestock producers, land privatisation, economic liberalisation and agricultural "modernisation" interact as part 

of the ecological and socio-economic dynamics. 

3.5 Biodiversity: flora and fauna 

In Haddej-Bou Hedma observatory direct monitoring of the vegetation indicated inter-annual variation due to rainfall variation. 

The results (Fig. 1) show the significant link between variation in vegetation frequency and rainfall levels (P < 0.05). This link is 

less clear for the annuals and perennials considered separately. Although the annuals respond strongly to rainfall, they seemed to 

fall behind the perennials in 2003. The following year, the reverse was witnessed. The annuals seemed more sensitive to the 

accumulated 3-year rain deficit (1999-2002). The perennials were less sensitive due to their root structure which allows them to 

reach deeply infiltrated waters at times of the year when the annuals and short-lived perennials cannot. 

 
 
Fig. 1: Inter-annual variation of vegetation in the Haddej-Bou Hedma observatory. 

 

In Haddej-Bou Hedma Observatory, the fauna inventory indicates that there are about 300 species including about 100 

vertebrates, 167 insects and 41 arachnids. Many species no longer exist, e.g. among the big mammals, the Dorcas gazelle 

(Gazella dorcas) and the Mouflon (mountain sheep) only exist in the wild in barely few accessible refuges. One of the prime 

reasons for starting up the parks was to protect the wildlife. Since their creation, no or fewer species have disappeared. Moreover, 

more species have even been introduced or re-introduced into Haddej Park and Bou Hedma MAB/UNESCO biosphere reserve 

e.g. the Addax and Oryx antelopes, the Barbary sheep (Ammotragus lervia), and the red necked ostrich (Struthio camelus). In 

Menzel Habib observatory there are no significant wildlife resources.  

3.6 LEIS application for Menzel Habib Observatory 

As a first application, LEIS was used to simulate the Menzel Habib ecological systems functioning and the interactive effects 

between human populations and the environment. The modelling period was 2001 to 2004. Surveys and investigations were 

made between 2003 and 2005. According to Sghaier et al. (2009) the application of an integrated GIS-based model LEIS in the 

Menzel Habib observatory was permission. Obtained results confirm the pastoral vocation of the observatory area and the high 

risks to be embedded following the intensification and the extension of all forms of farming on ecosystem and agro-ecosystem. 

4. CONCLUSIONS 

A set of indicators of desertification monitoring at local level was proposed and tested to evaluate the degree of ecosystems and 

agro-ecosystems degradation in Menzel Habib and Haddej – Bou Hedma ROSELT/OSS observatories. Categories of indicators 

that play a role in desertification for Tunisian arid zones are biophysical (soil, water, climate, flora, fauna) and the agro-socio-

economic (population, agriculture and pasture practices, land uses). When combined with historic data and official statistics, the 

elaborated indicators allowed highlighting the emerging trends in desertification process. However, being dynamic processes, 

monitoring the indicators of desertification should be a continuous activity and evaluation of the results should be done 

frequently. 
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ABSTRACT: We studied a desertification gradient based on spatial gradients produced by important ecosystem 

transitions from sub-humid to semi-arid ecosystems in Portugal. Our aim is to find common indicators of the 

proximity of ecosystem transitions and those patterns, once identified, are used as tools for developing universal 

indicators that allow us to stay away from the edge and to avoid ecological typical points over time. In this work we 

defined a desertification gradient along the south of Portugal to further study the functional diversity of plants and 

lichens as a potential universal ecological indicator of desertification. We are contributing to the 3 UN "sister 

Conventions": on biodiversity-CBD, climate change-UNFCCC and desertification-CDD, that relay in ecological 

indicators of biodiversity and ecosystem goods and services evaluation.  

 

Keywords: functional groups, ecological indicators, drylands, semi-arid areas, Mediterranean 

 
1. INTRODUCTION 

As a result of human activities and climate change, ecosystems are experiencing changes from local to global scales (1,2). 

The high impact of these changes leads to the proposal of a new era - Anthropocene (3). Since the first alert given by the 
book The Limits to Growth (1972), scientists have been attempting to quantify environmental, economic and social limits 

to human activities on Earth. On a global change framework Rockstrom et al (4) analyzed the safety of 9 planetary systems 

(variables of high importance to global habitability) and concluded that the rate of climate change and eutrophication 

already crossed the safety boundaries of the earth system. 

Ecosystems have critical thresholds, the so-called tipping points, at which the system changes abruptly to an alternative 

state (5,6). Once that threshold is crossed, a switch back to the initial state of the system may be impossible leading to 

losses in biodiversity, ecosystem services and human well-being (5,7). These tipping points are extremely difficult to 

forecast, thus reliance on early-warning signals indicating the imminence of a critical threshold is key. 

The first signs of ecosystem response to global change drivers are either too small or too complex to be measured by 

conventional means. Moreover, it is not possible to predict the integrated effect of multiple variables acting on the 

ecosystem just relying on the driver’s measure. Therefore, it is proposed to use measurable and integrated ecological 

surrogates of the structure, composition and function of ecosystems, named ecological indicators (8,9). 
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Several studies focus on measuring the environmental drivers such as climate variables. However the same environmental 

drivers can cause different responses at the ecosystem level, which depend on multiple of un-measurable interactions and 
also on the ecosystems resilience. In this work we propose to focus on the ecosystems response (effect) along transition 

processes, in addition to environmental drivers. Thus we want to assess the ecosystems general response pattern to a 

climatic gradient in the transition from one ecosystem to other more arid. 

As ecosystem functioning is highly complex, monitoring the effects of environmental drivers in ecosystems on an 
integrative perspective can be too time and resource consuming. As an alternative, scientists and managers rely on 

measurable ecological surrogates of the structure, composition, or function of ecological systems, named ecological 

indicators (10).They can be used to predict ecosystems’ changes and help defining ameliorating actions for both 

anthropogenic and natural disturbances.  

Maestre and colleagues (11) reported in a global empirical study that multifunctionality was positively related to species 

richness in drylands. Moreover, they demonstrated that not only plant biodiversity is crucial to buffer negative effects of 

climate change and desertification in drylands, but also that multifunctionality, is modulated by other attributes such as 

spatial pattern and evenness (12). Species richness per se has been criticized as an ecological indicator, mostly because it is 
not sensitive to species functional role, nativeness or resilience to environmental factors (1). Theoretically, rates of 

ecosystem processes might increase linearly with species richness if all species contribute substantially and in unique ways 

to a given process — that is, have complementary niches. However, when different species have similar functions at the 

ecosystem level this relationship is likely to saturate as niche overlap and ‘redundancy’ increases at higher levels of 
diversity. Thus measuring the functional diversity is more important to relate to ecosystem function than measuring total 

diversity. 

We propose to focus on functional-diversity using functional groups as ecological indicators. Functional groups comprise 

species with a similar response to an environmental factor or with a common effect on ecosystems function (13). Our 
results indicated a better explanatory and predictive ability of functional diversity measures in response to several 

environmental factors, in relation to total diversity, grouping species with similar responses (14, 15, 24). In addition, 

numerous empirical studies from our team members have made considerable progress in elucidating how plant and lichen 

traits can be related to ecosystem function and to main environmental constraints, and how these same traits are then 
relevant to the distribution of species along climatic gradients of climate, nutrient availability, and disturbance (18, 19, 20, 

21, 22, 23, 24). 

In a global change framework it is critical to compare the impact of global environmental policies worldwide, in order to 

support the 3 United Nations (UN) conventions: biodiversity, climate change and desertification. 

The underlying conceptual hypothesis is that it is possible to identify and develop integrated ecological indicators of the 

effects of global change drivers (climate change and eutrophication) on ecosystem structure and function. Those ecological 

indicators should have early-warning potential and be as universal as possible. 

Thus, it will be possible to track global changes in a comparable way (worldwide) predicting and developing strategies to 
steer away from thresholds. At this stage our main aim is to define a gradient of desertification that is controlled for most 

variables that vary in the territory and variable for the ones related with climate variations and desertification gradients. 

 

2. DEFINING THE DESERTIFICATION GRADIENT 

This work was done SW Europe, Portugal, Alentejo region. This region has a typical Mediterranean climate. The forest structure 
is dominated by savanna-like woodlands, cork-oak woodlands (Quercus suber L.) in the more humid coastal areas and Holm-oak 

(Quercus ilex L.) woodlands inland. Along the climate transition area, we have selected a number of sampling sites on a random 

stratified way, after homogenizing a number of environmental variables as described below. 

 
We used the Portuguese Forest Inventory sampling points as the basis for the selection. National forest inventory has a regular 

sampling grid with 500m separation with a total of c. 336000 points across the country. We firstly homogenize a number of 

environmental factors (such as altitude or slope) ensuring that their effect was small. This was done by selecting from all possible 

sampling points available that ones that: 

 presented as land-use “Holm-oak woodland” (because this tree includes the transition between the sub-humid to semi-arid 

climate); this information was available for the National Forest Inventory. 
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 presented an altitude between 150 and 300m (thus avoiding the effect of altitude on climate) and inclination smaller than 5º 

(thus avoiding steep conditions, that could influence forest structure); these variables were calculated from an digital terrain 

model with 80m resolution. 

 had a soil dominantly acidic (pH<6.5), of the lithosols or luvisols type and dominated by sedimentary and metamorphic 

lithology (because these conditions were the more frequents in the region); the information was available from the 

Portuguese Environmental Atlas. 

 for which there was no record of fire (avoiding its influence on forest structure and community composition); this 

information was available from the National Forest Authority. 

This homogenization resulted in 6242 possible sampling points. We could observe that these points were distributed in a 

clustered way, mostly due to the landscape arrangement: large woodland areas separated by areas with more intensive agriculture 
areas. In order to allow a more efficient field-work and to ensure more homogenous land-use intensity, we further restricted 

sampling points by choosing single clusters of points, i.e. all points located nearby, by using visual inspection. This resulted in a 

total of 2516 sampling points distributed in two clusters. 
 

We then performed stratification of those points by climate, choosing average annual precipitation (1950-2000). Stratification 

was done in order to ensure that the entire climate gradient was sampled, because most sampling points available were located in 

average climate conditions. This allowed us to stratify the possible sampling points in precipitation classes (17 classes). 
Afterwards, two points of each class were chosen randomly, and the 1-4 nearest points of the same class were selected as 

replicates. This resulted in 258 “final” sampling points (Fig. 1). 

 

 
.Fig. 1: Selection of sampling points after homogenizing several environmental factors (e.g. forest type holm-oak woodlands, soil 

type, altitude), after dividing into areas (north and south) and final random selection of a total of 258 sampling points. 

 
A characterization of these sampling points is given on Fig. 2, based on the stratification done by precipitation. Naturally, annual 

mean precipitation, aridity index and to less extend organic carbon were well related to the precipitation gradient. Although the 

altitudinal gradient is small there was a tendency for sites being located at lower altitude to have lower precipitation and no 
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relation to inclination was observed. There was also a tendency for NDVI to be higher at the sites with more precipitation, a trend 

which seems clear in summer images. 
 

A number of analyses is being carried out in the selected points. These include temporal and spatial analysis of changes in land-

cover type, since the late XIX century to the present, vegetation structure and spatial characteristics determined from satellite 

imagery and aerial photography and community composition from field sampling.  

 
Fig. 2: Characterization of selected sites regarding annual mean temperature (1950-2000), altitude and inclination (averages from 
a 250m radius buffer centered on the point), soil organic carbon, aridity index  and NDVI. NDVI is shown both for the end of the 

growing season (May) and late summer (September) and refers to the average value within a circle with 250m radius. 

Precipitation classes vary from the driest (class 1, less than 490mm) to the wettest (class 17, more than 761mm). 

 

3. CONCLUSIONS 

We were able to define a desertification gradient in the south of Portugal where it will be possible now to make several 

measures of plant biodiversity and lichen diversity in order to relate with climatic and desertification variables in order to 

find an Universal Ecological Indicator. 
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ABSTRACT: In dryland regions wetlands stand out as areas where water and nutrients accumulate, plant and animal production 
potential is high, and production risk is low.  Wetlands are therefore much sought after in dryland regions, by farmers, 
pastoralists, fishermen, collectors of natural products, and also wildlife.  Economic data from reports on some of the 1,000 
isolated wetlands in Niger, presented here, demonstrate this importance to people living at the isolated wetlands as well to people 
living farther away.  The importance of the isolated wetlands is even greater in times of drought.  At the same time the isolated 
wetlands are under threat of disappearing because of increasing human pressure, climate change, land use change in their 
catchments, etc..  Descriptions of selected wetlands in Niger visited in the mid-1990s and again twelve years later show this, too.  
Integrated participatory management of wetlands in dryland regions must be effectuated as soon as possible, so that these very 
important natural resources will be used wisely and sustainably and not used up.  The UNCCD should put this high on its list of 
priorities. 

Keywords: Sahel, isolated wetlands, economic value, threatened ecosystems, participatory integrated management. 

1. INTRODUCTION 

Water is what makes life possible in the arid and semi-arid regions of the world that the UNCCD is primarily aimed at.  In arid 
and semi-arid regions rainfall is very undependable. Wetlands, on the other hand, are areas where water is concentrated, thus 
reducing production risk. Nutrients from sediments and livestock manure are concentrated at wetlands as well, thus increasing 
ecological and agricultural production potential in comparison with the surrounding drylands.  Because of this low production 
risk and high production potential, wetlands in arid and semi-arid regions are much sought after by people as well as animals.  
Wetlands also facilitate the utilisation of the drylands surrounding them.  In short, in dryland areas wetlands are extremely 
important resources.   

Unfortunately wetlands in dryland areas are also under severe threat.  These threats include conflicts of interests between 
different users and user groups, desertification, climate change, demographic change and socio-economic change, as well as lack 
of (integrated) management. 

In this paper I use the wetlands of Niger to illustrate the value of wetlands in the Sahel and other arid and semi-arid regions, and 
to emphasise the need to use them wisely.  In section 2 the various types of wetlands that occur in Niger are discussed.  This is 
followed in section 3 by a description of their use for different purpose, in the wet season and the dry season, and differences 
between years.  In section 4 the economic value of isolated wetlands to different user groups is quantified.  In section 5 
interactions between different types of wetland use, and with surrounding uplands are discussed.  Recent trends and present and 
future threats to these wetlands are reviewed in section 6.  In section 7 conclusions are drawn, and policy recommendations 
made. 

2. WETLAND TYPES IN NIGER 

2.1 The few large floodplains 

The river Niger drains a catchment of 1.5 million km2.  It flows over a length of 550 km through SW Niger.  The flow at 
Niamey, the national capital, varies between 0-1800 m3 s-1, with an average of 1030 m3 s-1 (MHE-Niger 1990a).  This average 
flow was only half as large during the 1980’s, due to increased off-take and lower rainfall (MHE-Niger 1991c).  Along the river 
in Niger there are 63.000 ha of floodplain, i.e. on average an inundation zone 570 m wide on either bank.  Approximately 10.800 
ha of floodplain have been converted to irrigation area, mostly for growing rice.  (MAE-DEP 1991, p.28; MHE-DFPP 1991). 

In the east of the country the Komadougou Yobé forms the border with Nigeria.  This river used to flow ten months per year, but 
in the mid 1990’s it only flowed for six months per year.  This was due to a prolonged period of lesser rainfall, but also to the 
construction of dams upstream: in 1991 there were already 18 of them, with a total storage capacity of 2.6 billion m3 (MHE-
Niger 1991a).   

Lake Chad consists of two major basins.  In its very south-east Niger borders on the northern basin, which receives its water 
primarily from the Komadougou Yobé and from overflow from the southern basin.  Partly as a result of greatly diminished flow 
in the Komadougou Yobé, the Niger part of Lake Chad was dry from about 1988-1998.  The dry period caused very large parts of 
it to be invaded by Prosopis juliflora shrubs.  (MHE-Niger 1991a; W.C. Mullié pers. obs.) 
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2.2 The numerous  smaller wetlands 

In the north of Niger there are a number of oases, with orchards, grape and date production (de Beaufort and Czajkowski 1986; 
MHE-Niger 1991d).  Little information is available about these wetlands.  Throughout the country there are also a number of dry, 
'fossil' valleys, sometimes kilometres wide, dating from the time that the Sahara and Sahel were much wetter than now, 
approximately 6-10.000 years ago.  In most of these valleys water hasn't flown for centuries, some still carry water from time to 
time, while in all these ancient valleys groundwater is often close to the surface.  (MHE-Niger 1990a-e, 1991b-c) 

Finally there are a large number of more or less isolated inland wetlands or lakes, called ‘mares’ in French.  They are often 
located in depressions in the old drainage systems.  There are more than 1000 in Niger alone, varying in size between 10 and 
2000 ha at maximum extent.  Some are very temporary, and only hold water a couple of months each year.  Others contain water 
much longer.  A number are even permanent, and always, or almost always, have water (MHE-DRE-Niger 1993).  These 
wetlands are enormously dynamic.  Some disappear due to silting up (MHE-Niger 1992; Piaton and Puech 1992), but new ones 
appear as well.  One such new wetland is at Dan Doutchi, in a depression that filled up as the drought broke in 1975: it now 

covers 1800 ha when full (Brouwer and Mullié 1994b).  By far the greatest number of these isolated wetlands is to be found south 
of 15° N, in approximately the 300-600 mm rainfall zone, between the line Mali-Tahoua-Lake Chad and the borders with Nigeria 
and Benin.  

Outside of Niger, in only two regions of south-eastern Mauritania there are at least 244 such isolated wetlands (Cooper et al. 
2006).  In other parts of the Sahel their prevalence is without any doubt similar. 

3. THE USE OF ISOLATED WETLANDS IN NIGER FOR VARIOUS PURPOSES:  

DIFFERENCES BETWEEN THE WET AND THE DRY SEASON, AND FROM YEAR TO YEAR 

See Brouwer (2009, on-line) for more detailed information on the use of isolated wetland in Niger at various times of year. 

3.1 Cropping 

During the rainy season there is little cropping activity or horticultural activity around isolated wetlands in Niger.  Only crops 
like floating rice can cope with rising or permanently high water levels.  During the rainy season, farmers with access to both 
wetland frontage and upland fields will be working on their upland fields, where they grow their staple food, pearl millet.  In 
agricultural statistics in Niger a distinction is seldom made between dry-season cropping that is irrigated, and dry-season 
cropping that is dependent on residual moisture in the soil.  In the latter, as the water in wetlands recedes, crops are sown in the 
emerging soil.  As the water stored in the soil is used up by the crop, supplementary irrigation is sometimes applied.  Dry season 
cropping concerns crops like onions, tomatoes, beans, sweet potato, cabbage, lettuce and peppers (pers. obs.).  These crops have 
a much higher nutritional value than the staple millet.  Much of the dry season cropping is for (international) commercial 
purposes.  There is inter-annual variation in the area used in Niger for dry season cropping.  During the years 1984-1991 it 
varied between 42.000 ha and 64.000 ha, rice not included (MAE-Niger 1993).  Dry season cropping was most extensive during 
1984 and 1989: 63-64.000 ha, vs. <54.000 ha in other years.  These two years were respectively a drought year and a year with 
patchy rainfall and poor millet harvests in many parts of the country.  This shows that the total area useable for e.g. recession 
agriculture cannot be reduced with impunity: areas not used during good rainfall years may be an essential safety net during years 
of poor rainfall (Brouwer and Ouattara 1995).   

3.2 Livestock rearing 

During the rainy season wetlands can provide drinking water to livestock, although the availability in the uplands of green feed 
and surface pools makes that less necessary.  In some wetlands, but mostly along the Niger river, the grass ‘bourgou’, 
Echinochloa stagnina, may be grown during the wet season on rising water levels.  When the water level has dropped it is 
harvested for hay.  During the dry season isolated wetlands can provide drinking water for livestock, and also grazing.  Herders 
can bring in local cattle and small ruminants to drink every day, or every few days.  Transhumance herders only use a particular 
wetland during a limited time of the year, as a part of their annual treks that sometimes cover thousands of kilometres.  No data 
could be found on inter-annual differences in utilisation of isolated wetlands by livestock.  With livestock numbers decreasing 
during drought periods, utilisation by livestock of wetlands for drinking will also be lower during droughts.  It should be noted 
that a particular isolated wetland may be important for livestock only once very so many years, when it can, and the other 
wetlands cannot, provide what the livestock and herders need.  But if that year that wetland is not available because it has been 
used for other purposes, the whole associated livestock rearing system may collapse. 

3.3 Fishing 

During the rainy season fishing activity is generally low.  Measures to increase fish production, such as re-stocking and 
increasing aquatic vegetation for fish to spawn in, do take place during the rainy season (MHE-DFPP 1991).  Fishing mostly 
takes place during the dry season, when fish stocks have had time to grow and/or are driven closer together as the water level 
recedes.  The main species caught are Clarias gariepinus (catfish), Tilapia nilotica, T. zilii and Lates niloticus (Nile perch).  Also 
Bagrus bayad, Protopterus annectens (lungfish) and Auchenoglanis sp. (Brouwer and Mullié 1994a).  Inter-annual variation in 
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rainfall will lead to inter-annual variation in the maximum water level in isolated wetlands, and thus to variability in fish 
production in those wetlands.  A nation-wide drought in 1984 did indeed lead to low fish production the following year, as 
mentioned in section 4.3.  During drought years more aestivating lungfish Protopterus annectens may be dug out of the mud of 
dried out wetlands to serve as hunger food (Raverdeau 1991; Cheferou Mahatan 1994; Brouwer and Mullié 1994a). 

3.4 Hunting and tourism 

Hunting was largely banned in Niger in 1974, other than by traditional means.  In 1996 hunting was legalised again on a much 
larger  scale (Brouwer et al. 2001).  The rainy season is not the preferred season for hunting, except for the collecting of eggs of 
e.g. Comb Duck Sarkidiornis melanotos.  These eggs may be put under chickens and the hatched ducklings raised for later 
consumption (pers. obs.).  For tourism, too, the rainy season is not the preferred season.  Although the landscape is beautifully 
green at that time of year, travel to isolated wetlands along unsealed roads can be quite difficult.  There are also many more 
mosquitoes than during the dry season.  The dry season is when most hunting in Niger takes place.  Even before 1996 it was not 
uncommon for ducks and geese to be hunted with shotguns, at least along the Niger river.  Live decoys and baited lines have 
been used as well (Giraudoux et al. 1988; Mullié et al. 1996).  We have also seen little boys use catapults, as well as glue-sticks, 
to catch birds coming in to drink (Brouwer and Mullié 1994a).  Birds may also be caught as by-catch on fishing lines with hooks.  
In the local markets a multitude of animal species, including species found at isolated wetlands, are for sale for medicinal and 
magical purposes.  To what extent these animals are caught in Niger itself  is not clear (Brouwer and Mullié 1994a).  There are no 
data about differences between years, as there is as yet little or no hunting or tourism at isolated wetlands in Niger,.  Note that 
hunters often do not live at the wetlands they hunt at.  If the local population does not profit from the hunters, the hunters may not 
be welcome.  The same goes for tourists, of course. 

3.5 Collecting of natural products 

Local people collect natural products from their wetland during the whole year.  These include wood for cooking; wood for 
construction (trees around wetlands are often larger than those growing further away from water); clay for brick making and 
pottery; water for domestic purposes, including the washing of clothes; plant (and animal?) products for traditional medicinal and 
magical purposes (Brouwer and Mullié 1994a).  Products collected primarily during the dry season include the fruits and tubers 
of water lilies Nymphaea sp. for human consumption; bourgou Echinochloa stagnina to feed livestock; and water for agricultural 
purposes (Brouwer and Mullié 1994a).  Collectors may be local but may also come from further away.   

3.6 Biodiversity 

The vegetation of isolated wetlands in Niger, if present, often shows a concentric pattern, in which the dominating species varies 
with the depth and duration of inundation.  Closest to the shore there is generally a zone dominated by the grass species Veteveria 

nigritana (shortest inundation time); then follow Oryza longistaminata (wild rice), Echinochloa stagnina (bourgou), and finally 
Nymphaea lotus and N. caerulaea (waterlilies, where there is water a meter or more deep at least four to five months of the year).  
In addition to these herbaceous species there may or may not be trees, sometimes in dense stands.  These include various Acacia 
species, and Mitragyna inermis. (Mullié et al. 1999)  During the rainy season most mammals as well as most birds are not very 
dependent on isolated wetlands, as there will be sufficient surface pools for drinking throughout the landscape.  The wetlands in 
the Liptako Gourma region north-west of Niamey harbour an important population of Black-crowned Cranes Balearica 

pavonina, a Sahelian species that is threatened .throughout its range by disappearance of wetlands, disturbance and capture for 
the live bird trade (Meine and Archibald 1996; Brouwer and Mullié 2001).  During the dry season large mammals such as 
antelopes, buffalo, elephants, hyenas, jackals, foxes, and even lions used to come to drink at isolated wetlands in Niger.  
However, other than foxes there are very few large mammals left in Niger, outside 'W' National in the south-west of the country.  
Waterbird counts were conducted every year during January-February during 1992-1997, along the Niger River as well as at 
isolated wetlands throughout the country.  In total more than 100 species of waterbird were observed during those counts, and 
almost 40 species of raptor.  During the dry season Niger is host to an estimated 1.8 million waterbirds.  Most of these have been 
born in Europe or Asia, and some fly more than five thousand kilometres to spend the Eurasian winter in Niger.  Niger's wetlands 
are therefore also important to the conservation of Europe's and Asia's biodiversity.  (Mullié and Brouwer 1994a, 1994b; Mullié 
et al. 1999; Brouwer and Mullié 2001)  There is clear inter-annual variation in the importance of isolated wetlands in Niger for 
waterbirds.  Two thirds of the waterbirds in Niger, on average about 1.2 million, use the isolated wetlands, depending on how 
much rain has fallen the preceding rainy season.  The Niger River becomes more important when the rains have been poor and 
the isolated wetlands only partly filled.   

4. ECONOMIC VALUES OF ISOLATED WETLANDS IN NIGER 

See Brouwer (2009, on-line) for more detailed information on the economic values of isolated wetland in Niger  

In the 1990’s, financial returns per hectare per year in dry season cropping varied from 60.000 (low input Dolichos lablab) to 
1.300.000 (onions) F CFA, or from $ 200 to $ 4.300 per ha per year (Raverdeau 1991; Cheferou Mahatan 1994).  An upland 
millet crop would average $ 70 per ha per year (Brouwer and Mullié 1994a).  Around Illela, Niger, women each worked about 
200 m2 of land during the dry season, while men worked about 2000 m2 (Cheferou Mahatan 1994).  Some people worked their 
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own land, others rented it at up to $ 200 per ha per year.  Introduction of motor pumps meant less people were needed to work the 
same area of land (Andreas Mueller, Projet Marécage Illela, pers. comm. 1994). 

It is worth noting that irrigation projects may provide food and shelter to bird pests, particularly during the dry season when 
normally they would perish (Morel 1971; Mullié 1994).  And irrigation projects, too, have a finite life: for irrigated areas in SE 
Australia the period of useability is estimated at 150-200 years (Meyers 1994). 

Estimated livestock numbers, trade and production prices in Niger, from 1980 to 1991, are given in MAE-Niger (1993, p.95-105).  
Cattle fetched about $ 130-200 per head in 1990, bulls $ 230-300, rams $ 26-43, goats $ 13-20.  As an example of economic 
turnover, in the Region of Tahoua the exploitation rate (trade and slaughter) of cattle, sheep and goats in 1990 was given as 5.1, 
9.9 and 6.9% respectively (MAE-DEP 1991).  Livestock clearly form a very important part of economic activity in Niger.  If it is 
assumed that one-third of livestock production in Niger is dependent on isolated wetlands for its water supply, then the value of 
wetlands to livestock production in Niger was around $ 35 million per year in the early 1990’s (Brouwer 2009). 

In 1989, the fish catch in the Region of Tahoua alone, one of the seven rural Regions of Niger, was estimated at 430 tons, with a 
value of more than $ 250.000 at the wetlands where they were caught (MHE-DFPP 1991).  In the capital Niamey the value of the 
fish was 5-10 times higher (pers. obs.).  In 1993 it was estimated that, with an investment of $ 1 million, the fish production in 
the Region of Tahoua  could be increased to 1.500 tons per year, with an annual value of close to $ 1 million at the then current 
prices.  A total production of 2000 tons per year was considered achievable.  (MHE-DFPP 1991).  Data for all of Niger are given 
in Table 1 as well.  Before 1975 fishermen at isolated wetlands in the Region of Tahoua were almost all from Nigeria (MHE-
DFPP 1991).  At times this led to conflicts about access rights to wetlands (MHE-DFPP pers. comm. 1994).   

As there is as yet little or no hunting or tourism at isolated wetlands in Niger, its potential is completely undeveloped.  On the 
value of collecting of natural products, and of biodiversity, no data could be found.  What value would conservationists in 
Europe attach to for instance the millions of waterbirds from Europe that spend the northern winter at isolated wetlands in the 
Sahel? 

Table 1 summarise the estimates of the very considerable annual values that isolated wetlands in Niger had for different uses in 
the 1990’s.  Since then the population of Niger has doubled, from 6 to 12 million.  Utilisation by the local population of 
especially isolated wetlands has increased accordingly.  Over those twenty years, the prices that are being paid for products from 
the wetlands have increased enormously as well.  In short, isolated wetlands in Niger are generally even more, much more, 
important than they were twenty years ago.  Except those that have already become seriously degraded. 

Table 1.  Some estimated economic values of isolated wetlands in Niger in the early 1990’s.  See Brouwer (2009), on-line. 
 

Product Season Year Extent and value Remarks 

Cropping rainy  ? Value probably quite low; cropping 
priority is uplands 

Cropping dry 1991 42-64.000 ha/yr 
$200-$4300 per ha 
(uplands $70 per ha) 

area greater following poor rainy season 
in uplands; high nutrition, high value 
crops 

Livestock 

keeping 

rainy&dry 1991 $35 million per year value of traded livestock that was 
dependent on wetlands for water 

Fisheries rainy&dry 1978-1985 1.100-5.000 tons per year 
$ 0.9-4.2 million per year 

fish catch at all isolated wetlands in 
Niger, value to  fishermen 

Fisheries rainy&dry 1978-1985 $ 5-20(-40) million per 
year 

fish catch at all isolated wetlands in 
Niger, city prices 

Fisheries rainy&dry 1989 430 ton, $250.000 per year Region of Tahoua only; value in Niamey 
5-10x greater; potential 2.000 ton 

Hunting & 

tourism 

dry  ? potential completely undeveloped 

Collecting of 

natural products 

rainy&dry  ? water, wood, clay; plant & animal 
products 

Collecting of 

natural products 

dry drought 
years 

? waterlily fruits and tubers, and lungfish, 
are emergency food in times of drought 

Biodiversity rainy  ? almost no information 

Biodiversity dry  ? average 1.2 million waterbirds in Jan-
Feb; other species? 

 

For some users, such as pastoralists, isolated wetlands are essential to their way of life.  For other groups, having access to 
wetlands as well as drylands increases the range of crop and livestock production options, from which they can choose depending 
on how good the local rains and the flood levels of the wetland are or were.  As many authors have reported, risk reduction is a 
major goal for resource-poor farmers in the Sahel (e.g. Ubels and Horst 1993, p.29; Brouwer and Mullié 1994a).   
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5. INTERACTIONS BETWEEN DIFFERENT TYPES OF USE AND WITH SURROUNDING UPLANDS 

Values of isolated wetlands for a particular purpose also depend on interactions with utilisation for other purposes.  Sometimes 
such interactions are competitive and negative, sometimes they are positive.  They can be local and intermittent, but also long-
distance and permanent.   

For a full evaluation of links between isolated wetlands in the Sahel and associated uplands, and interactions between different 
user groups see Brouwer (2009), available on-line.  Suffice it here to say that   
- Uplands can provide water and nutrient-rich sediments to wetlands, but too much water and/or too much sediment is detrimental  
- Too many dams and too much water off-take upstream will cause downstream wetlands to deteriorate or even die.  
- Raising the outflow level at a particular wetland will effect the water regime and the vegetation at the wetland and downstream.  
- Fish can spawn among the residues of the crops of the preceding dry season.  
- Activities around wetlands can provide extra income that can be invested in uplands, and vice versa; but there can also be 
competition for resources, including labour.  
- Harvesting of aquatic and fringing vegetation at wetlands, trees as well as herbs, by locals and by people from upland areas, is 
too often unsustainable and destructive, leading to a reduction of habitat for waterbirds and other animals, and also to a 
disappearance of resources for people.  Brows, grazing and trampling by livestock can have similar effects.  
- Increased dry season cropping would make an isolated wetland less attractive for hunting and for tourism but in providing 
employment opportunities may also lead to a reduction in seasonal outmigration in search of work.    
- Isolated wetlands are linked to local grazing areas by local livestock, and to more distant grazing areas and  wetlands by 
transhumance livestock.  The wetlands and grazing areas further south help make it possible to exploit the rainy-season livestock 
production potential of the northern Sahel.  Without dry-season watering and grazing in the south, there can be no grazing in the 
north.  Conversely, if transhumance livestock rearing becomes impossible in the north, nutrient transfer by livestock from grazing 
areas to wetlands and millet fields may be reduced in the south.  
- The introduction, accidental or otherwise, of plants such as Water Lettuce Pistia stratiotes, Water Hyacinth Eichhornia 

crassipes, and bulrush Typha sp., may affect the collection of natural products.  
- Isolated wetlands may be linked to other areas through fishermen that come from elsewhere to fish at the wetland.    
- Fishing and biodiversity can profit from livestock rearing because of the transfer of nutrients by livestock to isolated wetlands.  
The livestock watered at isolated wetlands in Niger have been estimated to contribute up to 10 tons of manure and associated 
urine per hectare per year, containing 300 kg N, 30 kg P and the associated energy of the organic matter for use by detritus-eating 
organisms (unpubl. data).  This has an enormous effect on plant and animal production at the wetlands, including fish production 
and waterbird presence: see Brouwer (2009).  
- It is not clear to what extent dry season cropping around isolated wetlands also profits from the transfer of nutrients by livestock 
to those wetlands.  It would be very interesting to investigate that, given the conflicts between farmers and pastoralists at 
wetlands, with pastoralists often having to give way to farmers and give up access to wetlands and grazing resources. 

- Biodiversity at isolated wetlands is obviously important to collectors of natural plant and animal products.    
- Biodiversity is likely to be negatively affected, immediately or eventually, by increases in dry season cropping; degradation or 
destruction of aquatic and fringing vegetation by farmers, fishermen, herders and/or livestock; by an increase in disturbance by 
the same groups; by changes in the flooding regime through the raising of the outflow level of the wetland and/or increased 
retention of water upstream in the catchment; by too much hunting or hunting at too many wetlands; and by overcollection of 
natural products.  
- Waterbirds at a particular wetland link that wetland with the other wetlands they frequent.  These include wetlands in the same 
area with which the wetland forms a habitat system for all or part of the year; as well as all the other wetlands along the flyways 
of the birds concerned.  Bird ringing and satellite tracking studies have shown that migratory birds link Niger to at least 83 other 
countries, from Guinea to NE Canada, across Scandinavia to Siberia, and down via the Caucasus and the Middle East to 
Madagascar and South Africa.   

6. RECENT TRENDS AND THREATS TO ISOLATED WETLANDS IN THE SAHEL 

A number of recent trends at, and changes to, isolated wetlands in the Sahel have already been mentioned in the previous section.  
Many of them are part of, or related to, world-wide demographic, climatic, environmental and socio-economic changes.  The 
casual observer will say that whether these trends are seen as opportunities or threats will depend on one’s point of view.  
However, that is not completely correct.  For not overly large wetlands near Zinder, southern Niger, Framine (1994) already 
estimated that, without proper counter measures, it would take only 10-20 more years for a change from an aquatic to a marshy 
ecosystem to be effected.  At the same time it was said that 20-30 years after farmers move in, wetlands will be degraded for all 
kinds of use, including cropping.  This degradation is confirmed by data in Table 2, where a comparison is made between the 
situation at a dozen isolated wetlands in southern Niger in 1992-1997 and in 2006-2008.  In my considered opinion much of this 

degradation at isolated wetlands in Niger is due to a lack of PINReM, Participatory Integrated Natural Resource Management. 

The importance of isolated wetlands to many user groups is not just limited to the Sahel.  Scoones (1991) gives a similar but 
more wide-ranging evaluation of the importance of small wetlands in semi-arid areas of Africa.  Other relevant publications 
include Dugan (1990), Claude et al. (1991), Hollis et al. (1993),  and Sally et al. (1994). 
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Table 2.  Examples of changes happening at isolated wetlands in Niger, from 1992-1997 to 2006-2008. 
IBA = Important Bird Area according to BirdLife International (Fishpool and Evans 2001). 

Based on Brouwer (2010), available on-line. 

Kobadié wetland, 50 km SW of Niamey along the road to Ouagadougou, ca. 20 ha:  

1992-1997: the wetland in October-November with presence of waterlilies; 
2006: all large trees (Khaya senegalensis) and most medium size trees (Mitragyna inermis) were cut; more people are present, 
lots of disturbance, though few birds. 
IBA Kokoro wetland, 30 km NE of Téra and 150 km NW of Niamey, max. 2,100 ha:  

1992-1997: up to 13.108 water fowl of 44 species in a glorious setting of flooded grassland surrounded by patches of Acacia 

nilotica forest, red dunes, huge granite boulders and palm trees;  
2008: large areas of fringing Acacia nilotica forest has been cleared; a lot more vegetable gardens has been constructed; and 
grazing pressure by livestock on the aquatic vegetation has increased enormously (perhaps in part because of the poor rains the 
preceding year, but most likely because of an increase in population and livestock size); birds are concentrated in a much 
smaller area of the original wetland and are less in number. 

IBA Namga or Namaga wetland, 40 km NE of Téra and 150 km NW of Niamey, max. 500 ha: 

1992-1997: up to 13,190 water fowl including 54 species of bird; 
2008: the wetland has been mostly dried due to poor rains in 2007, but still quite a few birds are observed; the adjoining village, 
from which the wetland received its name, has grown significantly. 

Mari wetland, 10 km NE of Tillabéri, 100 km NNW of Niamey, max. 270 ha:  

1992-1997 up to 4,266 water fowl;  
2006: no water fowl present because an earthen dam had been constructed to raise the level of the outflow of the 
wetland, while the (former?) wetland had been almost completely taken over by farmers. 

Yaya wetland, 40 km W of Birni N'Konni: 

1992-1997: a total of 122 water fowl was counted in this nice little wetland, next to a village; 
2006: although still quite nice and with some water fowl, now there is an apparent increase in population and human activity 
when compared to the situation ten years earlier. 

IBA Dan Doutchi wetland, 80 km NW of Birni N'Konni, max. 1800 ha; originated in 1975 after a huge rainfall event 

which followed the drought of 1973-1974 

1992-1997: up to 55 species of water fowl; 
2006: an earthen dam had been built to raise the level of the outflow of the wetland; still a lot of water present, with people, 
fishing activities and vegetable growing and some other human influence, but now with very few water birds present in the area. 

IBA Tchérassa reservoir, 6 km NE of Birni N'Konni: 

1992-1997: 15,000 Cattle Egrets and 3,000 other water fowl (mostly ducks) present in January 1994; 
2006: large areas of Acacia nilotica were cut, especially in the areas where the Cattle Egrets used to roost; an increase in human 
population and activity is obvious. 

Galmi reservoir, 60 km E of Birni N'Konni 

1992-1997: up to 1,033 of water birds; 
2006: few water fowl present, while the population pressure and fishing activities appear to have increased 

Tabalak wetland, 25 km NE of Tahoua along the road to Agadez, max. 1,150 ha 

1992-1997: up to 5,464 waterfowl of 48 species; Tabalak used to have quite a few trees along its northern end (Acacia nilotica, 
A.albida, Prosopis juliflora, and Balanites aegyptiaca), but in 1993 many of these were cut; in 1993-1994, about 20% of the 
perimeter was covered by vegetable gardens, while 80% was accessed by livestock; 
2007: much less water fowl, in combination with a big increase in human population and human activities; now, it appears that 
80% of the perimeter is covered by vegetable gardens (with some narrow passages for livestock that want to reach the water, and 
20% freely accessible to livestock)  
 

The Liptako-Gourma region, where the countries of Niger, Burkina Faso and Mali meet 

The Liptako-Gourma is an area with (still) lots of great wetlands, threatened by population increases, migration and climate 
change.  Some of the wetlands are probably also threatened by the construction of a dam in the Niger River at Kandadji, just 
south of Ayorou, about 80 km south of the Niger-Mali border.  Dam construction implies employment and (temporary) 
settlement of laborers; this condition attracts people that provide goods and services to these laborers, causing, e.g.: 
- construction of housing, for which timber is cut; in dry areas much of the timber grows in drainage lines and around wetlands; 
- provision of firewood, for which wood is cut; 
- growing of vegetables, mostly around wetlands, which means less access to those wetlands for pastoralists and destruction of 
the bordering vegetation; 
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Because of the continuing urbanisation, the demand for rice in Niger, and elsewhere in West Africa, will continue to increase.  
There have been proposals to develop a further 70.000 ha of land for irrigation in Niger, out of 210.000 ha considered suitable, 
much of it around isolated wetlands.  The market for various other crops grown around wetlands will no doubt increase as well.  
In addition there is the increasing pressure due to population growth, which in Niger is estimated at 3.1% per annum.  That 
growth percentage means a doubling of the population in less than 23 years, and a quadrupling in 45 years.  Around wetlands the 
pressure will grow even faster, due to migration to wetlands from upland areas.    

What effects climate change will have on all this is uncertain, but no-one appears willing to bet that the effects of climate change 
will be positive in the Sahel.  This in spite of the fact that the drought of 1973-74 has led to the creation of quite sizeable (up to 
1800 ha), new isolated wetlands in Niger. 

All in all, there is no doubt that the human pressure on wetlands in Niger will increase enormously during the years to come.  It 
remains to be seen how the poorest people will fare under such conditions if they are not offered help.  Under present conditions, 
in particular poor people still have a lot of (traditional) access to wetlands and their resources.  The danger is that those traditional 
access rights will be diminished by new developments.  Transhumance pastoralists, present at isolated wetlands only part of the 
year, are likely to lose out to farmers, present all year round.  At the same time conversion of upland grazing areas to millet fields 
has forced pastoralists to try their luck further north, where as yet there is less pressure from agriculture.  This has caused for 
instance Peuhl to graze their herds in formerly Touareg areas, again leading to conflicts.  Fishermen, collectors of natural 
products and biodiversity are also likely to be affected. 

What then is the best way to further manage and develop Sahelian wetlands?  Unfortunately, there is no simple answer.  What is 
important is that it is realised how things came to be as they are, and what side effects proposed changes may have.  Certainly, 
without creation and/or maintenance of the right infrastructure and macro-economic climate, wetland management and 
development will come to nought (cf. Breman 1992).  What is also clear is that management and planning will have to be 
participatory to be successful (cf. Dugan 1990, Ubels and Horst 1993, Kouokam 1994).  In addition, appropriate attention will 
have to be paid to traditional techniques for utilising the wetlands; to possible tradeoffs between the various types of wetland 
utilisation for production and conservation; and to the different roles of men and women in the traditional production processes, 
with women often working smaller areas and growing different crops (Ubels and Horst 1993, Cheferou Mahatan 1994).  Finally, 
management and development of Sahelian wetlands will without doubt have to take account of the intimate relationships that 
exist between the use of wetlands; the use of the drylands that surround them; and the use of other areas further away and at other 
times of year by people and animals that use the isolated wetlands in the Sahel only during particular seasons. 

7. CONCLUSIONS AND POLICY ORIENTED RECOMMENDATIONS 

From the above it will be clear that isolated wetlands in the Sahel, and arguably in other arid and semi-arid regions of the world, 
are A. natural resources that are very valuable to a quite a number of user groups, B. under severe threat from a number of 
processes that include desertification, C. poorly known.  There is no recent synthesis of what is known about these isolated 
wetlands, and not even a good inventory of what wetlands there are, how they are utilised, what their value is, and how they 
might best be managed.   

What the UNCCD should do with urgency for isolated wetlands in the Sahel, and probably in other arid and semi-arid regions of 
the world, together with the Ramsar Bureau, national Ramsar Committees, and other national and international bodies, is:  
1. make an inventory of, and database with, all wetlands larger than e.g. 10 ha when they are full (or perhaps >50 ha to start with)  
2. add to that database information on the physical characteristics of each wetland, its utilisation by people, its biodiversity, its 
economic value, and the threats to its functioning  
3. encourage the formulation and implementation of National Wetland Programmes that will in due course take over the 
coordination of the first two tasks, and that will promote and help implement wise use of all wetlands, through Participatory 
Integrated Natural Resource Management based on the Ecosystem Approach of the Convention on Biological Diversity. 
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ABSTRACT: Present the existing modelling infrastructure in Europe on economic and trade models to link climate change risk 

assessment with European agriculture and food security. An overview is presented of more than 20 operational modelling tools. 

The models and tools are tested and compared, linking the existing tools with scenarios. The outputs from the models will be 

presented in a way to make conclusive comparisons. 

Keywords: Climate change, European agriculture, food security.  

1. INTRODUCTION 

European agricultural development, climate change and food security interact in complex ways. Climate change, for example, 

will induce regional shifts of crop production, while mitigation measures in the livestock sector will increase production costs, 

especially in case major reduction schemes are agreed like the EU goal of 80% emission reduction by 2050. Such trends may 

have strong effects on food supplies and food security, both inside Europe, but also on a global scale. European agriculture also 

seeks for opportunities implementing climate smart agriculture, to balance mitigation/adaptation strategies, while maintaining 

productivity in agriculture. European strategies for smart, green and inclusive growth also pursue to increase the role of bio-based 

economy, processing agro-raw material for biofuels, pharmaceutics, textile and new bio-medical material. In addition, there are 

potential win-win measures for mitigation that could actually reduce costs and emissions. The availability of water is a main 

condition for the successful mitigation in agriculture to cope with climate change. 

A main challenge is to finding appropriate methods of generalization (scaling) of outputs of models at different levels, starting at 

farm level and up until European and global scales. Such upscaling will enable appropriate integration of different models that 

exist. 

We explore models integrating such developments from the perspective of economics and trade. Economic mechanisms are a key 

driver for agricultural development at a range of scales (farm, sectoral, regional, European and global) while international trade is 

a main component. Regional and sectoral interlinkages of supply and demand need to be elaborated with crop and livestock 

models. For this, knowledge gaps and the matches of supply and demand need to be examined at various spatial scales. A 

comparative analysis is needed at regional level to identify cost advantages between regions and sectors, regarding labor and 

land, to meet cost effective measures within the livestock sector. 

A major scientific challenge lies within the projected uncertainties of the various models applied. For example, crop and other 

biophysical models are well developed towards accurate projections of future yields, even within uncertainties of climate change 

projections. On the other hand, many economic models are notorious in the lack of precision of long term economic 

developments. Both economic and climate change uncertainties are key elements in risk assessments and a better understanding 

of both types of uncertainties are crucial. Therefore, economic models also need to focus on reliable and long term predictions. 

The paper contributes to the a European initiative to enhance the scientific and technological excellence by facilitating the 

transfer of knowledge, facilitating data access and data sharing across the scientific community and enhancing the visibility of 

European research in the international arena and supporting appropriate policy decision making. It will also contribute to new 

research advances in the field of economics of uncertainty applied to climate change risks and the economics of adaptation of 

human societies to altered climatic conditions, agriculture and land use. 

Adaptation of agriculture to climate change and mitigation measures is crucial, since agricultural production is highly dependent 

on climatic conditions. Agriculture might also increase substantially in its share in total greenhouse gas emissions. In light of the 
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key mitigation strategies in European agriculture, what are the costs involved to the agricultural sector, how are they distributed 

among the different regions and how do they impact agriculture and food security? In a broader view, the impact of a European 

strategy for smart, green and inclusive growth for climate mitigation strategies, agriculture in Europe and food security across 

different regions on the globe becomes eminent. 

 

2. SCIENTIFIC CHALLENGES 

Future farm support programs in Europe will probably reduce direct payments and increase the resources for agri-environmental 

programs. At the same time global change (e.g. climate change, population growth, changing nutrition regimes) requires a major 

increase in productivity of agriculture. These developments will enforce the search for new technologies, specific fostering of 

ecologically desired activities and the development of new organizational forms. Farm level modelling is a strong tool to improve 

organization of farms, test the economic viability of new technologies and ensure acceptance of new agro-environmental 

programs. To improve the quality of this type of models, a review of existing tools and an investigation of the requirements of 

stakeholder are needed.  

Typically, these tools were made specifically for each case of application. Only few efforts were made to develop generic 

approaches that can be reused in different cases. Examples are presented of more or less systematic approaches to develop farm 

models and related to those bio-physical assessment procedures that range from rule based expert assessments to mechanistic 

models assessing from yields to emissions all type of aspects of crop production.  

A thorough analysis of the achievements of more or less generic bio-economic modelling approaches will also have to analyse 

the databasis required to run these models and which improvements are needed to fulfil the requirements of stakeholders. Also, 

testing of the established modelling approaches with a unique dataset will give more information about the validity, flexibility 

and performance of these tools. This testing could be done with the focus on one or two specific problems, like the assessment of 

CO2 mitigation costs for different farming systems.  

Several tools and models are developed by the partners contributing to the project. Economic aspects of agricultural development 

in the EU faces many challenges at the micro, regional, European and the global scale. At farm level, for example, knowledge 

and data is needed on farm behaviour like yield, cropping patterns, livestock, farm structure and management. For livestock data 

on the mitigation potential of greenhouse gas emissions is needed at different regional scales with variable costs involved. This 

also applies to crops and soils.  

 

3. MODEL SURVEY 

A set of 25 economic models are reviewed with a focus on (farm) economics and trade is made. This inventory of existing 

models clarify the type of model, regional focus, the coverage of commodities and the integration of biophysical aspects. We 

distinguish between: 

- Farm level models 

- Agricultural sector models 

- National and regional models 

- International models 

- Global models 

- Other tools. 

 

We compare the scope of the models vis-a-vis the input data (e.g. domestic statistical data, domain specific databases and expert 

knowledge). Also, a survey is performed to better understand the features of the models, with a view to plan for ways to fill gaps 

identified. Topics covered in the models include climate change, climate variability, food security and agricultural development. 

Links between climate change and food production are presented, as well as the mechanisms to link food production with land 

use patterns. Finally, the importance of some issues related to food security and climate change is indicated.   

 

4. POLICY ORIENTED RECOMMENDATIONS 

So far, there is little experience with integrative economic modeling, and considerable efforts are needed to integrate such models 

at various spatial scales, ranging from farm level up to the global level. Several models will be considered for integration. A 

challenge lies within the application of models against patterns of change to explore the capacity of the models for policy 

support. Scenarios, like market prices, changes in the EU Common Agricultural Policy (CAP), have to be developed as such that 

the different model output can be compared. There is a main challenge to assess the relevance of the existing tools with a view to 

improve their contribution to policy support, to enhance the further development of economic modeling tools and to integrate 

modeling tools with the knowledge and collaboration with crop and animal science. 
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5. CONCLUSIONS 

The model survey clarifies economic principles in the models, in terms of supply and demand of food. Including the transfer 

information of yields computed by crop models with supply in the economic models. Gaps remain on the methodological 

development at a range of scales. Overarching conceptual framework is needed in relation to the problems we assess. Instead of 

working with climate models, we could be interested in shocks. Like we have seen, climate change is more on the unexpected 

extremes, and we should look at how models deal with such extremes. But we need climate models to have an idea on the level of 

extremes and frequencies, as well as the regional scope.  
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Introduction 

The Contextualized Education for Coexistence in the Brazilian Semiarid (ECCSAB) is a 

proposal mobilized and articulated as public education policy for the schools of 

Brazilian semiarid. Has the front of the Education Network Brazilian Semiarid 

(RESAB). That network was established in 2000 and since that date has been trying 

consolidate the fundamentals theoretical and practical education of Contextualized 

while new ways of thinking and acting on the school context and its web communitarian 

relations, regional and territorial in which the actors and subjected territorialized are 

social. To link the curriculars inflections the forms of life and existent issues of 

Brazilian Semiarid. As well as producing instructional materials that demonstrate the 

territorial identity and cultural of sertanejos. 

This article presents the paths trodden by RESAB to the insert the education  within the 

project of sustainable territorial development of the Brazilian semiarid. Highlights the 

sociocultural dimension, environmental policy and of the proposed 

'Coexistence'debating the need for a permanent dialogue with the the local knowledge 

of universal and deconstructed the discourses and images attributed to the Semiarid like 

a 'ugly and inhospitable place', 'cracked earth ',' still life ', and apprehend it as a territory 

diverse and complex composed of different contexts, whether of the city or of the field. 

It also reflects upon the pedagogic field grounded in contextualization of the 

knowledge. 

It thus analyzes some background about setting context, addressing it as a scale space-

time, of which the subject is situated in the world, and understands that your place is the 

reference on which he weaves about your know about yourself and the world, other 

words, from their material and immaterial experience.  Shows the itinerary guided by 

the methodological contextualization and how this integrates the quotidian / community 

of students with disciplinary content, motivating them to think about community 

(whether urban or rural), to better understand the reality that surround them and 

enabling them to know their histories, geographies, and its environmental and socio-

cultural environment. 

And lastly in this article evaluates the importance of inclusion of Contextualized 

Education for Coexistence in the Brazilian Semiarid in development processes of 

territorial Semiarid, contributing to the 'good use' of nature semiarid, whose 

repercussions are positive with respect to measures to combat desertification, since, 

based on the construction of ethics of prudence and respect the environmental dynamics 
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of drylands. It is concluded that Education Contextualized opens pathways necessary for 

development of  identity territorial sertaneja and  contributes to the development of new 

and perception relationship with the Semiarid apprehending it as a symbolic territory-

cultural, complex and multidimensional. 

Keywords: Coexistence with the Brazilian semiarid, contextual education, territory. 

The connections required to build the perspective the coexistence with the semiarid 

Brazilian   

Organised civil society in the Brazilian Semiarid has assumed the last two decades a 

pro-active, pressing the control democratization and social development programs for 

this territory. In this context of change that begins in the 1980s, by opening the country's 

political, arose during this period the Movement Moves Northeast, pointing to a 

situation of exclusion from the Northeast and their leaderships denouncing social 

inequities and historical. The Northeast emerged the idea is feasible (emphasis added) 

(FÁVERO, 2002). 

In the years of 1990 to amplify the criticisms to occasional interventions by the state 

and its policy of 'combat drought'. Civil society broadens its articulation through the 

creation and strengthening of rural unions, associations, cooperatives and non-

governmental organizations. In 1992, these movements occupy the headquarters of the 

SUDENE, throwing motion Forum Northeast. A period which extends the resistance 

policy 'combat drought', strengthening the political articulation of Civil Society, which 

will trigger the creation of major networks, for example, in the Brazilian Semiarid 

Articulation (ASA) in 1999, bringing together several social organizations around the 

proposal of 'Coexistence with the Semiarid'. 

This idea-project directs on to another / new meaning to development of Brazilian 

Semiarid, with public policies for social inclusion, equity and prudence with natural 

resources. Emerges an articulation and mobilization by means of social networks, which 

become spokespersons of political inflection 'Coexistence' from among these highlights 

are the ASA, the RESAB and other networks that arise. These networks will act in 

Brazilian semiarid region, a territory bounded from Areas Susceptible to Desertification, 

Ministry of Environment, Brazil focal point of the UNCCD. It encompasses eleven 

Brazilian states: Bahia, Ceará, Pernambuco, Alagoas, Sergipe, Rio Grande do Norte, 

Piauí, Paraíba, Maranhão, Minas Gerais and Espirito Santo. 

The idea-project Coexistence will act in the deconstruction of the meanings of 

stereotypy and negativity, solidified on nature, field, society, culture, etc.., The 'peoples' 

of the Hinterland Semiarid. The focus of the action of joint networks and mobilize 

individuals and groups for new ways of sociability, enabling a new base of knowledge 

and practice about nature and the territory Semiarid be established from practices and 

productive programs, organizational and educational contextualized, appropriate to the 

conditions of the land teak; through the use of and access to social technologies for 

water, as an example, the program permanent mobilization - a million Cisterns program 



(P1MC). Within that context of change and new proposals for the Brazilian Semiarid 

emerges the idea of Contextualized Education for Coexistence in the Brazilian Semiarid 

(ECSAB). 

The trajectory of RESAB to the construction of contextualized education for 

coexistence with the semiarid Brazilian (ECSAB) 

The RESAB is created in 2000, a process was developed much earlier, from productive 

and educational initiative of many Non-Governmental Organizations, Churches, and 

Government Departments and some Public Universities that were developing 

methodological experiences to give another meaning to education offered in Semiarid. 

The inflexions curriculars happened to be directed "to bind the school to the forms of 

life and the problems existent in this region" (RESAB, 2004). 

The events leading up to the formation of RESAB were the "Symposium and School 

Coexistence  with Drought" in 1998 and "First Seminar on Education in the Context of 

Brazilian Semiarid" in 2000, both held at Juazeiro / Bahia. The first meeting promoted 

the institutions and experiences, whereas the second has established up to the Protocol 

Commitment institutions presents by founding the network properly. 

The RESAB nowadays congregates hundreds of Governmental Institutions (Federal and 

State Universities, State and Municipal Secretariats Education), several NGOs, 

Agencies for Technical Cooperation. The network has the support of the Ministries of 

Education (MEC), Environment (MAM) and Agrarian Development (MDA). Besides 

establish important partnerships with institutions of Research, such as the National 

Institute of Brazilian Semiarid (INSA). 

The conception of the educational processes of 'Coexistence' understood by the RESAB 

aims starting with the production of contextualized knowledge, other words, "from the 

context that is able to articulate the several knowledge / produced knowledge by 

humanity, aiming to improve of the living conditions in the Brazilian Semiarid 

"(RESAB, 2004). In this sense, the network operates with four theoretical references 

practical: A Shared Management, the Curriculum Contextualized, the Continued 

Formation and the production teaching materials and paradidactic contextualized, whose 

intention is to create for children, youth, men and women of an Education Semiarid 

significant that portrays their reality. 

To this end, it becomes necessary act upon the textbooks, one which they they are 

produced, especially in southern and Southeast of Brazil, more urban-industrial and 

ideological centrality exercise an over other regions of the country. Materials composed 

of pejoratives contents, limited, which reinforce the negativity and the marginalization 

of Semiarid compared to other Brazilian territory. That is, they act on negativity and 

stereotypy in the identity of backwoodsmen and hinterland. 

The Education in Brazil, and particularly in the Brazilian semiarid got a complex and 

challenging task of reversing the bad performance in the framework of the teaching and 



learning, of rethinking the function and place of the School. In the Brazilian semiarid 

the schools, in the general, they function in a way precarious, especially in schools of 

the field. The absence of a policy of initial and continuing training for educators that 

contemplates a discussion about the natural contexts, historical and cultural Semiarid, 

an aspect that demonstrates a unpreparedness and a lack of adequate knowledge about 

who is the Semiarid by the teachers. 

Another challenging aspect is to rethink the curriculum, since this still presents itself 

disjointed the reality and only propagator of the vulnerabilities and negativities of 

Semiarid (RESAB, 2006). 

The political-pedagogical proposal of this network is a collective construction between 

civil society and the state. To bargain spaces of power within the state programs,  the 

ECSAB to be implemented as public policy. One of the pathways has been the liaison 

with the Ministry of Education and Culture (MEC) for the recognition and adoption of 

the Didactic Book: "Getting to know the Semiarid I and II" in all public schools from 

elementary school. Thus progressively the proposal got been inserted into in the spaces 

of discussions and accepted as a one of the central proposal of the 'Coexistence', besides 

RESAB there are other network - Articulation on the Semiarid  Brazilian (ASA), also 

understand that important is the proposal of education. 

The methodology contextualization as a dialogical and interdisciplinary to think to 

the reality 

The contextualization of knowledges has been the methodological foundation, in their 

different for ways to use her, by institutionalities that clump together to 'Coexistence', 

especially when associating the actions organizational and productive  with the 

educational activities. 

According to Zemelman (2006), one of the foundations of the contextualization of 

knowing is to potentialize the subjected that this is situated within historical your 

moment, expanding your horizon of apprehension of reality, placing it facing a 

constellation of possibilities. For this author, the sense becomes a valid form of 

knowledge production, and not only what can be observed and palpable proven, 

reasoned by modern scientific method. For Merleau-Ponty (2004), the subjective 

experiences of meanings and the senses are forms of knowledge production by the 

thinking subject and need to be retrieved, once been denied by the scientific and 

instrumental reason by modern upon the sensibility creating. A world dominated by 

science, ignoring the the world of perception. It will be a task for education retrieve the 

thinking subject, considering the front to the complex reality of today's world. A 

methodological and epistemological challenging to  science and society contemporaries. 

It will be necessary to put the subject in relation to the complexity network between the 

place and global. 

The contextualization also has been comprehended as an action of disruption with the 

universalist narratives posed by the scientific knowledge, and want to establish new 



agreements, new 'contracts' with the natural and the social. About the universalization / 

colonization narratives, Martins (2004, p.32-34) brings the understanding that this it 

derives from the speech of "outside" denying the 'insiders'. That is, "a nomination 

operated" outside that even gave enough time for "the subjects organize a self-definition 

and self-qualification" adds the author. The idea of of Martins is therefore that 

contextualization is an action of decolonization, for his task of reconstructing visibilities 

and stock images imposed and to allow 'others' excluded from 'hegemonic narrative', 

recuperate their words and to render their relevant questions. 

For Martins and Reis (2004, p.08), the context also does not end the production of 

knowledge and not the reality be reduced to it, because the "context must not be closed 

how an "island" insulated the world of things and of the other knowledges and 

knowledge accumulated by humanity throughout its historical trajectory: "Instead he is 

the beginning of the renewal and deepening of knowledge and learning many different" 

(MARTINS and REIS, 2004, p.08). 

By these justifications are presented, which Dimension the Contextualized Education 

Semiarid as the context, it is of this mundaneness that the subject builds its learning to 

be in the-the-world-with-others (HEIDEGGER, 1981; CARVALHO, 2012). 

The contextualized education and construction of a pedagogical itinerary for 

coexistence with the semiarid 

The Contextualized Education has been practiced in the formal and non-formal 

Education. Are in NGOs, pastoral associations, schools, social movements and other 

spaces. The ECSAB, is still present in most non-formal spaces, presented in the form of 

courses, workshops, meetings with farmers (as), educators, etc.. 

In formal spaces, such as schools and universities, the ECSAB vai stepping into in the 

Political-Pedagogical Projectby referencing on the conception of curriculum 

Contextualized, as a form of overcoming the model curriculum established by universal 

education, whose knowledge is guided in the neutrality in scientism and the 

fragmentation of the contents. The contextualization of knowledge in the formal 

presents itself in a more timely process. What are some notes Schools or Departments 

(city / state), who take this itinerary as performing pedagogical activities from the 

experience and the daily lives of students, motivators and as practical tools, for 

example, the "teaching garden" "the study of reality," among others. 

The activities of mentioned are intended to integrate the quotidian / community of 

students with disciplinary contents, motivating them to think about the community, to 

know better the reality that surround him and making possible them to know their 

histories, geographies and their socio-cultural and environment. The school becomes the 

place of discovery, learn-to-do, for students after a "study of reality" develop 

interdisciplinary activities, systematize the knowledge acquired, elaborate and 

reelaborate concepts and then give back to the community visited, receiving the report 



prepared by the students, stating their impressions, perceptions and knowledge 

developed. 

Some NGOs, as examples, ADAC, CAATINGA, IRPAA, MOC have taken on the 

important role of the insertion ECSAB in drafting the political-pedagogical projects 

(PPP) of the Municipal Education, the states of Piauí, Ceará, Paraíba, Bahia and other ; 

also stand out in the continued formation of teachers and managers in the elaboration of 

educational materials and paradidactic. It is worth mentioning in this path, joint action 

between IRPPA, the UNEB / DCH III and UNICEF in 1997, which prepared in 

partnership with the SEC Curaçá (BA), the first proposal for Political-Pedagogical the 

perspective of Contextualized Education for Coexistence , called "Education with Foot 

on the Ground the Hinterland". 

Final considerations 

The learning of the specificities, fragilities and potentialities of Semiarid by  the  

contextualization  enters in the formal fields and non-formal Education at the prospect 

of Contextualized Education. 

The intangible dimension, subjective and symbolic-cultural territory Semiarid enters 

into the practices, actions, experiences and programs "Coexistence '. And of the process 

contextual in cultural and educational programs and practical subjects have given new 

significance the senses of nature and territorybecause other / new signs and emblems of 

territorial identity are being elaborated. That It is worth saying that the physical, cultural 

and symbolic regimes of signs and the subjectivities that make up the territory Semiarid 

are emerging and that territory doomed to drought and misery passes to the territory of 

possibilities. 

This new logic to see, perceive and conceive nature and semiarid Brazilian territory 

indicates the need to qualify subjected and institutions to act with the logic of 

Coexistence. It is a process of cultural change, in which the Education Contextualized 

brings the possibilities for the formation of this new generation of professionals (not 

only in education but in all areas of technical and scientific knowledge) to become apt 

to think and develop projects development guided by the 'Coexistence'. 

Certainly within the processes necessary actions of combating desertification, now 

incorporating the attitudes, the intentions and environmental consciousness of the 

affected communities. 
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INTRODUCTION

The Lower Shire Valley is one of the areas in Malawi prone to drought conditions. El Nino and Southern Oscillation (ENSO) 

phenomena are major causes of severe droughts that the area experiences, resulting in serious water shortages for domestic 

consumption and crop production. Indications from climate studies done in Malawi using General Circulation Models (GCMs) 

and water balance models (Chavula and Chirwa, 1996; Kumambala and Ervine, 2010; McSweeny et al., 2008) show that the

Lower Shire will get drier with climate change. It is also envisaged that drought episodes will get more frequent under climate 

change scenario.

Suggested anticipatory adaptation strategies for the water resources sector include: construction of upstream storage dams to 

retain surface runoff during the rainy season, exploitation of ground water resources through boreholes and shallow wells, 

implementation of water harvesting technologies, and water demand management.

Adaptive strategies to counter water shortages for crop production under climate change scenario include the following: 

promotion of irrigated agriculture, planting early maturing maize varieties, and growing drought tolerant crops such as sorghum, 

potatoes, and cassava.

LOCATION

The Lower Shire Valley is located in the southern part of Malawi, and lies at the southern extremity of the East African Great 

Rift Valley system. The area has low slope and relief, with the rift valley floor ranging in altitude from 50-76 m above sea level 

(Monjerezi et al., 2012). Steep escarpment characterizes the eastern boundary along the edge of the valley, rising to over 1000m 

above sea level. Towards the western boundary of the Lower Shire Valley lies gently rolling topography, rising gradually to over 

500m above sea level.  The climate of the region is semi-arid and characterized by low rainfall and high temperatures, resulting 



in a scarcity of reliable or clean surface water resources.  The area has a tropical continental climate, and is heavily influenced by 

the Inter Tropical Convergence Zone (ITCZ). The annual average rainfall value of 700 mm recorded in the Lower Shire Valley is

the lowest in the country. Annual temperature values range from 25-35 oC.    The Shire River, the biggest river in Malawi, runs

through the Lower Shire Valley accounting for outflow from Lake Malawi into the Zambezi. 

METHODOLOGY

The vulnerability assessment of water resources in the Lower Shire Valley was based on a review of previous climate change 

studies done by Chavula and Chirwa (1996), McSweeny et al (2008), Malawi Government (2008), and Kumambala and Ervine 

(2010). All the above listed studies used GCMs to generate climate change scenarios. Temperature and rainfall data obtained 

from the GCMs were then used as input in the respective water balance models in order to assess the impact of climate change on 

the river basins in Malawi. Adaptation strategies were then formulated in order to alleviate the impacts of climate change on 

water resources for domestic consumption and agriculture production.

RESULTS

Climate change scenarios generated by a suit of GCMs suggest that the Lower Shire Valley will experience more frequent 

drought conditions in future with CO2 doubling, thereby exacerbating water scarcity.  In this respect, water supply and water 

demand management measures will remain key adaptation strategies for alleviating the deleterious effects of climate change on

domestic water supply. The former include the construction of upstream storage dams, exploitation of groundwater resources, 

and implementation of water harvesting technologies. Promotion of irrigated agriculture, planting of early maturing maize 

varieties, and the growing drought tolerant crops will ensure sustainable crop production and guarantee food security for the 

citizenry.

POLICY ORIENTED RECOMMENDATIONS

Since Malawi does not yet have a policy on climate change, it is recommended that the process of developing the “Climate 

Change Policy” should be expedited in order to enable the government and other stakeholders implement anticipatory adaptation 

strategies to ensure the availability of water resources for domestic use and crop production under climate change scenario in the 

Lower Shire Valley.  However, it worth mentioning that the steps taken by the Malawi Government to develop the Climate 

Change Policy and Climate Change Investment Strategy are highly recommended.

CONCLUSION

The study has shown that the severity of droughts in the Lower Shire Valley will increase and become more frequent with 

climate change. Hence there is need to implement water supply and water demand measures as anticipatory adaptation strategies 

to counter water shortages for domestic consumption under climate change scenario. Also, there is need to promote irrigated 



agriculture, the planting of early maturing maize varieties, and growing drought tolerant crops such as sorghum, cassava and 

potatoes in order to sustain food security at household level.
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ABSTRACT: The controversial Fast-Track Land Resettlement Programme (FTLRP) in Zimbabwe that saw the expulsion, from 
commercial farms, of a large number of white farmers has been rated as a success story, at least by ZANU PF government and its 
sympathisers. As a first move towards black empowerment and an attempt to redress land imbalances, to a large extent, this is 
indeed a great success. However, agricultural yield and environmental maintenance, including biodiversity protection, have 
declined significantly. By way of phenomenological inquiry through interviews with the new settlers, in various parts of the 
country as to their perceptions and practices aided by observations on the environment, this paper seeks to show the impact of the 
FTLRP on the environment. This is benchmarked on the notion that before the land resettlement programme, the bulk of the land 
was highly preserved and well-maintained, With the land resettlement, the ‘new farmers’ as they are popularly called, embarked 
on practices that have seriously degraded the environment. Such practices include indiscriminate land clearing, bad farming 
practices including cash-cropping in sometimes unsuitable crops like tobacco in certain specific areas, and slipshod hunting 
practices that have almost depleted certain animal species necessary for biodiversity. The overall purpose of the paper is to 
advance the knowledge on environmental costs as the human footprint increases on the earth and also to suggest policy options 
towards re-vegetation and replenishing the ‘lost grounds’. 
 
Keywords: land reform, resettlement, landlessness, environmental degradation, biodiversity, reclamation. 
 

1. INTRODUCTION 
“The other unintended result of the land reform exercise is environmental degradation. Perhaps the biggest loser in 
the recent land reform exercise in Zimbabwe is the environment” (Maguwu, 2007:7). This paper seeks to show the 
impact of the Fast-Track Land Resettlement Programme (FTLRP) on the environment in Zimbabwe. It is 
benchmarked on the notion that before the land resettlement programme in the country, the bulk of the land was 
highly preserved and well-maintained. However, with the FTLRP, the ‘new farmers’ as they are popularly called, 
embarked on practices that have seriously degraded the environment. The overall purpose of the paper is to advance 
the knowledge on environmental costs as the human footprint increases on the earth and also to suggest policy 
options towards re-vegetation and replenishing the ‘lost grounds’. Overall, the FTLRP saw the expulsion a large 
number of white. This move has been described and overrated as move towards black empowerment and an attempt 
to redress land imbalances, to a large extent this is indeed a great success. It was mooted to address the more-than-a-
century of white domination on the land resource in the country. 
 
1.1 Background and Study Context 
At independence in 1980, Zimbabwe had a highly skewed land distribution, of the estimate that 6,000 white-owned 
farms and a number of large agro-industrial estates occupied more than a third of the country’s land areas being 
mostly agricultural potential areas (Chaumba, Scoones and  Wolmer, 2003; GoZ, 2002). The government strongly 
believed that a resettlement programme would”...neutralise a looming crisis of expectation on the part of a land-
hungry population” (Ministry of Economic Planning and Development 1981: 124 in Alexander 1994). Despite the 
new black government committing itself to land reform to redress land imbalances, the constitutional provisions of 
the Lancaster House Agreement signed in 1979, made it practically impossible to cause the whites to freely 
relinquish their land for the resettlement of the black majority. The provisions were on a ‘willing-buyer willing 
seller’ basis yet the real willingness to let go the land assets was not extant. These were limitations perculiar to 
compulsory acquisition through the ‘willing seller/willing buyer’ approach, with full compensation in foreign 
exchange meant that any resettlement was going to be slow and expensive hence they embarked on the unscrupulous 
FTLRP in 2000. The 1998-2000 land invasions that latter took centre-stage could have been avoided but eventually 
it took the shape that it took just that way (Maguwu, 2007; Chitiga and Chigora, 2010). The reason was very 
political. The landless, spearheaded by the disgruntled ex-combatants of the Second Chimurenga (1966-79) invaded 
the farms.  
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To a great extent, the Lancaster House Constitution has been blamed for not providing meaningful progress towards 
achieving land reform programme (Moyo, 2011). From it the Government was obliged to acquire land on a willing 
seller-willing buyer basis during the first ten years of independence (Zikhali, 2008; Chitsike, 2003). Nonetheless, the 
land the white offered to government was unreasonably expensive and marginal. The approach has basically 
piecemeal results as the process was not that systematic and well-managed. In this respect, the land supply failed to 
match the demand for land resettlement. This was coupled by lack in funding among a plethora of other issues. 
Zikhali (2008) asserts that reddressing the imbalances in land access while alleviating population pressure in the 
communal areas, extending and improving the base for productive agriculture in the smallholder farming sector, and 
bringing idle or under-utilised land into full production were the raison de’tre for the mooting of the FTLRP. Thus, 
in September 2000 a short paper entitled “Accelerated Land Reform  Programme was circulated at a Mini-Summit 
held in New York. This paper is believed to have flared the FTLRP (Chitsike, 2003).  It was an extempore, 
unplanned and chaotic revolution, better described in Shona as jambaja, which means taking a tumultuous flavour 
and being done violently (Maguwu, 2007; Chitiga and Chigora, 2010). That being the case, the leaders decided to 
call it the Third Chimurenga. There ZANU PF ruling party realised the need to strike political mileage during the 
controversial 2000 constitutional rejection and adopted as its slogan “Land is the economy and the economy is land” 
(Chitsike, 2003). Shortly after the the Consitutional Referendum of 2000, war veterans invaded the white-owned 
farms with  the backing of Government. In the process, the white landowners were told to co-exist with the new 
“settlers”. this new phenomenon soon spread throughout the country with ordinary peasant farmers joining in. 
 
War veterans, the jobless, the landless and spirit mediums spearheaded the process and the police could not even 
restrain them (Sadomba and Andrew, 2006).  During the ‘time of jambaja’ ZANU(PF) and the war veterans 
described the farm occupations as ‘demonstrations’. These actions were not intended as permanent allocations but to 
draw attention to the land issue generally and certain land claims specifically, and symbolically stake claim to that 
land through visible occupation (Chaumba, Scoones and  Wolmer, 2003). Quite surprisingly the occupiers often 
went to great lengths to employ the formal and technical tools of land use planning. Conventionally, in the realm of 
wildlife management, (UNDP 2009:50) asserts that:   

 … any resettlement plan should ensure the preservation of adequate refuge areas for Zimbabwe’s rich 
natural flora and fauna. It is suggested that improvements of environmental policy should include 
encouraging new settlers to engage in various natural-resource enterprises, including ecotourism.  

 
In its paradigm of environmntal conservation, the colonial regime crafted a number of policies and legislations 
which, through time began to show signs of environmental compromise hence a shifting in the paradigms.  Maposa, 
Gamira, and  Hlongwana (2010) have elaborated the Land Apportionment Act of 1930 was a cause of ecological 
disaster in the African reserves.  The colonial government formulated measures to moderate environmental 
conservation and this saw the the enactment of Land Husbandry Act of 1951. objections were raised for providing 
sound husbandry farming for Africans, encouraging Africans to protect natural resources in their communities, 
providing the security of tenure to the effective peasant farmer, and limiting the number of animal stocks in reserves 
within their carrying capacities. Such measures were, no doubt, very prudent in providing a framework for 
sustainable ecological planning in the rural areas.  Such a concern derived from immense agricultural and 
demographic pressure explaining land scarcity in the country (Chenje, Sola  and  Paleczny, 1998).  
 

2. EVALUATING THE FTLRP: SUCCESS OR FAILURE? 
The formerly white-owned farmland, to a large extent, contained pristine vegetation and natural ecosystems at the 
time it was occupied by the FTLRP land invaders (Matsa and Muringaniza, 2011; Maguwu, 2007; Chitiga and 
Chigora, 2010). Moyo (2004) notes that allocation of land to small holder farmers replaced large tracts of land for 
nature conservancies. Thus, nature conservation received less priority on land use planning during. Furthermore 
Chaumba, Scoones and  Wolmer (2003) observe that technocrats were, to a large extent, marginalised in the land 
reform process, with planning being replaced by chaos and the rule of law by violence. In this aspect, poor 
implementation marked the FTLRP. Moreover (Chitsike (2003) has criticised the FTLRP as having sacrificed the 
noble land reform policy on the altar of political expediency. in the same vein Moyo (2011) observes that the 
country’s farming was destroyed; it collapsed with the process concomittant withenvironmental deterioration. For 
Moyo (2011), the redistributive goal of the land reform was not achieved as it was premised on a somewhat wrong 
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foundation.  The new farmers got the land yet  issues of tenure security,collateral and environemntal sustainability 
were little considered as part of the gross package. from a legal viewpoints, the FTLRP began without any legal 
backing and  proceeded undermining the judiciary system. The judges, who initially gave judgements for expulsion 
of farm invaders got alleged to exercise  their powers due to political pressure. All the same, Moyo (2011: 526) has 
conclusively observed that:    

Although the Fast Track Land Reform Programme (FTLRP) was built upon two decades of lacklustre land 
reforms, the cumulative outcome of three decades of land reforms was redistributive in terms of the physical 
scale and breadth of access to agricultural land.  

 
This standing point is being tapped from the depth of historical trends of the Zimbabwe agraian reform where the 
scholar apprise the redistribution victories inconsiderate of environmental sustainability. Even though the 
government of Zimbabwe produced, a natural resources policy during the FTLRP, Moyo (2004) argues that the 
policy was not related to the natural resource based production. It lacked in the clarification of the land areas to be 
allocated to natural resources utilisation vis-à-vis agriculture. In addition, the FTLRP neglected projects on 
protection of endangered species, which led to destruction of their reserved habitats, posing harm to their lives and 
those of neighbouring land occupiers. Succinctly, Moyo (2004:31) observes that: 

... there has not been enough effort made to address the special needs of protecting and augmenting specific 
endangered species such as rhinos, wild dogs and plants and their habitats.  

 
On agricultural production, UNDP (2009) observes that the FTLRP with its high subsidies and skewed pricing 
policies unavoidably caused a rapid decline in per capita agricultural output, incomes and GDP (cf. Figure 1). 
 
Figure 1: Agricultural value added per head (constant 1990 prices) 

 
Source: Central Statistical Office cited in UNDP(2009) 
 
2.1 The assaulted environment  
With population burgeoning and the number of eligible families claiming right to land growing, plots have 
continually been subdivided into smaller and less viable holdings. The farms have become smaller leading to a 
decline in the total output hence incomes (UNDP, 2009).  What follows is deep poverty. Better farmers are deprived 
of the chance to consolidate their holdings into larger, more viable units to ensure land sustainability. There is 
pressure on land speculation. With the FTLRP, the expansion of arable land into grazing space has compromised the 
sustainability of pastureland (Maguwu, 2007; Chitiga and Chigora, 2010). For example, in Chiweshe communal 
area, cultivation has encroached so extensively into available livestock feed resources. This has had a binding 
constraint to any further expansion of cultivation. Reasons to this include shortage of sufficient feed resources to 
sustain the number of cattle needed to provide draught power in turn leading to environmental degradation and poor 
farming methods.  This challenge has been of great difficult to tackle since pasture land is a common good subject to 
the problem of free-riding and tragedy of the commons. Overall, a number of the resettled tobacco farmers shifted 
their energy sources for curing tobacco from coal to wood.  Use of indigenous trees for tobacco production has 
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compromised the sustainable conservation of indigenous forests hence degradation of the environment (Moyo, 
2004). The resettled farmers are in no position to use exotic fuel wood and coal for tobacco production due to 
financial strains. 
 
It has been observed that the FTLRP worsened the state of the environment through further degrading it (Maguwu, 
2007; Chitiga and Chigora, 2010). Furthermore, the Report on Presidential Land Review Committee (2003)  
observed remarkable deforestation in resettlement areas through the selling firewood in the urban areas (Zimbabwe, 
2003). Farmers have practised stream bank cultivation while mounting their stocking rates.  overgrazing has been a 
major challenge. The resettled areas are a mosaic with poor layout of arable lands.land devoid of access roads 
encouraging resettled farmers to use waterways as roads. This has led to severe soil erosion and gullying. Public 
authorities including  the local government have seeming given a blind eye to these environmental problems 
(Maposa, Gamira and  Hlongwana, 2010).  
 
Most resettled farmers, faced with drought situations in the areas of their arrival, embarked on the practice of gold 
panning (Maguwu, 2007; Chitiga and Chigora, 2010). Overall, as observed by Moyo (2004) gold panning is 
perceived as more lucrative than farming s it results in the accruals of instant income returns relative to agriculture. 
Moreover, in most gold-panned areas, conflicts and contradictions exist between the gold panning and agriculture. 
These areas include Masvingo, Matabeleland South, Midlands, Mashonaland West and Mashonaland Central 
provinces. The assaulted grounds extend to ranges of 0 and 15 kilometre (Moyo, 2004). To a great extent, the 
FTLRP accelerated the rate of environmental degradation of the settled areas as the new farmers were exposed to the 
‘better paying’ and income-promising gold panning. It must be brought to the attention of the readers that the period 
during and after the programme has been characterised by frequent droughts and famines.  
 
In the resettled areas the other challenge has been loss of biodiversity (Maguwu, 2007; Chitiga and Chigora, 2010). 
There has not been an integrated wildlife and woodland conservation strategy. Endangered species protection in the 
newly resettled areas has been erratic so that and their destruction has risen remarkably towards extinction (Moyo, 
2004). in every acquired white farms, nationwide, there has been incresed deforestation of woodlands, coupled with  
stream bank cultivation posed by squatting on newly acquired land, poor layout of arable lands, creation of foot  and 
cattle paths, destruction of game, overstocking, road destruction, bush encroachment and veld fires (Madanhi, 2010 
in Maposa, Gamira and  Hlongwana, 2010, 2010). the rural ecology of Zimbabwe has been greatly assaulted. The 
Midlands Observer (2000)  as cited by Maposa, Gamira and  Hlongwana (2010) attributes the increased destruction 
to veld fires that have occurred in spontaneity with the settling of the varimi vatsva (new black farmers) resulting in 
the loss of about 10,000 hectares in the Midlands province alone. Veld fires in the newly acquired farming areas 
became a common problem especially in the dry season where the burning down trees to pve way for arable farming 
and use of the practice  as a hunting strategy for wild animals compounded the degradation problem. 
 
Mining in re-settlement areas became elusive, extensive panning of minerals, like gold and diamonds. it has been a 
major cause of river and reservoir siltation problems countrywide. rivers, like Sebakwe, Muzvezve, and Munyati in 
Midlands Province have been heavily silted in such. Also rivers like Runde, Save, and Mutirikwi in the Masvingo 
Province have led to land degradation and endangered both people and livestock (Report on Presidential Land 
Review Committee, 2003). Resettled farmers have  been denigrated for partaking in unlawful gold panning at the 
expense of farming when land was parceled to them. theire lack of enthusiasm in farming caused the former 
Governor of Midlands Province, Cephas Musipa to angrily remark that “....we re-settled people to farm, not to 
engage in gold panning” (Midlands Observer, 2000 cited by Maposa, Gamira and  Hlongwana, 2010). This gold 
planning has jeoprdised aquatic life due to the incessant use of harmful chemicals, like sulphiric acid, borax, and 
cyanide used in the processing of alluvial gold. Moreso, land degradation has occurred on re-settled farms and their 
catchment areas including of major dams, like Mutirikwi, Manyuchi, Mushandike, Siya, and Bangala in Masvingo 
Province . For  Maposa, Gamira and  Hlongwana (2010)Masvingo Province has had the highest siltation rate in the 
country between 1985 and 2000. 
 

3. CASE STUDIES  
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In the forthcoming paragraphs, case studies of Shurugwi, Chiredzi, Zaka and Kadoma districts are presented and 
analysed. 
 
3.1 Shurugwi District  
Situated about 17km, southeast of the city of Gweru, Shurugwi district is in the Midlands Province of Zimbabwe. Its 
altitude is 1 501 metres (Matsa and Muringaniza, 2011). The district lies in agro-ecological region 3 that receives an 
average rainfall of between 650-800mm. it  land uses in the district consist of residential, agricultural, mining, 
industrial and forest. The chief activities in the rural areas range from subsistence to intensive cropping and animal 
farming. Cattle and goats farming are the backbone of the community’s wealth. The Beacon Kop Farm in the district 
is a model A1 farm comprising of 14 resettled war veterans and 100 villagers. Basing on average family size of 
seven there are 798 people in the area (Matsa, 2011). The area is located along the rich mineral geological formation 
called Great Dyke.  Illegal gold panning, during the dry season in the area, leaves the arable land unsuitable for 
farming (Matsa, 2011). From these facts on Shurugwi, it is noted the undesired development tend to work against 
the principal goals of land reform in which the environment is a major focus of massacre.  
 
3.2 Chiredzi District 
the former forested cattle and game ranches in Chiredzi District have become  ‘scarred’ by the haphardaly  settled 
‘farm invaders’ (Chaumba, Scoones and  Wolmer, 2003). fences have been destroyed. Trees have been chopped 
down with cart-tracks and footpaths established. The pastures are ploughed up and wildlife and cattle slaughtered. 
These have posed unfavourable effects to the environment (Chaumba, Scoones and  Wolmer, 2003).  cattle ranches 
in chiredzi district have been invaded by the ZANU PF members all under the irrational notion of jambaja. The 
ranch area has been turned arable.. This has compromised the productivity  of the area given that there is poor 
rainfall received in the lowveld. poor planning has characterised the implementation of FTLRP in the lowveld area. 
An interview with Director, Wildlife and Tourism Advisory Council in 2001 by Wolmer, Chaumba, and Scoones 
(2003) revealed that:  “The people in Save Valley Conservancy are not there for resettlement, only poaching”. This 
lamentation reflects the poor incorporation of wildlife conservation in the FTLRP hence compromising the 
existence. Again, drawing from the resettled farmers in the Save Conservancy Area an interview with a settler at 
Fair Range Ranch on 10 December, 2001,  Wolmer, Chaumba, and Scoones (2003) revealed that: 

Whites gave us the name poacher because we used to stay with animals and hunted them at will. Now when they are 
talking about conservancies – what do they want to conserve when all these are our animals.  

 
Instead of settling informed by rationality, invaders of the Save Conservance have been driven to do so for  political 
ownership of wildlife conservancies hence giving sustainability a low priority. Wolmer, Chaumba and  Scoones 
(2003) have lamented that since February 2002, there have been numerous movements into the Save conservancy by 
war veterans, communities who hold historical land claims and landless peasants. The chaotic invasions have seen 
game scouts being attacked, fields being pegged, fences removed, cattle driven in, and poaching, burning, removals 
of firewood and thatching grass intensively carried out by local communities and opportunist entrepreneurs. 
destuction of the environment in the scramble for land resources has marked the the Save Conservancy area. Though 
the various arms of government have tended towards accepting a wildlife-based land reform model in the Save 
Valley Conservancy, loads of communities have remained unconvinced that this model works for them. Colonial 
land occupiers have been lambasted for disturbing cultural rituals of the area.  Antagonism has manifested in acts of 
resistance like the starting of veldfires, fence-cutting, thefts of sugar cane, the burning of a ‘traditional village’. 
Chief Gudo in Chaumba, Scoones and  Wolmer (2003), has explained the animosity in this part of the country 
between the owners of the conservancies and land invaders (the new settlers):  

The relationship between the owners and us is bad. We do not even know them, they have their separate lives and we have 
our own. We used to have our sacred pool … where we used to carry out our rainmaking ceremonies. … It is a place where 
we bury our chiefs. Now this is no more … But when they bury me, they will bury me there because that is where my 
father lies. Also when I want meat, I will go there because I cannot always graze! 

The issue here is the contradition between traditonal values for land and its resources in the new model of land 
conservation of the same (cf. Maguwu, 2007; Chitiga and Chigora, 2010).  
 
3.3 Zaka District 
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One villager in Zaka elaborated that, “kuenda kwakaita vamwe kumapurazi kwakaita kuti tifurwe nemhepo”. The 
FTLRP thus created space on the leaving side (the communal lands). This reduced population pressures on resources 
in the rural reserves which by now will be a disaster since there is still expanding pressure on the land. On the 
receiving areas the story has been different. For instance, one of the resettled farmers has lamented that: 
 

During the first days of land occupation, we have been on danger form wild animals such as lions, elephants, hyenas but 
now they have ran into extinction.  

 
This means game reserves have been under jeopardy of human disturbance and there were no mechanisms to protect 
them during course of the FTLRP. Most of the resettled farmers have enjoyed wild meat of the wild animals, which 
led to their extinction. Land clearances have been regressive being in the form of slash and burn, which have posed 
adverse effects to environmental pollution and aquatic life destruction through veldfires. Some resettled farmers 
have engaged in cash cropping (sugarcane and cotton); in the Mashonaland region many have embarked on tobacco 
production. A good number of the farmers have admitted that their production levels have declined after FTLRP due 
to lack of farming implements, inputs and rainfall. 

 
3.4 Kadoma District 
In Kadoma district, resettlement occured at Lanteglos and CC Molina  farms under the A1 villagised and self 
contained models respectively and at Pamene farm under the A2 small scale model (Chigumira, 2010). This area 
straddles the agro-ecological region III (semi-intensive) and covers an area of 915.384 hectares. Livelihood practices 
primarily consist of food and cash crop production. Crops grown consisted of maize, cotton, small grains such as 
sorghum and finger millet. The key land cover changes between the period 2002 and 2008 show significant 
increases in the area under cultivation/grassland, increasing by 50.88% whilst there were significant decreases in the 
area under woodland and riverine.  The major cause for increase in cultivation orgrassland is from conversions of 
bushland, woodland and riverine. Observations from transect walks have shown areas that have been fallow, those 
that have been cleared for cultivation for the next farming season. Despite an increased number of people at 
Lanteglos, fewer areas were actually cultivated in the 2008/2009 farming season. This explains reduced productivity 
at the farm between 2006 and 2009. It also points to heavy deforestation of the wooded areas compared to the 
bushland areas (Table 2). 

 
Source: Chigumira (2010) 
The poor macroeconomic environment led to the reduction of income from crop and livestock production, fewer 
remittances and employment opportunities. Most households embarked on exploiting their natural resources. 
members of the community got involved in gold and sand abstraction on the farm. many pits were haphazardly dug 
for sand. Construction companies in Kadoma and even as far as Kwekwe City have hired settlers to dig for sand 
them.  
 

4. MAJOR ENVIRONMENTAL IMPACTS OF THE FTLRP: A SYNOPSIS 
The resettled farmers have been unable to obtain funds to maintain their farms.  Soils have gradually become 
exhausted. Households have been compelled to apply their labour to clearing woodland and opening up new land for 
cultivation. This has set in a system perpetuating extensive or shifting types of cultivation (UNDP, 2009). Thus, all 
potential arable land has been cleared for cultivation over time. The gap of FTLRP and the agriculture 
mechanisation programme has exarcebated poor agricultural practices due to technological incapacities (Moyo, 
2011). a lot of game has been lost through poaching. before the land reform exercise in 2000, Natural Parks and 
Forestry Areas covered 14.5% of the natural territory, 972,000 hectares of indigenous forest, and 4.7 million 
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hectares of National Parks and Wildlife Reserves, game parks and aquatic regions but it is no longer the case 
(Maposa, Gamira and  Hlongwana, 2010). Masvingo Province has had the largest tracks of land under wild life 
management on designated conservancies, such as Save River Valley, Chiredzi River Ranch, and parts of Bubiyana 
Conservancies. the  cultivation of crops by settlers in dry areas not suitable for crop production has seen a decrease 
in land productivity. a long-standing dispute  between Ndali people of Chiredzi and Gonarezhou National Park, exist 
where the people occupy estimately 16,000  hectares and cultivate crops in this park. wildlife, in the process, has 
been increasingly endangered through over-exploitation, poor management, and absolute lack of technical 
knowledge of new black farmers on animal husbandry (Maposa, Gamira and  Hlongwana, 2010). 
 

5. POLICY AND PRACTICAL OPTIONS 
From the foregoing synopsis of results the following policy and practical alternatives are noted: 

a) The need for a robust land management and administrative framework to facilitate sustainable management 
of woodlands and forest plantations in smallholder-resettled farmers (cf. Moyo 2004).  

b) The need for private public partnership in forestry out to expand woodland coverage and support woodland 
consumption by tobacco farmers in a sustainable manner.  

c) The need to develop a programme which facilitates and supports gold panning activities in resettled areas 
for regulation purposes and also provision of incentives which in turn call for reclaiming pits through tree 
and grass planting, and the improvement of the security of gold panners thus promoting environmental 
sustainability  (Moyo, 2004).  

d) The need to encourage, wildlife utilisation in adjacent (old and new) resettlement areas (as well as in the 
communal areas).  

e) The need to promote governence cornerstones in the management of farms in order to foster their 
sustainability. UNDP (2009:209) has highlighted that :  

The challenge of improving governance is not restricted to any field of activity but is a systemic one, requiring a 
reorientation of the state, a change in mindset and how it engages with the economy and society. Any 
sustainable socioeconomic recovery over the long term is dependent on this transformation. 

 
f) The need to strike a balance between the market-based land acquisition and Government led approaches to 

land acquisition which in turn will yield effective and efficient utilisation and management of land 
resources (Chitsike, 2003).  

g) An actionable environmental education awareness package that is backed by a master plan for 
environmental protection and that engages all interested stakeholders in its formulation and execution be 
launched.  

h) There is need for stakeholders to be envisioned including Traditional Leaders, Re-settlement Officers, 
Agricultural Extension Officers, Political Leadership, and ordinary farmers at all levels across Zimbabwe 
(Maposa, Gamira and Hlongwana, 2010).  

i) The need to regulate livestock husbandry in Zimbabwe since human and cattle tracks are a source of soil 
erosion and formation of gullies. Resettled farmers should normalize their livestock numbers in line with 
the ecological carrying capacity of a land that any farmer holds in possession (Maposa, Gamira and 
Hlongwana, 2010).  

j) New farmers in the drought-prone areas, such as those in Masvingo and the rest of other arid areas should 
resort to wildlife and cattle ranching that are ecologically sustainable since embarking on crop production 
in these arid areas is underutilisation of the land.   
 
 

6. CONCLUSION 
The FTLRP in Zimbabwe saw the expulsion, from commercial farms, of a large number of white farmers.  
Agricultural yield and environmental maintenance, including biodiversity protection, have declined significantly. 
Before the land resettlement programme, the bulk of the land was highly preserved and well-maintained, With the 
land resettlement, the ‘new farmers’ have embarked on practices that have seriously degraded the environment - 
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indiscriminate land clearing, bad farming practices including cash-cropping in sometimes unsuitable crops like 
tobacco in certain specific areas, and slipshod hunting practices that have almost depleted certain animal species 
necessary for biodiversity. There have been serious on environmental costs as the human footprint has increased. 
The paper has suggested a number of policy and practical options towards re-vegetation and replenishing the ‘lost 
grounds’. 
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ABSTRACT: South Africa has established a Drylands Fund as a public-private sector partnership to assist in funding 
sustainable land management (SLM) practices in response to an increasing threat to the national ecosystem goods and services. 
The fund is administered through the Development Bank of Southern Africa under the auspices of the National Department of 
Environmental Affairs. The Fund is governed through a National Steering Committee comprising business, NGOs and 
government representative. It also reports to a National Body for the South African UNCCD. The fund aims to replace the 
ineffective, ad hoc, conventional financial methods in order to strengthen partnerships, finance ecosystem management and 
create positive linkages between rural and urban divides as well as private and public sector divides. The presentation covers the 
evolution of the Drylands Fund, the way it has been structured and its work to help break the poverty and land degradation spirals 
associated in communal lands adjacent to national parks and critical water sheds. The first four funded projects will be reviewed 
to demonstrate how payment for ecosystem services, easements, offsets and integrating environmental footprints/costs are being 
explored as mechanisms to sustainably finance SLM. The seeds for the Drylands Fund where sown by private sector, NGO and 
government sectors coming together to create a joint fund initiative. The  Department of Environmental Affairs (DEA), the 
Global Mechanism and DBSA provided some seed funding. Despite the desire of the parties to create the Fund it has taken over 
10 years to move from a concept to a viable and operational program. South Africa  successes and challenges in this regard will 
be valuable learning to other countries attempting to initiate a similar process.  
 
Keywords: Payment for ecosystem services, financing, desertification fund. 
 
 
1. INTRODUCTION 
 
Although the South African government makes substantive investments in many aspects of sustainable land management (SLM), 
this funding is only able to address a small fraction of the funding needed to achieve widespread uptake of SLM. Following the 
development of the South African National Action Program (NAP) on combating desertification (NAP 2004), there was the 
realisation that additional funding would be required. DEA and the Global Mechanism (GM) provided funding to undertake an 
investigation of the private sectors willingness to fund SLM and to estimate the magnitude of funding that could be accessed in 
this manner. This study confirmed that there was a large and untapped potential for private sector funding. The investigation also 
found that the private sector would be very reluctant to provide funding directly to government due to concern around 
transparency,  bureaucracy and accountability. In essence what was needed was a fully transparent and accountable fund 
management facility that could administer funds on behalf of both the government, communities and private sector and 
administer the implementation of projects.  

South Africa is considered as having a duel economy. On the one hand there is a well-established and successful market based 
economy that includes a large commercial agriculture sector. However, the majority of the population is impoverished with 
exceptionally high rates of unemployment. The previous homeland areas in particular suffer from under-development, and it is in 
these areas where some of the most severe desertification impacts are being experienced (Hoffman and Ashwel 2001l).  Land in 
the ex-homelands is under customary tenure and most of the land is under some form of community use and management. Most 
of the rangeland is managed as  commonage, and even the cropland areas which are individually managed during summer, 
typically become part of the commonage during winter (von Maltitz and Evans 1998). This means that the mechanisms for SLM 
within the ex-homeland areas are very different from those on commercial farmland. Commercial farmland is by no means 
immune from desertification, but the cause and nature of desertification tends to be very different from that of the ex-homelands. 
For instance bush encroachment as a consequence of poor fire and grazing management is a major problem on commercial 
ranches, whilst in the communal areas deforestation from overharvesting is more likely.  

 Despite the high proportion of people living in functionally rural areas, there is not the total dependency on the land as found in 
many other developing countries. This is due to both a well-established system of social grants and a high dependency on 
remittances from migrant labour. Despite this, ecosystem services play an important part in supplementing livelihoods, with the 
poor and most vulnerable often being those most dependent on the natural environment for their livelihoods (Shackleton 2005). 
Though there is an undisputed importance of ecosystem services supporting local livelihoods, there is growing evidence of the 
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importance of ecosystem services of national and global relevance such as the conservation of biodiversity, carbon stocks, soil 
conservation, the provision of good quality water, and the moderating of natural disasters such as flooding.  In the South African 
context it is often the loss of regulating and cultural services that is having national impacts in addition to local impacts from loss 
of provisioning services. For instance the loss of water and water quality is a keen concern given the overall aridity of the country 
(Nel et al. 2011). 

As in most developing countries, the political need for myopic development decisions tends to trump environmental concerns, 
this despite South Africa’s  advanced environmental legislation. The economy has a high level of dependency on mining and 
other polluting industries which have a large environmental footprint. The high reliance on low quality coal for both power and 
petroleum means that our energy has an exceptionally high carbon footprint. In addition the mining of  coal and other minerals 
results in a host of other environmental problems such as water acidification.  

A combination of the above means that South Africa has a number of relatively unique opportunities for investment in private 
and state sector desertification funding. There is a social and environmental need for investment as well as relatively well 
financed  government and a strong private sector  presence to assist with funding. National and international pressure is forcing 
the private sector to consider triple bottom line accounting, and as a consequence there is greater investment in corporate social 
responsibility type programmes. Reducing carbon emissions is also forcing companies to consider offset mechanisms.  This 
means that companies are more willing than in the past to invest in social and environmental public goods programs, and the 
Drylands Fund is a potentially good mechanism for this as it integrates social and environmental issues. The fact that 
communities are not fully dependent on the natural resource-base for their livelihoods means that it should be easier for them to 
move to less destructive resource management practices, provided the correct set of incentives are in place. 

2. THE ESTABLISHEMNT OF A DRY LANDS FUND 

The need for a Drylands fund administered outside of government was identified in 2004. The DBSA houses about 38 Agency 
Programmes which all have had regular clear annual audits. Most of the Agency Programmes deal in hundreds of millions and 
many in billions of Rands across SADC (1US$= ~R8). The DBSA was tasked to house the Drylands Fund Account because key 
partners in business, community and government felt satisfied the money would not be squandered or under utilised based on 
DBSA track record of Agency Programmes. Development of the fund was a slow and drawn out process that required a lot of 
negotiation between the DBSA who host the Fund and the National Department of the Environment  (DEA)which houses the 
UNCCD focal point and would be the key stakeholder and political custodian of the fund. The Fund is governed by a MOA 
between DEA and DBSA. The MOA stipulates the DBSA will manage the Fund on a cash positive basis. The Fund is managed 
by a DBSA Project Implementation Unit (PIU). The Fund links through the PIU to all relevant Groups in the DBSA. The PIU 
works according to an approved strategy, management plan and budget recommended by the National Steering Committee with 
DEA as its chair. The Fund also reports to and obtains feedback from a newly established National Coordination Body for the 
UNCCD. 

The Drylands Fund has created an account designed to be an efficient and effective finance vehicle to all sectors of society for the 
delivery of incentives and payments for pro-poor ecosystem services. This financial mechanism can receive money derived from 
both the market (private sector) as well as from other donor, government and Corporate Social Responsibility funds. The Fund 
was created to address landscapes and livelihood needs by preventing and reversing land degradation and the related poverty 
cycles with a focus on promoting pro-poor (social justice); responses to sustainable land management; and developing a 
biodiversity rich rural green economy. It specifically addresses the priorities of the South African NAP for the United Nations 
Convention to Combat Desertification (closely integrated with the Convention on Climate Change and the Convention on 
Biodiversity). The fund  provides a mechanism for partners to invest in land restoration, ecosystem management and green 
economic development in rural communities. It aims to demonstrate how policy and instrument mixes working with partnerships 
through innovative financial mechanisms can help turn vicious poverty and land degradation cycles into virtuous cycles that 
create sustainable productive landscapes. The Fund aims to promote the green economy and increase resilience of rural 
landscapes, infrastructure and communities to climate change. The approach places emphasis on developing the mechanics of  
how communities and land users can be rewarded or incentivised around sustainable land use management practices. It can be 
used for both protected area landscapes and productive landscapes.  

The Fund was created to be a flexible financial vehicle that could rapidly move to plug financial gaps and scale up key initiates 
and innovations involved. It was created because business, government and civil society were all experiencing the need for 
strengthening partnerships to address the severe and critical limitations in existing financial resources, financial mechanisms and 
funding flows in rural areas of greatest priority need. It operates across a complex and dynamic field to address policy, 
legislative, institutional and market failures in driving rural sustainable development agendas. 
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2.1 The structure of the fund 

In 2011 the fund was finally approved and commissioned with DEA undertaking to invest one million rand (~US$ 125) annual 
seed money to help the establishment of the fund. The final structure of the fund is illustrated in figure 1. The principles 
governing the Fund account are:  ‘the DBSA conducts its agency through the Steering Committee on a cash flow positive basis 
and all direct operational expenses of any nature incurred by the DBSA and DEA will be fully recovered from the project funds 
and all disbursements made to third parties for the project or programme implementation shall be subject to a fee of 5% 
(excluding Vat) to cover the overhead costs of the PIU. All statutory duties, taxes, interest charges and fees payable, arising from 
the implementation of the Project will be recovered by the DBSA from funds raised and supplied for this project. Legal and 
formal requirements including compliance with the SA laws and regulations as well as conditions set by the funding agencies 
shall form the basis of the contractual relationship between the funding agencies, the DEA and the DBSA and any service 
provider to be appointed’.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The conceptual framework of the fund 

Donors may desire to add additional criteria or structures relating to how their funds are spent such as for example the creation of 
a separate red lined sub account. They could also specify the management plan and management team to guide expenditures and 
investments. The Fund allows for such nuances provided that a clear Implementation Plan is agreed to by the Fund Management 
who will retain the right to oversee and monitor and ensure the entity established is working within all principles and values 
associated with the Fund. 

The Business Plan and Strategy provide the document that details the roles and responsibilities of all key parties. It serves as a 
contract document for the PIU and SC and all work undertaken by the PIU is mandated through this Business Plan. The Business 
Plan and Strategy will go through formal reviews each year but it can also be amended on an ad hoc basis on agreement between 
the PIU, Fund Manager and SC. 

The Fund is managed by a Steering Committee comprising members from the business, government and community sectors of 
society. The Steering Committee meet twice a year to ensure that the strategic direction of the Fund is effective and to ensure the 
Project Implementation Unit (PIU) are working according to the approved Business Plan and mandate. The Steering Committee 
will initially operate as a Project Selection Panel and/or delegate this function to the PIU for small loans and grants. Should 
sufficient funding be mobilised to warrant an independent Project Selection Panel then this will be created with guidance from 
the Steering Committee. Projects involving more than R50m (~ US$6,250m) will need to be approved by the  DBSA DF Board 
and DEA Director General.   

 

 

The Business Plan  

PROJECT IMPLEMENTATION UNIT RESIDING IN 
DBSA AGENCY UNIT 

DONOR COMMUNITY AND 
INVESTORS   
PRIVATE SECTOR  
INTERNATIONAL COMMUNITY  
GOVT FUNDING 

RECIPIENTS 

THE STEERING COMMITTEE  MANAGEMENT COSTS WILL 
BE ACCORDING TO THE 
OVERALL MOU BETWEEN 
DEAT AND DBSA AND  AS PER 
CONTRACT OF VARIOUS  
DONORS AS THEY COME ON 
BOARD 

DEA – LEAD AGENCY - communicate to all government departments 
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2.2 Funding mechanisms 

Core to the funding model is the concept that through sustainable land management the landscape can provide a greater bundle of 
services and more jobs than where produced from the degraded landscape. Though it is often the enhancement of a single 
environmental  service that catalyses the project, it is most likely that it is the stacking of multiple services as illustrated in figure 
2 that will make the projects sustainable and financially viable.   

The general relationship between buyers and sellers of ecosystem services is illustrated in figure 3. A large number of different 
models can be used to secure environmental funding. The Drylands Fund is not locked into any one specific funding model. In 
general projects will be a public-private sector partnership, though either fully state of private sector projects are possible. 
Examples of key types of mechanisms envisaged include: 

Public payment schemes for private land and forest owners who implement SLMPs which maintain or enhance ecosystem 
services: Public funds are used to promote certain types of land use or practices which are expected to provide or improve an 
environmental service. In these cases, the demand is represented by the government, which decides what kind of activities to 
encourage and where. 

 

 

 

Fig. 2: This figure uses grazing of rangelands to illustrate 
how over time the number of jobs (red box) can be 
achieved simultaneous with the development of a stack of 
environmental services that either benefit the local 
economy or are “sold” to external agencies. 

Fig. 3: Schematic representation of the forward and 
backward linkages between buyers and sellers with the  
Drylands Fund acting as an intermediary to channel 
funding and ensure good governance and accountability, 
both of funds and ecosystem benefits. 

 

Open trading between buyers and sellers under a regulatory cap, or floor, for the level of ecosystem services to be provided: In 
this case, the government’s role is to set a mandatory level for an environmental service (such as clean air or water quality), 
which must be provided. Affected parties can then either comply with the requirement or pay others to help achieve the goal (i.e. 
supply the service) at a lower cost. The cap or floor set by the government creates a demand and allows buyers and sellers to 
trade. 

Self-organized private deals, in which the individual beneficiaries of ecosystem services contract directly with the providers of 
these services: These direct deals are between off-site beneficiaries and the land users responsible for providing the services. The 
ecosystem service most likely to be paid for in this manner is water.  

Eco-labelling and certification of products and services, is a mechanism for assuring buyers that the production processes 
involved or the services provided was done in an environmentally and socially sustainable manner. . This can be used for 
marketing both sustainably harvested natural products and  community grown agricultural products in a way that increases 
market share and value to the producer community.  
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3. PROJECT EXPERIENCE TO DATE 

The Drylands Fund has completed its first financial year of operation and is well into its second. During this first year it achieved 
a great deal. It has established a committed National Steering Committee and won support from about 15 private sector 
organisations who are currently assisting the Fund to work out sustainable financing models in rural development partnership 
initiatives using a variety of financing tools such as Payment for Ecosystem Services, easements, renewable energy equity 
models amongst other land restoration policy and instrument mixes tailored to suite particular communities and landscapes. 

The Fund has managed to date to leverage an additional R2m per  R2m investment with a potential leverage of a further R120m 
once the carbon credits of the Thicket Programme are registered. Additional funding to the value of a further R20m is in process 
of being leveraged through these initiatives. The fund is relatively new and to date only four large projects have been initiated, 
though a number of additional proposals are in advanced stages of development.  

The thicket programme is in a vegetation type which in its natural state is a woody thicket dominated by the succulent shrub, 
Portulacaria afra known locally as spekboom. In its natural state spekboom thicket has a relatively high grazing potential for the 
climatic conditions. It can, however, be easily overgrazed and then the indigenous woody vegetation collapses and is replaced by 
a low production seasonal grassland with low grazing potential. In addition spekboom thicket has a far higher sequested carbon 
stock than the grasslands that replace it. The spekboom has a CAM photosynthetic parthway and as such is a very efficient in 
sequesting carbon in semi-arid environments.  The thicket program is based primarily on funding from carbon sequestration, but 
in addition will have important biodiversity impacts and also improve the vegetation for long term sustainable livestock 
production. Without the supplementary carbon funding this restoration would not be financially justifiable based solely on the 
livestock production. 

The Eastern Cape project has as its core biodiversity conservation, but additional impacts will be experienced in the water 
provision and carbon sequestration sectors. 

The Olifants river basin project has as its core water provision, but secondary impacts will be experienced in the biodiversity and 
carbon sectors. There is also opportunity for job creation through ecotourism.  

Each of the current projects is unique, with a unique stack of services and different environmental services being the key service 
on which the project is based. Despite their uniqueness, there are also many commonalities.  Institutional capacity to manage the 
projects as well as broad based consultation and consensus making underpins all the projects.  

 

4. POLICY ORIENTED RECOMMENDATIONS 

Despite the youth of the programme a number of issues have been learned that are likely to be useful to other countries 
considering similar programmes.  

4.1 Project level learning 

Regarding project implementation, the recommendations coming out of the experience in setting up PES projects around the 
world, and  especially from   Costa Rica (FONAFIFO et al. 2012) seem hugely applicable to the South African situation. To 
elaborate on a few issues: 

South African rural communities typically have not been exposed to managing collective wealth in the form of large cash flows. 
Experience in numerous projects (including the land reform process and other projects not linked to the Drylands Fund) have 
shown that community institutions are often ill prepared for rapid influx of wealth and development surges ( such as those 
associated with large infrastructure programmes). Relatively  little is invested in community institution building in comparison 
with engineering infrastructure. Even less is invested in ecological infrastructure on which the rapidly growing node or corridor 
ultimately depends.  Community infighting is often one of a series of symptoms of poorly conceptualised externally imposed 
developments. The internal community conflicts have no way of being resolved because developments have overtaken 
institutional capacity of local institutional  structures to resolve what often is complex  debates on who benefits and who loses 
during the development process. There is no mechanism to resolve disputes in an efficient, effective and socially responsible 
manner, and this is typically compounded by members of the community being both beneficiaries and simultaneously being part 
of the local management structures.  The disputes can paralyse  initiatives , or worse result in violence and deaths (a common 
disturbing trend when communities suddenly get access to wealth). Despite high levels of community commitment, and 
extraordinary courage of many community leaders, situations  easily escalate to providing fertile ground for  pathways to 
corruption, and the blur between political,  business and community corruption further exaserbates the situation. External players 
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move in to  feed off the confusion to further personal agendas. Tipping  points are reached where there is a major melt down 
between organisational capacity at multiple levels and  where it takes major efforts and huge resources and time to rebuild the 
institutional fabric of the community.  It gets even more complex because well-meaning external parties in both arrogance or 
ignorance  misread the situation and  in their efforts to do good and end up further entrenching  patterns of inequality and social 
injustice. Unraveling these spirals takes collective action  and ensuring those in power are not abusing it for furthering their own 
enrichment. A key activity in projects is therefore institutional building and ensuring that there is fair and equitable distribution of 
benefits. This will require long and possibly external facilitation,  monitoring and auditing.  

The need for auditing of project development  impacts is critical. Payment will need to be directly linked to meeting of 
environmental targets. Having said this, it is also important to realise that South Africa is relatively arid and therefore 
environmental change is relatively slow. Hence it may take years or decades before substantive environmental changes are 
noticeable. Payment schemes need to take this into consideration and reward inputs during the early stages of projects.  

In the South African context job creation (and especially permanent job creation) is often more important at the local level than 
local benefits from the environments. Certainly it is hoped that most projects enhance the level of sustainable ecosystem services, 
but the local benefits on their own will not be sufficient to move most communities out of poverty and there needs to be a link to 
payment for national and global services.  

4.2 programme level learning 

At the level of the Drylands Fund there are also a number of lessons learned.  

Possibly the key learning and policy recommendation is that for a fund of this nature to operate it needs dedicated manpower, 
which implies the need for dedicated funding, to develop new projects. There are substantial funding opportunities and huge 
need, but many opportunities get lost unless there is appropriate manpower to follow up leads. This needs to be funded above the 
management fees linked to operating the agency and which is largely absorbed through the actual day-to-day costs of operating 
the fund. The reason for this funding need is that it is the poorest of poor communities that are involved and these communities 
have neither the resources, knowledge or capacity to make linkages to funding on their own. Equally, potential funders are not 
investing resources into identifying areas for potential involvement. Most funding bodies want proposals that are ready made on 
their table before they will engage. This prevents  rural communities who are starting with very little resources to  go through a 
process necessary  to reach the stage where they can compete for these funds. Linking needs to opportunities demands both a 
clear understanding of potential funding streams as well as a key understanding of possible services that are fundable at the 
community level. In addition this entire process should be underpinned by appropriate research. For instance research should be 
quantifying possible changes in ecosystem services through changed management, as well as identifying priority areas for 
intervention.  A further consideration is that communities need to engage the entire value chain in a fully meaningful manner if 
the process is to be authentic and the outcomes sustainable. This more than doubles the conventional programme development 
costs because there is going to be significantly more engagement and knowledge sharing involved in building an authentic 
participative initiative. 

Combating desertification is by no means a key national priority. To become relevant the fund therefore needs to target other 
government priorities and find ways of linking to them. Job creating is a huge priority nationally and showing links to this is 
important. Finding links to the huge money generating (and often polluting)  industries, such as mining and power generation is  
one way to find potential links to funding. This throws up many contradictions. Energy is best spent on promoting sound policies 
and development decisions but energy is also required to salvage what is salvageable in the aftermath of some really suboptimal 
large scale development and infrastructure investment decisions. 

The need to counter desertification requires a  dual approach- i.e. both incremental/opportunistic engagement and comprehensive 
longer term strategic planning. Prioritisation is needed on where both big impacts are taking place and where there is the potential 
for intervention that will lead to beneficial increases in one or a few of fundable ecosystem services. Situations tend to be unique 
with unique bundles of services that may be fundable. 

At the level of a Drylands Fund and the sector structures to which it links there is likely to be a huge risk of individual vested 
interests and jealousies coming into play. Whilst Funds are small and struggling, peace tends to  reigns supreme. When 
substantive funding comes on stream the small fund is at risk of being caught up in internal and external power plays and it needs 
to prepare for this from its conception stages. Controlling funds of this size can result in competition, and hijacking of the Fund 
resources by individuals who see a potential way forward for personal interests. Funds are however high risk and time consuming 
to run when they depend on fund raising rather than on regular secure budgets from a national coffer or regular donor. There is 
also the possibility of competition between funds for projects and resources. For instance within South Africa there is a Green 
Fund (designed to promote green industry), a Drylands Fund,  an Adaptation Fund,  a Jobs Fund and Job Creation Fund and 
although competition is good for keeping parties in check it can also be expensive when funding is limited verses the needs. 
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Building a family of diverse Funds that is mutually supportive and responsive to specialised and general needs of society is a skill 
that requires national strategic thinking as well as a mature leadership able to skillfully negotiate relationship building.   

Possibilities for nepotism and corruption or mismanagement are high when large amounts of funding is involved, and this can be 
as much a concern to fund managers, funders, governments departments  as well as project managers. Although  this has 
definitely  not occurred within the Drylands Fund, and there is no evidence to suggest that it is likely to happen, this remains an 
issue that has to be closely managed through the integration of sound governance practices. Choosing to use of the DBSA with its 
long history of clean audits is a deliberate strategy on the part of the stakeholders to  ensure the private sector can have 
confidence in the fund. Of course everything has a flipside. Increased accountability and vigilance can cripple a fund with 
bureaucracy. Ultimately like all good things in life it’s about finding the balance. 

Integrity of funding is an issue that may lead to the need for clear guidelines of moral issues, though in reality there is likely to be 
many grey areas. Industry will clearly use the fund as a mechanism to improve its environmental and social image. However 
there is the risk that the fund becomes simply a mechanism for “green-washing” for what are predominantly environmentally 
unsound and destructive industries. There is potentially a thin line between where funding is an honest attempt to be more 
socially sustainable versus the fund simply being used to divert attention from bad practice and/or poorly compensate for highly 
destructive actions.  

Without a doubt the South African fund would never become a reality if it was not for the tireless championing of a few 
dedicated individuals in all sectors of society and some excellent risk takers. The ability to move from a concept to a reality is 
largely driven by individuals with a passion for social and environmental justice and who therefore put in disproportionate 
amounts of energy  for each small step in progress to ensure the Fund is ultimately successful. 
 
5. CONCLUSIONS 
 
Though still in its infancy the South African Drylands Fund is showing signs of success. The use of an independent institution 
with a long record of legitimacy and accountability allows the private sector to invest with a high degree of confidence in a fund 
that can directly facilitate on-the-ground project implementation. 
 
Establishing the fund was a long and  slow process as it needed to find a structure that met the needs of both the business 
community and government sector.  In a country like South Africa with a mix of developed and developing economy there is 
seemingly a large opportunity to find innovative mechanisms to get the private sector to assist in funding sustainable land 
management. Certainly new markets such as those created by carbon trading assist greatly in finding new funding models.  
 
Creating a fund requires both financial and human resources, and in our experience it is personal championing and dedication that 
move concepts to the point of final implementation. The key lesson learnt is to ensure countries starting their own Fund make 
sure they start with the following critical ingredients 

• Strong support from the relevant government agencies. In this regard it was the leadership provided by the Department 
of Environmental Affairs that made this possible. Engaging in a fund of this nature represents a new model for 
departmental operation and required relentless lobbying from officials especially in the Department of Treasury for 
high level political and financial support to make it happen.  

• A solid platform of basic funding. It takes money to raise money and there is very little way around that fact.   

• High level support in the key private and NGO sectors. 

• A dedicated team of people right from the start with Fund management proven track records and nerves of steel and 
great moral fibre. A highly skilled management team and comprehensive well supported system that is able to provide 
checks and balances and safeguard the Fund through its various cycles of development. 

• Some good political and business connections. 

• A sound strategy and structure able to withstand internal and external opportunism, hijacking,  corruption, 
mismanagement, jealousies and positively address healthy competition.   

 
Of course no country is likely to start with the complete list of vital ingredients – and when you despair you are not alone - so 
hang on to the champions who will help you through – they come from all different directions and from all different sectors and 
at times  least expected. Continue to build on the small little miracles that come when all seems lost. The rewards are worth the 
efforts. People make a fund not money.  But good people need good money. Do not be shy to take the risk and give it to them. 
Nothing can beat the exhilaration of visiting a project and a landscape and seeing its negative institutional, environmental and 
poverty cycles start turning into virtuous cycles where ecosystems and Ubuntu are nurtured  and small green economies start to 
thrive. 
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ABSTRACT: Kazakhstan is one of the most important wheat exporters worldwide. However, frequent and severe droughts 
challenge the agriculture sector. Adequate risk management strategies are necessary, which are often based on weather indices. 
So far, mainly simple indices are used, which result in high basis risks and limit their applicability. For our analysis, we use 
wheat farm and county data from Northern Kazakhstan from 1980-2010 and make the following contributions: On the one hand, 
we improve index performance by developing more advanced indices and by optimizing the considered time period of the index. 
Thereby, we keep the considered time period constant for all years as well as allow for varying number of days in each year in 
dependence of external conditions. On the other hand, we use quantile regression to estimate the dependency between yield and 
the index. This approach allows to separately analyze the lower tails of the yield distribution. Our findings suggest that using 
quantiles as well as distinguishing different vegetation phases increases the explanatory power of yield-weather dependence 
models. Thus, this research contributes to the quantification of drought severity and its implication for plant growth in a semi-arid 
agricultural region. 

Keywords: drought, weather indices, semi-arid agricultural region, quantile regression 

1. INTRODUCTION 

Kazakhstan is one of the most important wheat exporters worldwide. However, the country is regularly challenged by extreme 
droughts, which distress agriculture production. To deal with the resulting yield variability and income insecurity, adequate risk 
management strategies are necessary. For many actuarial applications, proxies to represent these extreme events are necessary. 
These proxies are mainly based on meteorological data. However, often, only basic weather indices are used due to limited data 
availability, for simplicity reasons and to increase transparency. Such a basic index is cumulative rainfall, which is the sum of 
precipitation in a defined time period. However, drought is a complex phenomenon. Its impact varies depending on the 
investigated system, the geographical and temporal extent and the environment. Common to all definitions of drought is a deficit 
in precipitation, which deviates from “normal”. The focus of this study lies on agricultural drought (Heim 2002). Thus, with 
regard to the specific implications on plant growth, we argue that simple indices may not allow to explain sufficiently the yield 
variability. This leads to a high basis risk and thus limits the effectiveness of weather-based insurances. To fill this gap, we 
evaluate the increase of goodness of fit by increasing the index complexity, e.g. by incorporating soil moisture information and 
evapotranspiration intensity, depending on the sowing date and the phenological phase. However, as data availability may reduce 
the applicability of this approach to other regions, we optimize the considered time period by using also to simple indices. We 
investigate the suitability of both: an overall optimization while keeping the starting and end date of the index identical for all 
years and an optimization that allows the growing season to differ in length for each year. The latter enables the plant to adapt to 
external weather conditions and e.g. to proceed earlier to the stage of generative growth in dry years.  
For the majority of the studies, researchers use an econometric approach and test which weather parameters satisfactorily explain 
the variation in crop yields. Linear regression models which are conditioned on the mean are used to represent the dependency 
between index and crop yield. Regarding the focus of our study, we argue that quantile regression may be more appropriate for 
three reasons. First, for asymmetric (skewed) distributions, which may be the case for yields, the median is a better measure of 
central tendency than the mean. Second, drought is an extreme event and therefore, the main interest lies in the (lower) tail of the 
distribution and not on a measure of central location. By choosing quantiles below the median, the dependency is tailored to this 
specific part of the distribution. Third, we assume that in (semi-)arid regions, precipitation is one of the main limiting resources. 
Thus, a slight increase of precipitation has a strong (positive) impact on plant growth. However, increasing the amount of rainfall 
more and more will decelerate this stimulating effect. Extreme precipitation can even have a negative effect on plant formation. 
Transferring this concept to weather indices in order to represent drought induced yield variability implies that the dependency of 
yield on a specific weather index will not stay constant for all parts of the distribution and parameters values may change. 
Quantile regression accounts for this, by estimating parameters separately for different quantiles.   
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2. EMPIRICAL PROCEDURE AND DATA 

2.1 Theoretical Framework  
Quantile regression (QR) can be regarded as an enlargement to the classical Ordinary Least Squares (OLS) and was developed by 
Koenker and Bassett (1978). It defers the focus away from the conditional mean to the conditional median or any other quantile 
of interest. The conditional QR model |  leads to the following minimization problem: 

	 ∈
 (1) 

Where 0 , with ∈ 0,1  representing a quantile and ∙  denoting the indicator function. Thus, QR 
minimizes the sum of absolute residuals, which are asymmetrically weighted. The weighting factor depends on the sign of the 
residuals: positive residuals receive a weighting factor of ρ, negative residuals are weighted with 1-ρ. For the median quantile, for 
instance roughly half of the points lie above and half lie below the regression line, leading to a symmetric weighting.  
 
To test the performance of the different indices, we constructed an analogue to the coefficient of determination (R2) of least 
square estimations. This criterion is referred to as R1(τ) and minimizes the sum of weighted distances. 

1 		 	 ∈ 0,1   (2) 

 represents the model of interest (unrestricted) and  the reduced (restricted) model, where only an intercept is present 
(Koenker and Machado 1999). Confidence intervals were estimated using an inverting rank test described in Koenker 2005.  
 
To evaluate the implications of QR for risk reduction, we used Expected Shortfall as a downside risk measure (McNeil et al. 
2005). Expected Shortfall is defined as the expected loss given that a loss is below or equal a specific quantile level  with  as 
the confidence interval.  

E X|X ) (3) 

2.2 Data and Indices 
In our empirical analysis we used wheat yield data for both, a country and 12 farms situated in North-Kazakhstan. Weather data 
were provided by the National Hydro-Meteorological Agency of Kazakhstan and cover the period from 1980 to 2010. For more 
information on the data see Conradt et al. 2012. For this paper we present six of our analysed indices. “t” indicates time in days. 
The cumulative rainfall index, is defined as 

1  (4) 

Growing degree days are estimated as  

1  (5) 

The Selyaninov Index (Meshcherskaya and Blazhevich, 1996; Dronin and Kirilenko, 2008), which uses a ratio of cumulative 
rainfall and temperature is defined as:  

 (6) 

The days of crop drought stress (DCDS) are estimated using the soil available water (SAW), the actual evapotranspiration (AET) 
and the potential evapotranspiration (PET). PET values are specific for the Northern Kazakhstan agroclimatic conditions. They 
are assessed for spring wheat in the region and are changing with time and the plant’s phenological phases (Akhmadiyeva 2008). 
Daily crop drought stress is derived from the ratio of AET and PET and confined to values greater or equal zero (similar to 
Mather et al. 2008).  
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(7) 

We used a model which allows the estimation of the soil moisture in 100cm depth (Sirotenko et al. 2012) and constructed an 
index by the cumulative sum of soil moisture: 

W100 Soil	moisture in	100cm (8) 

Additionally, we used as a remote-sensing index - the Vegetation Condition Index (VCI), which indicates the plant growth 
conditions by different reflectance of green and moisture-stressed vegetation in the visible and near infrared range. The VCI is 
derived by normalizing the Normalized Difference Vegetation Index (NDVI) values by its maximum and minimum values. For 
more information see Bokusheva et al. 2012.  

VCI 100 ∙ NDVI NDVI NDVI NDVI⁄  (9) 

2.3 Optimization procedure of considered time period 
We used the statistic software R and for the quantile estimations the package quantreg (R Development Core Team, 2012). To 
reflect the downside risk of severe droughts, we focused on the 0.2 quantile and maximized 0.2 . In a first step, we 
maximized 0.2  by keeping the time period of the index constant for all years. This means that the index the same 
number of n days had in each year but different indices had different numbers of days. In a second step, we use flexible time 
periods every year to allow the plant to adapt its vegetative and generative growth length to the weather conditions of the 
particular year. Thus, the index was calculated considering the variation in the length of critical vegetation periods. In the 
following, we refer to this model with the denotation “flexible”. To determine the number of days, we built a rather simple model 
and made the following assumptions:  

a) Sowing date is 25th May, kept fix for all years 

b) Sprouting date is 4th June, kept fix for all years 

c) T , the effective Temperature is defined as average daily temperature minus 5°C 

d) Ear formation is triggered by ∑ T 480°C.  

e) Plant growing is finished when ∑ T 1095°C.   

f) The period of the index is defined to start 1 month before ear formation and ends 34 days before the T  sum equals 

1095°C.  

3. RESULTS 

Figure 1 shows the variation in the index parameter estimate subject to the quantile levels based on the county yields. 
Additionally, the parameter estimates of Ordinary Least Squares (OLS), which are constant along the quantiles, are depicted in 
red with their confidence bands. The quantile estimates, represented in black, do not follow a horizontal line and are thus not 
constant. Especially for the extremes, i.e. very high or very low	τ	values, the quantile parameter estimates for some indices are 
outside the confidence bands of the OLS estimates. With regard to droughts, τ values below the median are of particular interest. 
For τ~0.1, the Growing Degree Days (GDD) and the Days of Crop Drought Stress (DCDS) exceed the OLS lower confidence 
band. Shape shifts were even more pronounced using single farm data instead of county data, as shown in Figure 1. The straight 
black line represents the zero value line. Except at the extremes, where confidence envelopes of the QR estimates are very high 
as a consequence of the estimation method, the zero value line is not crossed. This means that each index has either a significant 
positive (RAIN1, SI, W100, VCI) or a significant negative (GDD1, DCDS) impact.  
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Figure 1 : The red straight line represents the least square fit and the red dashed lines the associated confidence intervals (90%). The pointed 
black line represents the index parameter estimations for the different quantiles (tau values) and the grey shaded area is the 90% pointwise 
confidence bands for the quantile estimate.  

In Figure 2 the county yields are shown in dependence of the six different indices. The red dotted line refers to the OLS estimates 
(“lm”), the in blue line depicts the median quantile estimates (“0.5”) while the grey lines show the estimates for 8 different 
further quantile levels (“0.1-0.4” and “0.6-0.9”). Depending on the index, the lines are increasing, representing a positive 
relationship or decreasing which correspond to a negative effect of the index variable on the yield. For instance, increasing 
precipitation has a positive, but increasing temperature has a negative effect on yields (see RAIN1 and GDD1). For SI, DCDS 
and VCI, the conditional mean estimations (OLS) are parallel and nearly identical to the conditional median estimations (QR). 
However for RAIN1, GDD1, W100, mean and median lines are crossing, implying asymmetric distributions. Especially for 
DCDS, the quantile lines of lower index values are tighter than at higher DCDS values, implying a shape shift.  
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Figure 2 : County yields versus six different indices are illustrated. The red line stands for the OLS estimates (“lm”), the blue line indicates the 
median (“0.5”) and 0.1 up to 0.4 indicates the quantiles below the median (downside risk) and 0.6 up to 0.9 the quantiles above the median.  

 
Figure 3 shows the boxplot of 0.2  estimates for different indices. For RAIN1, DCDS and SI the estimates are 
represented for fixed and flexible plant growing period as described in section 2.3. For cumulative rainfall (RAIN1), the 
difference in  between the two models (with and without flexible plant growing period) adds up to 0.11, for the Selyaninov 
index (SI) to 0.07 and for DCDS there is no increase at all. However “DCDS+flexible” shows a greater spread, indicating a 
higher variation. The smallest variation has the satellite based index VCI. Highest median values were reached for RAIN1 and SI 
with flexible growing length, DCDS and W100. GDD1 shows the lowest median value.  

 
 

Figure 3 : 0.2  values for 12 different farms and 6 different indices represented as boxplot. In addition, for RAIN1, SI 
and DCDS,  is estimated with flexible plant growing period indicated with white boxes as described in section 2.3.  

4. DISCUSSION AND CONCLUSIONS 

Quantile regression (QR) is a suitable tool to represent the dependency of weather index and yield, as QR takes the full 
distributional properties of the response variable into account and thereby reveals more information than conditional mean 
models (e.g. OLS). Our results indicate that parameters are non-constant but change with dependency on the quantile. Some 
farms have a rather low goodness of fit value for the considered indices. This implies that other factors, such as management, soil 
quality and the distance to the weather station might strongly influence farm yields. Index performance could be improved by 
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using flexible time periods for each year, thus allowing the plant to adapt to external conditions. As our results show only slight 
improvements, we intend to refine the model.  

5. POLICY ORIENTED RECOMMENDATION 

A proper reflection of the yield-index dependency is crucial for an adequate risk reduction of weather-based insurances. 
However, our study raises concerns over the constant parameter assumption of yield and index. Thus, we evaluated the risk 
reduction using OLS (constant parameters assumed) and QR (parameter estimates are allowed to vary with quantiles), to assess 
potential implications of this choice. As a downside risk measure we used Expected Shortfall and calculated the relative risk 
reduction using OLS and QR parameter estimates. Thereby, we found a significantly higher relative risk reduction of QR 
compared to OLS. Thus, QR should be considered as a valuable alternative to common OLS models and be applied more 
widespread in risk quantification and evaluation.  
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ABSTRACT: Cape Verde, located off the coast of Senegal in western Africa, is a volcanic archipelago where a combination of 

human, climatic, geomorphologic and pedologic factors has resulted in extensive land degradation. To maintain sustainable yields 

in such fragile conditions and to stabilize the farming systems, the post-independence governments have centered their 

agricultural policies on soil and water conservation (SWC) strategies.  Thus, several SWC techniques were implemented in the 

last half century, the most common ones being live barriers, terraces, half moons, contour rock walls, contour furrows and micro-

catchments, check dams and reforestation with drought resistant species. In this study, the authors survey the existing soil and 

water conservation strategies, analyze their impact on the livelihood conditions of the rural population and evaluate their 

effectiveness and impact on crop yield in the Ribeira Seca watershed. The authors also explore the governance factors behind the 

relative success of Cape Verde in the fight against desertification and rural poverty in such a natural resource poor country, which 

can be learned internationally and applied to similar conditions. The methodological approach to this study comprises literature 

review, field monitoring and household survey. Despite the deficit of published studies and inconsistent results from field 

monitoring, it is undeniable the positive impact of soil and water conservation strategies on environment, rural household food 

security, livelihood and combating land degradation in the country. Cape Verde’s relative success with SWC owes to an 

integrated governance strategy that comprises financial resource, education and capacity building, liability and partnership with 

rural communities. 

Keywords: land degradation, soil and water conservation strategies, sustainable livelihoods, governance factors, dryland 

production 

1. INTRODUCTION 

Cape Verde, located about 455 km off the west African coast, is a volcanic archipelago country composed of 10 islands with a 

total surface of 4033 km2,  where a combination of human, climatic, geomorphologic and pedologic factors has led to extensive 

land degradation (Smolikowski et al., 2001). Like other Sahelian countries, Cape Verde has experienced the dreadful 

consequences of desertification throughout the years, menacing the livelihood of the country’s population and its fragile 

environment. Food production and provisioning constitute the most critical and persistent social constraint (Langworthy and 

Finan (1997). The steep slopes in the more agricultural islands, together with semi-arid and arid environments, characterized by 

an irregular and poorly distributed rainy season, with high intensity rainfall events, make dryland production a real challenge. To 

survive in these fragile conditions, the stabilization of the farming systems and the maintenance of sustainable yields have become 

absolute priorities.  

 

As erosion problems, lack of water and land degradation are recurrent (Mannaerts, 1985; Mayer and Lopes, 1993, Tavares et al., 

2007, Ferreira et al. 2010), the government has ever-greater reason for implementing sustainable land management solutions.    

Regardless of major investments in soil and water conservation techniques in Cape Verde, rainfed crop yields remain low even in 

years of regular rainfall. The low input farming system, dominated by continuous maize and beans intercropping still faces severe 

climate conditions, inadequate crop and land management practices, and increasing land degradation. On the other hand, there is 

still a lack of well documented impact of the implemented SWC works on agricultural production and rural well-being. 

 

In this paper, the authors aim to survey the existing soil and water conservation strategies and techniques, analyze their impact on 

the livelihood condition of the population and evaluate their effectiveness and impact on crop yield in the Ribeira Seca watershed. 

The authors also analyze the strategies and governance factors behind the relative success of Cape Verde in the fight against 

desertification and rural poverty in such a natural resource poor country, suggesting that Cape Verde experience be learned 

internationally and applied to similar conditions.  
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2. METHODOLOGY 

2.1. Study site description 

2.1.1.The Cape-Verdean Natural Resource endowment  

Rainfall and climate: Characterized by extremely insufficient, irregular and unreliable rainfall, climate is the most dominant; 

nonetheless, unpredictable force in the country’s agriculture.  Rains are, essentially, a result of the annual movement of the Inter-

Tropical Convergence (ITC), an atmospheric turbulence consisting of a moisture-laden unstable air mass, originating a wet season 

(Langworthy and Finan, 1997) from July to October and a long dry season from November to June. Mean annual rainfall is about 

230 mm with great spatial-temporal variability.   

Water resources: Cape Verde has no permanent surface stock of fresh water, creating an almost total dependence on ground water 

supplies for domestic and agricultural use. Water resources (ground and superficial) are scarce as they are dependent on rainfall 

that is insufficient, unreliable and susceptible to be lost as runoff.  INGRH (1995) has estimated that in a year of average rainfall 

(i.e. 230 mm), about 20%, or 180 million m3, is lost through runoff, more than 50% is lost as evaporation and only about 13-17 % 

recharges de aquifers.  

Soil resources and land management: Of the 4000 km2 of land surface that comprise the country, about 10% is cultivated. The 

soils are mainly of volcanic origin, medium to coarse textured, steep, low in organic matter, generally shallow and low water 

retention capacity.  Of the arable surface (41,000 ha), 95% is used for rainfed agriculture and the remaining 5% (or less than 3,000 

ha) for irrigated agriculture and 4% for afforestation. Desertification is patent in the whole country in different ways and extent 

according to the physical characteristics of the islands, and is associated to land degradation problems. To prevent land 

degradation, both mechanical and biological practices of land and water conservation have been used.  

  

2.1.2. Ribeira Seca watershed: site description of the largest catchment area on the Santiago Island 

Ribeira Seca Watershed (RSW) is located on the east-central side of the Santiago island, between latitude 15º07'40'' and longitude 

23º32'05'' W (fig. 1).  With a drainage area of 71.50km², it presents 4 agro-climatic zones, namely: semi-arid (49%), arid (20%), 

sub-humid (20%), and humid (11%).  

 

 

 

 

 

The climate is characterized by a dry season that lasts 8-9 months (November to June) and a short humid season of 3-4 

months (July to October). The humid period coincides with high temperatures (Fig. 2). Rainfall is extremely heterogeneous 
and its spatial-temporal distribution irregular.  
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Figure. 2: Mean annual rainfall, Evapo-transpiration and Temperature for São Jorge Station (sub-humid): period 1973 – 2010) 

Figure 1: Location of Ribeira Seca watershed within Santiago Island and Cape Verde 



The watershed comprises seven sub-basins, characterized by steep slopes and precipitation that varies from 200 mm downstream 

to 650 mm upstream. The maximum temperature is 28.1ºC and the minimum is 16.6ºC. The dominant land use is rainfed 

agriculture, especially maize, different beans and groundnut, occupying 83% of the area.  Maize of local varieties and beans are 

the main dryland staple crops. The remaining area is used as follows: 5 % (362 ha) irrigated crops (sugarcane, fruits, vegetables, 

cassava and sweet potato); 4 % (251 ha) forested; 1% rock outcrop; and 7% for other uses (ex. urban). The soils, mainly 

Inseptisols on basaltic substrate, are shallow, steep, low in OM, generally with low to medium fertility, medium to coarse texture 

and exhibit marked symptoms of degradation (i.e. hills and gullies). However, deeper soils, i.e. mollisols with higher organic 

matter content and vertisols can be found on the plateaus (achadas) of less steeper slopes. At the valley bottoms or ribeiras, 
predominates the alluvial soils.  

2.2. The methodological approach: from literature review to field assessment 

The methodological approach to this study consisted in a thorough review and analysis of literature from national documents 

(published and unpublished), research papers related to soil erosion, land degradation and desertification. Field assessments were 

carried out in an attempt to evaluate the impact of different soil conservation (SWC) measures on soil parameters (i.e. 

accumulation index, erosion index, vegetation cover, rock outcrops and stones, resistance to penetration and organic matter cover) 

and dryland crop yield. To evaluate the effectiveness of SWC techniques at slope level on dryland fields, measurements were 

made downslope on 25 meters transect at the various SWC techniques using a semi quantitative method.  To access the impact of 

SWC on dryland crop yield and soil quality, thirty six plots of 25 m2 were selected on farmers field treated with SWC techniques 

in three agro-ecological zones.  

 
3. STRATEGIES TO TACKLE HARSH CONDITIONS:  GOVERNANCE FACTORS 

3.1 Famine history 

 
The country’s history comprises striking events of scarcity and food crisis that caused thousands of deaths from the XVI to the 

XIX centuries, registering several famines and epidemics (Ferreira et al. 2010).  In the first half of XX century 6 famines 

occurred, causing the loss of more than 75000 people (Lesourd, 1995). The famine episodes have been closely associated to the 

occurrence of dry years even though other factors may also have contributed to the high number of deaths, which in the 1940s, 

were responsible for the almost 50% population reduction in Cape Verde. In Santiago Island alone, Amaral (1964) points-out that 

the population decreased by 65% during the 1947-1948 crises.  

 

3.2 Awareness and actions 

From the 1950s onwards, Cape Verde can be considered an example on how to manage harsh environment.  The establishment of 

a strategy to re-conquer nature was linked to political, cultural and economic reasons as the government aimed to reduce rural 

poverty by creating jobs and reduce the rural exodus. In the process, the country has embraced the cause of struggling to protect 

its fragile environment and reverse the process of desertification.   To accomplish its purpose, awareness and actions have 

enclosed among others: (i) elaboration of strategic instruments like  the Growth and Poverty Reduction Strategy (DECRP), the 

Programme to Combat Poverty and the National Environment Action Plan (PANA II) that define the strategic axes of intervention 

in the areas of economy, environment, security and poverty reduction; (ii) signature and ratification of the three United Nations 

Conventions i. e. Biological Diversity, Climate Change and Desertification); (iii) mobilization of financial resources for SWC 

works and afforestation programs through High Intensity labour Fronts (FAIMO) which ensured jobs to thousands of people in 

rural areas, particularly in dry years (Ferreira et al, 2012, Haagsma and Reij, 1993); (iv) adoption of the participatory approach; 
and (v) investment on education and training at all level. 

4. SOIL EROSION AND LAND DEGRADATION IN RSW: TYPES, CAUSES AND 

DESERTIFICATION RISK  

 

4.1. Causes of soil erosion and land degradation 
Both absence of rain and excess rain are drivers of land degradation. Erosion by water is considered the major factor of soil 

erosion of cultivated land in the Ribeira Seca watershed, seriously affecting the quality of the environment, food security, 

sustainability and longevity of the limited arable land (Querido, 1999, Tavares & Amiotte-Suchet, 2009).  Despite the efforts to 

reverse the processes, soil erosion and land degradation are still very impressive.  High erosion rates occur during heavy rainfall 

events, and are considered the most critical environmental and agricultural problem in Ribeira Seca. 

4.2. Symptoms and magnitude of soil erosion  
Due to the steepness of the slopes, the rugged topography, the torrential characteristics of rains and the bare soils, rill erosion is 

the dominant type, but other types like gullies and exposed root systems are also present. Several attempts have been made to 

quantify erosion in the Ribeira Seca Watershed both at sub-watershed (Sabino et al. 2000 Tavares & Amiotte-Suchet, 2009) and 
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plot levels (Querido, 1999, Mannaert, 1986; Baptista et al. 2012; Smolikowski et al., 2001, PRODAP-FIDA, 1997), with results 

showing great spatial and temporal variability depending on slope, land-use, rainfall amount and intensity.    

Querido (1999) measured soil loss at plot level from different land use practices from 1995 to 1997 and found an accumulated 

erosion of 69 ton/ha (mean of 23 ton/yr) for the traditional maize and beans system during the three years of the experiment. For 

the same period, the accumulated erosion for mulch treatment was only 1,5 ton/ha (mean of 0,5 ton/yr).  

Results by Tavares & Amiotte-Suchet (2009) showed that, from 2005 to 2009, the average annual budget for three sub-watersheds 

(Longueira, Grande and Godim) was 4266, 157 and 10 t/km2/yr, respectively.  

Lopes & Meyer (1993) quantified the volumes of sediment retained by several soil and water conservation techniques (i.e. check 

dams, contour rock walls and contour ditches) in Santiago, and found  values ranging from  80 to 1565 ton/km2/yr, with Ribeira 

seca watershed represented with 466 ton/km2/yr.  

Smolikowski et al. (2001) reported that, for rainfall higher than 40 mm and intensities over 40 mm/h, soil losses reached 12 

mm/yr on bare plots, 48 mm with traditional crops, 3.1 mm with hedges and less than 0.03 mm under mulching on 50% slopes.  

Baptista et al. (2012) also found that plot level runoff and erosion were highly dependent on intensity of rainfall event, slope and 

land management. Highest runoff (1.7 and 1.2 l/m2) occurred on sites with 35 and 23% slope, while lowest values (0.4 and 0.6 

l/m2) occurred on sites with slopes of 8 to 11%. Regardless of slope and rainfall amount, both runoff and sediment yield were 

significantly lower on mulch treated plots, on all sites. 

4.3. Desertification risk 

Tavares and Amiotte-Suchet evaluated erosion risk for Santiago Island and concluded that the island may be broadly divided into 

five major erosion risk zones with 91% of soils exhibiting   high to very high risk, 8 % very low to low and only a very small area 

(0.4 %) with moderate risk. The high to very high risks correspond to rainfed agricultural land, the moderate corresponds to forest 

land while the low to very low correspond to irrigated and coastal lands. Figure 3 represents the desertification risk map of the 
watershed, indicating that more than 90  of the RSW is at high and very high risk of desertification (Tavares et al. (2011). 

 

 

 

 

 

 

5. SOIL AND WATER CONSERVATION MEASURES IN RIBEIRA SECA 

5.1. Types and description of SWC 

RSW is one of the watersheds where most SWC works, both mechanical and biological techniques, have been implemented. The 

following is a description of the main types found in the watershed (DESIRE, 2008): 

Bench terraces (Terraços). These structures (Fig. 4) comprise a series of leveled or virtually leveled strips running across the 

slope at vertical intervals supported by steep bank or rise. The erosion reduction potential ranges from 10 to 50 percent. When 

properly built, they represent an effective measure on erosion reduction and sediment transport, and require little maintenance. 

However, they are relatively expensive to build, and require qualified technicians.  

Figure 3 - Desertification risk map of Ribeira Seca Watershed (DESIRE, 2011) 



 

 

 

 

 

 

 

 

 

 
 

 

 

Contour Stone wall (Banquetas). This is a soil stabilizing mechanical structure built along a contour line, using medium and 

small sizes rock, found on site (fig.5).  The advantages of this practice consist on slope stabilization, runoff slow down, promotion 

of infiltration capacity, and sediment trap. The technique is well suited for small scale application on farmer's rainfed fields. 

Implementation is fast, inexpensive and simple. Though, the structure requires periodic maintenance, without which can become a 

source of potential hazard to slope.   

 

Contour furrows ridges. The structure consists of earth parallel ridges built on the contour lines, spaced between 1 and 5 meters. 

For effectiveness of structure, the ridges are also stabilized with vegetation to avoid rill erosion.  The technique is very effective, 

for rainfed cropping in semi-arid areas where soil is fertile and easy to work and also, in upslope locations, where the cultivation 

of some fruit trees is acceptable. 

 
 

 

 

 

 

 

 

 
 

 

Vegetation barriers. These consist in plantation of different plant species, such as Aloe vera, Leucaena leucocephala  (Fig. 7) 

and Fucraea gigantea in lines along steep agriculture terrains, particularly in places without stones. Each line of plants constitutes 

a barrier to the water and erosion processes, allowing accumulation of sediments behind the vegetation lines, reducing overland 

flow velocity and thus its erosive capacity. 

 

Vegetation surface cover. This consists in the use of plants such as thorn plants to cover specific key sensible areas to reduce 

water overland flow and erosion (Ferreira et al., 2011), plantation of perennial leguminous food crops such as pigeon pea  (Fig. 8) 

on dryland agriculture fields to provide soil cover after traditional maize and beans are harvested. The aim is to cover the soil, 

partially or completely, to dissipate the rainfall’s kinetic energy, reducing therefore splash, overland flow and erosion. The pigeon 

pea plant, besides providing food and fire wood for the people, improves soil fertility and the cumulative effect of the litter 

increases soil organic matter, improves infiltration and soil water retention capacity.  

 

Afforestation consists in the plantation of several species according to the agro-climatic zones. Since 1975, afforestation has been 

a major concern, both as a soil and water conservation measure and a strategy against desertification. It is often associated with 

techniques like half moons and contour furrows and ridges. Forests are often found on top of slopes in very steep locations.  

 

Reservoirs. These are concrete or metal structures built mainly to provide water for irrigation. They are usually located at the 

outlet of springs, in areas where small streams can be diverted to fill in the reservoirs tanks. Most of them are only filled in during 

the rainy season and remain without water during part of the dry season. 

 

Figure 4: Terraces in São Jorge at INDA experimental station Figure 5: Contour Stone Walls combined with Leucaena leucocephala  

Figure 6: Contour furrows-ridges for planting 

 

Figure 7: Vegetation barriers of Aloe vera (São Jorge) 



 

Figure 8: Pigeon pea in maize/bean association (left) and on terraced slope (right) 

 
Check dams.  These are mechanical structures (Fig. 9) built of loose stone, stone with gabion or cement and stones (masonry 

check dams), constructed as gully conservation measures along the waterways to prevent erosion and promote sedimentation.  

 

  
6. EFFECTIVENESS AND IMPACT OF SWC 

6.1. Impact on slope protection 
Though the few studies carried out to evaluate impact of SWC techniques on slope protection are not consistent, there is a 

consensus that the techniques implemented in the last half century have played a positive role in the fight against land degradation 

(Querido, 1999, Tavares, 2010, Ferreira et al, 2012). 

Ferreira et al. (2010) assessed effectiveness of different SWC techniques at slope level considering parameters like soil 

compaction, erosion index, rock outcrops and stone, organic matter, vegetation cover and soil accumulation, and found different 

efficiency for different techniques. However, all (vegetation strips, afforestation, terraces, contour stone walls and vegetation 

strips) had positive effect on slope protection.  

Smolikowsky et al. (1993) showed the effectiveness and the importance of live vegetation barriers and mulch against water 

erosion when compared with traditional crop (maize and beans) and bare soil, while Querido (1999) reported that the use of 1.5 

ton/ha of mulch contributed to reduce erosion up to 95 % and significantly increased infiltration 

  

6.2. Impact on crop yield 

Impact studies of techniques on dryland crop productivity, carried out by INIDA have turned out inconsistent through the years, 

depending on yearly rainfall and agro-ecological zone.  In 2005, a year considered of deficient rainfall both in amount and 

distribution, it was registered a significant increase of 87% on maize grain and biomass yield for contour stone wall when 

compared to non treated plots. However, this significant increase was only verified on the semiarid agro-ecological zones and not 

for humid, sub-humid or arid zones. On the other hand, in 2010, a year of good rainfall amount and distribution, no significant 

increase in either maize or bean yield was observed between treated and untreated farmers field. This lack of response could be 

explained by the sufficient soil moisture available during the growing season, allowing good crop growth and yield. 

 

6.3. On ecosystem services  
Under Cape Verde steep landscape and dry conditions, benefits of practices such as afforestation, vegetation barriers, retention 

dams, terraces and stone walls include regulation of the flow of water and sediment, increased soil moisture content, reduced 

vulnerability to drought and flooding, and higher farm productivity.  The dams, once silted, serve as recreational spaces like 

Figure 9: Check dams. Masonry check dam (Left) and gabion check dam (right) 



soccer field for children to play and as agricultural land.  By implementing practices that maintain or restore the capacity of soil to 

retain water along with nutrients and organic matter, farmers can significantly reduce agricultural water demand, reduce 

vulnerability to climate extremes of drought and flooding, as well as their own productivity. 
 

6. IMPACT ON SUSTAINABLE LIVELIHOOD 
 

6.1. Livelihood approach to soil and water conservation 
In terms of soil and water conservation, in the context of Cape Verde climatic and soils conditions, the focus should be set 

primarily on a more sustainable use of the natural resources base to link implementation of SWC to other positive livelihoods 

outcomes. The SWC strategies and techniques implemented have contributed to the improvement of the economical and 

environmental conditions of the treated landscape, making crop production possible, consequently, improving the livelihood of 

the people living on the islands. 

 

6.2. Cultural value of dryland crops 
Introduced in Cape Verde from Brazil in the XVI century, maize evolved as the predominant dryland crop and the staple food for 

the population, becoming the preferred staple food (Langworthy and Finan, 1997). Despite the low yields (300-700 kg maize 

grain/ha) and frequent crop failure, rural people routinely plant maize every year, regardless of the economic loss and 

environmental degradation arising from this agricultural activity. Land degradation has been associated with dryland farming 

practices (USAID, 1994; Lopes and Meyer, 1993), in particularly, the widespread cultivation of maize, which is considered the 

major cause of soil erosion and high rainfall runoff rates. The cultivation of local maize ecotypes is linked to its importance for 

the local cuisine since the main traditional dish – “cachupa” is made with dry maize and different kinds of beans.  Besides 

“cachupa”, cape-verdeans use maize for the preparation of several other traditional dishes.  

 

6.3. Importance of dryland production on rural family food security  
FAO statistics show that dryland maize production does not cover more than 10-15% of consumption in a normal rainfall year. 

However, dryland production assumes a crucial role on the guaranty of food security of the rural families: (i)  it provides food 

grain (maize and beans) for family feed so that in years of “good” rainfall families do not have to buy these food items for 

consumption for a whole year; (ii) it provides crop biomass and pasture, so that animal raisers do not spend money  buying animal 

feed, (iii) it guaranties seeds for the following years, so that farmers do not have to buy seeds. 

 

7. LESSONS LEARNED FROM  IMPLEMENTATION OF SWC WORKS  

The most important lessons that  can be drawn from the Cape Verdean experience on the implementation of SWC strategies are 

highlighted below:  

Environmental concern should always be at center stage of development. Cape Verde has elaborated the instruments for 

implementation of its development strategy, mainstreaming environmental issues in the planning process and  promoting 

sustainable development.  

Government investment on soil and water conservation works is crucial.  With support of international partners, the country has 

channeled significant amount of financial  resources to SWC works, with positive outcomes for the battle against poverty and 

environmental protection. 

Involvement and participation of local communities in SWC is important at all levels. The more local communities are involved in 

planning and implementation, the higher the possibility that structures will be maintained and benefits are shared.  

Education and capacity building of stakeholders involved in soil and water conservation should maintain as a priority.   Capacity 

building on SWC at all levels, from land users to technicians, has indubitably  influenced the success of soil and water 

conservation.  Education has increased awareness regarding environmental conservation, thus, leading to farmers valuing the 

structures built . Training at a more technical level has been fundamental in the execution engineering works, ensuring the quality 

of the works. 

Soil and water conservation strategies should positively impact the livelihoods of local smallholder farmers. In the context of 

Cape Verde climatic and soils conditions, the focus should be set primarily on a more sustainable use of the natural resources base 

to link implementation of SWC to other positive livelihoods outcomes, rather than solely on economic return. 

Effective soil and water conservation can be the basis of a number of ecosystem services that are the foundation of human well 

being. By implementing and maintaining practices such as those implemented in the RSW, that maintain or restore the capacity of 

soil to retain water along with nutrients and organic matter, farmers can significantly reduce agricultural water demand, reduce 

vulnerability to climate extremes of drought and flooding, and also increase soil carbon storage, as well as their own productivity.  

 

8. POLICY ORIENTED RECOMMENDATIONS 

 
Because many soil and water conservation techniques  may lead to smaller harvest in the short  term, the government should 

support farmers in the first years implementation of soil and water conservation works as a solution to trade-offs between 

resources conservation and agricultural yields.  



To ensure the continuity of the conservation efforts, it should be created self-financing mechanisms that might replace the 

diminishing availability of public funds for conservation. 

Cape Verde’s government should reinforce its policy regarding environment and SWC through: maintaining environmental 

concern at center stage of development, increase investment on education and capacity building, mobilizing financial resources 

for SWC, endorsing  the concept of watershed as planning unit and dynamizing participation of local communities. 

 

9. CONCLUSIONS 

Cape Verde represents one of the places on earth where environmental conditions pose enormous challenges to human activities. 

Desertification is a major issue and directly influences the livelihoods of local smallholder farmers. To halt this phenomenon, an 

impressive number of erosion control schemes have been implemented on a scale not observed in other sahelian countries.Thus, 

soil and water conservation is crucial and plays such an important role in the overall sustainability and livelihood of local 

communities. 

Cape Verde owes its relative success with soil and water conservation strategies to an integrated governance strategy which 

comprises financial resource management, investment on education and capacity building, liability and partnership with rural 

communities, and the adoption of the watershed as the planning unit.  

Despite the lack of consistent impact studies, it is undeniable the positive impact of SWC on environment, economy, food 

production, livelihood and combating land degradation in the country. 

Soil and water conservation technologies have significant impacts on reducing production risk in Cape Verde and is part of the 

country’s climate-proofing strategy. However, results also show that one-size-fits-all recommendations are not appropriate given 

the differences in agro-ecology and other confounding factors. 
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ABSTRACT: The 1992-1995 war, as well as the post-war developments in Bosnia and Herzegovina (BiH) have made 

incalculable impact on changes of the land use where permanent land loss, change of purpose and land market are the most 

apparent ones. One of the numerous factors is certainly the migration of the population (about 2 million people were displaced) 

from rural areas, which contributed to an intensified process of urbanization. Land value does not come as an economic factor. 

This is the main cause of a general misperception that agricultural land is an abundant and cheap resource in transition countries, 

which provides grounds for manipulation, illicit enrichment and corruption. An obstacle to the agricultural land market 

development is lack of systematized data on demand and supply, insufficient interest in the purchase of land etc. The purpose of 

this paper is to analyze both permanent and interim losses of agricultural land in BiH, as well as to primarily determine the 

impact of demographic changes and war related activities in the country on the occurrence of these losses. The analysis employed 

CORINE land cover digital database, according to which in the period 2000-2006 the total agricultural area was reduced by more 

than 5,000 ha, whereas the construction land areas were increased by approximately 6,800 ha. In addition, the paper analyzes 

fundamental constraints in the development of land market, trends in the price of agricultural land, change of its purpose and 

possibilities of illicit enrichment and corruption, using the Sarajevo Canton as an example. 

Keywords: Land use changes, land market, war consequences, socio-economic transition 

1. INTRODUCTION 

Bosnia and Herzegovina (BiH) is a country of many uniquenesses. Even in the aftermath of the war which lasted from 1992 to 

1995, the country still faces numerous wartime effects. Unfortunately, the war had a vast impact on entire country, all segments 

of life and particularly demographic structure and land use methods. According to data available, 200,000 people out of a total of 

4.4 million citizens were war victims, while 2.2 million of them were displaced from their place of residence. Many rural areas 

were destroyed and remained abandoned to this day. When it comes to the way of use of agricultural land in BiH, two basic 

categories emerge: category of abandoned land and permanent loss of agricultural, often the most quality land, due to the post-

war reconstruction and intensified urbanization around large urban centres. Huge pressure coming from legal and particularly 

illegal construction in the watercourse valleys, along the thoroughfares and towns' outskirts is still a very current trend. However, 

movement of the population, especially in the context of their relocation from one part of the territory (entity) to another, 

supported by strong political lobbying, had a huge impact on the formation of prices of land and real-estate in general. This was 

particularly aggravated by the lack of land registry books that got hidden or destroyed during the war, i.e. inability to verify 

ownership, which opened the door to the possibility of illegal profiteering and corruption. 

1.1 Land administration system in Bosnia and Herzegovina 

The State of BiH consists of three separate administrative units, namely the Federation of Bosnia and Herzegovina (FBiH), 

Republic of Srpska (RS) and Brcko District of Bosnia and Herzegovina (BD BiH). Due to the complex constitutional structures 

and full jurisdiction of the Entities and BD BiH in the field of land administration, there are now three separate systems of land 

administration operating in BiH, which despite of certain differences, still experience similar problems, such as heterogeneity, 

unreliability and unpromptness. Today, the system of land administration remains heavily affected by the activities that took 

place in the past period. Public registries do not reflect actual status, while public administrations at any level are not in 

possession of updated spatial data for decision-making. Sectors that are in charge of land use planning, property rights, 

construction of settlements, management of municipal resources and infrastructure, agriculture and forestry are most affected by 

this situation. The existing maps are no longer up-to-date and a major part of development that took place in the past 20 years is 

not recorded or entered into any registers. Lack of administrative infrastructure slows down the planning and implementation of 

projects such as modernization of agriculture, management of natural resources, spatial planning and municipal infrastructure, 

which has a negative impact on national and international institutions. Even the municipal land management and property 

taxation, being the right way of supporting development of municipal infrastructure, does not function due to a large number of 

unclear ownership rights and illegal construction, combined with inappropriate administrative procedures (EU Study - Spatial 

Information Services for BiH, 2006).  



 

 

 

 

In addition to the entity-level Geodesic directorates, the official sources of information are also the entity-level statistical 

institutions, as well as BiH Statistics Agency. However, majority of statistical information is based on subjective assessments and 

is obtained by the methods that are better suited to the previous situation in agriculture and administrative structure of the 

country. The last agricultural inventory was conducted in 1961, and the last census in 1991. 

There is a very little comparability between old and new data, and when it comes to the time series of agricultural information 

there are some huge gaps. Discrepancies between cadastral records and formal statistics were always very noticeable in all land 

categories. More interestingly, according to the authors Mulić and Bogučanin, 1983, information on total area of BiH did not 

match: according to the cadastre, this area is by 17,000 ha bigger.  

In BiH there is no established system for monitoring the changes in land use, particularly in use of agricultural land. However, 

thanks to the CORINE Land Cover (CLC) project, BiH has established digital databases on land cover/land use at the state level, 

which can be considered a unique and relevant source of information on land cover at the state level as it was prepared based on, 

among other things, modern techniques and remote sensing technologies. 

2. CORINE METHODOLOGY 

European Union (EU) has accepted and developed a program for coordination of information on environment and natural 

resources named CORINE - COoRdination of INformation on the Environment. BiH accessioned this program in 1998, and to 

this date a total of two CLC databases - CLC 2000 and CLC 2006, were created for the years 2000 and 2006. 

Basis for identifying changes on land cover were the remote sensing sources of information, primarily the satellite images. 

Remote sensing technology is an important tool in providing both pre-war and post-war assessments on the impacts of war. By 

using remote sensing and GIS technology to integrate the social and environmental impacts from war, a better understanding of 

how these complex systems interrelate can be achieved (Witmer, 2006).  

In CLC 2000 data were derived from 1998 Landsat imagery and are available at 100 m pixel resolution. The CLC 2006 used 

satellite images made by French SPOT-4 and SPOT-5, as well as Indian IRS P6, in 2005 and 2006. By using these satellites it 

was possible to achieve multi-temporal satellite data coverage (two dates) of the mapped area, which enabled a high quality photo 

interpretation of agricultural areas in particular, as well as identification of real changes on land cover. Multiple satellite images 

allow for the detection of trends in vegetation density such as consistent increases over many years associated with abandoned 

fields or cyclical densities where bare soil is exposed after the land is plowed (Witmer, 2006). 

General technical characteristics of CLC mapping were employed in this research, so that any changes larger than 5 ha, wider 

than 100 m, that took place in the period 2000-2006 and were visible on satellite imagery regardless of their position, were 

identified. However, these areas were associated with the larger adjacent classes if smaller than 25 ha, so that these associated 

areas are shown in Table 1. A CLC set of data (scale 1:100,000) served as a basis for selecting agricultural areas, as well as 

analyzing changes that occurred in them in the period 2000-2006. 

 

Fig. 1. Example of a settlement built for refugees 

3. RESULTS 

CLC 2006 has been characterized by 33 out of 44 classes of the CORINE Land Cover nomenclature. The analysis of land cover 

database shows that more than 61.04% of the surface of BiH is covered by forest and natural vegetation, while about 36.69% is 

occupied by agriculture. Land classified as artificial areas occupied about 1.48%, while about 0.77% is classified as wetlands or 

water. In the period 2000-2006, 48,226 ha has changed its land cover. It is about 0.94% of the BiH territory. According to the 

statistics, 50,3% of BiH area is agricultural land, while 49% is forest land. Also, according to the statistics, 45% of the total 

agricultural areas is classified as abandoned. 

Information gathered by CORINE methodology (Büttner, Kosztra, 2006), show that a total agricultural area got reduced by 5,522 

ha in the period 2000-2006. Yet, true changes are way bigger (>25 ha) and amount to 13,449 ha. Speaking about the structure of 

changes, the analyses indicate that 7,064 ha of agricultural land have transitioned into the group of artificial areas. The largest 

part of agricultural land was converted into urban areas, which represents a permanent land loss. This occurrence is most 



 

 

 

 

apparent in large urban centres such as Sarajevo, Tuzla, Brcko, Bijeljina, etc. The main reason for the said situation is the large 

movement of the population that took place during the war and which still goes on, though to the considerably smaller extent. In 

the context of land loss, it is necessary to say that the most quality land was used for building refugee settlements and developing 

urban centres. An area of 1,540 ha of agricultural land has been converted into semi-natural areas group, while 272 ha were 

converted into water surface group. In terms of change of land use, 7,572 ha of agricultural land have been converted from one 

category into the other, e.g. pastures into complex cultivation patterns (2,319 ha). 

Table 1: CORINE Level 1 changes 2000-2006 (in ha) 

Class CLC 2006 CLC 2000 Change 

Artificial surfaces 
75,887 68,989 6,898 

Agriculture 
1,879,384 1,884,906 -5,522 

Semi-natural areas 
3,126,317 3,127,456 -1,139 

Wetlands 
5,023 5,301 -278 

Water 
34,712 34,671 41 

Total 
5,121,323 5,121,323 0 

3.1 Challenges in land management 

Land, being a fundamental un-renewable resource, has never been valuated by the criteria applied in market economy. This is 

how a huge portion of the most fertile areas of BiH was given over to other users, without adequate compensation or replacement 

that could either economically or spatially compensate their permanent loss. A former tendency, in some areas of BiH, of 

building residential and other buildings on poorest quality land is now being abandoned, hence residential and other buildings are 

now built on best quality land with a pronounced dispersion, which prevents rational equipping of said settlements with infra and 

supra-structure. Very often these areas comprise most quality agricultural land, where construction is carried out without any 

social or planning guidance, with considerable effects on reasonable land use, reduced capacity of road network (and increased 

incidence of car accidents) and with formation of settlements that are sometimes even kilometres long. Basic reasons for such 

irrational use of land lay in inadequate price of land; lack of planned solutions (coverage by spatial plans) which pertain to land 

use; lack of proper operational registers related to cadastre and taxation policy, i.e. land management (Bublin, 2004). 

In other words, value of land does not appear as an economic factor – criterion of allocation of residence and activity, in 

accordance with social interests. Since the principles of land use (similar to other natural resources) have not been systematically 

or operationally elaborated, and since there is no practice of regular economic valuation of land, there is a common 

misconception that land is an abundant and cheap resource. The effects reflect in distortion of prices and costs, deformation of 

functioning of cities as a consequence of uncontrolled concentration of population and building of towns on new areas 

(neglecting reconstruction), expensive equipping of towns and poor environmental conditions. Planning of rural areas, especially 

planning of villages, remains on the margin. 

Agricultural land is a resource whose utilization is very little influenced by the units of local self-government. Units of local self-

government have been completely forced out of managing the state owned agricultural land, as well as decision-making 

concerning its utilization. As a specific problem, the municipalities point out the change of use of agricultural land. In the FBiH, 

managing of this resource rests with cantonal level, which means that local communities have no influence on the approval of 

change of use, and that decisions made by the cantonal authorities are often at variance with actual situation in the field. The Law 

on agricultural land in the FBiH, stipulates that the Federation Ministry is in charge of approving the canton's spatial planning, 

where the cantonal spatial plan cannot be implemented without obtaining a prior approval by the Federation Ministry. In RS, if 

the units of local self-government sell or allocate to other users as construction land the agricultural land that by the planning 

document was given some other purpose, i.e. was declared construction land - they are obliged to first pay a fee for change of 

use. Although the RS Law on agricultural land provides that 70% of the fee for managing agricultural land on any basis 

represents a budget revenue for the units of local self-government, when it comes to decision-making and control, the role of 

municipalities/towns remains minor (Rodić et al., 2008).   

Numerous problems in the country affect the turnover and development of agricultural land and real estate. The process of 

returning land and real estate to their rightful owners is ongoing. In the recent past, this process was impeded by the inability of 

the population to return to their original place of residence, forced migration, as well as political decisions on swapping the 

property due to ethnic cleansing. Regulations on restitution have not been passed, and at the time being there is no possibility for 

returning the taken agricultural land to the former owners or their legitimate successors. Unreliable public registries and problems 

related to the registration of transactions pose an additional challenge. Since the entries in land register books are often incorrect 

and do not reflect factual status, it is necessary, prior to the sales, to implement certain procedures in court or relevant 

administrative body in order to „prepare“ the subject real estate for turnover.  



 

 

 

 

Sales of agricultural land, being a goods of common interest, is governed by specific Laws on agricultural land. The purpose of 

some legal constraints is to protect agricultural land and improve estate structure. When it comes to the estate structure, it has to 

be noted that it is being continuously fragmented due to the right of inheritance. However, it should be emphasized that the sales 

of agricultural land, despite legal constraints, is very often conducted with the aim of subsequent change of use into construction 

land, therefore, it may be stated that it is characterized by insufficient transparency.  

In addition to the bad situation in relation to the land-registry and cadastral records, an obstacle to the real estate market 

development, peculiarly the agricultural land market, is the high fragmentation of farms, lack of systematized data on demand 

and supply, poor general economic situation and insufficient interest in the purchase of agricultural land, inadequate tax policy, 

depopulation of rural areas and great number of displaced persons, sentimental and emotional but yet irrational approach to the 

real estate, inappropriate protection of the top quality land, and insufficient transparent procedures of changing the original 

purpose of the land transforming it into the construction land, a lack of favourable specified-purpose loans, and insufficient 

capacities of the state authorities and expert institutions (FAO, 2012). 

3.2 Situation in Sarajevo Canton 

Canton Sarajevo is situated in southeast part of BiH and covers territory size 1,268 km2, which makes 2.5% of territory of BiH, 

with population of 438,757 (estimation by Federal Institute for Statistics, 2012). Canton Sarajevo consists of nine municipalities 

and belongs to the FBiH. Demographic picture of the population has significantly changed in the period during and after the war 

in BiH. National structure and population size relative to the 1991 census changed substantially. Such a situation was caused by 

the fact that one part of the Canton territory, i.e. territory of some municipalities, belonged to RS, as well as the fact that a 

significant number of previous citizens of Serb nationality left the Canton after the reintegration. This trend continued on, given 

the mass sale of real estate mainly bought by the citizens of Bosniak nationality, whose place of residence used to be on the 

territory now belonging to RS. Intensive populating and constructing took a toll on agricultural and forestland areas. Destruction 

of the land, or physical damage, is very present. Land use in non-agricultural purposes is not under the control and is taking place 

without plan. Annual loss of land on the territory of Canton Sarajevo is around 500-700 ha (data of the Federal Institute for 

Agropedology Sarajevo). Among the biggest consumers of land on the territory of Canton belong construction of settlements, 

industries and other objects. Especially difficult are the consequences connected with the destruction of forest cover, where huge 

areas suffer from hewing down. Consequences are manifested through intensified water erosion, especially in conditions where 

land is very sensitive to these processes. 

Prices of agricultural land in Sarajevo vary from municipality to municipality, ranging from 2.5 to 25 Eur/m2. Price level is 

determined by the Municipality Councils, which also serves as basis for determining sales tax. Price level of land is also 

influenced by bonity category (there are a total of eight categories), as well as proximity of urban centre. Given the lack of 

analyses of bonity categories, information on land quality and spatial maps, there is enough room for speculations and 

manipulations concerning this resource. Since the sale of agricultural land is insufficiently transparent, price of agricultural land 

rises as much as by 50 times if its use is changed into construction land. 

4. POLICY ORIENTED RECOMMENDATIONS 

Accession to EU is a political goal of BiH. On this path, BiH has to fulfil numerous requirements and reforms, and one of the 

priorities is land management. Fundamental issues are related to the necessity of harmonizing the legislation governing protection 

and management of land, especially in terms of harmonization with the EU acquis. Land registries need to be harmonized both 

between cadastre and ownership, and cadastre and statistics. Establishment of an efficient cadastre is essential. Additionally, it is 

necessary to establish a single information system on management and monitoring of land use, that are vital to economic 

development; provide support to research and preparation of data bases on use value of land at local level which could be used as 

a basis for any kinds of planning at municipal level; support capacity building in all stakeholders within the country and raise 

awareness about significance of agricultural land being one of the largest resources in our country.  

5. CONCLUSIONS 

Agricultural land is extremely important to BiH, especially in view of development of rural areas which make up approximately 

81% of the total BiH territory. The agricultural land managing system and its monitoring are not developed. In BiH there is no 

common database, i.e. a relevant source of information on land resources at the state level. The existing sources of information 

are not up-to-date; they are uncoordinated and often irrelevant. There is no official information on permanent losses in 

agricultural land. 

CORINE represents a digital database on status and changes of land cover, as well as land use in BiH for the period 2000-2006. 

Information gathered by CORINE methodology indicates that in the period of 2000-2006, the agricultural areas in BiH reduced 

by 5,522 ha. Major cause of the changes in land use is a large scale migration of the population within the country, which 

contributed to an intensified urbanization as well as the appearance of abandoned land. CORINE database may be considered a 

unique, relevant source of information on land cover at the level of BiH. 
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Introduction 

Land degradation assessment in Lebanon, East Mediterranean, focused on accelerated 
soil erosion and low soil organic matter (SOM) content (Darwish and Faour, 2008) and 
human perception of soil degradation in marginal lands of the North east Bekaa plain (Zurayk 
and El Moubayed, 1994; Zurayk et al., 2001). Due to several pedoclimatic, agroecological 
and manmade conditions, the Lebanese soils are traditionally considered as medium to low in 
organic matter content which varies between 0.7 % to 3.0% (Darwish et al; 2006). Besides the 
dry climatic conditions prevailing in East Mediterranean, deforestation and recurrent forest 
fires (Masri et al., 2006) and mismanagement of agricultural practices, affected the relatively 
low organic carbon stock in the Lebanese mountain shallow soils which varies between 29 
and 61 t/ha in east and west Lebanese mountain chains respectively (Darwish et al, 2009). 
Plant residues burning or removal with harvest, over grazing, and wide application of bare 
fallow are other driving forces of OM loss and gas emission from the soil.  
Good agriculture practices can reduce carbon emissions into the atmosphere and enhance 
carbon sequestration which is beneficial to improve soil productivity and soil health, 
strengthen soil resilience to erosion and drought and mitigate climate change (Ugalde et al., 
2007; Gaiser, 2009; Hamze et al., 2010; Darwish et al., 2012). Indeed, following the loss of 
SOM content, a decline in soil aggregate cohesion and stability and higher vulnerability to 
erosion is recorded (Chenu, 2000). Management practices, such as conservation tillage and 
legume-based cropping sequences, have the potential to enhance total soil carbon (SC) 
content and improve soil aggregation that in turn can reduce soil erosion (Bhattacharyya, 
2009). Based on these considerations, this work aimed at assessing SOC stock and biomass 
production in dry mountain Lebanese areas spread over the eastern mountain chain and 
exploring possible enrichment by growing legume and barley feed crops between fruit trees as 
winter cover crops under semi arid Mediterranean conditions. Such practice has double 
benefits as income generating activity for the farmers as well as a conservative measure that 
can reduce soil erosion and protects the environmental functions of the land. 
 
Materials and methods 

A two-year participatory experiment was done in 2009 and 2010 in the semiarid 
mountain rangeland of Arsal located in North-east Bekaa plain of Lebanon to assess and 
estimate the potential increase of SOM content in orchards using legume and barley. The 
traditional cultivation of rain fed fruit trees in hilly Arsal areas has been practiced without 
terracing, or applying appropriate agricultural practices and effective water harvesting 
techniques. Fruit trees, especially cherries in Arsal expanded at the expense of grass land 
(Darwish and Zurayk, 2001). In 2008-2009 and 2009-2010 winter and spring seasons winter 
cover crops consisting of legumes (Vicia ervilia, Vicia sativa, Lathyrus cicera) and barley 
were planted between the fruit trees, at a rate of 50 kg. ha-1 in order to provide additional 
source of fodder crop and increase SOM supplement to the soil.  
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Arsal is typical for its hilly topography, 
complex macro relief and homogeneous 
hard limestone (C4) geology. Hills are 
separated by small basins and depressions 
(Darwish and Zurayk, 2001). Arsal, 
covering an area of 360 Km2, is located on 
the Anti-Lebanon mountain chain and is 
distinguished by a rainfall ranging between 
350mm in low Jourds and 600mm in 
middle and high Jourds, low temperature 
(T) during short winter (December-March) 
and very high temperature with large 
diurnal amplitude in the long dry season 
(April-November). A total of eight 
representative sites along the Eastern 
Mediterranean chain owned by farmers-
herders were selected for this project 
(Figure 1).  

Figure 1. Distribution of orchards with cherry 
planted with sativa alone and Vicia sativa 
mixed with barley. 

 
In general Arsal Mountains are dominated by grassland and bare rocks. To help herders 
acquire new skills, seven orchards were planted on a participatory approach with legumes 
along a toposequence (Figure 2). The seed fund was gracefully provided by ICARDA. 
Continuous supply of seeds was tried by the cultivation of low land areas equipped with 
irrigation facilities (Figure 3). During the 2008-2009 season, a comparison was made in the 
orchards between the performance of Vicia sativa alone and Vicia sativa mixed with barley 
under rainfed conditions. Whereas in the seed reproduction site, a comparison was done 
between the performance of Vicia ervilia (Kersanne-Amara), Vicia sativa (bakia-Baraka) and 
Lathyrus cicera (Jelban-Jabbouleh).  
 
Soil sampling and analyses 
Soil samples were taken from 0-30 cm depth before and after the season from the orchards 
and from the seed reproduction plots. Soil samples were air-dried then separated into fine, 
medium gravel, coarse gravel and stones fractions. Soil samples were grinded and sieved to 
pass 2 mm fraction. For the OM analysis the representative soil sample was finely ground in 
agate stoop and sieved at 200 μm. Then a soil sample of 0.15 to 0.5 g was attacked with a 
mixture of concentrated sulfuric acid and potassium dichromate (Ryan et al., 1996). 
 
Plant sampling and analysis 
To preliminary assess soil improvement by green manure and the possible increase of soil 
organic matter content, the fresh biomass and dry matter production of the mixture of barley 
and Vicia sativa and Vicia sativa alone was compared along the vegetation season. In the seed 
reproduction sites, the roots dry matter production of Vicia ervilia, Vicia sativa and Lathyrus 
cicera were compared. Plant samples were weighted fresh and cut into small pieces and sub-
sampled by the quartering method. Oven dried plant material was ground for further analysis. 
In each plot, 3 replicate of above and below ground biomass were taken at random from a 
quadrate (60 x 60 cm). The remaining vetch and barley was left above ground to be ploughed 
in.  



 3

  

Figure 2. general view of irrigated seed 
production plots 

Figure  3. Winter cover crop grown 
between fruit trees 

 
Results and Discussion 
Supplementary irrigated vetch (Vicia sativa) and red pea (Lathyrus cicera) gave the best seed 
production (4000 and 7000 kg ha-1of seeds respectively). The remaining legumes gave no 
more than 2000 kg ha-1of seeds with a dominance of green biomass production. Dry weight 
production of above ground was similar for Vicia ervilia and Vicia sativa. But Lathyrus 
cicera had a significantly higher aboveground production especially the over irrigated subplot 
located near the irrigation canal (Table 1). In these plots, the above ground part is eventually 
cut few centimeters above the ground and removed while the remaining material serves as 
fodder. Land tenure and rent explains the difference in OM content between the rented seed 
reproduction sites and owned orchards where herders-farmers systematically apply composted 
manure under fruit trees, which is available in the own sheep farm. The below ground biomass 
is usually left within the soil to supply root residues and N fixed in the tubers. Despite the 
difference found in shoot production in the four seed reproduction sites, there was no 
significant difference in the dry matter production of the below ground root residues. Plots, 
except the excessively irrigated one produced comparable below ground biomass (Table 1) 
supplying the soil with additional amount of sequestered carbon. 

 
Table 1. Biomass production in the certified seed increase plots and  

the expected organic matter supply in 10 years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Mean values followed by a common subscript are not significant at 0.05 levels.  
* Mismanaged by over irrigation, thus it was omitted from further analysis. 

 
After a time span of 5 to 10 years, only 15 % of the root dry matter may remain in the soil 
(Eldora, 2007). The projected results of the root biomass left in the seed reproduction sites in 
Aarsal, cultivated with legumes for one season, showed modest amounts of OM formation in 
the soil ranging between 140 and 250 kg ha-1 and between 60 and 110 kg ha-1 one year and ten 
years later respectively (Table 1). Referring to the rate of mineralization of 1.5% of OM 
reported for the soils of the area (Kechli, 1999), this corresponds to a relative increase in soil 

Biomass 
production 
(kg ha-1) 

Expected mass 
remaining after 

5-10 years  
(kg ha-1) 

Species (plot) 
Seed 

production
(kg ha-1) 

Shoots Roots Shoots Roots 
Vicia ervilia (1) 2000c 4177.6c 493.9x 630 70 
Vicia sativa (3) 4000b 4367.1c 519.1x 660 80 

Lathyrus cicera (4) 7000a 5986.7b 403.2x 900 60 
Lathyrus cicera* (5) 5750a 12178.1a 700.6x - - 
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OM content between 0.007-0.012% and 0.003-0.005% respectively. The continuous 
cultivation of legumes to secure seed fund if appropriate agricultural practices are followed 
would result in a cumulative increase of plant and root residues that leads in the long run to a 
significant increase of SOM. 
Field observations in early spring 2009 at higher altitudes showed that some Vicia sativa 
plants under fruit trees suffered from burning under the effect of frost registered under cold 
weather at high altitude even in the dry Lebanese mountain area. Survived plants (around 60% 
of originally sowed seeds) were 2 to 3 cm height and in post emergence stage. Barley was 
more developed than Vicia sativa, confirming that barley is more tolerant not only to drought 
but also it is more resilient to cold weather compared to Vetch.  
As temperature became warmer the surviving cover plants entered the full flowering stage. 
Orchard number 2 planted with Vicia sativa had higher plant dry matter production compared 
to orchards 1, 4, 6 and 7. Field observation showed that legume plants in orchard 2 were 
denser and smaller in size than survived plants in orchard 1 and 3 (Table 2). Cover crop in 
orchard 2 gave higher plant dry matter production due possibly to higher survival rate during 
winter. The analysis of biomass production from the cover crop under fruit trees at Arsal 
middle Jourd showed no significant difference between the below ground plant dry matter 
production, except for the orchard number 6 that presented high  SOM stock (126.8 t/ha).  
 

Table 2. Cover crop dry matter production in the mountainous orchards of Aarsal and 
expected soil supplement with organic matter following one cover crop 

 

Biomass (kg ha-1) Projected increase in soil 
organic matter (kg ha-1)  Site Plants Height  

(cm) Shoots Roots Total after 1 year after 5 
years 

1 18 - 20  384.5bc 62.9x 448.3 156.9 67.2 
2 7 - 10  633.4b 103.5x 736.6 257.8 110.5 
3 

Vetch 
10 - 18  223.1c 48.1x 271.3 95.0 40.7 

4 Vetch; 
barley 

9 - 10  
30 - 40  661.3b 98.7x 760.0 266.0 114.0 

5 Vetch; 
barley 

9 - 15  
28 - 42  652.6b 208.1x 860.7 301.2 129.1 

6 Vetch; 
barley 

8 - 12  
22 - 30  1480.7a 421.1z 1901.9 665.7 285.3 

7 Vetch; 
barley 

6 - 10  
17 - 28 571.2bc 80.4 x 651.6 228.1 97.7 

   Mean values followed by a common superscript are not significant at 0.05 levels 

This high content of organic matter is due to observed supply of manure which varies from 
orchard to another depending on the number of flock and owned area. It seems that manure 
protected seeds from pre-emergence frost injuries and supplied young seedlings with nutrients 
needed for better development. Comparing the dry matter (DM) production of the above 
ground part, discarding the two extremes orchards (number 3 and 6 giving the lowest and 
highest dry matter production respectively), there was no significant difference in the above 
ground plant production between the remaining orchards (number 1, 2, 4, 5 and 7).   
 
Conclusion 
Low sowing density (50-60 kg ha-1season-1) supplemented the soil with up to 250 kg OM ha-1 
season-1 resulting from decomposing roots. Plant shoots provided up to 665.7 kg OM ha-1 
season-1. Farmers-herders learned to secure own seed fund and water harvesting that allowed 
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doubling sowing density and improving yield of fodder crops. Grazing density depended on 
irrigation facilities and yield of green fodder crops which varied between 4 and 6 tons ha-1. 
Herders estimate that this practice also provides 8-15 ton ha-1 of animal manure season-1. It is 
suggested to develop agro pastoral system in dry Lebanese regions, in order to provide 
additional biomass for small ruminants, enrich the soils with OM and fixed nitrogen and 
improve the use of surface soil moisture. This good practice is adopted by other farmers in dry 
sub humid Lebanese regions cropped with olive, cherries and apple orchards.  
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La vulnerabilidad de las tierras desertificadas frente a escenarios de cambio climático en 

América Latina y el Caribe
1
 

Guillermo Dascal 

El presente estudio se enmarca en el proyecto “Valoración económica de la degradación de tierras 

ante escenarios alternativos de cambio climático”, iniciativa llevada a cabo conjuntamente por la 

Comisión Económica para América Latina y el Caribe (CEPAL) y el Mecanismo Mundial de la 

Convención de las Naciones Unidas de Lucha contra la Desertificación (CLD), y ha sido 

desarrollado por un equipo coordinado por César Morales y con la participación de un equipo 

multidisciplinario. 

 

El objeto del estudio es analizar los niveles de vulnerabilidad de las tierras degradadas y 

desertificadas ante los efectos del cambio climático en países seleccionados de América Latina y 

el Caribe. Con ese fin se aisló el factor clima como una de las causas de la desertificación y la 

degradación de las tierras, sin considerar los factores antrópicos, que habitualmente tienen mayor 

incidencia en los procesos de desertificación. 

 

Los datos climáticos corresponden al modelo PRECIS y fueron proporcionados por el Instituto 

Nacional de Investigaciones Espaciales (INPE) del Brasil. Por tratarse de un modelo climático 

mundial que sirve para obtener información hasta el año 2100, las proyecciones presentan niveles 

de incertidumbre razonables. A esto se le agrega que dichas proyecciones se han establecido sobre 

la base de escenarios que no representan necesariamente la complejidad de la realidad futura. 

 

Por otra parte, los datos climáticos corresponden a puntos situados a 50 kilómetros de distancia 

entre sí. Las interpolaciones realizadas para medir superficies y observar la evolución del clima 

pueden producir un cierto grado de distorsión en la información. Además, dada la escasa red de 

estaciones meteorológicas presentes en zonas áridas de la región, se han tomado como línea de base 

los datos proporcionados por el propio modelo PRECIS, lo que también podría tener algún efecto en 

la calidad de los resultados. 

 

Desde otro ángulo, la cartografía que se ha podido obtener acerca de la desertificación y la 

degradación de las tierras en los países de la región está solo actualizada o validada en pocos casos, 

lo que ha repercutido en el trabajo realizado al imponer limitaciones al estudio. En la Argentina, 

Chile, Colombia, el Paraguay y el Perú se ha podido completar el análisis con mayor nivel de 

detalle. En cambio, dados los diferentes enfoques, prioridades y políticas públicas de los países de 

la región en torno al tema, no ha sido posible armar un mosaico cartográfico para América Latina y 

el Caribe de los efectos del cambio climático en la desertificación y la degradación de las tierras. 

 

Por todo ello, resulta más conveniente para el análisis reflejar las tendencias más que los 

valores absolutos de los elementos del clima considerados en el modelo. No obstante, el estudio 

reviste gran importancia por ser una de las primeras aproximaciones al análisis de las relaciones 

entre la desertificación y el cambio climático en América Latina y el Caribe. 

 

Se ha partido de la hipótesis de que las tierras desertificadas serán más vulnerables si están 

afectadas por niveles más elevados de concentración e intensidad de las precipitaciones y si su 

balance hídrico anual o mensual es más deficitario o más prolongado en el tiempo. 
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Los indicadores empleados son el índice de concentración de las precipitaciones, el índice de aridez, 

el índice de Fournier o índice de agresividad climática y el índice de número de meses secos. No se 

tuvieron en cuenta los efectos de fenómenos extremos, cuya inclusión se ha reservado para estudios 

que puedan llevarse a cabo en el futuro, habida cuenta de la complejidad que entrañan su 

utilización, análisis e interpretación. 

 

Los índices mencionados fueron seleccionados y, en algunos casos, adaptados de una batería 

de indicadores propuestos y aplicados en la región por el Centro del Agua para Zonas Áridas y 

Semiáridas de América Latina y el Caribe (CAZALAC). 

 

Se comparó su aplicación en el período medio mensual de 2001-2008 (línea de base) con los 

períodos 2046-2050 y 2096-2100. Se midieron superficies desertificadas y degradadas afectadas 

por los indicadores en los períodos mencionados y se analizó su evolución.  

 

Las conclusiones, como ya se ha señalado, deben considerarse como una primera 

aproximación y un reflejo de las tendencias que allí se señalan. 

 

En términos generales, si consideramos los cambios climáticos que acontecerían entre los períodos 

2001-2008 y 2096-2100 en el escenario A2 determinado por el IPCC, en los países estudiados, 

salvo algunos casos particulares, las zonas desertificadas y degradadas se verían afectadas por el 

cambio climático, principalmente a consecuencia del incremento del número de meses con un 

balance hídrico negativo o bien con precipitaciones más concentradas, y tendría lugar un aumento 

de la superficie con niveles de aridez mayores. 

 

Esta situación generaría una mayor vulnerabilidad en las tierras de Chile, el Perú, el Paraguay 

y Colombia, y podría poner en peligro la cubierta vegetal de los suelos y ocasionar un aumento de 

los procesos erosivos y, por ende, de la degradación de las tierras y de la desertificación. 

 

Se insiste, una vez más, en que el estudio aisló el componente clima del conjunto de factores que 

causan la desertificación y la degradación de las tierras. Son justamente las actividades humanas las 

que habitualmente tienen un peso mayor en estos procesos. Por lo tanto, que un país se vea poco 

afectado por el cambio climático no significa que la desertificación se detenga o disminuya. 

 

1. En la Argentina, las tierras secas recibirían precipitaciones con una distribución anual más 

homogénea. Así, en el período 2096-2100, el 48% de las tierras secas tendría lluvias uniformemente 

repartidas a lo largo del año, en comparación con el 26% en el período 2001-2008. No se esperan 

cambios significativos en la intensidad de las precipitaciones. 

 

2. En el estudio a nivel local realizado en las provincias de Mendoza y Catamarca no se aprecian 

cambios en los niveles de aridez. Con respecto a los meses en los que el balance hídrico es negativo 

(meses secos), en Catamarca tendría lugar una disminución de las situaciones extremas en el 

período 2096-2100, en tanto que en Mendoza aumentaría la superficie con mayor número de meses 

secos.  

 

3. En Chile, en las zonas más gravemente desertificadas (nivel grave), las tierras estarían expuestas 

a precipitaciones concentradas en menos meses a lo largo del año. En efecto, durante el período 

2096-2100, el 49,35% de su superficie presentaría precipitaciones estacionales, mientras que, en el 

período que constituye la línea de base (2001-2008), la superficie expuesta a esa situación era 

inexistente (0%). 
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4. Las precipitaciones mantendrían un nivel de intensidad semejante, mientras que los niveles de 

aridez sufrirían cambios: las partes con un nivel grave de desertificación correspondientes a zonas 

áridas y semiáridas pasarían del 47,02% en 2001-2008 al 63,31% en 2096-2100. 

 

5. En Colombia, a excepción de la península de La Guajira, que está fuera del territorio para el que 

se dispone de datos climáticos, las zonas desertificadas que en 2001-2008 contaban con solo 1 mes 

de balance hídrico negativo (95,63%, casi la totalidad de las zonas desertificadas), se reducirían a la 

mitad (46,45%) en el período 2096-2100, incrementándose, como consecuencia de este proceso, las 

zonas con 2, 3 o 4 meses secos. 

 

6. En el mismo período, la superficie caracterizada por un nivel uniforme de concentración de las 

precipitaciones disminuiría significativamente y pasaría del 99,45% en 2001-2008 a solo el 42,62% 

en el último período analizado. 

 

7. En el Paraguay, el número de meses secos afectaría en 2100 a una superficie mayor del país. 

Mientras que en el promedio del período 2001-2008 el 99,30% de la superficie tiene hasta 1 mes 

seco al año, se espera que esa superficie disminuya al 31,37% en el período 2091-2100. 

 

8. Del manera análoga, las precipitaciones estarían más concentradas. Mientras que en el promedio 

del período 2001-2008 las precipitaciones uniformes (todo el año) abarcan el 93,85% del territorio 

nacional, en el período 2096-2100 esa proporción se reduciría al 22,93%. 

 

9. En el Perú, en los departamentos que se considera que tienen un mayor nivel de degradación de 

las tierras, los suelos estarían expuestos a períodos de déficit hídrico más prolongados como 

consecuencia del cambio climático, lo que generaría mayores pérdidas biológicas y económicas. 

 

10. Las precipitaciones se concentrarían en pocos meses. Mientras que en el período 2001-2008 un 

68,25% de la superficie correspondiente a departamentos con un alto nivel de degradación de las 

tierras presentaba un régimen de precipitaciones uniforme, ese porcentaje se reduciría a un 14,38 % 

en el período 2096-2100. 

 

Consideramos que este trabajo representa el primero paso en una serie de investigaciones que 

permitirán lograr una mejor comprensión de los efectos del cambio climático en las tierras 

desertificadas y degradadas. Esperamos que sus conclusiones, necesariamente provisorias, sirvan de 

punto de partida para investigaciones futuras que posibiliten perfeccionar y conferir mayor solidez a 

los resultados obtenidos. 
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Drylands biodiversity – an important resource to local people 
Water is an essential ingredient for life on Earth and its scarcity drives extraordinary biological, and 

often cultural, diversification. Drylands are defined by water scarcity and characterised by seasonal 

climatic extremes and unpredictable rainfall patterns. Yet despite their relative levels of aridity, 

drylands contain a great variety of biodiversity, much of which is highly adapted to dryland ecology. 

As a result there are many animal and plant species and habitats found only in drylands: some semi-

arid and dry sub-humid areas are among the most biodiversity regions in the world. 

Species have adapted to these factors in many unique ways creating a variety of habitats that are 

essential to the survival of species as well as to the livelihoods of people. Wetlands, forests, 

mountains and other habitat types provide vital resource patches within the drylands. Species 

richness is generally lower in the drylands than in tropical forests but within-species diversity may be 

higher due to this diversity of habitats and the isolation of populations. Some drylands, however, 

such as North America’s tall grass prairie, are among the most productive vegetation types in the 

world. 

Biodiversity is vital to the livelihoods of many dryland inhabitants playing a central role in traditional 

risk management strategies, supporting food production and providing a multitude of other services. 

Dryland biodiversity also provides significant global economic values through the provision of 

ecosystem services and biodiversity products. Many cultivated plants and livestock breeds originate 

in drylands, providing a genetic reservoir whose importance is increasing as climate change drives 

the demand for new adaptations and extinctions of wild breeds. However, many dryland ecosystem 

services cannot be quantified or valued in monetary terms, despite providing some of the most 

important motives for conservation. These services such as cultural identity and spirituality are 

central to dryland cultures and can be integral to the protection of dryland ecosystems. 

Importance of dryland biodiversity to global conservation 
Drylands provide important habitats for many unique species that are of global conservation 

concern, such as the Saiga antelope (Saiga tatarica) found in the Asian steppe, Jerdon’s Courser 

(Rhinoptilus bitorquatus) a nocturnal bird endemic to the Eastern Ghats of Andhra Pradesh and 

southern Madhya Pradesh in India, the Carpentarian Rock-Rat (Zyzomys palatalis) that occurs in tiny 

pockets of northern Australia, and a large number of amphibians primarily from drylands in the 

South American Andes. 

Indeed, drylands are well-represented in many designations of global biodiversity importance. About 

30% of the total area important biodiversity sites fall within drylands. For example, drylands are 

home to 35% of the global hotspot area and 28% of the total area of World Heritage Sites. 

Biodiversity Hotspots designated by Conservation International contain high numbers of endemic 

species. Each biodiversity hotspot faces extreme threats and has already lost at least 70% of its 

original natural vegetation. 

One third of all Endemic Bird Areas (33%) and Important Bird Areas (31%) are also found in the 

drylands. A similar proportion of the area designated as non-avian Key Biodiversity Areas (31%) is 

situated in drylands (Figure 1). Endemic Bird Areas are regions supporting two or more restricted-

range bird species (i.e. those with distributions smaller than 50,000 km2): half of these are already 



threatened whilst the other half is vulnerable to the loss or degradation of habitat owing to the 

small size of their ranges.  

 

Figure 1 Key Biodiversity Areas, those overlapping with drylands in red. 

 

Dryland biodiversity is endangered 
Desertification resulting from various factors, including climatic variations and human activities, 

contributes to decreasing primary production and declining species richness, and it reduces the 

ability of ecosystems to provide humans with services and goods. Globally, between 10% and 20% of 

drylands may be degraded, mainly as a result of increased susceptibility to water and wind erosion. 

Factors that increase the risk of erosion include unsustainable agricultural practices and overgrazing, 

strip mining, vegetation damage by off road vehicles and in some areas impacts of war or oil 

pollution 

The Alliance for Zero Extinction (AZE) identifies sites supporting the last remaining populations of 

Endangered or Critically Endangered species, as listed on the IUCN Red List. Drylands contain 28% of 

all AZE surface cover and thereby directly contribute to the existence of many highly endangered 

species (Figure 2). Similarly, 8% of all Critically Endangered (CR) and 13% of all Endangered (EN) 

species in Australasia are endemic to drylands and 13% of CR and 15% of EN species in the 

Neotropics are dryland endemics. 



 

Figure 2 Alliance for Zero Extinction sites, those overlapping with drylands in red. 

 

Managing and Conserving Dryland Biodiversity 
Although the conservation status of dryland biodiversity is not well monitored, many known drivers 

of biodiversity loss are present in the drylands. These drivers include rapid demographic shifts and 

urbanisation, agricultural expansion, land use change, weakening of governance arrangements and 

the introduction and spread of alien invasive species. Accelerating dryland development is 

anticipated to increase the rate of biodiversity loss. The combination of habitat loss and 

fragmentation will reduce the opportunities for dryland biodiversity to adapt and survive, with the 

additional impacts of climate change further exacerbating the problem.  

Despite approximately 9% of drylands receiving formal protection, the protected areas are not 

representative of all the dryland subtypes (Figure 3). For example, deserts are disproportionately 

represented whilst temperate grasslands have amongst the lowest level of protection of all biomes 

at 4-5%. To some extent this is because traditionally, areas with the lowest economic value were the 

ones designated as protected areas. Nevertheless, large areas of drylands are protected informally 

by the communities that inhabit the area, either consciously (for example as sacred sites) or as a by-

product of sustainable management practices that evolved through generations (for example as 

seasonal grazing reserves). This indigenous protection is seldom recognised by government and is 

often undermined by government policies. 



 

Figure 3 Map of protected area coverage in drylands and dryland subtypes (source: UNEMG 2011) 

 

Many traditional land management practices have proven to be more economically viable than more 

‘modern’ alternatives, whilst simultaneously providing conservation benefits. The ecological 

rationale of these traditional strategies developed through a deep understanding by the indigenous 

communities of their surrounding natural environment ensures both economic and environmental 

sustainability. The drylands perhaps more than any other biome offer opportunities for achieving 

both conservation and development objectives simultaneously and in many cases have shown to do 

so. The Aichi targets on protected areas could be more easily achieved, or even surpassed, in 

drylands by legitimising and supporting Indigenous and Community Conserved Areas, and traditional 

natural resource management strategies. 

In addition, many traditional management strategies result in sustainable land use and should be 

promoted where appropriate. For example, there is a growing argument that sustainable rangelands 

management is not only good for pastoralism, but is also of benefit to biodiversity: a rare win-win 

outcome of economic growth and biodiversity conservation. In several developing countries this 

opportunity is of particular interest considering the size of both the livestock and the tourism 

sectors. In Kenya for example, tourism (which is dominated by wildlife tourism) accounts for 13% of 

GDP while the livestock sector contributes between 5% and 10% of GDP. 

Policy implications 
Drylands are different in a number of important ways from humid lands. In many cases, 

development pathways for the drylands are driven by a distorted idea of how drylands should or 

could exist. Notions of greenness and ‘greening the desert’ often betray a deep misunderstanding of 

dryland environments and seasonality, and there are many examples of efforts to ‘green’ drylands 

that have been environmentally damaging. Misrepresentation of drought and water scarcity in the 

drylands diverts attention away from sustainable and adaptive management of limited resources 

towards trying to create resources where they don’t exist. This can lead, for example, to diversion of 



water into small pockets and excising them from the wider ecosystem, which puts the wider system 

at increased risk of degradation. The result of these misrepresentations is that rather than adapting 

development strategies to fit the drylands, considerable effort is expended on trying to adapt 

drylands to fit development strategies. In order to address these shortcomings, a more nuanced 

vision is needed for the drylands. Such a vision must reflect the social and ecological realities of the 

drylands and provide a framework against which policies and investments can be judged. The 

following section offers four ‘future scenarios’ that should be components of a global vision for 

drylands based on the intersection between sustainable land management and biodiversity 

conservation: 

1. Adapting green economic growth to the drylands 

2. Sustainable biodiversity management and landscape connectivity 

3. Land health as the basis for secure food and water provision 

4. Resilience and risk management in uncertain environments. 
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ABSTRACT: Land degradation is a major concern due to its adverse effects on ecosystems and livelihoods. With a deforestation 
rate estimated at 45 000 ha / year, Senegal is facing forest degradation. These results for many local communities in a loss of 
access to forest ecosystem and the services they provide and that are vital to their livelihoods.The assessment of condition and 
trends seeks to describe the current condition and historical trends of forest ecosystems and their services in 10 selected 
assessment sites. The purpose was to improve knowledge on forest ecosystem and their services and build sustainable tools for 
their management in a context of poverty alleviation by protecting biodiversity. Then, a Sub global Ecosystem Assessment 
(SGA) was conducted as a pilot study to explore the linkages between human wellbeing and ecosystem services in Senegal. The 
approaches and methods used in this SGA were based on the Millennium Ecosystem Assessment (MA 2003). It was based on 
community interviews and discussions with the representatives of selected villages, literature reviews, field Observation and GIS 
and spatial data analysis. The Sub global Ecosystem Assessment shows that changes are most significant for provisioning 
services, that protected areas contribute to improve regulating (climate, flood regulation) and supporting services (soil protection, 
maintenance of wildlife habitat). Cultural services and leisure have also benefited from functions of conservation. The work 
helped also for driving forces for changes identification. The assessment of forest ecosystem goods and services was a 
prerequisite for the exercise of economic valuation. The results were used for the quantification of their financial and social 
values.  

 

Keywords: services éco systémiques, Evaluation des Ecosystèmes pour le Millénaire, Conditions et tendances, bien-être humain, 
évaluation économique.  

1. INTRODUCTION 

L'Évaluation des écosystèmes pour le Millénaire (EM) a été réclamée par le Secrétaire général des Nations Unies,  Kofi Annan en 
l’An 2000 dans son rapport à l'Assemblée générale de l'ONU, "Nous les peuples: Rôle des Nations Unies au XXI Siècle. 
L'objectif de l’EM était d’évaluer les conséquences de l’évolution des écosystèmes sur le bien-être de l’Homme et d'établir la 
base scientifique des actions requises pour un renforcement de la conservation des écosystèmes, de leur exploitation de manière 
durable et de leurs contributions au bien-être de l’Homme. L’évaluation a permis de dégager plusieurs constats dont le manque de 
connaissance et d’information sur différents aspects des écosystèmes (statut, valeur monétaire, spirituelle, culturelle, contribution 
à la lutte contre la pauvreté, au revenu des ménages, à la création de richesse), l’utilisation non adéquate de l’information 
existante en appui aux décisions relatives à la gestion. Ce qui entraîne une sous évaluation des écosystèmes et freine l’efficacité 
de leur gestion.  Pour pallier à ces contraintes de gestion durable des écosystèmes, les interventions économiques et financières 
constituent de puissants instruments de régulation de l’usage des biens et services qu’ils procurent. 

 

2. CONTEXTE 

La gestion durable des ressources naturelles renouvelables et la conservation de la biodiversité représentent deux grandes 
priorités pour le Ministère en charge de l’Environnement au Sénégal dans un contexte caractérisé par un taux de déboisement 
élevé (45.000 ha/an) induisant  une perte accélérée des terres arables,  une érosion des sols dans les bassins versants,  et  une 
réduction de  la capacité de rétention des sols. Cette situation entraine une dégradation de la forêt  avec pour corolaire la perte de 
l'accès à des services vitaux de l'écosystème forestier dont dépend le bien-être des communautés locales.  

Dans le cadre de cette étude qui avait pour objectif de contribuer à  la réduction de la pauvreté à travers la conservation et la 
gestion équitable des services des écosystèmes forestiers, il est question d’apprécier les conditions et tendances des écosystèmes 
forestiers, de leurs services et du poids (rôle) de leurs services dans le bien-être humain au Sénégal. Une évaluation locale fut 
conduite dans des sites test dont des forêts classées, un parc national et des Réserves Naturelles Communautaires dans les régions 
de Thies, Saint-Louis, Matam, Tambacounda, Kedougou, Kolda and Ziguinchor. L’approche était basée sur l'Évaluation des 
écosystèmes pour le Millénaire (EM, 2003). Elle a permis de caractériser les écosystèmes forestiers et leurs services, d’identifier 
les relations entre écosystèmes forestiers et  bien-être humain et de définir les forces motrices de changement. 
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3. METHODOLOGIE 

L’approche utilisée est basée sur celle de l'Évaluation des écosystèmes pour le Millénaire. 
 
4.1 Cadre conceptuel 
 

 
 
Figure 1 : Cadre conceptuel de l’évaluation 
 
Les services que procurent les écosystèmes sont définis comme étant les bénéfices que les humains tirent des écosystèmes. Ceux-
ci comprennent  des services de prélèvement tels que la nourriture, l'eau, le bois de construction, et le gibier; des services de 
régulation qui affectent le climat, les inondations et la qualité de l'eau; des services culturels qui procurent des bénéfices 
récréatifs, esthétiques, et spirituels; et des services de soutien  tels que la formation des sols, la photosynthèse, et le cycle nutritif. 
 
L’évaluation des conditions et tendances des écosystèmes forestiers et de leurs services qui portait sur ces quatre catégories 
principales de services, a été basée sur la revue documentaire, la perception communautaire et la détection des changements par 
le biais de la cartographie. La méthodologie suivante a été adoptée :  
 

1. le recueil de données secondaire sur la situation de référence sur les Ecosystèmes Forestiers (caractéristiques 
biophysiques et socio-économiques et données complémentaires) à partir des services techniques, projets intervenant 
dans la zone ; 

2. l’utilisation des outils de la MARP : profil historique, focus-group, matrice d’analyse préférentielle et pyramide des 
contraintes. 

 
a. le profil historique : cet outil qui aide à étudier le passé du milieu en l'axant sur les évènements marquants qui 

ont eu des conséquences sur la vie des acteurs a été utilisé pour la recherche de données historiques sur les 
sites notamment en rapport avec la dynamique des EF et de leurs services ; 

ELEMENTS DU BIEN-ETRE HUMAIN 

- revenus 

- accès à l’eau et à l’air pur 

- santé 

- connaissance 

- mobilité 

- sécurité alimentaire 

FACTEURS DE CHANGEMENT 

INDIRECTS 

- Pression démographique 

- Pauvreté 

-

SERVICES DES ECOSYSTEMES 

- Approvisionnement 

Fourniture de produits forestiers non-

ligneux 

Fourniture d’eau  

Production de fourrage herbacé ou aérien 

Fourniture d’énergie 

Fourniture de bois de construction 

Fourniture de matière première pour 

l’artisanat 

Fourniture de produits médicinaux 

Fourniture de gibier 

Fourniture d’aliment 

 

FACTEURS DE CHANGEMENT 

DIRECTS 

- Baisse du volume des 

précipitations 

- Variabilité spatio-temporelle de 

la pluviométrie  

- Sécheresse 

- Mauvaises pratiques 

agropastorales 

- Ensablement des mares lié à 

l’érosion du sol  

- Surpâturage 

- Coupes abusives 

- Prélèvement abusif de bois de 

feu   

- Réduction des aires de pâturage 

- Feux de brousse 

Régulation 

Protection contre l’érosion hydrique et 

éolienne 

Régulation des inondations 

Purification de l’eau 

Epuration de l’air 

Séquestration du carbone 

Augmentation de la pluviométrie 

Régulation du climat 

Soutien 

Fourniture d’habitats pour la faune 

Formation/rétention du sol 

Fixation des dunes/stabilisation du sol 

Protection des dépressions inter dunaires 

Augmentation de la fertilité du sol 

 

Services socioculturels 

Esthétique 

Valeurs spirituelles 

Valeurs patrimoniales 

Valeurs éducatives 

Récréation et éco-tourisme 
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b. le focus group : à travers des groupes de discussion animés par des modérateurs/animateurs, l’équipe a 

cherché à obtenir à travers un brainstorming des informations relatives aux opinions et attitudes des acteurs 
locaux sur les conditions et tendances des écosystèmes forestiers et de leurs services (le potentiel de 
ressources, l’évolution des ressources (augmentation, diminution, disparition, réapparition) caractérisation 
des ressources (quantité et qualité) et les facteurs explicatifs, type et technique d’utilisation des ressources, 
impacts, etc.)  et les réponses des communautés à la dégradation des écosystèmes ; 

c. la matrice d’analyse préférentielle : elle a été utilisée pour la classification préférentielle des espèces 
végétales, fauniques et halieutiques (notation, type d’utilisation actuelle et tendance) ; 

d. enfin la pyramide des contraintes a permis d’aborder avec les populations locales  les contraintes qui se 
posent à l’utilisation durables des écosystèmes et des SEF dans leurs localités respectives. 

 
Pour le recueil de l’avis des experts, un questionnaire a été élaboré pour avoir leur opinion (techniciens des Eaux et Forêts, 
gestionnaires de parc, etc.), sur les principaux types de dégradation, leurs causes et impacts sur les services des écosystèmes de 
même que sur les principales mesures de conservation mis en œuvre pour conserver ou restaurer les milieux naturels. 
L’information recueillie a permis de valider scientifiquement la perception des populations locales. 
 
La détection des changements a été faite à travers une analyse de l’occupation/utilisation du sol à l’aide d’images Landsat de 
1984 et 1986 (résolution 15 mètres avec l’intégration du panchromatique) et d’images Quickbird de 2010 (résolution 5m). Ce 
travail a été complété par des relevés sur la végétation (type de formation, composition floristique,..) et sur le sol (type de sol, 
caractéristiques morpho-pédologiques sommaires,…).  
 

 
Figure 2 : Occupation des sols de la RNC de Darou khoudoss en 1984 
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Figure 3 : Occupation des sols de la RNC de Darou khoudoss en 2010 

4. RESULTATS 

 
L’évaluation locale des conditions et tendances des écosystèmes forestiers et de leurs services a montré que  les changements 
sont plus significatifs pour les services d’approvisionnement (nourriture, eau, bois, Produits Forestiers Non Ligneux, 
biodiversité). Les populations ont noté à l’unanimité une dégradation croissante des ressources naturelles en raison de : 
  

- sécheresse récurrente, 
- coupes abusives, 
- défrichements,  
- exploitation minière,  
- exploitation des espèces forestières pour le bois d’œuvre et de service, 
- surexploitation des plantes médicinales,  
- tradithérapie  
- chasse, 
- surpâturage, 
- baisse de fertilité des sols, 
- réduction et variabilité de la pluviométrie, 
- pression démographique, 
- demande élevée de terres agricoles  
- feux de brousse. 

 
Les Réserves Naturelles Communautaires et aires protégées contribuent à améliorer  les services de régulation (régulation du 
climat, de l’inondation) et de soutien (protection du sol, maintien de l’habitat de la faune sauvage). L’évaluation a permis de 
noter la régénération d’espèces végétales qui avaient disparu au cours des vingt dernières années de même que la réapparition 

d’espèces animales dans ces sites. Elles ont également permis de pérenniser les services culturels et de loisirs. 
 

5. POLICY ORIENTED RECOMMENDATIONS 
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L’évaluation des conditions et tendances des écosystèmes a pour but de fournir aux décideurs des connaissances scientifiques sur 
les liens entre les changements au niveau des écosystèmes et le bien-être de l’homme. La gestion efficace des écosystèmes repose 
essentiellement sur le suivi des changements qui affectent leurs fonctions de même celui des bénéfices tirés de leur exploitation 
par les populations. L’évaluation intégrée consiste à rassembler des sources variées de données formelles, informelles, 
qualitatives et quantitatives en vue de permettre une prise de décision pour une gestion optimale des écosystèmes et leurs 
services. L’objectif principal de l’évaluation est de contribuer  à améliorer la connaissance sur les écosystèmes  forestiers et leurs 
services et de construire des outils durables  pour leur gestion dans le contexte de la lutte contre la pauvreté. La gestion durable 
des ressources naturelles reste affectée à la fois par le manque de connaissances sur les potentialités réelles et de leur contribution 
à l’économie et aux stratégies de subsistance des populations, dans le cadre de la lutte contre la pauvreté. L’évaluation des 
conditions et tendances des écosystèmes et de leurs services constitue un prérequis pour l’estimation de leur valeur économique 
totale. Ce qui permet de capter la contribution intrinsèque des ressources naturelles dans l’économie nationale, d’améliorer les 
données statistiques sur les ressources naturelles pour leur meilleure prise en compte dans le système des comptes nationaux, 
facteur essentiel à la prise de décision. Les conclusions de cette étude montrent la nécessité de drainer des investissements pour 
pérenniser le capital naturel tout en lui assurant une valorisation judicieuse. Ce qui ne sera possible que par l’élaboration de 
politiques viables, de stratégies de développement incorporant les risques et opportunités liés à la durabilité des écosystèmes, un 
système de planification efficace et des investissements appropriés, tant au niveau local que national et le renforcement des droits 
des communautés locales à utiliser et gérer les services éco systémiques.  

5. CONCLUSIONS 

Cette étude a permis développer un cadre méthodologique test pour identifier les différents services éco systémiques offerts par la 
forêt au Sénégal. Au-delà de l’application des connaissances scientifiques les résultats ont permis une exploitation bénéfique du 
savoir local. Les options méthodologiques ont été définies en tenant compte de la nécessité d'impliquer les acteurs afin de susciter 
un consensus élargi sur la perception de la dynamique des écosystèmes et de leurs services. C’est dans cette perspective que la 
préférence a été donnée aux  méthodes participatives. L’évaluation des conditions et tendances des écosystèmes forestiers et de 
leurs services constitue un prérequis pour l’estimation de leur valeur économique totale et a permis de poser les jalons d’une 
étude sur la revue de la fiscalité forestière. 
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ABSTRACT: Establishing tree plantations on degraded croplands contributes to climate change mitigation, irrigation water 
use efficiency, land rehabilitation, and increases rural welfare as has been illustrated for the irrigated arid regions in Central 
Asia such as Uzbekistan. It has been recurrently postulated that cooperation between farmers under the Clean Development 
Mechanism with the aim of sharing benefits and costs may incentive afforestation on marginal lands and lead to the 
sustainable development. These hypotheses guided the assessment in the irrigated drylands in the downstream of the Aral 
Sea Basin in Uzbekistan. We developed the model with three scenarios assuming in all an annual decrease of irrigation water 
availability: 1) business-as-usual (BAU), where the current land use practices are followed; 2) Afforestation, where farmers 

can individually decide to plant trees on their own marginal croplands; and 3) CDM-farm forestry cooperative (CDMC), 
where farmers jointly decide the size of tree plantations at farms and share of irrigation water. The sustainability of the 
assumed cooperative was assessed through positive increments in total net benefits. Data originated from farm surveys 
combined with empirical information on tree species planted on marginal croplands. Findings showed that farmers 
participating in a CDMC could buffer risks associated with decrease in irrigation water availability. Introducing cooperative 
has the option to increase overall farmers’ income and grain production, and the supply of tree leaves as a fodder, fuelwood 
as a cheap energy resources and fruits for consumption. However, cooperation may also result in losses for some 
participating farms when compared to the possibility to individually planting trees on marginal croplands. In such cases, 

would be necessary to develop additional agreements addressing compensation transfers with the aim of equally distributing 
the income from the CDM-farm afforestation cooperative among all participating farmers. 

Keywords: farm cooperation, CDM benefits distribution scheme, cooperative game model, sustainable development. 

1. INTRODUCTION 

Afforesting degraded croplands under the Clean Development Mechanism (CDM) is recognized as a means of climate 
change mitigation combining with cropland rehabilitation, irrigation water use efficiency and increasing rural livelihood as 
has been illustrated for the drylands of Uzbekistan, Central Asia (Palm et al., 2009; Djanibekov et al., 2012; Khamzina et al., 
2012). Pooling  farm activities through cooperative agreements  can be a motivation for land users to participate in CDM 
(Gong et al., 2010), since joint management of resources could increase benefits. Cooperatives in land uses are worldwide 
phenomenon, e.g., agricultural cooperatives in Turkey (Atmiş et al., 2009), environmental project cooperatives in the 

Netherlands (Carmona-Torres et al., 2011), and forestry cooperatives in India (Agrawal and Ostrom, 2001). Whereas the 
essence of a cooperation is coordinating activities to achieve a common goal, in the context of long-term investments, such 
as those required for tree plantations under the CDM-farm forestry cooperation can also mitigate risks and thus improve 
rural livelihood (Smith and Scherr, 2003). Hence, forming CDM-farm afforestation cooperative for jointly managing tree 
plantations and resources may lead to community sustainable development. Previous studies assessing the introduction of 
CDM afforestation on marginal lands in irrigated dryland settings did not address the economic impacts of CDM-farm 
cooperatives. Therefore, the objectives of the study are: 1) to assess the impact of introducing CDM-farm forestry 
cooperative on farm revenues; and 2) to identify farmers that lose from cooperation and compensation scheme needed for 
such farmers. 

2. METHODS 

The study areas are Khorezm region and three southern districts of the Autonomous Republic of Karakalpakstan, namely 
Beruniy, Turtkul and Ellikkala, which are located in irrigated drylands of Uzbekistan, Central Asia (Fig. 1). Cotton and 



wheat are the major crops in the study areas and the ones that are mainly cultivated on marginal lands. Farmers have to 
follow the state cotton policy, according to which they have to allocate about 50% of their farmland for cotton cultivation 
and achieve certain cotton output level based on the soil productivity level (Djanibekov et al., 2010). 

 

a) b) 

Fig. 1: Khorezm region, and Beruniy, Turtkul and Ellikkala districts of the Autonomous Republic of Karakalpakstan (a). The 
study area’s borders coincide with the extent of irrigated croplands (black line in (a)). Location of the study areas in 
Uzbekistan (b). 

Source: (Dubovyk et al., 2012). 

The data are comprised of 160 farms interviewed in June 2010 and March 2011 to obtain information on crop production 
technologies and costs. In addition, weekly market surveys were conducted in the same year to capture crop and tree product 
prices. The information on three tree species suitable to grow on marginal lands, i.e., Elaeagnus angustifolia L., Populus 
euphratica Oliv., Ulmus Pumila L., is obtained from a field study conducted on a 2 ha sized degraded cropland parcel with a 
planting density of 5,714 trees ha-1 in 2002-2009 (Khamzina et al., 2008, 2009). These tree plots were initially irrigated at 
rates of 800 and 1,600 m3 ha-1 year-1, but from the second year of tree planting irrigation supply ceased and the trees relied 
on groundwater. In this analysis we considered that tree species received 1,600 m3 ha-1 year-1 during the first two years. Tree 
products such as carbon sequestration in wood under temporary Certified Emission Reductions (tCER), fruits, fuelwood, and 

leaves as fodder were considered. The model includes five crops, i.e., cotton, wheat, rice, maize and vegetables. 

Following the analyses of the data collected from the farm surveys, three farm types could be classified characterized by the 
size of the total arable area and share of marginal lands: farm type 1 possesses 100 ha of which 23 ha are marginal, farm type 
2 possesses 60 ha of which 5 ha are marginal, and farm type 3 possesses 130 ha of which 43 ha are marginal. It was assumed 
that each of the three farm types has an irrigation water availability of 12,000 m3 ha-1 As agricultural production in the study 
areas is threatened by declining availability of irrigation water the model considers the annual (stepwise) decrease in 
irrigation water availability.  

To assess the impact of CDM-farm forestry cooperative on farm livelihood a dynamic programming approach was selected 
that maximizes farm profits over 28 years under three scenarios: 1) business-as-usual (BAU), where current land use policies 

are followed; 2) Afforestation, where farmers can decide to individually plant trees on marginal croplands; and 3) CDM-
farm forestry cooperative (CDMC), where farmers jointly decide who plant trees, and how to distribute irrigation water 
among each other. Under the BAU scenario each farm type had to follow cotton state policies, i.e., 50% of the farmland 
should be used for cotton cultivation and an average yield of 2.4 t ha-1 should be achieved. In the two scenarios that 
considered planting trees on marginal lands, i.e., afforestaion and CDMC, this state policy was relaxed assuming that 
farmers have to deliver only the prescribed amount of cotton thus ignoring any land allocation. In Afforestation and CDMC 
scenarios, we consider three consecutive seven-year rotations of trees. After the third rotation (year 21), the BAU land use 
practices are restored. To account for the long term effects, a total of three of such rotations were considered (21 years) 

assuming that  following the third rotation, the BAU land use practices are restored. A positive increment in profit of 
cooperation in the CDMC scenario would show if the formation of farm cooperative is economically rational. In case some 
farmers have economic losses from participating in cooperative then compensation payments need to be provided by those 
farmers which benefit from participating in such institutes. 

3. RESULTS AND POLICY ORIENTED RECOMMENDATIONS 

The decrease in irrigation water availability and land use change would affect the production of grains (rice and wheat), 
vegetables and tree commodities, which would be different in all three scenarios (Table 1). For instance, under the CDMC 
scenario the production of grains, vegetables and tree commodities would be the largest compared to the other two scenarios. 



Under the individual tree planting scenario, i.e., Afforestation, the production of grains and vegetables would be 
substantially larger than in the BAU case. 

Table 1. Average annual production of crops and tree products under the BAU, Afforestation and CDMC scenarios. 

Commodities 
BAU Afforestation CDMC 

t year
-1

 t year
-1

 t year
-1

 

Grains (wheat and rice) 500 600 639 

Vegetables 76 213 240 

Fuelwood n.a. 766 788 

Tree leaves as fodder n.a. 35 36 

Fruits n.a. 16 16 

Note: n.a. is not applicable (planting trees in the BAU scenario was excluded). 

The possibility to plant trees on marginal croplands and formation of new farm institutions would have different impact on 

farm profits (Fig. 2). In general, the decline in irrigation water availability over 28 years would reduce farm profits. For 
example, in the BAU scenario the profits of farm type 1 would decline from 67,000 to 53,000 USD, farm type 2 from 44,000 
to 35,000 USD, and farm type 3 from 80,000 to 64,000 USD. Farmers would mainly cultivate maize and cotton. The area of 
water intensive crops such as rice and vegetables would reduce over the analyzed period. 

Under the Afforestation scenario farmers would individually afforest marginal lands, while reduce the cotton cultivation 
area. The total area of E. angustifolia would be 47 ha and of P. euphratica 5 ha. Since U. pumila has the lowest returns 
among other two tree species (Djanibekov et al., 2012), this tree species would not be planted. As trees planted on degraded 
lands do not necessitate substantial irrigation and would rely on groundwater after year two, unused irrigation water at these 

fields would be released for irrigation of more productive lands. In this case, farmers would cultivate mainly rice and 
vegetables on productive lands, which are the most profitable crops in the modelled system with respective gross margins of 
1,952 and 2,300 USD ha-1. The largest increase in profits would be for farmer type 3, i.e., by almost 45% larger than in the 
BAU scenario over analysed 28 years, due to that the large area of marginal croplands are possessed by this farm type. In 
contrast, farm type 2 that has the smallest area of marginal croplands would experience the lowest increase in farm profits 
(12%). 

In the CDMC scenario where farmers would jointly decide the use of irrigation water and the area of tree plantation on 
marginal lands, the area of E. angustifolia would be 49 ha and P. euphratica 5 ha. Also as in the case when farmers would 

opt to afforest marginal croplands without cooperation, U. pumila would not be planted. CDMC would result in the highest 
total profits of three farm types than in the other two scenarios. Yet, the farm cooperation would result in lower profits for 
farm types 1 and 3 than in case when they would decide to plant trees individually. The most substantial increase in profits 
would be for farm type 2. Five years after harvesting the tree plantations, i.e., from year 26 onwards, farm profits in the 
Afforestation and CDMC scenarios would equalize to their BAU levels as the land use practices would be similar in all three 
scenarios. 
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Fig. 2: Farm profits in the BAU, Afforestation and CDMC scenarios over the analyzed 28 years. 

The formation of CDM farm cooperative would increase the summed profits of all three farm types. However, individually 
farm types 1 and 3 would lose in average annually about 3,000 and 4,400 USD comparing to their profits in the Afforestation 
scenario (Table 2). This economic loss is caused by the shift of unused irrigation water to farm type 2, which is the farm type 
with the largest area of productive soils. As a result of cooperation the profits of farm type 2 would increase by 40%. In such 

case, it would be required to develop a compensation mechanism that would shift part of benefits from advantaged farms 
(farm type 2) to disadvantaged farms (farm type 1 and 3), such that the latter farms do not lose from participating in the 
cooperative. The advantaged farm would in average compensate about 7,400 USD year -1, and divide among the 
disadvantaged farms according to their losses. 

Table 2. Average annual transfers of cooperative net benefits from favored to disadvantaged farms. 

  Farm type 1 Farm type 2 Farm type 3 

Difference between individual increments in net benefits in the grand 

coalition in the Afforestation and CDMC scenarios, 1,000 USD -3 18 -4.4 

Share in net gains from cooperation, % 0 40 0 

Share in net losses from cooperation, % 3 0 5 

Division of net benefits from favored farms, 1,000 USD 0 7.4 0 

Compensation paid to disadvantaged farms, 1,000 USD 3 0 4.4 

Profits after compensation, 1,000 USD 89 55 98 

Increments in net benefits from cooperation, 1,000 USD 0 10 0 

Relative gain from cooperation, % 0 22 0 

Currently, in the study areas CDM or farm forestry cooperatives do not exist. The drivers that could initiate cooperative 
process and compensations may be external, e.g., through support from the state or NGOs, or internal, such as based on 
agreements among farmers. Operating in the study areas Water Consumers’ Associations that is responsible for supplying 
water in the required time and amount for agricultural production at farms, and Farmers’ Committees  that support farm 
cooperatives and property rights of farms could be a suitable institutions for initiating and managing farm cooperatives. 

4. CONCLUSIONS 

The results of this study provide evidence that CDM-farm forestry cooperative could be stimulated as farms’ overall profits 
would increase. We looked at the benefits that would occur if the area-based setting of cotton production target is abolished, 

and instead farmers would have an opportunity to plant trees on marginal lands, or initiate a CDM-farm forestry cooperative 
where they would form the rules to jointly establish tree plantations and use irrigation water. The model results show that the 
impacts of farm cooperation will not coincide with individual farm plan levels. Besides, even though the total benefits of 
CDM-farm forestry cooperative is higher than under the two other cases, the farm types that possess large areas of marginal 
lands may lose from participating in such cooperation. Consequently, supplementing policy measures has to be developed to 
formalize such institutes via developing certain rules according to which compensation has to be arranged from favored 
farms to disadvantaged ones from participation in cooperation. Formation of such rules will guarantee that each participating 
farm is not worse-off while participating in farm cooperation. 
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ABSTRACT: Afforestation of degraded irrigated croplands under the Clean Development Mechanism (CDM) can contribute 
to climate change mitigation, cropland rehabilitation, irrigation water use efficiency, and rural incomes. We valuated 
potential carbon payments in the form of temporary Certified Emission Reductions (tCER) from the small-scale CDM 
afforestation on marginal, highly salinized cropland and analyzed the impact of this land use on farm income in irrigated 
regions of Uzbekistan, Central Asia. The expected utility approach was used to determine tCER that would incentivize CDM 
afforestation on marginal croplands, and to investigate the forestry options for hedging the risks associated with variable 
returns from agricultural land use activities. The datasets were compiled through farm and market surveys and empirical 
information on tree plantations established on salt-affected croplands. 

The model results showed that, considering uncertainties in annual cropping returns, the current tCER price of 4.76 USD t-1 
would be a sufficient incentive for CDM afforestation on marginal lands where presently cultivated crops are less financially 
attractive than trees. Due to conservative irrigation demand of tree species as opposed to the crops, afforestation on marginal 
lands would account for one of the main income sources of farmers in case of decreased irrigation water availability and 
when cropping generates low profits. Due to irrigation water saving, afforestation would allow for introducing more water-
demanding commercial crops on productive farmland, thus increasing farmer’s income by about 100,000 USD over seven 
years in contrast to conventional cropping. 

Keywords: land use uncertainties, diversification, irrigation water use efficiency. 

1. INTRODUCTION 

In Uzbekistan, Central Asia, almost half of the arable land is saline and about 885,000 ha are classified as marginal, i.e., 

generating low profits for farmers from annual crop cultivation (MAWR, 2010). Afforesting marginal croplands under the 
Clean Development Mechanism (CDM) can increase the land’s productive potential, irrigation water use efficiency and rural 
incomes, and contribute to the climate change mitigation (Palm et al., 2009; Djanibekov et al., 2012; Khamzina et al., 2012). 
Yet, existing markets may not reflect the full value of environmental co-benefits because these services and products might 
be either not priced or inadequately valuated (Kinzig et al., 2011). Valuing the environmental service of forest carbon 
sequestration via temporary Certified Emission Reductions (tCERs =1 ton of avoided CO2 emissions) under the CDM 
necessitates addressing both positive and negative economic outcomes affecting decision makers. Uncertainty in returns of 
CDM afforestation and its opportunity cost of land would influence farmers’ incomes and management practices. Therefore, 
the analysis that considers the uncertainty could provide deeper insights in land user behaviour, surrounding risks in 

obtaining appropriate reward for the provided environmental service and in land use diversification options to determine the 
ones that contribute to cope with farm income risks (Castro et al., 2012). Previous studies did not examine the uncertainty in 
returns of tree plantations established on marginal croplands, and the potential of the afforestation projects as a risk coping 
option in irrigated drylands. Thus our study aimed: 1) to assess monetary value of carbon sequestered in tree biomass under 
uncertainty; 2) to estimate financial returns of afforesting marginal lands under uncertainty; and 3) to identify risk managing 
options of afforesting marginal croplands in irrigated drylands of Uzbekistan. 

2. METHODS 

The case study areas were irrigated lands of Khorezm region and three southern districts of the Autonomous Republic of 
Karakalpakstan, namely Beruniy, Turtkul and Ellikkala, located in Uzbekistan, Central Asia (Fig. 1). These areas are 
characterized by an arid climate with an annual precipitation of about 100 mm, occurring mostly outside of the crop growing 

season. Hence, crop cultivation is feasible only through irrigation. Cotton and wheat are the major crops cultivated, including 
on low productive lands. Farmers follow the cotton policy that allocates about 50% of the farmland for cotton cultivation to 
achieve expected yield targets based on local soil productivity scale (Djanibekov et al., 2010). Over the last decades water 
supplies varied between 1,800 and 6,600 m3 ha-1 for salt leaching and between 5,500 and 21,000 m3 ha-1 for irrigation needs 
(MAWR, 2010). The availability and distribution of water influence the productivity of land (Dubovyk et al., 2012a). 



  

 

a) 
b) 

Fig. 1: Khorezm region, and Beruniy, Turtkul and Ellikkala districts of the Autonomous Republic of Karakalpakstan (a). The 
study area’s borders coincide with the extent of irrigated croplands (black line in (a)). Location of the study areas in 
Uzbekistan (b). 

Source: (Dubovyk et al., 2012b). 

Surveys of 160 farms were conducted during June 2010 and March 2011 to obtain information on crop production 
technologies and costs. Prices of commodities were monitored through weekly market surveys in the same years. The data 
on quantity and quality of products of three tree species suitable to grow on marginal lands, including Elaeagnus angustifolia 
L., Populus euphratica Oliv., and Ulmus pumila L., was collected in an afforestation study conducted in 2002-2009 on a 2 
ha sized degraded cropland parcel (Khamzina et al., 2008, 2009). The tree plots were initially irrigated at rates of 800-1,600 
m3 ha-1 year-1. From 2005 onwards, irrigation was stopped and the trees relied entirely on shallow, saline groundwater. 
Accordingly, the economic estimates considered irrigation rate of 1,600 m3 ha-1 only for the first two years after the tree 

plantation establishment. The model included tree products, such as tCER (considering carbon content in above- and below-
ground woody biomass), fruits, fuelwood, and leaves as fodder. Given the availability of forestry data, the analysis was 
performed for one 7 year-rotation. Five crops were considered in the model, i.e., cotton, wheat, rice, maize and vegetables.  

Monte Carlo simulation was applied to generate uncertain parameters of yields and prices of crop and tree products, and 
irrigation water availability. Covariances between crops’ yields and prices, and irrigation water availability, as well as 
between tree products’ yields were considered. The expected utility approach was used to estimate the utility of farm profit 
depending on the degree of risk aversion and the distribution of the profit. Risk aversion degree addressed the reluctance of a 
farmer to accept a bargain with uncertain profits rather than another bargain with more certain, but lower profits (Hardaker et 

al., 2004). Hence, the higher the risk aversion degree of a farmer the less he would be willing to invest into a risky activity. 
Based on observed conditions in the study area, the model considered the farm’s total area of 100 ha, of which 23 ha is 
marginal, and the average irrigation water availability of 12,000 m3 ha-1. The business-as-usual (BAU) scenario assumed 
existing cotton policies, i.e., 50% of farmland was allocated for cotton with a production target of 2.4 t ha-1. In the scenario 
of CDM afforestation on marginal land, the cotton cropped area was not fixed but the same yield target remained. We 
assessed the net present values (NPV) of cropping and afforestation, and of the whole farming activity. To reveal changes in 
afforested area on farm we applied a sensitivity analysis by changing tCER price levels under five scenarios, i.e., no value 
for tCER, 4.76 (average price of tCER in 2009 as reported in Hamilton et al. (2010)), 20, 70, and 120 USD tCER-1. 

3. RESULTS AND POLICY ORIENTED RECOMMENDATIONS 

The overall range of NPV for crops was between -2,971 and 20,424 USD ha-1 on the marginal cropland (Fig. 2) versus 

between -588 and 21,753 USD ha-1 in productive areas. The lowest NPV over seven years on the marginal cropland were of 
cotton, ranging between -1,041 and 346 USD ha-1. Rice had the highest returns on the marginal land, subject to irrigation 
input of 26,500 m3 ha-1 to achieve its maximum yield. Due to the relatively high NPV, in the range of -900 and 11,700 USD 
ha-1, E. angustifolia would be preferred for planting on the marginal cropland over cotton, wheat, maize and vegetables. 
Returns of P. euphratica species would be higher than those of cotton and wheat, whereas U. pumila would be more 
profitable than cotton and wheat on the marginal cropland. 



  

 

Fig. 2: Cumulative distribution of NPV of crops and trees on marginal lands over seven years. 

Uncertainties in land use returns and risk aversion degrees would affect farm activities. Due to uncertainties in yields and 
prices of crops, and irrigation water availability in the BAU case, extremely risk-averse farmer would prefer to plant wheat 
on 38 ha of land, and rotate it mainly with maize (Fig. 3 (a)). Also, the farmer would not crop the entire land area due to 
susceptibility to production risks, thus leaving fallow about 2.5 ha of the arable land. In contrast, planting trees on marginal 
croplands would increase the cultivation area of rice and vegetables due to supplying irrigation water unused at afforested 
plots to these water demanding crops. In CDM afforestation scenario, the area of maize and wheat would decline as the price 

for tCER increases. Under the current tCER price level (4.76 USD tCER-1) E. angustifolia would be the preferred choice on 
marginal lands. Due to lower returns as compared to the other two tree species (Djanibekov et al., 2012), U. pumila would 
occupy the smallest area on farm. Increase in tCER revenues of P. euphratica due to its increased biomass increment over 
time (Khamzina et al., 2009), could enhance the preference for planting this species while reduce the preference for E. 
angustifolia. 

The land use change under uncertainty and risk aversion degrees would impact the farmers’ profits. In the BAU case, the 
NPV over seven years would average 335,000 USD for hardly risk-averse farmer whereas extremely risk-averse farmer 
would gain 320,000 USD. The land use changes in the CDM afforestation scenario would increase farm profits in contrast to 

conventional cropping activities. Considering the tCER price of 4.76 USD, hardly and extremely risk-averse farmers would 
respectively have NPV of 431,000 and 416,000 USD over seven years. The returns of hardly risk-averse farmer who follows 
the conventional land use practices on marginal lands would range from 15,000 to 930,000 USD over seven years. 
Establishing tree plantations on marginal lands would lead to gains varying between 60,000 and 1,170,000 USD, with tCER 
payments of 4.76 USD (Fig. 3 (b)). The lower values imply that depending on the risk aversion degree a farmer would be 
inclined to sell the land or leave it fallow to avoid negative returns. The increase in farm incomes would be also due to the 
delivery of irrigation water unused at afforested marginal fields towards productive lands where the most profitable crops – 
rice and vegetables – would be cultivated. Increasing the tCER price level from 4.76 to120 USD t-1, would almost double the 

total farm NPV.  
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a) b) 

Fig. 3: Land use pattern considering the change in tCER price (a) and cumulative distribution of NPV with tCER price of 

4.76 USD (b) of extremely risk-averse farmer. 

Given the reliance of tree plantations on the shallow groundwater, prevalent in the study area (Khamzina et al., 2012), 
afforestation could be an option to secure farm production in years of irrigation water scarcity. The model results indicate the 
inclination of extremely risk-averse farmer for afforesting marginal cropland, to mitigate the income risk due to the reduced 
water supplies (Fig. 4). Under the minimum simulated irrigation water availability of 4,000 m3 ha-1 the farmer would plant E. 
angustifolia on 17 ha, P. euphratica on 4.5 ha, and U. pumila on 1.5 ha, and would cultivate mainly cotton (on about 70 ha) 
to fulfill the state production policy. This level of irrigation water availability would reduce crop yields, resulting in 
economic losses. In such a scenario the main returns would be generated from tree plantations with farm NPV over seven 

years amounting to about 60,000 USD. At the average level of irrigation water availability, i.e., 12,000 m3 ha-1, extremely 
risk-averse farmer would plant E. angustifolia, P. euphratica and U. pumila on 11.1, 5.6 and 0.1 ha, respectively. In the 
scenario when water is abundant, i.e., 21,000 m3 ha-1, in total 8 ha of marginal lands would be afforested and the rest would 
be allocated mostly for rice and wheat cultivation. The increase in tCER payments could enhance the adoption of 
afforestation on marginal fields and thus make more irrigation water available in the farm’s budget for the productive 
cropland. For instance, under the average irrigation water availability and with a total 16.8 ha of afforested farm’s marginal 
lands the annual average irrigation water saving would be about 76,000 m3 ha-1. 

 

Fig. 4: Land use pattern of extremely risk-averse farmer considering variability in irrigation water supplies and the tCER 

price of 4.76 USD. 

4. CONCLUSIONS 

This analysis addressed covariate uncertainties in economic evaluation of CDM afforestation on marginal croplands, and the 
impact of these uncertainties on the income of risk-averse farmers in irrigated agricultural settings. Capturing uncertainties in 
yields, prices and irrigation water availability at farm level rendered the valuation of carbon sequestration, and risk coping 

options of afforestation on marginal farmlands. The model results showed that the current price of tCER would be sufficient 
to incentivize CDM afforestation on low productive croplands. Depending on uncertainty in crop returns farmer would select 
different tree species to diversify incomes and mitigate production risks. Besides, tree plantations would allow more efficient 
use of irrigation water for enhancing grain and vegetables production and in water scarce years would constitute the main 
income source of farmers. These land use changes would improve farmers’ livelihood conditions as opposed to conventional 
cropping practices as the integration of several land uses with independent net revenue variations cushions risks. 
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ABSTRACT: The assessment of the impact of change in climate variability on farming systems implies to consider a number 
of different variables at the same time. In this paper we propose an integrated assessment of the impact of short-run changes 
in climate variability by integrating climatic, agronomic and economic modeling at district level under Mediterranean 
conditions. The area is characterized by a  mosaic of a wide range of irrigated and rainfed farming system typologies in a 
800 km2 district of western Sardinia (Italy) most of which is supplied with irrigation water from a reservoir located 
upstream. The short-run CC impacts were assessed in terms of modification of the probability distribution of water 
consumption (irrigated crops) and/or crop yields (rainfed and irrigated crops), estimated over thirty consecutive years 
datasets of observed weather data in the catchment, using EPIC or DSSAT. The costs impacts of the uncertainty related to 
these changes were evaluated with a Discrete Stochastic Programming model representing all farm typology in the district. 
The results on the examined CCV impact on the irrigated and rain-fed farming systems were discussed in relation to address 
adaptation strategies at the farm, district and EU policy making level. 
 

Key words: Adaptation to climate change, Discrete Stochastic Programming, EPIC, DSSAT. 

1. INTRODUCTION 

Climate variability influence many variables at different times during crop cycles and the assessment of the emerging impact 
at catchment scale implies the combination of climatic, agronomic and economic modeling (Dono et al., 2011; Dono and 
Mazzapicchio, 2010). The modeling exercise can be relevant to support site specific adaptation strategies at catchment scale 
particularly if modeling is applied to specific environmental and socio-economic contexts to facilitate the integration of 
scientific and lay knowledge (Toderi et al., 2007). 

Performing the assessment for a near future perspective has been considered relevant to address research and policy agenda 
in defining effective adaptation policies at the catchment and regional scales. When considering such a short time horizon it 
is difficult to say if, and how, emerging changes in climate variability (CCV) will stabilize in effective climate changes. 
However, this approach focuses on changes of climate scenario that farmers should be actually perceiving and, therefore, 
assessing in their impact on businesses.  

In this study we assessed the economic impacts of changes in the climate regime on a near future time span (10-15 years) in 
an agricultural district located in a Mediterranean area characterized by the combination of irrigated and rainfed farming 
systems. Another aspect considered in this work is the identification of synthetic proxy indicators to specify the impact of 
the multiple aspects of CCV on agricultural activities. Therefore, adaptation policies defined with respect to these changes of 
climate are expected to stimulate interest and involvement of farmers.  

 

2. STUDY AREA AND METHODS 

The study area is located in the province of Oristano, (western Sardinia, Italy) and was chosen to represent a variety of  farm 
typologies in a diversified agricultural district of some 800 km2.  

The change in rainfall and temperature distributions actually affects many variables at different times during agricultural 
production cycles, which complicates examining, and modeling, of relationships between activity of cropping and weather 
conditions. The condition becomes more complex in those Mediterranean areas where farming districts with different 
susceptibility to different climatic components coexist, and where regional policies for rural development and adaptation to 
climate change have to be site-specific. 



The study area represents this condition. On the one hand, CCV makes more uncertain irrigation by altering the autumn-
winter rainfall regime, which accumulates water in the reservoir feeding the irrigated area, and summer evapotranspiration 
water demand. On the other hand, there is the area in which the reservoir does not supply irrigation water and a rainfed crop 
and extensive livestock farming is practiced. In this area the changes in rain and temperature distribution in spring and 
autumn are relevant, which affect the growth of pastures and grasslands, and the grain yield of winter cereals, mainly durum 
wheat or barley. 

We used EPIC (Williams, 1995), a process-based cropping system mathematical model to estimate net crop 
evapotranspiration of irrigated crops (ETN) as a proxy of the factors influencing the irrigation water management at the farm 
scale during the summer. On the other side, the simulated yields of rain-fed autumn-spring hay crops and pastures, cultivated 
in the area, were used as a proxy variable to evaluate the impact of CC on the whole set of the rain-fed cropping and forage 
systems. The yields of the most extensive rainfed crops, durum wheat and barley, were estimated using DSSAT (Jones et al., 
2003). Particular attention was paid to the dairy sheep agro-pastoral farming system, which is strategic in the area for the 
management of rangelands and rainfed arable land. 

The short-run CC impacts were assessed in terms of modification of the probability distribution of these variables, estimated 
using thirty consecutive years datasets of weather data observed in the catchments. This time span was assumed to reflect the 
background experience informing the production choices of a skilled farmer. The latest dataset (1990-2010) was considered 
as most representative of the near future probability distribution.  

The impact of the increased uncertainty on farm direct costs and related choices were assessed with a Discrete Stochastic 
Programming model representing both irrigated and rain-fed agricultural systems. The parameters of the estimated 
probability distributions of irrigation demand as driven by ETN, of pastures and grasslands production, and of wheat or 
barley yields were included in the DSP model to simulate the current and the near future conditions. Production and income 
changes were assessed in the context of current technology, market conditions and policy, as well as the most affected types 
of farms. 

 

3. RESULTS AND DISCUSSION 

Trends in weather observations revealed that the change of the probability distribution of ETN is leading to appreciable 
increases of crops irrigation requirements. Also, the projected increase of atmospheric concentration of CO2 is expected to 
increase the yield of some crops. However, a worsening of water use efficiency generally results from those changes.  

More controversial results were obtained about the impact of changed temperature and rainfall regimes on probability 
distribution of pastures and grasslands production for grazing, and the grain yield of wheat or barley. The wide variability of 
the time of rainfall season break in autumn, after the typical long summer drought, and the spring rainfall and temperature 
variability were the most relevant drivers of pasture and autumn-spring crops productivity variation under rainfed conditions.  

The results on the examined CCV impact on the irrigated and rain-fed farming systems were discussed in relation to address 
adaptation strategies at the farm, district and EU policy making level. 

 

ACKNOWLEDGEMENTS 

This research was funded by Agroscenari (www.agroscenari.it) and MACSUR (www.macsur.eu) research projects 

 

REFERENCES 

Dono G, Cortignani R, Doro L., Ledda L., Roggero P.P., Giraldo L., Severini S. (2011). Possible impacts of climate change 
on Mediterranean irrigated farming systems. Proceedings of the European Association of Agricultural Economics Congress, 
Zurich, 30/9/2011. 

Dono G., Mazzapicchio G. (2010). Uncertain water supply in an irrigated Mediterranean area: An analysis of the possible 
economic impact of climate change on the farm sector, Agricultural Systems, Vol. 103, Issue 6 

Jones, J.W., Hoogenboom, G., Porter, C.H., Boote, K.J., Batchelor, W.D., Hunt, L.A., Wilkens, P.W., Singh, U., Gijsman, 
A.J., Ritchie, J.T. (2003). The DSSAT cropping system model. European  Journal of  Agronomy, 18, 235-265. 

Toderi, M., Powell, N., Seddaiu, G., Roggero, P.P. & Gibbon, D. (2007). Combining social learning with agro-ecological 
research practice for more effective management of nitrate pollution. Environmental Science & Policy, 10 (6), 551-563. 

Williams JR (1995) The EPIC model. In: Singh VP (ed) Computer models of watershed hydrology. Water Resources 
Publications, Highlands Ranch, pp 909–1000 



Strategies & options to address land degradation due to landslides 

Bhutanese scenarios 

Phuntsho Gyeltshen1, Chencho Norbu2, Karma Dema Dorji3 

 

1National Soil Services Centre/Ministry of Agriculture & Forests, Thimphu, Bhutan. E-mail:  

p.gyeltshenn@gmail.com 
2Department of Forests and Park Services/Ministry of Agriculture & Forests, Thimphu, Bhutan. E-Mail: 

nc123007@gmail.com 
3National Soil Services Centre/Ministry of Agriculture & Forests, Thimphu, Bhutan. E-mail: 

kddorji@gmail.com  

 

ABSTRACT: Occurrence of landslides poses a very serious threat in Bhutan.  It causes both on-site and off-site impacts, of 

which the latter extends beyond the political boundaries. At the source, landslides degrade arable land, posing potential 

threat to food security. It destroys infrastructure, transport and service industries and brings misery to the lives of people. 

Further down, water pollution due to the sediment loads generated by landslides can affect hydro-power plants. This is a 

concern since the revenue from hydro-power is the biggest contributor to the GDP (19.10%) of the country. Therefore, this 

phenomenon necessitates introduction of appropriate interventions and communicate its hazards to the stakeholders. To 

achieve this, it has become crucial to: adopt a cross-sectoral approach to address landslide issues, bring the communities on 

the forefront and jointly design appropriate technologies that would reduce landslides, have an in-depth understanding about 

the local farming systems and the geo-physical attributes of the landscape. Bhutan has been making continued effort to 

mitigate landslides since 2004, through introduction of bio-technical slope protection measures and installation of retaining 

structures at the toe of the landslides. Efforts are also made to reduce ill effects of other landslide triggering agents such as 

poor water management practices from irrigation, drinking water and roadside drains. Furthermore, on-site practical 

demonstration on landslide mitigation and media are employed as tools to create awareness and communicate landslide 

hazards to the communities. Hitherto, the results have shown that: 1) mitigation of landslides depend not only on the type of 

bio-technical slope protection measures placed, but also on the stage of landslide initiation and other bio-geophysical factors 

and 2) on-site practical demonstration serves as a good tool for communicating landslide hazards in contrast to awareness 

created through media. The latter is partly explained by the low literacy rate and limited accessibility for information in the 

rural areas. While there are measures in place to address landslide issues in the country, communication of landslide hazards 

demand further recognition. It may be recommended that there is an absolute need to prepare the spatial hazard map for the 

country. This would be vital to facilitate in preparing the response and mitigation plans for the landslides.  

 

Keywords: landslides, food security, bio-technical, mitigation, Bhutan. 

 

1. INTRODUCTION  

In Bhutan, approximately 69% of the population practice subsistence farming. About 2.95 % of the total land area (39.394 

sq. km) is currently under active cultivation (NSSC, 2010). The scope for expansion of land suitable for agricultural purpose 

is limited because of the rugged terrain with steeps slopes throughout the country, except for the narrow strip of flat land 

along southern Bhutan bordering India. 

Due to the geo-morphological and climatic conditions, most of the landscape is “quasi-stable” (Norbu et al. 2003). Only a 

small trigger is necessary to destabilise it and for the surface materials to slip down and eventually be washed away. Norbu 

et al. (2003) mention that those soils derived from gneiss rock types erodes less in contrast to soils from other rocks such as 

schists and phyllites. As a result, occurrence of landslides is widespread particularly in Eastern, Central and Southern Bhutan  

(NSSC, 2009), since these regions are underlain by less stable geology such as schists and phyllites. Loss of land physically 

through landslides and mass movements is of great concern for the country which is already constrained by limited land 

resources available for cultivation. 

 

The impacts of landslide disasters are observed in a unique way. At the source, it changes the characteristics of landform 

(Hancox et al. 2005; Restreop & Alvarez, 2006) and water regimes in the catchments (Narayana, 1987). Farmers lose 

substantial portion of arable land, thus posing threat to their livelihoods. Along its pathway, the landslides destroy 

infrastructure and impact transport and service industries. The sediments pollute water systems and impacts hydropower, 

since the landslides are a major source of sediments in the mountain environments (Narayana, 1987; Burton et al. 1998; 

Korup et al. 2004). In the downstream areas, i.e. once it leaves the catchment, landslides cause flooding, bringing misery to 

the lives of people. The occurrences of landslides entail huge economic losses too.  Ngechu and Mathu (1990) rightly 
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mention that the enormous economic loss due to landslides becomes unquantifiable. As a result, the resource stricken 

countries take long time to recover from these events. Furthermore, the landslides have other impacts as well. The landslide 

events influence mountain ecosystems both in qualitative and quantitative manner (Restrepo & Alvarez, 2006).  

  

In recent years, occurrence of increasing landslides has been reported from across Bhutan (NSSC, 2006). As reported by 

other researchers, this may be because of contributing factors such as increasing population (Dai et al. 2002 & Restreop & 

Alvarez, 2006) and due to impacts of climate change which is observed through uncharacteristic patterns of weather changes 

(UNEP, 2001; Bürki et al. 2003 & NSSC, 2006). Likewise,  researchers in the region also indicate that landslide causes 

serious problems. For instance, Chamlagain and Suwal (2010) reported that landslide is a major natural disaster responsible 

for the loss of life, property and damages to infrastructure in Nepal, Patley et al. (2010) reported that the 8th October 2005 

earthquake induced landslides in Pakistan caused third highest landslide disaster recorded in the history (26,500 fatalities 

including 300 in India) and Dai et al. (2002) mentioned that landslides have become so widespread in the mountain areas of 

China that people living there consider it part of their daily lives. While a systematic study on landslides, at least, on 

agricultural land has not been conducted so far, one cannot deny the fact that landslide is an important form of land 

degradation in Bhutan. Landslides and mass movements are very evident in many places across the country, the process and 

adverse impacts of which are easily observable without having to do much studies. Fig. 2 (Left) indicates that some 

communities in Bhutan are experiencing difficulties associated with landslides and mass movements.  

 

 

 
 

Fig 1: Bhutan on South Asian Map (a) and administrative boundary map showing land management campaign sites (starred) across the 

country (b) 

 

There are many strategies to address landslides depending upon its scale and magnitude. This can be a simple reforestation 

in the degraded forest areas and introduction of  low cost bio-technical or bio-engineering measures such as check-dams, re-

vegetation, construction of revetments, drainage ditches and benching (Tinachi, 1990; NSSC, 2005), or more complicated 

engineering measures such as correction of unstable underlying slopes, use of retaining structures and internal slope 

reinforcements(Dai et al. 2002). The latter requires detailed geo-technical information and financial resources. 

 

The ensuing sections focuses on: the general setting of this study, methodology adopted for disseminating landslide 

mitigation works, results realised so far, discussions and a brief conclusion. 

 

2. Study Region  

Bhutan is geographically located in South Asia, between India and China at 26o47’N to 28o26’N and longitudes 88o52’E to 

92o03’E (Fig. 1). It has a very complex geo-morphology with very steep slopes incised with deep valleys, and with altitudes 

stretching from 100 – 7500 m above sea level (asl) (Baillie & Norbu, 2004). With this huge variation in altitude, the country 

is characterised by different climatic conditions (temperature and rainfall intensity), soils, flora and fauna.  

Geologically, the country is divided into three geological zones (Gansser, 1983- cited in Kuenza et al. 2010). Parts of the 

country in the Southern belts (Lower Himalayas) experiences tropical weather conditions, cool winters and hot summer in 

the central valleys (Lesser Himalayas), and severe winters and cool summers in the northern parts (Greater Himalayas). Each 

zone consists of different rock types. 

 

 Lower Himalayas: Unconsolidated sandstones, shale, mudstone and conglomerates 

 Lesser Himalayas: There are two categories of rocks- a) relatively soft rocks on gentle slopes with deep soils, and b) 

relatively hard rocks on steep slopes  with shallow soils. The former consists of the common rock types such as granitic 

gneisses, limestone and quartzites, whereas, the latter is composed of rocks such as quartizites, phyllites, dolomites and 

schists  

 Higher Himalayas: Consists of gneisses, granitic rocks, schists and dolomites 
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This paper focuses on the landslide management activities that were carried out in the mode of Land Management 

Campaigns (LMC) over the past few years.  The LMC was first executed in Trashigang Dzongkhag (District) in Eastern 

Bhutan in 2005 in response to the devastations caused by the flash floods during the 2004 monsoon season in the eastern 

region of the country. In the following years, the same activity was replicated in other Dzongkhags i.e. Mongar (East), 

Trongsa Dzongkhags in the Central region and others across the country especially in those areas where advocacy on 

sustainable land management is needed the most (Fig. 1- left). These LMC sites are mostly located in the Inner Himalayas 

where the landscapes are harsh and landslides a common phenomenon and in lower Himalaya where strong monsoon rains 

triggers frequent landslides (NSSC, 2009). Although, Bhutan is one of the wettest countries in the Eastern Himalaya during 

monsoon from June to September, it would be an over exaggeration to mention the precipitation figure of any activity site 

for two reasons: firstly, due to an occurrence of localised precipitations because of high relief, and secondly there are no 

weather stations that will record the daily atmospheric conditions at the LMC sites.  However, some southern regions in 

Bhutan receives rainfall as high as 5500 mm per year, whereas, some regions in the north receives rainfall as low as 300 mm 

per year. 

 

3. METHODS 

This section consists of three parts: an approach adopted to mitigate landslides and other physical land degradation 

processes, mode of communication of landslide mitigation works, risks and hazards, and the types of technologies adopted 

for the purpose. 

 

 

Fig 2: Most of the agricultural activites are on steep slopes (right) – in some cases on slopes up to 40 degrees. Huge gullies and ravines 

formed through landslides and mass movements (left) (NSSC Photo collection).  

3.1 Approaches 

3.1.1 Government Initiatives 

Prior to 2005, management of landslides along the roads and in the mining areas gained special focus and the landslides in 

and around the agricultural fields, on the other hand, were left either to the mercy of the nature, or in the hands of the farmers 

with limited technical knowledge to carry out mitigation works. However, the Government provided some cash incentive to 

the farmers in preventing or mitigating soil erosion in their fields during the early five year plan (FYP) periods i.e. during 5th  

and 6th FYP (Note: Bhutan is now almost towards the end of its 10th FYP). With the change in the developmental focus of 

the country in the later plan periods, such incentives were stopped and the farmers no longer constructed contour bunds or 

terraces. Now, as the country is increasingly required to deal with the land degradation associated problems such as loss of 

land physically leading to reduction in productive land sizes, decline in crop yields leading to food insufficiency and 

insecurity, increasing river sediment loads leading to escalation in the maintenance cost of hydropower plants, and siltation 

of downstream arable lands, the focus on sustainable land management is again thought to be important and it has been given 

a renewed focus once again since 2005. The Ministry of Agriculture and Forests (MoAF) made special effort to make it a 

central program to address landslides and other forms of land degradation within and in the vicinity of agricultural fields. For 

this, the top-down approach was thought to be necessary and the approach was adopted to disseminate bio-technical know-

how to the farmers. This was continued for few years. 

3.1.2 Empowering the local communities 

In later years, a rather different strategy; empowering local communities in making the decisions to manage landslides in 

their regions was adopted. With guidance from extension agents, the communities make an annual work plan on land 

management. The necessary financial and technical support is provided by the government. This allows communities to 



make their own decisions on mitigating the prevailing land degradation processes such as landslides and accordingly manage 

the land resources sustainably. This strategy is also important in leveraging the horizontal spread of the sustainable land 

management activities.  

3.2 Communication of landslide hazards 

It is very crucial that the stakeholders understand the hazards and risks associated with the landslides. Likewise, the 

stakeholders should also know the various technologies available to mitigate the process. Different methodologies were 

adopted to achieve this; the foremost method was an employment of media to disseminate and educate the stakeholders. 

Secondly, practical demonstrations on technology implementation were also done for the stakeholders to educate them about 

the intervening technologies in the field. This was particularly carried out by the National Soil Services Centre (NSSC), 

together with extension agents, from various departments, under MoFA. 

3.3 Bio-technical measures 

3.3.1 Mitigation of the precursors of landslides 

Firstly, interventions to mitigate the upslope land degradation processes were executed. These upslope processes include 

degradation attributes such as sheet, surface, rill and gully erosions. The main bio-technical interventions include 

establishment of hedgerows in the arable fields, constructions of check dams (both stone and log check dams) in the gully 

floors, plantation of grass slips along the gully sides slopes, plantation of multi-purpose tree seedlings, etc. were carried out. 

In addition, physical measures such as stone bunding and terracing were also introduced. 

3.3.2 Mitigation of landslides 

Low cost bio-technical measures to mitigate landslides were introduced. These includes plantation of multi-

purpose tree seedlings, banana and bamboo rhizomes, plantation of fast growing live cuttings and grass slips, 

edge trimming on the slide edges, brush layering, etc. On the other hand, physical structures such as stone 

walling at the toe of landslides were done. In areas where it is too risky to carry out any interventions, seeding 

grass of fast growing tree species was also done. 

4. Results 

The mitigation works to reduce physical land degradation has, so far, shown mixed results. Few selected results are reported 

below. 

4.1 Mitigation for precursors of landslide (upslope) 

Hedgerows: These are established in the arable land to mitigate processes such as surface, sheet and rill erosions. The results 

have indicated that this technique is generally efficient in containing the sediment that is brought down from upslope. True 

to its theoretical stance, it was also observed that hedgerows act as barriers in reducing the flow velocity of discharge during 
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Fig 3: Landslide mitigation measures: a-hedgerows; b-terraces; c-a log checkdam; d-a stone checkdam; e-stone walling; and tree 

plantations (NSSC Photo Archives). 

high intensity rainfalls. While this measure has proven to be one of the best among many that were introduced to the farmers, 

its establishment requires some adjustment especially on steep slopes. Strictly following the technical guidelines while 

running A-frame along the contours to establish hedgerows, land preapration using drought animals becomes difficult. This 

is mainly because as the slope increases, the distance between the two hedgerows decreases significantly (NSSC, 2005). This 

limits the use of local tools for cultivation. Therefore, technical adjustments are necessary for the farming communities to 

accept this technology. 

 Check dams: In places where the geology is stable, the check dams are found to be very effective in stabilizing the gullies. 

It not only contains the sediment flow in its banks, but also reduces the velocity of water flow considerably. Series of well 

spaced log and stone check dams along the gully does all the trick in retaining the sediments onsite (Fig. 3 c & d). The 

reduction of the flow velocity of water prevents further scouring and detachment and hence it reduces overall sediment load 

leaving a particular micro-catchment. However, results from most of the LMC sites were rather different. It was found that 

in places with geology comprising of schists and phyllites, the soils are generally silty textured. These coupled with steep 

slopes render both stone and log check dams ineffective, suggesting that the rate of erosion is too high in such areas. 

Plantations:  The plantation were done to stabilise the slopes through revegetation. The results indicate that this technique is 

generally sound in providing the ground cover and minimising the runoff. Nevertheless, the effectiveness of this technology 

unstable slopes with extensive mosaic of cracks is questionable. This may be partly because the slopes are in constant 

downward movement.  

4.2 Mitigation of landslides 

Plantation in the old landslide scars are found to be very effective in quick stabilization of the slopes. However, any 

aspiration to mitigate the recent and/or fresh landslides could be a big asking.  Keeping aside the low cost bio-technical 

measures, in extreme cases, even the stone walling at the toe of landslides doesn’t have a remote chance when landslide 

events continue to occur.  This suggest an existence of very strong interplay of implicit geo-morphological and 

environmental factors in triggering the landslides. On the other hand, seed boradcasting on landslides where it is too risky to 

place any other mitigation measures were found to be ineffective. This raises two concerns; firstly, about the the quality of 

the seeds, and secondly about the suitibility of seeds in question in a given environment. 

5. DISCUSSIONS 

c d 

e f 



With over two third of the total population deriving their livelihoods on limited arable land, there are daunting challenges 

posed by land degradation due to landslides. The socio-economic impacts of landslides are immense. As pointed out by 

Tianchi (1990) and Dai et al. (2002), this may only become worse as the population increases annually and more people put 

pressure on finite natural resources and cultivate on marginal lands. The impact of anthropogenic actions and environmental 

factors in triggering landslides may only increase either due to greater pressure on resources (Restreop & Alvarez, 2006; 

NSSC, 2009), or due to an increasing effect of climate change, since the mountain areas are more sensitive to such changes 

(Bürki et al. 2003), or both (Chang & Slaymaker, 2008). Some researchers consider human actions as a sole responsible 

factor. For instance, Ngechu and Mathu (1999) goes further in saying that majority of the landslides are triggered by diverse 

human activities.   

Addressing the landslide problems within, and in the vicinity of the agricultural fields gained greater importance of late. This 

may be primarily to protect the arable lands from being washed away. Other reason could be because, as stated by Jakob 

(1999), the landslides in the natural forests are generally smaller as opposed to the ones where there is some kind of human 

influence on nature. Jakob (1999) also found that occurrence of landslides in areas with certain human activity, for instance, 

deforestation, is 8 times more than in the nature areas. This finding is in agreement with the general observations made 

across Bhutan where there are landslide problems particularly concentrated in areas with human activities (NSSC, 2005a). 

Therefore, it emerges that the landslides close to settlements demand prior attentions. 

The landslides occurring on a landform which is characterized by steep slopes are generally located down-slope, and are 

associated with the up-slope land degradation processes. Therefore, the seriousness [and extent] of up-slope processes 

determines the scale and magnitude of landslides. This is a situation in Bhutan. In light of this, and knowing that landslides 

have wide range of consequences, both at the site of the slope and further afield (Burton et al. 1998), there are some 

decisions to be made. It may be logical to mitigate the precursors of landslides by adopting low cost bio-technical measures 

to reduce the scale of down-slope events. In Bhutanese situation, this may be an amicable option, but not an absolute 

remedy.   

One truth which is simply being overlooked is that there are landslides that can hardly be mitigated, for instance, a landslide 

occurring on steep slopes where the landform is geologically unstable. In such situations, it would be vital to consider the 

effectiveness of placing mitigating technologies and the resulting economics, since the measure may be vulnerable to 

overtopping by either high velocity landslide debris or accumulated deposits from repeated events (Dai et al. 2002). This 

was also realised from the LMC experiences.  Proper technical assessment may be crucial to reduce the risks and hazards.  It 

is worth mentioning that today; Bhutan is relatively inexperienced in dealing with the landslides. It would be vital to learn 

from the experiences of other countries in the region.   

What is more? Currently, there is an institutional void in the system. Each agency makes its own [or sector-specific] 

approaches to address land degradation. In essence, this overlooks the bigger picture that solving landslide issues requires 

cross-sectoral approach. In the current set up, there are three key Ministries making sector-specific attempts in mitigating 

landslides. These includes; the MoFA, mostly concentrating within and around the arable land, the Ministry of Economic 

Affairs (MEA)- focusing in the mining areas and Ministry of Works and Human Settlements (MoWHS)- focusing along the 

roads. This is a disjointed approach for a common problem and needs integration. Taking the current path would be too 

risky, since the Government has adopted ambitious developmental strategies (EDP, 2011). In working towards realisation of 

the economic goals, there would be increased activities on a fragile landscape that would exacerbate occurrence of 

landslides. Arguably, this may hinder the development of other sectors; say for instance the hydropower, which is currently 

the biggest revenue generator for Bhutan. Therefore, there is immense need of a propellant; a common national policy, that 

would bring all the concerned sectors and agencies onto one platform and steer them to make an integrated approach in 

addressing the problems associated with the landslides.  

6. CONCLUSIONS 

Land degradation due to landslides has been one of the most common problems in Bhutan for a long time. It took 

considerable time to get the necessary attention of the government. However, recently the issue of land degradation became 

one of the prime focuses. It is justifiable to say that landslides still require greater attention for many obvious reasons. 

 There are many threats posed by landslides. It causes immense socio-economic impacts. Occurrence of landslides is 

likely to exacerbate due to increasing population and increasing effects of climate change. 

 There are different measures to mitigate landslides. But in view of the technical capabilities and the financial 

constraints, it is best to opt for the low cost bio-technical measures to address landslide problems. 

 Considering the geo-morphology, topography and reliefs in Bhutan, it looks worthy to first mitigate the up-slope land 

degradation processes to reduce the scale and magnitude of landslides occurring down-slopes.  



 Hitherto, different sectors make their own approach in mitigating landslides. Formulation of common policy is crucial 

to ensure an integrated approach in mitigating landslides.  
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RESUME : La désertification est un processus enclenché par le déboisement excessif dans le département du Zou au Bénin.
Elle a des impacts spécifiques sur la vie socio culturelle et économique des femmes rurales qui assurent beaucoup de
responsabilités. La collecte des bons bois énergie est de plus en plus pénible et influe sur la santé des femmes, la préparation
quotidienne des repas, des activités génératrices de revenus qui nécessitent des cuissons. L’accès aux plantes médicinales
devient aussi pénible à cause de la déforestation et des modes de prélèvements des organes de ces plantes (feuilles, racines,
écorces, etc.). Or, les femmes utilisent énormément ces plantes pour  soigner tous les membres de leurs familles. Aussi, elles
manquent aujourd’hui des feuilles d’emballage qui servent à empaqueter plusieurs mets spécifiques et se rabattent sur des
sachets plastiques qui polluent davantage les sols. De même, leur statut de femme ne leur permet pas d’accéder facilement à
des terres cultivables fertiles. Enfin on note la réduction des débits des sources d’eau ou leur tarissement ce qui rend plus
difficile la corvée d’eau et réduit les possibilités de pratiquer les cultures de contre saison.

Pour réduire cette vulnérabilité des femmes, face à la désertification dans les trois communes, les actions préconisées par
l’étude sont : l’appropriation de la gestion intégrée de la fertilité des sols (GIFS), le reboisement intensif à l’aide des espèces
locales et exotiques, la diversification des sources de revenus des femmes, l’amélioration de l’accès  des femmes aux micros
crédits, à la terre et aux formations techniques.

Mots clés : Désertification, Impacts, Femmes, Vulnérabilité, Bénin

1.INTRODUCTION

La désertification est un phénomène dont les manifestations sont multiples et affectent particulièrement les femmes rurales
dans leurs rôles socio économiques et culturels en tant que productrices agricoles, mères et gestionnaires de la diversité
biologique alimentaire, médicinale et  agents de développement. Elles éprouvent de sérieuses difficultés pour cultiver
certaines cultures et variétés à cause de l’état d’infertilité de dégradation des terres qui leur sont octroyées. La corvée de
l’eau, du bois énergie et autres absorbent une bonne partie de leurs temps et affectent leur santé. Ainsi, on note une
péjoration de leurs conditions de vie. Face à ces réalités observées dans le département du Zou au Bénin, l’étude s’est
penchée sur l’analyse des effets spécifiques de la désertification sur les femmes afin de proposer des solutions intégrées pour
réduire la vulnérabilité des femmes rurales. Il s’agit principalement d’évaluer l’impact de la désertification sur les femmes
rurales sur les plans écologiques, socio culturelles et économiques.

2.METHODOLOGIE

Pour réaliser cette étude menée dans le département du Zou, des enquêtes ont permis de questionner 120 femmes réparties
dans 12 villages appartenant à trois communes : Djidja ; Za-Kpota ; Zagnanado. En effet, ces trois communes sont toutes
touchées par la désertification car elles sont toutes situées dans des zones subhumides sèches caractérisées par des
précipitations comprises entre 800 et 1500 mm/an (UNEP, 2007) avec des sols ferrugineux tropicaux qui sont les plus
exposés à la désertification (ANCR - GEM, 2008). Pour compléter les données d’enquêtes et faire une triangulation des
informations, des focus groups et des entretiens semi-structurés sont organisés auprès des chefs de terre, élus locaux, agents
de développement rural, des forestiers, des phytothérapeutes, des transformatrices de produits agricoles, des artisans et
vendeuses de produits emballés ; des observations directes sont réalisées dans les formations forestières des communes, les
champs, marchés, ménages. Les données recueillies ont été analysées à l’aide d’EXCEL. Par ailleurs, les données
qualitatives ont fait l’objet d’analyse de contenu.

3.RÉSULTATS OBTENUS
3.1 Les causes de la désertification

Il ressort des résultats d’enquête menée dans les trois communes que la première cause de la désertification est la
déforestation due à la forte dépendance de l’homme vis-à-vis du bois sous toutes ses formes (bois d’œuvre, de service de
feu). On note également l’extension des superficies cultivables ; la carbonisation (selon les responsables chargées de la
gestion des forêts, la recrudescence des activités de carbonisation (surtout à Djidja) sont les principales causes de
déboisement et de mis à nu des terres) ; la surexploitation des terres et la poussée démographique. Pour ce qui concerne les
facteurs naturels, on note selon le rapport de la Deuxième communication nationale sur les changements climatiques (2011)



que les risques climatiques majeurs (l’inondation et les pluies violentes, la sécheresse et le déficit pluviométrique, suivis des
vents violents et de la forte insolation) sont les facteurs qui influent sur le processus de désertification.

3.2 Accès de la femme à la terre

Selon l’enquête, dans les trois communes, les principaux modes de faire valoir diffèrent d’une commune à l’autre. Ainsi on
peut voir qu’à Zagnanado, c’est le don qui est la principale (mode de faire valoir de 85% des enquêtées), ensuite, l’achat
(32.5%), l’emprunt (22,5%) et enfin l’héritage (20%). A Zakpota c’est l’emprunt qui est le principal mode d’accès (55%),
suivi du don (35%), de l’achat (27,5%), du métayage (10%) et de l’héritage (10%). A Djidja, c’est l’héritage qui est le mode
de faire valoir principal chez les femmes (37,5%). Il est suivi de l’achat (5%) et enfin du don de l’emprunt et du métayage
(2,5% chacun). Ces résultats se justifient par le fait que dans les villages de Zagnando  les hommes n’aiment pas faire hériter
leurs enfants filles parce que ces dernières vont se marier et amener ces terres au profit d’autres familles. Généralement c’est
leurs maris qui leurs donnent de petites superficies pour qu’elles puissent cultiver. A Zakpota, les hommes conçoivent mal
qu’une femme accède à la terre parce que donner une terre à une femme c’est enrichi la famille de son mari et pour eux,
lorsqu’une femme a la terre, elle ne respecte plus son mari. Elles sont plutôt sollicitées pour aider leurs maris dans leurs
champs. C’est ce qui fait que le mode de faire valoir principal ici est l’emprunt. Enfin, à Djidja le mode de faire valoir
principal est l’héritage. Cela montre que dans cette commune les hommes font hériter leurs enfants filles. Mais il faut
comprendre que c’est uniquement dans les cas où les filles sont les seuls héritières.

Par ailleurs, selon notre enquête (AGUESSY, 2012), il existe au Bénin plusieurs facteurs qui limitent l’accès des femmes à
la terre. Il s’agit de : La pauvreté des femmes qui ne leur permet pas de disposer des moyens financiers pour acheter la terre
ou  la louer ; Le caractère précaire et irrévocable des droits d’usage accordés aux femmes ; La faible diffusion et
vulgarisation des textes sur les droits des femmes et sur le foncier et les pesanteurs sociologiques qui persistent dans certains
villages malgré l’évolution des mentalités.

En outre, les surfaces cultivées par les femmes varient entre 0,8 ha à 2,8ha. Elles y cultivent souvent du maïs, arachide, soja,
gombo, sorgho, manioc, piment, etc. Elles sont destinées majoritairement à l’autoconsommation et une toute petite partie est
vendue pour disposer de revenus  pour les besoins immédiats de la famille. Cependant de manière exceptionnelle, quelques
rares femmes peuvent emblaver près de 5 ha. Dans ce cas elles ne se limitent pas seulement aux cultures vivrières mais
pratiquent aussi des cultures pérennes comme des palmiers, des anacardiers.

Enfin Notons que 43,9% des femmes affirment que leurs terres ne sont pas souvent fertiles et sont envahies par des
adventices comme Imperata cylindrica, indicateur de sols pauvres.

Photo. 1: Champ de manioc envahi par Imperata cylindrica Photo 2 : Aspect des terres dénudées cédées aux femmes

3.3 Statut social des femmes enquêtées

A cause de la spécificité de notre étude, il est indiqué de choisir des femmes d’un certain âge Ainsi, les femmes enquêtées
sont pour la plupart âgées de 40 ans au moins (la moyenne d’âge est de 51, 05 ans). Elles sont donc plus sensibles aux
perturbations de l’environnement et ses conséquences. Alors, ce sont des témoins de la modification du milieu et de
l’environnement dues au changement climatique et aux processus de désertification. Enfin  parmi elles, 47,5% sont chefs de
ménage c’est-à-dire qu’elles assument toutes les responsabilités car elles sont soit veuves, séparés, ou disposant des maris
ayant émigrés ou sont simplement des figurants (alcoolique, malade) et le nombre moyen des enfants est de 5,05 par
ménage.

3.4 Impacts spécifiques de la désertification sur les espèces alimentaires, médicinales, artisanales

3.4.1 Impacts sur les espèces alimentaires

Sous l’effet de la désertification, les femmes ressentent actuellement la rareté de certaines espèces végétales qui servent de
condiments,  de légumes et  de fruits. Ainsi pour les espèces qui servent de condiment, signalons Parkia biglobosa dont les
graines sont utilisées pour fabriquer la moutarde locale appelée « Afintin ».



Ensuite, en ce qui concerne les espèces légumières, les femmes ressentent une difficulté dans l’approvisionnement des
espèces comme Vitex doniana, Gynandropsis gynandra, Lactuca taraxacifolia, Solanum macrocarpum, Jussiaea perennis,
Ocimum gratissimum, Ocimum sp, Abelmoschus moschatus et Moringa oleifera.

Enfin, certaines espèces fruitières se raréfient aussi dans les villages. Or, ces fruits fournissent aux consommateurs
notamment les enfants, des vitamines et des oligoéléments indispensables à la bonne santé. Parmi elles, on peut citer : Vitex
doniana, Irvingia gabonensis, Synsepalum dulcificum, Annona senegalensis, Parkia biglobosa, Blighia sapida, Vittelaria
paradoxa, Uvaria Chamae et Spondias mombin.

Photos. 3: Abelmoschus moschatus = gombo poilu Photo 4 : Gynandropsis gynandra

3.4.2. Impacts sur les plantes médicinales
Généralement en milieu rural, les populations dépendent beaucoup des plantes médicinales pour le traitement des maladies
en utilisant les feuilles, racines, écorces, fruits. Mais de nos jours, certaines espèces très importantes deviennent rares. Selon
les femmes, parmi ces espèces rares, nous avons : Lippia multiflora, Crataeva religiosa, Heliotropium indicum, Sebastiana
chamaelea, Ocimum basilicum), Gynandropsis gynandra, Spilanthes uliginosa, Prosopis africana, Carissa edulis, Lactuca
taraxacifolia, Ceasalpinia bonduc, Pseudocedrela kotchiyi, Khaya senegalensis,  etc.

Ces différentes plantes interviennent dans le traitement de plusieurs maladies. Qui sont entre autres : paludisme, grippe,
épilepsie, crises cardiaques, empoisonnement, problèmes de fertilité, hypertension, diabète, anémie, rétablissement des
convalescents, etc. Donc avec la rareté de ces plantes, les femmes sont obligées d’aller dans les centres de santé qui sont
situés souvent,  loin des villages et de payer les soins appliqués.

3.4.3 Impacts sur les espèces utilisées dans l’artisanat local

La désertification touche aussi les espèces utilisées dans l’artisanat local et dont les femmes ont besoin. Parmi ces dernières
les femmes des trois communes ont invoquées particulièrement Crescentia cujete qui fournit les calebasses. Il en est de
même pour certaines espèces ligneuses qui permettent la fabrication des articles comme les tabourets de cuisine,  les
cuillères en bois, les mortiers des pilons. Il s’agit de Prosopis africana, Vitellaria paradoxa, Burkea africana, Pterocarpus
erinaceus, , Khaya senegalensis etc. Aussi certaines parties de Raphia hookeri fournissent des fibres ; leurs branches servent
à fabriquer des sièges et confectionner des clôtures, des habitations, des plafonds, etc. Par ailleurs, l’assèchement des bas
fonds ne permet plus aux femmes de disposer facilement de joncs (cyperus articulatus) qui servent à fabriquer des nattes.
Enfin, les espèces tinctoriales comme indigofera sp, Acacia nilotica et autres sont aussi de plus en plus rares.

3.5 Impacts spécifiques de la désertification sur les espèces ligneuses utilisées comme bois de feu

A l’instar des autres villages du Bénin, la source d’énergie principale utilisée dans les villages de Zagnanado, Djidja et
Zakpota est le bois énergie. Mais sous l’effet de la désertification, les bonnes essences indiquées à cet effet deviennent rares.
Il s’agit notamment de: Anogeissus leiocarpa, Pterocarpus erinaceus, Burkea africana, Prosopis aficana, Vitellaria
paradoxa, etc. Pour s’en procurer, les femmes rurales parcourent à pied plus de 10 à 15 km ou se rabattent sur des sources
inappropriées, comme les rachis de palmiers à huile les tiges de manioc qui fument beaucoup et provoquent chez les femmes
des conjonctivites et des affections des voies respiratoires.

Cette situation de pénurie des bons bois de feu affecte la marge bénéficiaire des femmes qui s’adonnent à la transformation
des produits agroalimentaires comme l’extraction de l’huile de palme, la cuisson du gari, tapioca, la préparation de la
moutarde, la distillation du vin de palme en alcool local « Sodabi ». En effet, le prix élevé du bois alourdit les charges
d’exploitation et le bénéfice net des femmes se réduit de 5 à 15% selon les cas.

Photo 5 et 6:Rachis de palmiers à huile et tiges de manioc utilisés comme bois énergie



3.6 Impacts spécifiques de la désertification sur les feuilles d’emballages

Les feuilles utilisées pour emballer les denrées sont rares et pour s’en procurer, les femmes sont obligées de parcourir de
longues distances. Parmi ces espèces, les plus importantes sont : Daniella oliveri, Blighia sapida, Holarrhena floribunda,
Tectona grandis et Thalia welwitschii. Elles sont utilisées pour emballer les mets ou articles comme : Lio, Gblin , Gowoué,
Akassa, Tabac moulu à chiquer etc.

La rareté de ces plantes fait que les femmes commencent par adopter de nouvelles espèces. Parmi elles, nous avons Manihot
glazovii, Calopogonium mucunoides feuilles de Gmelina arborea. Mais elles utilisent très souvent des sachets plastiques
pour emballer des denrées chauds comme Akassa, Ablo, divers beignets, ce qui est préjudiciable pour la santé des
consommateurs.

3.7 Impacts spécifiques de la désertification sur la disponibilité de l’eau
Le processus de désertification en cours dans ces trois communes, fait observer une rareté de l’eau en milieu rural. Cela se
traduit par l’assèchement des puits (cas de Zakpota), la réduction du débit de plusieurs cours d’eaux comme les rivières
Dogbanlin, Akètè, Ahwandohin, Tokpota, Zinlehoun à Zakpota de même nous avons l’assèchement de quelques bas fonds. Il
s’agit entre autre d’Adjido tan dans le village d’Adjido à Zakpota et Didohouin, Houèdo, Ahoho dans les villages de Don et
Tan à Zagnanado. Ces situations sont dues aux perturbations observées par les populations dans les précipitations. Nous
avons comme exemple, la diminution des périodes de pluies et l’augmentation des saisons sèches. Cette situation crée une
grande difficulté dans l’approvisionnement en eau. Ainsi les femmes sont obligées de parcourir de longues distances pour
avoir de l’eau potable. De même, les pompes à motricités humaines qui permettent de soulager les peines des femmes sont
maintenant très congestionnées car il n’y en a pas assez dans les villages et donc le peu qu’il y a est très exploité par ces
dernières.

4.SOLUTIONS PRÉCONISÉES
Pour résoudre les difficultés qu’engendrent la désertification dans ces localités les solutions recommandées sont : Plantation
d’arbres avec une préférence pour les espèces autochtones (Burkea africana, Pterocarpus erinaceus etc.) ; La promotion des
jardins de case afin de faciliter l’approvisionnement en légume et autres condiments de cuisine ; Planter les arbres fruitiers ;
Lutter contre la déforestation en interdisant la coupe excessive des espèces forestières ; Le développement d’une politique de
restauration des sols appauvris ; La sensibilisation sur la désertification et ces effets ; Promouvoir la création des jardins
botaniques.

5.CONCLUSION
L’évaluation des manifestation de la désertification sur les femmes rurales dans les communes de Zagnanado, Zakpota et
Djidja nous ont permis de constater que ces dernières n’ont pas facilement accès à la terre. Et quand on leur octroie une terre
elle est infertile. Ensuite, plusieurs espèces fruitières, condimentaires, légumières sont devenues rares ces dernières années.
De même, l’eau est devenue rare avec la réduction du débit de plusieurs cours d’eau. Par ailleurs, les bonnes espèces
utilisées comme bois de feu (Pterocarpus erinaceus, Burkea africana) sont devenue très rares à cause de leur surexploitation
et l’augmentation de la population. Enfin, le processus de la désertification implique aussi la rareté de certaines espèces de
plantes médicinales contraignant les femmes à se tourner vers les centres de santé pour le traitement des maladies.

Pour réduire cette vulnérabilité des femmes, face à la désertification dans les trois communes, les actions préconisées par
l’étude sont : l’appropriation de la gestion intégrée de la fertilité des sols (GIFS), le reboisement, la diversification des
sources de revenus des femmes, l’augmentation de l’accès des femmes aux ressources de production (micros crédits, terre
fertiles, informations techniques) qui constituent des enjeux majeurs pour la femme rurale et la sécurité alimentaire.
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ABSTRACT: The loss of ecosystem resilience and land productivity is a major problem in drylands of southern Africa. This 

needs to be addressed in an integrated way linking science to society. Identifying best practices for land restoration and 
sustainable land management in a process combining local and scientific knowledge is therefore very important as regional 
perspectives are created and knowledge shared among affected land-users. A corresponding bottom-up framework was 
suggested by the multinational EU-project PRACTICE, which has been tested in arid Kalahari rangelands of South Africa. 
Following the identification of a multi-stakeholder platform (MSP) related to the farming community of the study area, the 
participants’ baseline assessment and site-specific indicators for the evaluation of locally applied restoration and 
management actions to combat desertification were obtained in a participatory process. The MSP ranked the relative 
importance of the indicators on an individual basis using the pack-of-cards method, and re-ranked these indicators following 

group discussions. The individual ranking results were combined and integrated with biophysical and socio-economic 
measurements for the indicators through a multi-criteria decision analysis (MCDA), which ranked the alternative actions 
according to their relevancy and performance. The MCDA outcome was shared back with the MSP to stimulate group 
discussion and re-evaluation of the restoration and management actions aiming at improving management decision-making 
in Kalahari rangelands. The steps of this participatory approach are documented and results and the overall potential for 
implementation in local and national policy frameworks critically discussed. 

Keywords: Best practice, Local knowledge, Multi-stakeholder platform, Participatory process, Social learning 

1. INTRODUCTION 

Subsistence in the rural dryland areas worldwide depends on the effective and sustainable utilization of the natural resources, 
which are increasingly threatened by land degradation, mainly due to extensive droughts and mismanagement, such as 

overgrazing. The African continent is spatially the most impacted with more than 70% of its agricultural drylands being 
already desertified (Hoffman and Ashwell 2001). In particular the socio-ecological systems of sub-Saharan countries 
underwent dramatic changes in recent decades due to the combined effects of land use change (away from traditional 
practices like pastoralism towards sedentism) and climate change (Archer and Tadross 2009; Oba et al. 2000). This 
development is also symptomatic for South Africa, with serious environmental, social and economic implications for the 
country (Hoffman and Ashwell 2001; Milton and Dean 1995). 

Land degradation is a complex and dynamic process driven by a multitude of factors including biophysical and socio-
economic factors. Recognizing their interrelated impacts, any monitoring and assessment framework of land degradation 
should be based on an integrated and multidisciplinary approach (Vogt et al. 2011; Von Maltitz 2009). Although South 
Africa has a relatively long history of combating land degradation emerging in the second half of the 20 th century, it took a 
while until the needs of environment and development (e.g. community participation) started to be considered together 

(Hoffman and Ashwell 2001). However, many land-use practices in rural areas are still driven by inappropriate policy 
frameworks, which emphasizes the urgent need for local-level institutions assisting land users in sustainable land 
management (Von Maltitz 2009). Attempts in South Africa’s drylands to mitigate degradation at local scale should make use 
of land-user knowledge and actively involve them at all levels of project planning, decision-making and execution (Reed et 
al. 2006; van Rooyen 1998). This principle of linking science to society by combining traditional knowledge with ecological 
expertise for improved decision-making and sustainable environmental management is nowadays perceived a necessity in 
order to combat the loss of ecosystem resilience and land productivity, for creating local to regional perspectives and to 
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share knowledge for the benefit of the socio-ecological environment (Fraser et al. 2006; Reed 2008). A corresponding 
bottom-up framework is therefore suggested by the international, European Commission-funded project PRACTICE 
(Prevention and Restoration Actions to Combat Desertification. An Integrated Assessment) aiming at filling the gap of 
systematic evaluation of practices for land restoration and sustainable land management in a participatory and integrated 
manner (www.ceam.es/practice). In the course of the project, an evaluation protocol was developed and tested for its general 

applicability in different socio-economic and biophysical contexts and syndromes of land degradation in selected dryland 
sites worldwide (Rojo et al. 2012). The present study reports its application in degradation-prone Kalahari rangelands of 
South Africa. 

2. THE SOCIAL-ECOLOGICAL ENVIRONMENT 

The PRACTICE approach is presently applied in two different cultural and biophysical settings of the Kalahari farming area 
in South Africa comprising different land tenure systems in the Mier municipality of the Northern Cape Province (test 
completed) and the wider Molopo area of the North West Province (evaluation running). The focus of the present study lies 
on the Mier rural area just south of the Kgalagadi Transfrontier Park, between the Namibian and Botswana borders. It forms 
part of the arid Kalahari receiving between 150-200 mm of rainfall per year, and encompasses two broad veld types: (1) the 
duneveld characterized by nutrient-poor aeolian sand forming linear dunes intersected by dune streets and covered by open, 

savanna type vegetation, and (2) the rather level hardveld on loamy, stony soils with a karroid shrubland vegetation. 
Livestock farming and game ranching are the two main land use activities in especially the duneveld (Van Rooyen 2000). 
However, most properties (leased or owned) are relatively small (< 2500 ha) and allow for smallholding to semi-commercial 
farming only. They have little infrastructure, such as fencing to make paddocks and watering points for better distribution of 
livestock and rotational grazing options. Many of the local farmers are not able to expand or develop their farms because of 
financial constraints. This causes inflexibility in employing ecologically sustainable management practices and forces 
farmers to utilize continuous grazing systems with inadequate water availability. In combination with a highly variable 
climate, rangelands in the study area easily deteriorate, which may result in profound changes in veld condition (Van 

Rooyen 1998; Van Rooyen 2000). Signs of land degradation are apparent in the form of decreased vegetation cover, biomass 
production, and soil quality, as well as an increase in shrub density (bush encroachment). 

3. THE INTEGRATED ASSESSMENT 

The PRACTICE integrated assessment protocol (IAPro) (Bautista and Orr 2011) was applied to identify best practices for 
desertification mitigation in Kalahari rangelands of the Mier area. The protocol integrates both the human and biophysical 
dimensions of desertification in seven steps, four of them being fully participatory. The participatory part is based on key 
common indicators representing overall ecosystem and human-environmental system functioning, site-specific indicators 
identified by local stakeholders (SHs), indicator quantification by biophysical measurements, SH perspectives and collective 
integrated evaluation of actions (Rojo et al. 2012). 

3.1 Identification and evaluation of actions and indicators 

In Mier, IAPro step 1 and 2 were conducted simultaneously in a semi-structured interview due to logistic constraints. A 
divers set of SHs was identified through a local consultation process and chain referrals, which resulted in a selection of 28 

SHs forming the multi-stakeholder platform (MSP) to be involved throughout the study (Fig. 1A). Information was obtained 
on the participants’ baseline evaluation of locally applied land management and restoration actions, and site-specific 
indicators identified from the participants to be selected for action evaluation from the individual semi-structured interviews. 

 

Fig. 1: (A) Composition of the multi-stakeholder platform and (B) relative importance of indicators averaged over individual 
stakeholder perceptions (group composite weights) before (first iteration) and after (second iteration) group discussions. Bars 

represent means ± SD; asterisks indicate significant differences at *p < 0.05 and **p < 0.01 (Mann-Whitney-Wilcoxon test). 
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The interviews revealed that the most commonly applied actions to mitigate desertification in the Mier area include: (1) 
chemical shrub control (duneveld only), (2) good management (i.e. rotational grazing, resting periods, herding), (3) dune 
stabilization by brush packing (duneveld only), and (4) revegetation by transplanting grasses (hardveld only). A total of 30 
ecological and socio-economic indicators were mentioned and/or proposed by the interviewees, documenting the wealth of 
information available among land users as also found elsewhere in the Kalahari region (Reed et al. 2008). This can be seen 

as a significant benefit, as the complex variety of land user perspectives is addressed (Reed et al. 2006) and the set of 
indicators is less likely too simple and incomplete (Fraser et al. 2006). A final set of meaningful indicators was short-listed 
by taking into account aspects of redundancy, popularity, data availability and collectability. Combined with expert-selected 
common indicators based on the ecosystem services approach, this resulted in a condensed list of 11 refined indicators for 
evaluating the identified actions (Fig. 1B and Table 1). 

Table 1: Final set of indicators and their quantification (±SD) exemplified by two actions applied in the duneveld. 

Categories Criteria Indicator/proxy Unit Good management Shrub control 

Supporting services Soil fertility Soil condition % organic carbon 0.1±0.02 0.2±0.08 

Regulating services Resource regeneration Grass abundance plants m
-2

 14.0±3.9 25.7±11.9 

 Ecosystem integrity Woody abundance rank* 1±0.4 2±0.7 

Provisioning services Grass phytomass Biomass production kg ha
-1

 2755.7±374.1 2238.4±343.5 

 Forage production Grazing capacity** ha LSU
-1

 4.7±1.4 4.4±1.2 

 Meat production  Animal condition rank* 1.2±0.4 2.4±1.0 

Economy Water availability Water availability rank* 1.1±0.25 2.1±0.8 

 Labor & material costs Economic costs rank* 1.1±0.3 2.3±0.9 

 Sustainability Personal well-being rank* 1.1±0.3 2.5±1.0 

 Subsidies Governmental help rank* 1.9±1.0 1.9±1.4 

Biodiversity Species diversity Grass diversity H’ 1.04±0.2 0.9±0.6 

*effect of action on the indicator as assessed by stakeholders (1 = affecting the most to 6 = no effect)  

**overestimated for Kalahari ecosystems; applied method needs to be adapted (relations remain the same) 

In IAPro step 3, the MSP established the relative weight of the final set of indicators. Following Figueira and Roy (2002), 
indicator prioritization was processed via the revised Simos’ procedure or pack-of-cards method. Participants were asked 
independently to rank cards symbolizing the indicators according to their perceived importance and to insert blank cards to 
reinforce ranking differences. After computation of both the individual and integrated SH perspectives (sensu Figueira and 
Roy 2002), the resulting normalized weighting (Fig. 1B, first iteration) was presented to the MSP during a workshop. 
Participants were encouraged to discuss each other’s results in small sub-groups, followed by an open group discussion and a 
second round of weighting for potential re-ordering the indicators should their perspectives have changed. The integrated 

collective weighting of indicators was indeed different from the first iteration (Fig. 1B). This might indicate a social learning 
effect through the exchange of views and experiences between land users, as well as individual and group reflections on the 
issues discussed. However, ideally both iterations including group discussions should be implemented in a single meeting 
(Bautista and Orr 2011). Unfortunately, due to logistic constraints (compare also 4.1) the gap between first and second round 
of the ranking exercise was longer than one year. Thus, although each single SH was informed about his/her first ranking 
results, in the meantime other factors may have caused the change in mind. Nevertheless, the SHs clearly rated the indicators 
‘grazing capacity’ and ‘biodiversity’ (referring to fauna and flora) higher and ‘abundance of grasses’ lower in the second 
run, with the latter two being assigned a significantly different mean weight after the group discussions (Fig. 1B). In both 

iterations, the availability and supply of water was ranked highest as this indicator promotes the application of better 
management strategies, such as rotational grazing. Second highest was ‘animal condition’, which is a function of the 
‘grazing capacity’ of the rangeland (third rank). Aspects related to personal factors such as finances and future well-being of 
the family play obviously an important role for Kalahari farmers when evaluating the actions (Fig. 1B).  

3.2 Combining stakeholder perspectives with quantitative data 

Ecological indicators were also quantitatively evaluated in the field (IAPro step 4) based on the FIXMOVE methodology for 
standardized rangeland assessments (Morgenthal and Kellner 2008). Field measurements followed a preferential sampling 
approach by asking the SH to determine the sampling sites according to their perception of what their most degraded area, 
rangeland in best condition or successful restoration site is. This type of approach gives the SH some kind of control and 
increases their acceptance in site selection (van Rooyen 1998). No quantitative data could be gathered for social or economic 

indicators for reasons of being not directly measureable (e.g. personal well-being) or confidentiality (e.g. economic costs). 
For these, SHs were asked to rank each action in order of decreasing impact on the indicator (compare Table 1).  

In IAPro step 5, the results from the indicator ranking in step 3 were combined and integrated with respective biophysical 

measurements for the indicators through a multi-criteria decision analysis (MCDA) using ELECTRE IS (Aït Younes et al. 
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2000). This is an outranking procedure based on pairwise comparisons of all the alternative restoration and management 
actions according to their relevancy (indicator relative importance representing SH perspectives) and performance (indicator 
quantification). The method identifies the indicators that are either indifferent (meaning have a similar performance in both 
actions being compared) or supportive for a certain action over another. Based on this, outranking relationships are 
constructed, where one action outranks another when it is at least as good as the other, as underlined by enough supportive 

arguments (integrated data). 

 

Fig. 2: Outranking relationships of the MCDA performed for the duneveld. (A) Graphical expression (GM = good 
management; SC = shrub control; DS = dune stabilization; direction of arrows indicate an outranking relation, two way 
arrows mean an equal performance), (B) example of a comparison of pairs of alternatives. 

As shown for the duneveld, a good management action (GM) in the Kalahari rangelands outranks dune stabilization but is 
equally good as shrub control (SC) (Fig. 2A), although there are a couple of indicators where the preference is weak in favor 
of GM over SC (Fig. 2B). Accordingly, GM provide best results in terms of biomass production and grazing capacity, 

whereas SC effectively decreases the competition for moisture and soil nutrients between shrubs and grasses, thus favoring 
the latter. SC also contributes to an increase in soil organic carbon due to litter accumulation. It should be noted that the 
MCDA does not identify the best option possible on an absolute scale but rather provides a relative ranking and information 
on which action outranks each other as a function of the indicators considered (Bautista and Orr 2011). 

3.3 Integrated evaluation of actions 

A final step of IAPro (step 6) is the collective integrated assessment of the locally implemented actions based on the results 
of the weighting exercise of indicators, the subsequent MCDA, and related group discussions during the workshop. This step 
integrates scientific and local knowledge, biophysical data and SH perspectives for the purpose of a more informed re-
evaluation. An adapted language, easily accessible figures and other visualizations were used to summarize all participatory 
outputs. As was also done in IAPro step 2, SHs were asked to rate each action on a scale from 1 to 5 (very bad to excellent 
choice). The rating was performed in an open, interactive setting allowing for ongoing discussions and exchange of opinions. 

Table 2: Stakeholder rating of actions using a Likert scale (pre- / post- integrative assessment (% of responses)). 

 Excellent choice Very good choice Moderate choice Bad choice Very bad choice 

Good management 62.1 / 100 24.1 / 0 13.8 / 0 0 / 0 0 / 0 

Shrub control 55.2 / 75 20.7 / 25 10.3 / 0 3.4 / 0 13.8 / 0 

Dune stabilization 44 / 10 40 / 70 12 / 10 0 / 10 4 / 0 

 
All respondents perceived the application of ‘good management’ as an excellent choice. The majority of the SH (75%) also 

rated ‘shrub control’ as excellent, whereas the rating of ‘dune stabilization’ was less consistent and overall lowest (Table 2). 
Compared to the first assessment done in IAPro step 2 (pre-integrative assessment, Table 2), the final action rating remained 
basically the same, but the underlying pattern was more distinct showing clearer preferences (Table 2). However, even if 
certain actions are preferred above the others, high associated costs (e.g. expensive chemicals for shrub control) are a core 
constraint often hampering their application. Thus, the dependency on funding and resources supplied by national and 
provincial government is a critical factor for sustainable land management in the area, in particular with respect to the 
implementation of dune stabilization and shrub control actions. 

4. CONCLUSIONS 

4.1 Lessons learned 

As concluded by Rojo et al. (2012), the general strength of PRACTICE is its bottom-up approach for assessing both 
environmental sustainability and social acceptance and integration. Indeed, the overall response of the Mier MSP was 

positive, appreciating in particular their direct involvement, learning-effect and immediate transformation of input into 
outcome of practical value. This feedback shows that locally important factors are captured by identifying indicators relevant 
to the SHs. The iterative nature of weighting options, group discussions, and collective integrated assessments is central to 
establish a more diversified understanding and hybrid knowledge based on traditional and scientific expertise (Fraser et al. 
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2006). Thus, being more informed, allows to adapt more effectively to changing environmental conditions and observed 
signs of rangeland deterioration, respectively. Overall, preliminary indications suggest that the PRACTICE approach is 
promising for evaluating restoration and management actions in Kalahari rangelands. However, replication and comparisons 
are essential for proper evaluation of participatory approaches (Reed 2008). Thus, it remains to be seen how well it performs 
under the different socio-economic and biophysical setting of the Molopo area, which will then allow for a more detailed and 

critical evaluation of the framework. Accordingly, and as requested in step 7 of IAPro, dissemination of results will take 
place after completing this second Kalahari case study in order to support knowledge sharing between land users, farming 
communities, extensions officers in comparable social, economic and environmental contexts, including researchers and the 
wider desertification community (Reed et al. 2006; Rojo et al. 2012). 

So far, the present study revealed some critical shortcomings and challenges of overall importance for its successful 
application. (1) A problem was that the Mier community was already “over-workshoped” by many projects in recent years 
taking place in the area. This can result in a consultation fatigue, especially if their involvement in participatory processes 
gains them little reward (Reed 2008). In addition, the huge distances between localities in the Kalahari farmers have to take 
into consideration when invited to workshops may result in low participation rates at critical participatory steps of IAPro like 
the collective integrative assessment (step 6). This is especially true if no financial expenses at least for travel costs can be 
rewarded. (2) Another critical point is that the biophysical assessment based on a preferential sampling approach has some 

disadvantages related to the subjective course of action. Thus, data is only ecologically representative for the certain habitat 
chosen. In addition, it might be very difficult to identify enough suitable sites for replications in order to reduce the 
variability in data caused by the heterogeneity of both the biophysical environment and with respect to differences in 
management strategies and restoration design. In the course of the running case study in the Molopo area, the number of 
replicates was significantly increased. However, this kind of effort is very time consuming and requires a good knowledge of 
a place, i.e. all the habitat conditions. Implementing such a project in remote areas as the Kalahari sites therefore involves 
high costs not only in terms of time but also financial outlay, and thus may decide over proper application. (3) It should be 
noted that land-user perceptions of what is meant by certain aspects, such as “land degradation” or “biodiversity”, can differ 

substantially (Reed et al. 2008). As in the Mier case, this can be particularly evident when comparing different land tenure 
systems (e.g. commercial vs. communal), and even in similar biophysical and socio-economic contexts, pointing out that 
implications are only of relevance at a certain local scale to particular SHs and must be adapted from case to case (Reed et 
al. 2006; Von Maltitz 2009). In addition, environmental awareness is also a question of ownership related responsibilities, 
often with shared ownerships in a communal land management setup, reducing individual liability and motivation to 
conserve natural resources (van Rooyen 1998). How flexible the PRACTICE approach is in dealing with this heterogeneity 
will be seen when comparing results from all sites on national, regional and global scale. 

4.2 The way forward 

Combating desertification needs to take place particularly at the local level,  but concerted action must be enabled by 
appropriate institutional mechanisms and structures adapted to the particular land tenure forms in South Africa (Von Maltitz 

2009). Thus, the challenge is now to find ways to promote the use of PRACTICE results and the approach itself at local 
scales and to couple it with local-level institutions. Facing the need for the formulation of environmentally sound and socio-
economically accepted prevention and restoration projects to combat desertification in South Africa, an adjusted PRACTICE 
approach might also represent a promising tool for the exploration of potential alternatives for management and/or 
restoration options, i.e. other than identified by the local MSP. There is quite a high degree of overlap between the 
framework of the PRACTICE approach and the participatory approach for land degradation adaptation in other parts of the 
Kalahari rangelands developed by Reed et al. (2007, 2008), showing many conceptual and methodological parallels. The 
PRACTICE approach differs mainly in representing in first instance an evaluation tool for best practices (i.e. action 

assessment), whereas the work of Reed et al. (2007, 2008) ultimately adds up to providing a monitoring tool (i.e. degradation 
assessment). Combining best practices from both frameworks might be promising to create a more holistic framework for 
improved decision-making and sustainable land management embedded in a long-term monitoring program. 

5. POLICY ORIENTED RECOMMENDATIONS 

Any national and international project that assesses land degradation and restoration actions which will help land users 
making better decisions regarding improved land management must comply to the National Action Programs (NAPs) of the 
three International Conventions (i.e. UNCCD, CBD and UNFCCC). The NAP of especially the UNCCD emphasizes popular 
participation and the creation of an enabling environment designed to enable local people to reverse land degradation. The 
NAP also acknowledges the medium-term strategic framework of Government, which is an outcome based approach, similar 
to that followed by the PRACTICE project. There is already a wealth of information related to combating desertification, 

land degradation and mitigating the effects of drought (DLDD), which has been collected by Universities, Government, non-
governmental and research organizations through national and international research projects (e.g. PRACTICE, LandCare, 
Desert Margins Program, Kalahari-Namib Project or LADA (Land Degradation Assessment in Drylands)). The challenge 
now is that South Africa’s government, in collaboration with all these organizations, creates a supportive policy environment 
including a comprehensive information system, which makes the information available and more accessible in a format 
understandable by any SH. This should be facilitated by the established multi-stakeholder-based National Coordinating Body 
(NCB), whose function is to advise government on the appropriate policies, strategies and action plans for the 
implementation of South Africa’s NAP for the UNCCD. The Committee on Science and Technology (CST) is a subsidiary 

body of the NCB, and as such has the function, among others, to help with the improvement of coordination, integration and 
prioritization of DLDD issues and collating related scientific information that is of use and needed by all SH. The NCB as a 
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whole should therefore play a leading role in the design, formulation and establishment of a South African information 
system on DLDD, sustainable land management and dryland restoration. 
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ABSTRACT: The Abolhassani tribal confederacy lives in the north-eastern margin of the central desert of Iran, known as 
Khartouran, one of the nine Biosphere reserves in the world. Despite being a dry area, the rich ecological and biodiversity value 
of this tribal territory is outstanding. In recent years, the frequent and long drought periods is making pastoralists’ livelihoods 
increasingly difficult and have caused some detrimental impacts, e.g. decreased livestock and agricultural productions, water 
shortage, decreased fodder, moving sand dunes and loss of rangeland vegetation cover. However, the small Abolhassani tribal 
confederacy has learnt to deal with this natural disaster by implementing some adaptation strategies through customary laws and 
practices based on their indigenous knowledge. They gave innovative responses to this phenomenon by Water storage, reducing 
the number of livestock, lengthening the migration path, renting the farmlands residues and using the agricultural by-products to 
feed the livestock, etc. A participatory research was conducted with the cooperation of UNDP/GEF Small Grant Program and 
facilitation of CENESTA, to identify the effects of drought in mobile pastoralist’s territories, assessment and analysis of applied 
initiatives and indigenous knowledge in coping with the drought and expansion of local initiatives to other tribal communities. 
The project implementation model is based on real experiences through several hands-on mutual training-planning workshops 
among stakeholders. The main achievements in dealing with drought crisis effects summarized in; developing the cycle of 
“coping with the drought” and establishing a revolving fund (micro credits) to compensate the losses and provide sustainable 
livelihoods. 

Keywords: Drought, ICCA, Indigenous Knowledge, Adaptation, Sustainable livelihood 

1. INTRODUCTION 
Iranian nomads, throughout their history, have recognized the climate and ecological potentials and limitations existing within 
different regions and have tried to maximize their own compatibility with the environment by adapting their economic and social 
relations accordingly. This adjustment is based on Vertical Migration that is a gradual migration between their summering and 
wintering areas set at different altitudes, and Horizontal Migration that is a frequent migration between different regions and 
often varies in different seasons, in their territories. In other words, they combine the ecological and economic conditions of the 
different parts of their territory toward a sustainable life. The situation is more difficult for the nomad’s communities living in 
drought-prone marginal areas who seem to be on the first line of vulnerability during the occurrence of drought crisis due to their 
dependence on nature.  

Integration the adaptation strategies are not a completely new idea in indigenous peoples in Iran as their capacity to adapt to 
environmental change is based first and foremost on in-depth understanding of the land and resilience is rooted in their traditional 
knowledge. As climate change increasingly impacts indigenous landscapes, communities are responding and adapting in unique 
ways (Kirsty Galloway McLean). So, under the current situation with improper Agricultural policies, promotion of industrial 
systems instead of pastoral livestock systems and small-scale livestock farming in addition to successive droughts that have led to 
irreversible negative effects to the nomads livelihood and have put upward pressure to natural resources such as overgrazing, land 
degradation and salinization of water resources, the members of the Council of Elders in Abolhassani Tribal confederacy with the 
facilitation and support of CENESTA (Centre for Sustainable Development and Environment) have developed a programme co-
sponsored by UNDP/GEF/SGP to cope with these successive droughts.  

While the importance of indigenous knowledge has been realized in the design and implementation of sustainable development 
projects, little has been done to incorporate this into formal climate change mitigation and adaptation strategies. Climate change 
cannot be divorced from sustainable development as sustainable development may be the most effective way to frame the 
mitigation question and a crucial dimension of climate change adaptation and impacts (Swart et al. 2003; Cohen et al. 1998). 
Incorporating indigenous knowledge into climate change policies can lead to the development of effective mitigation and 
adaptation strategies that are cost-effective, participatory, and sustainable (Robinson and Herbert 2001; Hunn 1993). However, 
incorporating indigenous knowledge into climate change concerns should not be done at the expense of modern scientific 
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knowledge. Indigenous knowledge should complement, rather than compete with global knowledge system (A. Nyong F. 
Adesina B. Osman Elash. 2007).  

This paper explores some of the ways in which the indigenous people of Abolhassani mobile pastoralists have developed a cycle 
to pass the droughts and have integrated adaptation into their livelihood strategies to reduce their vulnerability to droughts. 
Collectively, this knowledge represents a dynamic information base that has supported an immense population by adapting to 
constantly changing and varying climate. 

2. CHARACTERISTICS OF THE PROJECT AREA 

2.1 Indigenous Community Conserved Areas (ICCAs)  
Over thousands of years indigenous peoples and local communities have elaborated and perfected traditional knowledge and 
customary systems of governance, management and conservation of nature and its resources. The history of conservation and 
sustainable use in many parts of the world is much older than government-managed protected areas, yet they are often neglected 
or not recognised in official conservation systems. Indigenous Peoples’ and Community Conserved Areas and 
Territories (ICCAs) are natural and/or modified ecosystems containing significant biodiversity values, ecological services and 
cultural values, voluntarily conserved by Indigenous peoples and local communities, both sedentary and mobile, through 
customary laws or other effective means. There are today thousands of ICCAs across the world, including forests, wetlands, and 
landscapes, village lakes, water catchment, rivers and coastal stretches and marine areas.  

Iran, like many other countries, has innumerable Indigenous Community Conserved Areas (ICCAs) that are increasingly being 
understood, recognised and supported. The lack of such understanding in the past has meant that tribal communities have been 
facing many problems that threaten the ecological and social integrity of their territory-based ICCAs and livelihoods. In recent 
years, following the national and international efforts for the recognition of ICCAs and community rights, as well as the 
formation of tribal community investment funds and their federations and unions, conservation cum livelihoods projects have 
brought about some hopeful results. The livelihoods of Iranian tribal communities have always depended on the conservation of 
nature throughout their territories– including its preservation, sustainable use and restoration. The Abolhassani Tribal 
Confederacy —in the zone of influence of the Khartouran Biosphere Reserve— in North Eastern of the Country also has been 
considered as an Iranian ICCA to be recognized, supported and managed sustainably under several participatory plans. 

2.2 The Abolhassani Tribal Confederacy— Drought Management Plan 
The small Abolhassani tribal confederacy of about 800 members lives in the north-eastern margin of the great central desert 
(Kavir) in Iran, in a region known as Khartouran located in the corner of Semnan, Yazd and Khorasan provinces, in the southern 
part of eastern Elburz mountains. According to Michel Zohary (1973) this area is a part of the area Irano-Touranian geo-botanical 
region.  The rainfall patterns are affected by the Elburz annual precipitation. The highest altitude of the area is in the Hesar 
Mountain (some 2000 meters) in the west of Abolhassani territory and the lowest altitude is in the centre of Salt Desert of area 
1100 meters). This difference of altitude occurs within a 10 km range and is the main factor of biodiversity in the area. According 
to Michel Zohary1 (1973) this area is a part of the area Irano-Touranian geo-botanical region and the rainfall patterns are affected 
by the Elburz annual precipitation. 

The Summering grounds of Abolhassani are located in the north east part of Touran biosphere reserve. A part of their wintering 
ground is located in Touran region and another part is on the margins of the Daruneh protected area. The above characteristics are 
at the root of the very high biodiversity within the Abolhassani tribal territory. 

Zarudny and Rechinger (Zarudny, Manuals of Iran (1880), and Rechinger, Flora Iranica, volume 1-188) have identified nearly 
800 plant species and 100 vertebrate animal species in the Touran biosphere reserve. Some of these species are in the IUCN Red 
List of endangered species.  A considerable part of the species so far identified in Touran is also distributed in the Abolhassani 
territory.  This accounts for the very rich ecological and biodiversity value of Abolhassani tribal territory. 

The peri-desert region is influenced by various climatic zones including desert, mountain and the greater climatic regions such as 
Siberian, Indian Ocean and Mediterranean. This has always caused drought years which have intensified recently due to the 
vagarious of the global climate change. Still there have been times when a drought has been so drastic as to cause major mass 
migration from the tribal territory. The great drought of the year 2000 inflicted such heavy loss in livestock—that almost the 
entire tribal confederacy was forced out of the tribal territory. An estimated 70% of livestock was lost or sold at a pittance to 
intermediaries; the current population that has returned is barely 40% of the pre-2000 level. It is anticipated that climate 
variability and change in the this area will have overwhelming impacts on agriculture and land use, ecosystem and biodiversity, 
human settlements, diseases and health, and hydrology and water resources. 
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Figure1. Ancestral territories of indigenous nomadic tribes 
of Iran 

 

Figure 2. the schematic participatory map with the help of local 
community 
 

The predominant activity conducted by the Abolhassani people is pastoralism. Sheep, goat and camel are the main types of 
livestock they raise. The management of rangelands is undertaken communally, and the committee of the elders of communities 
still plays a crucial role in deciding when, where and which kind of animals are led to each pasture. The same applies to water 
resources; Qanats, springs and wells. In the surroundings of the villages, agriculture (Rain-fed agriculture is the dominant 
practice) is also being conducted, mainly barley and wheat, as well as gardening and fruit tree cultivation, such as pomegranate.  

3. THE ABOLHASSANI TRIBAL CONFEDERACY –TO COPE WITH THE DROUGHT EFFECTS  
One of the most important factors towards sustainability is to rely on the local knowledge that is one of the basic components to 
take the next steps. The knowledge set is influenced by the previous generations’ observations and experiment and provides an 
inherent connection to one’s surroundings and environment. Therefore Indigenous Knowledge is not transferable but provides 
relationships that connect people directly to their environments and the changes that occur within it, including climate change 
(Woodley 1991) (9). In the recent  project  conducted  in  the area, the Abolhassani pastoralists highlighted the following factors 
as  the  main causes of  rangeland degradation: rainfall reduction;  land reform;  overgrazing; changes in livestock  breeds;  and  
finally  conflicts among  local people. 

Experience has shown that local communities in the Study area had successfully achieved some level of sustainable livelihoods 
by adapting continuously in their livestock breeding, farming and other income-earning activities. Investigating the indigenous 
knowledge systems of the region offers great prospects for effective mitigation and adaptation strategies that will be attractive 
enough to the vast majority of mobile pastoralists and small-scale farmers who are expected to use them. 

Indigenous knowledge has been directly applied by Abolhassani peoples in climate change and drought mitigation and adaptation 
through nomadism that is household and herd seasonal movement between summering and wintering quarters, customarily 
communal grazing decision system that is based on the agreement between the elders of the tribe, to decide the quantity of 
livestock, the type of livestock, and the amount of time to be spent grazing in each pasture land, reducing the number of ewes and 
increase the number of goats, as goats take more benefit from desert pastures, ‘Boundless Grazing’ that is a traditional implying 
that all pastoralists, regardless of pasture ownership and boundaries, can lead the herd to graze from April to mid-May -45 days- 
wherever they want. This tradition provides several benefits for the overall management of the rangelands in the region – e.g. the 
distant or low water resources pastures are grazed in springs under favourable conditions, reduces conflicts between the tribes in 
this period. However, one must not forget that the importance of movement timing have been recognized by traditional institution 
so they apply the strategy of delay in the grazing of the summering pastures to allow them to develop appropriately. The other 
strategies are; maintaining the traditional practices and calendar of the seasonal migration of the herd from the summering 
pastureland to the wintering pastureland, Lengthening the migration path and grazing in more distant pastures even into other 
communities’ territories if necessary, renting the farmlands residues of other communities, adoption of multipurpose crops and 
fruit trees –e.g. watermelons, cotton, pistachio, red pepper, sunflower, almond, pomegranate, etc., that are used as cash crops, 
livestock fodder and self-consumption, selling a part of the herd to afford buying fodder for the remaining, application of ‘closed 
pastures’ to allow appropriate grassland development before grazing -this implies hiring a gamekeeper to protect the pastures, 
maintaining the tradition ruled by the elderly council of sending some pioneers to measure the plant coverage of the migratory 
routes to assess the pasture conditions before the tribe decides what route to following in order to reach the wintering 
pasturelands, land resting, avoid the land use changes in the area, decrease the size of the household and amount of people 
through migration of the household to the cities in search of new sources of livelihood, Reducing the number of livestock 
particularly sheep –ewes, shifting towards the sheep and goat breeds which produce more milk and meat besides being more 
adaptive with difficult condition, shift from pastoralism to agropastoralism with stall-fed sheep, use of emergency fodder in times 
of droughts, multi-species composition of herds, expansion of rain-fed farming in rangelands, shift from mobile systems to semi-
mobile, selling a part of the herd to afford buying fodder for the remaining, while they also tend to join in 3 or 4 herds together to 
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pay less for shepherd and keep some of the livestock in the stalls and the projects of sand dune stabilization and artificial 
windbreaks made of dried tree branches.  

In the study area, the indigenous people have developed several adaptation measures to cope with the water shortage in the area 
and to reduce their vulnerability to climate variability which includes; digging of new wells and storage of rain water in cisterns, 
use of mobile tankers to provide water to those pastures with no water available, respect the traditional communal water resource 
management, e.g. distribute the access to the water of Qanats among the neighbours in cycles of 12 days an follow the pastoralist 
tradition of Henar, which implies watering the animals once every two days, generally from the end of fall to late winter –
although the duration of the Henar varies depending on local conditions. This is a way to fight water shortage, saving labour for 
water extraction, as well as to promote animals’ adaptation to lack of water. 

Nomadic Pastoralists’ mobility reduces the pressure on low carrying capacity grazing areas through their movement from the dry 
areas to the wetter areas of their territory. This system of seasonal movement represents a local type of traditional ranching 
management system of range resources. 

Figure 3: The Abolhassani Tribal Confederacy –Coping with the Drought 
 

Furthermore the council of elders decided to use a part of the allocated project grant as a community revolving fund to support a 
community run micro credit programme.  In addition they decided to reinstitute their customary laws and practices for the 
conservation of their rangelands and thus improve biodiversity protection in their ICCA. The Abolhassani tribal confederacy also 
defined a ‘Migratory Livestock Annual Cycle’ for agriculture and pasture management Livelihood activities (Table.1). This cycle 
presents their initiatives and adaptive practices to deal with the successive droughts.  

 
Table 1: Traditional Annual Cycle of Migratory Livestock 

B: coping with the drought cycle A: Natural grazing cycle base on seasonal migration Period 

 
 6 March- 22 May, Grazing livestock on rangelands in way stations; 

 23 May, separation of Lambs and kids from their mothers and their weaning  
Spring grazing 
areas 

 5 June-22 August, separation of 
livestock for fattening from the 
herd and grazing them separately in 
Fodder barley Stubble 

 23 May- 22 September, Grazing livestock in summering grounds; 

 23 May- 22 September, milking livestock in summering grounds and preparation 
of dairy products; 

 1 August, separation of rams from the herd and grazing them separately; 

 1 September: releasing the rams into the herd ewes for copulation; 

 6 September, releasing the he- goats into the herd of she- goats; 

Summering 
grounds 

 23 August- 6 November: Grazing 
of lambs and kids in pistachio 
orchard weed and brush 

 22 September- 6 Nov. Grazing livestock on Rangelands around the settlements  

 Late October: sale of goat kids 

Autumn 

Grazing lands 

 6 Nov.- 6 Dec., grazing livestock 
in Cotton field stubble; 

 6 Dec. - 6 Mar., grazing livestock 
in Fodder barley Stubble by 
underweight livestock. 

 22 October- 6 March, Grazing livestock on rangelands in desert; 

 late January, sale of lambs 

 1 February- 10 February, Birth of lambs and kids 

Wintering 
grounds 
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Figure 3: Innovative Strategy of Abolhassani to Cope with Drought –“Coping with the Drought” cycle 

4. POLICY ORIENTED RECOMMENDATIONS 
While the climate change and its related disasters are increasingly causing difficulties and suffering to natural resources and 
human beings, as a result, the realization of some necessities and implications in the policy realm has been less successful. In this 
project a list of policy oriented recommendations are compiled as follows; 

 The tribal peoples are the stewards of precious Indigenous knowledge and a source of livelihoods for future 
generations. This knowledge should be recorded by our tribes for their own use and their rights to maintain their 
customary law, spiritual and material ownership, access and benefit sharing, but above all the right to their territorial 
integrity should be formally recognized; 

 ICCA communities should be supported to sustain their livelihoods through pastoral activities and agriculture and gain 
additional income (e.g., through community owned ecotourism, medicinal plants, handicrafts, etc.) including via their 
Sustainable Livelihood Councils of nomadic tribes and their Sanduqs (community investment funds) 

 indigenous knowledge should be better researched, recognised and applied (respecting intellectual property rights of 
ICCAs and their collective governance); 

 There are strong linkages between mitigation and adaptation strategies that must be deeply understood formally and the 
integration of these strategies may not only provide new opportunities, but may even be a prerequisite for successfully 
addressing the climate change issue; 

 In many of the mobile pastoralists’ territories 95% of medicinal plants have not been registered. These are priceless 
values and assets which should be revived and conserved through a legal process and not allowed to disappear or fall 
prey to external profit seeking agencies; 

 Establishing a “Learning Group” on the governance and management of natural resources. The learning group acts as a 
“Multi-Stakeholder Platform” whose participants must be selected from; Government agencies, University schools of 
natural resources/ departments of range management, Department of the Environment, and schools of social sciences, 
Civil Societies, Representatives/ spokespeople of indigenous nomadic tribes and of traditional communities; 

 Working sessions of the Councils of Elders that discuss in-depth issues of NR governance and management, often 
comparing their customary institutions of governance and indigenous knowledge with modern ways that come out of 
academic and government institutions; 

 Nomads should have the right of commenting on/revising draft laws and regulations and Issuing their own verdicts 
through a series of declarations and statements; 

 Giving priority to indigenous and local communities organizations for the implementation of government projects 
related to management of natural resources; 

 Solving the problem of lack of collateral for loans; 
 Reduction of state governance and transferring rangeland management to indigenous and local communities; 
 Prioritizing customary owners in transferring nearby lands to grazing permits in range management projects; 
 Prohibiting the transfer of migratory routes and changing the land use of nomadic rangelands; 
 Impact of country level policies (overall) on FRWO policies (using opportunities); 
 Following up article 44 of the constitution to delegate the rangeland management to IPs and LCs; 
 Considering specific legal authorities to fill the existing gaps and limitations on legal issues on NRM. 
 alliances should be promoted to review and reverse inappropriate policies and programmes for natural resource 

management, such as nationalisation of natural resources, top-down government projects on rangelands management 
and other failed national projects;  

 support and facilitating should be offered to the creation of national Federations and Unions of camel herders, mobile 
pastoralists, forest peoples, small scale producers, fisherfolk and trappers in the county;  
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5. CONCLUSIONS 

The territory of Abolhassani tribal confederacy in Khartouran region has a high ecological and biodiversity value despite locating 
in a dry and drought prone area which is under the pressure of the climate extremes and frequent and long drought periods that is 
making the pastoralists’ livelihoods increasingly difficult. However, the small Abolhassani tribal confederacy has evolved 
elaborate coping strategies and mechanisms and has learnt to live with droughts by implementing some adaptation strategies 
through customary laws and practices based on their indigenous knowledge. Mitigation mechanisms of drought crisis 
summarized in five factors, namely as: integrated water resources management, institutional capacity building, targeted 
supporting, systemic planning and sustainable development of agricultural and livelihood. 

In this paper, we have argued that the Abolhassani peoples have, over the years, adapted to climatic extreme and managed their 
ICCAs successfully, more than any one during the decades, through their indigenous knowledge that is an extract of thousands of 
years of experience therefore they must have the right to govern their ancestral territory to make it survive for the futures. 
Although the modern knowledge is gradually recognizing the value of indigenous knowledge systems, but yet, the value of 
indigenous knowledge in a wide range of studies including climate change has received little attention.  
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ABSTRACT: In recent years, the influence and effect of biochar on soil properties has been intensively investigated, particularly 

in the context of its potential to mitigate the effects of anthropogenic climate change by acting as a net carbon sink. However, a 

lack of evidence to support the influence and positive effects of biochar on physical and chemical processes in edaphic 

ecosystems represents a major limitation in its viability as a ‘soft’ geo-engineering option to contribute to ameliorating 

anthropogenic climate change. One major question that remains unanswered concerns the mobilization, fate and erodibility of 

biochar in the landscape. Since biochar has a lower bulk-density than soil, its susceptibility to erosion is expected. This lack of 

information is important and could have profound economic implications for farmers committed to its use, since a high net 

annual loss of biochar by erosion could exceed any net annual economic gain in terms of increased TOC stocks, as well as any 

potential increase in soil quality and concomitant land capability. Crucially, therefore, any positive gain to biogeochemical 

recycling of nutrients and to edaphic ecosystem processes largely depends on the amount of biochar that is not eroded and 

remains within the upper soil matrix. The overall objectives of this study were to explicitly investigate the erodibility of biochar 

if erosion events occur directly or soon after its application, to estimate the financial value of the eroded biochar and to analyse 

its cost-effectiveness if applied to whole field scales. The investigation was conducted on a recently cultivated field located in the 

predominantly agricultural region of Jutland, north Denmark. Biochar was applied to the soil surface of three plots on three 

different slope positions at a concentrations equivalent to 1.5-2 kg m-2 and manually incorporated within the till-zone. A 30 min. 

erosion simulation was conducted on each plot using the 2.2 m-2 Portable Wind and Rainfall Simulator. The preliminary results 

of this study showed that a fair amount of biochar can be eroded from the fields within the first rainfall event after biochar 

application to the soil. In order to provide guidelines for its application, for its post-application management to reduce the 

discharge of biochar, and of the likely costs that this would incur for farmers in environments such as arid and semi-arid regions 

that frequently experience extreme erosion events, further investigations are needed.  

 

Keywords: biochar erodibility, soil erosion, transport processes 

1. INTRODUCTION 

The removal of organic carbon (OC) from agricultural soils by hydrological and / or aeolian processes is known to have a 

deleterious effect on soil structure, on soil fertility, crop productivity, and ultimately on water quality (van Hemelryck et al., 

2010; Kuhn and Armstrong, 2012). Where the net annual transfer of C by erosion processes exceeds the natural replacement 

through biogeochemical recycling of OM, the effects of C loss contribute to the gradual impoverishment, yet long-term 

degradation of soils (Kuhn et al., 2011). Such an effect is particularly apparent on soils in dryland regions where the natural rate 

of C replacement is limited by key factors that include the amount of precipitation, the physical characteristics and water-holding 

capacity of the soil, and the availability of vegetation to replenish sources of SOM. Given that ca. 45% of the Earth’s surface is 

classified as arid and predominantly supports small subsistence farms (Mulcahy et al., 2013), the ability with which C can be 

naturally replaced in such areas threatens the long-term viability of small farms to produce food in sufficient quantities to provide 

continuing sustenance to local and regional communities, and secondly, as a source of regular employment (Mulcahy et al., 

2013). One remedial solution to reduce C losses, as well as simultaneously improve soil structure and increase its  water-holding 

capacity that has recently been proposed is through the application of biochar (Barrow, 2012; Mulcahy et al., 2013). Biochar is 

defined as any type of biomass which has been pyrolyzed in a zero or very low Oxygen (O2) environment, typically at 

temperatures < 700o C (Verheijen et al., 2010; Barrow, 2012). This process produces a very porous and extremely carbon-rich 

(i.e. ~ 80%) compound, which has a complex internal structure with an excellent capacity for storing both water and nutrients. 

Importantly, it is also very recalcitrant in soils and is thus potentially very long-lived (Malcahy et al., 2013). 
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Use and Application of Biochar to Soils 

Soil texture dictates surface runoff interactions, promotes high erodibility and the development of surface crusts, which, in-turn, 

promotes overland flow and facilitates the removal of C by inter-rill processes (Kuhn, 2006). Consequently, the ability of biochar 

to counter or even reverse the depletion of SOC stocks, particularly on coarse, dryland soils where water-stress is particularly 

severe and where the positive effects of biochar application would be of maximum benefit, has received much attention. It is 

consequently being championed as a potential ‘soft’ geo-engineering option, with the potential to encourage soils to sequester 

more C from the atmospheric C pool, and so increase both medium- and long-term soil C stocks. However, its efficacy as both a 

soil amendment and as an effective mechanism to reduce the effect of water-stress depends on its susceptibility to mobilization, 

particularly by inter-rill erosion, which represents the predominant mobilisation process in dryland regions. However, evidence is 

currently lacking to fully support these claims. One pertinent question regarding the efficacy of biochar that remains unanswered, 

and prevents its wider acceptance as a viable geo-engineering option, concerns its propensity to be preferentially mobilized and 

redistributed in agricultural landscapes. Since biochar has a bulk-density which is approximately 1/3rd that of a typical 

agricultural soil, this is especially relevant on soils that are regularly cultivated and are vulnerable to erosion, albeit for short 

periods of time. As a result of these contrasting physical characteristics, suspicions have been raised regarding the susceptibility 

of biochar to be preferentially mobilized during erosion events. However, these suspicions have not been firmly established, and 

certainly not in the context of agricultural landscapes. Answering this question is particularly important, since the economic 

implications to small-scale farmers, especially those in less developed countries where the application of biochar is expected to 

have maximum effect, are profound since any net economic loss due to the effects of erosion and redistribution of biochar could 

easily exceed any net annual economic gain. Under this particular scenario, the loss of biochar to erosion could easily exceed, in 

financial terms, the expenditure incurred after purchasing and applying biochar over a suitable area and at sufficient 

concentrations needed to increase the overall capability of the soil. Crucially, therefore, any net gain is largely dependent on the 

amount of biochar that remains within the soil profile after a given period of time. However, evidence to determine the extent to 

which newly-applied biochar is preferentially mobilized over single erosion events has not, as far as the authors are aware, been 

determined. The purpose of this investigation, therefore, was to determine the behaviour and potential erodibility of newly-

applied biochar in an agricultural (i.e. cultivated) environment and on a soil-type representative of dryland regions. The 

investigation thus sought to answer two fundamental questions: 

1. How much newly-applied biochar is mobilized if erosion events occur directly or soon after its application? 

2. What is the financial value of the eroded biochar and would its application be cost-effective if applied to whole field-

scales? 

 

2. MATERIALS AND METHODS 

2.1 Test site characteristics and biochar application 

The investigation was conducted on a cultivated field located close to the village of Foulum, near to the town of Viborg, in the 

predominantly agricultural region of Jutland, north Denmark. The geology of the Viborg area is composed of layers of stratified 

and unstratified surficial sediments from the Weichselian glaciation, which reflect the complex fluvio-glacial processes under 

which they were deposited (King, 1975). Since deposition, sediments have been reworked by surface hydrology and the 

topography has been extensively dissected by numerous small (i.e. ‘underfit’) watercourses. This has resulted in a very 

undulatory and complex topography which reaches a maximum elevation of 70 m above sea level. Surficial sediments are 

overlain by azonal (i.e. immature) soils, which are highly fertile, well drained and ideal for arable production. The soils are 

coarse (median D50 = 250 µm, equivalent to fine / medium sand on the Wentworth Scale), are classified as loamy sand, and are 

also deficient in TOC. For these reasons, soils in this region lack cohesive structure and are poorly aggregated. They are also 

prone to develop surface crusts and are therefore highly erodible, even when subjected to light yet persistent rainfall conditions. 

Based on these particular characteristics, this region was chosen as a suitable yet convenient location on which to undertake the 

investigation, as the soils represented a suitable analogue for the behaviour and erosive tendencies of soils in dryland regions. 

For the experimental area, six plots, each measuring 15 m-2 (3x5 m), were delineated on the upper, middle and lower sections of a 

hillslope, with gradients ranging between ca. 6-14° (ca. 10-20%) (Fig.1). Prior to undertaking the simulations, the soil was 

ploughed and  harrowed (10cm deep) to create a surface  roughness representative of typical conditions after seed bed 

preparation. Biochar was applied (i.e. ‘seeded’) to the soil surface of three plots on each hillslope position, at a concentration 

equivalent to 1.5-2 kg m-2 and then manually incorporated within the till-zone to a depth of ca. 0.2 m.  

The three remaining plots at each corresponding position were left un-seeded and were used as controls. The biochar used for the 

investigation (Swiss Biochar GmbH) consists of a variety of different species, that include grape pomace (Vitus vinifera), wood, 

miscanthus grasses (Miscanthus Spp.) and other suitable types of biomass; all of which were pyrolysed at temperatures ranging 

between 450-600° C. The average total organic carbon content of the larger particles measured ca. 80% and ca. 40% for the finer 

particles. The price of the biochar was approximately 2.20 CHF per kg (equivalent to US $2.35) (3.20 CHF or US $3.42 

including shipping (price correct as of April 2011). If applied to a one ha. field at the above concentration, the projected purchase 

price for biochar alone, excluding labour and machine costs, would be in the region of CHF 32,000 (equivalent to US $34,263). 
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Fig. 1: Overview of biochar test plots on hillslope (A = top slope; B = middle slope; C = downslope plot) 

 

2.2 Experimental procedure and the Portable Wind and Rainfall Simulator 

The erosion simulations were conducted on all plots using the 2.2 m-2 Portable Wind and Rainfall Simulator. Each rainfall 

simulation lasted for 30 minutes with a 30 min break in between to allow for initial drainage of the soil and for remounting 

sediment catchers. By utilizing a strategically-placed gutter, in combination with two wedge-shaped sediment traps (Fister & 

Schmidt 2008), it was then possible to separate between splash and runoff erosion from within the extent of the erosion plot. The 

total amount of eroded sediment (including biochar) and runoff was collected over 2.5 min intervals. To facilitate isolating the 

specific influences of wind-driven rain, and to avoid systematic errors, a defined order consisting of three consecutive test runs 

on each plot was established: 1) single rainfall test run on dry soil, 2) single rainfall test run on moist soil, 3) simultaneous wind 

and rainfall test run (wind-driven rainfall). An in-depth description of the experimental procedure is given by Iserloh et al. 

(2012). 

 

A detailed description of the wind and rainfall characteristics, as well as a detailed description of its key components, is given by 

Fister et al. (2011, 2012). Therefore, only a brief overview is reported here (see also Fig. 2). The push type wind tunnel is 8m 

long and its cross section is 0.7 by 0.7 metres wide. It consists of two sections, each of four meters length: (1) Flow conditioning 

section, including a fan, a honey-comb, a baffle plate, and (b) a working section (including a rainfall simulator). The rainfall 

simulator consists of four nozzles, which produce a rainfall intensity of ca.  95 mm² h-1 without simulation of wind and ca. 89 

mm h-1 with simultaneous wind simulation. This rainfall intensity is representative for heavy torrential rainfall events of semi-

arid and arid Mediterranean and subtropical regions. 

 

 

 

Fig. 2: Overview of the Portable Wind and Rainfall Simulator at the test site in Denmark 
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3. PRELIMINARY RESULTS 

The results of the wind and rainfall simulations in Denmark show a high variability in soil detachment and delivery (Fig. 3). 

Maximum sediment yield was reached during the second experiment (WDR). So far it was not possible to explicitly designate 

this variability to a single rainfall. Among others, the probably most important ones are the soil roughness, water content, 

crusting, slope angle, and position at slope (upper, middle, lower). In four out of six experiments an increase from R1 (single 

rainfall on dry soil, windless) over R2 (single rainfall on wet soil, windless) to WDR (wind-driven rain). This effect shows, that 

the increased kinetic energy and the change in impact angle on the surface most likely increase soil detachment and transport. 

 

 

Fig. 3: Sediment delivery for each soil erosion simulation with the PWRS on the 2.2 m-2 plot in 30 min.  

(2-R1 = plot number 2;  R1 = single rainfall test on dry soil, R2 = single rainfall test on wet soil, WDR = wind-driven rain) 

 

After one day of settling in 10 l buckets, the floating biochar was skimmed from the water surface, recovered and separately 

stored. The weight of the larger biochar particles was measured and ranged from 0.05-0.26 g / 2.2 m2 / per interval. Calculated for 

a single high intensity rainfall event of 30 min, this equates to a financial loss equivalent to approximately 3.2 to 32 CHF 

(equivalent to US $ 3.42-34) of biochar per hectare per short erosion event.  

Against an overall 10,000 kg of biochar needed to seed an arbitrary one ha. field at an arbitrary concentration equivalent to 1 kg 

m-2, this estimated financial loss seems modest and could be interpreted as an almost inconsequential financial loss. What is 

important to comprehend, however, is that the portion of the recovered biochar represents just the fraction that remained buoyant 

on the water surface and was hence most easily and readily recoverable after the 24 hr. settling period had passed. Attempts were 

made to recover the full amount of eroded biochar using some of the more commonly used laboratory-based techniques, which 

included sieving, settling, fractionation and centrifugation; none of which proved satisfactory, however. In addition, attempts 

were also made to separate the biochar from the SOM fraction by combustion. This also proved unsatisfactory since the biochar 

combusted at approximately the same temperature as the SOM fraction (ca. 320o C). Consequently, it is not possible to give a 

total estimate of the total mass of mobilised biochar, or of its equivalent monetary value at this moment in time. Seeking an 

alternative satisfactory method of separating biochar from eroded sediment, in order to continue effectively researching this 

particular theme, represents a focus for work to be undertaken in the very near future. 

 

In order to obtain a qualitative idea of the amount of biochar that is mixed with the eroded sediment, we compared the total 

carbon contents (TOC) between the reference plots and the biochar plots (Fig. 4), assuming that an increase of TOC is caused by 

an increase in biochar content. It can be seen that the TOC content in the sediment from the biochar plot is higher than in the 

reference soil. In particular, the first experimental run performed on freshly incorporated biochar produced notable differences 

between the two runs. This provides a clear indication of the susceptibility of newly-applied biochar to the effects of mobilisation 

during extreme erosion events.  

 

In addition, the disparity between the amounts of biochar erosion recorded during the early stages of the erosion event, in 

comparison with that recorded during the latter stages of the event, suggests that biochar is gradually depleted over time. 

However, given that inter-rill erosion was the sole mobilisation process during all erosion events, it is expected that tillage and 

the re-mixing of soil within the till-zone will have a replenishing effect. Consequently, more of the original biochar will be 

gradually relocated to the surface with subsequent tillage passes, thereby increasing the likelihood of it being mobilized during 

erosion events. 
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Fig. 4: Comparison between TOC contents of sediment from reference plot and biochar plot on the upper slope (A). Green 

columns are TOC measurements form biochar plots and red columns from reference plot. Please note, that there are missing 

values for biochar at 7.5 and 15 min for windless rain on dry soil. 

 

5. CONCLUSIONS 

The preliminary results of this study showed that a fair amount of biochar can be eroded from the fields within the first rainfall 

event after biochar application to the soil. Because of the as yet unresolved difficulties of separating the biochar content from the 

sediment, and from the SOM content, it was not possible to fully quantify the total amount of eroded biochar and to calculate the 

potential monetary loss to farmers. Nevertheless, the results of this study clearly indicate that the erodibility of biochar requires 

more thorough investigation, in order to provide guidelines for its application, for its post-application management to reduce the 

discharge of biochar, and of the likely costs that this would incur for farmers in environments   such as arid and semi-arid regions 

that frequently experience extreme erosion events. This becomes even more important when considering the fact that erosion of 

biochar is not limited to single  events. This process is most likely to happen in every strong rainfall event over subsequent years 

after biochar application. In circumstances where the biochar is only seeded to the surface instead of incorporated into the soil 

matrix, its low bulk density and lack of cohesion would surely promote the almost complete biochar discharge from the fields. 
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ABSTRACT: In studies of the likelihood of adoption of SLM technologies by land users, plot location is often found to be of 

importance. The spatial variation in investment costs of SLM technologies and distance to markets are likely to play a key role, 

although explicit studies of variations in costs are scarce. Frequently, cost-benefit analyses of SLM technologies ignore the 

influence of environmental conditions. Mostly, average investment costs are reported which might make sense at an aggregate 

project or regional level, but which play out very different for individual land users with specific landholdings. With the 

increased use of high resolution GIS-based modelling for the feasibility analysis of technologies to mitigate land degradation 

and/or adapt to environmental change, reliable algorithms for cost differentiation become important.  Much data on spatial 

variability of the cost of different types of SLM technologies probably exists in design manuals, project documents, and other 

grey literature. This paper intends to conduct a review of those materials in order to define some generic relations that can be 

used to improve model-based feasibility assessments of SLM. It is thereby hypothesized that spatial cost variability can be 

expressed as a function of one or few variables (e.g. slope, soil type). The compilation of such generic relations of investment 

cost to environmental conditions will be of great help when assessing the scope for transferring successful SLM technologies 

from one area to another. 

Keywords: investment costs, sustainable land management, spatial variability, spatially-explicit cost-benefit analysis. 

1. INTRODUCTION 

Considerable attention is currently being paid to the upscaling of local successes of sustainable land management (SLM). Such 

efforts are made in an effort to enhance or restore the provision of ecosystem services, or to increase the resilience of rural 

livelihoods to potentially adverse effects of increased climatic variability. Any upscaling of SLM should start with an 

understanding of what defines ‘success’ in specific contexts before assessing the transferability of such measures. Likely, there 

are bound to be environmental, economic and socio-cultural dimensions that determine why SLM technologies are adopted 

(Schwilch et al., 2012). A commonly cited minimum requirement for adoption is economic profitability – for spontaneous 

adoption by land users financially attractive on-site net benefits are mandatory, for national programs off-site impacts are equally 

important but hard to assess.  Studies to assess the economic impacts of SLM have been performed at various scales, from 

individual measures to projects, and continental to global scales (Pimentel et al., 1995; de Graaff, 1996; Posthumus and de 

Graaff, 2005; Kuhlman et al., 2010; Nkonya et al., 2011).  

 

Despite a large body of literature on economic assessment of land degradation and its remediation by SLM, important questions 

surrounding uncertainties and methodologies remain subject to debate. Several major initiatives, such as the World Overview on 

Conservation Approaches and Technologies (WOCAT – www.wocat.net), the Economics of Land Degradation Initiative (ELD - 

http://eld-initiative.org) as well as the current 2nd Scientific Conference of the UNCCD demonstrate this need. As Von Braun et 

al. (2012) point out, both bottom-up and top-down assessment processes are required, with modeling constituting an important 

tool the bridge scales. Preliminary work on this type of modeling the impacts of SLM has identified the lack of information on 

the spatial variability of the profitability of SLM measures as a major bottleneck (Fleskens, 2012). In this paper, an overview of 

findings from literature review will be presented with the aim to inform future model analyses. The focus will be on investment 

cost information, because costs are more likely to have been monitored in SLM projects than benefits and their spatial variability 

is indispensible to understand spatial patterns of profitability (and as hypothesized – adoption potential). Much of the data on 

spatial variability of the cost of different types of SLM technologies is probably not published in the international scientific 

literature but exists in design manuals, project documents, and other grey literature. From these materials this paper intends to 

define some generic relations that can be used to improve model-based feasibility assessments of SLM.  

 

 

http://www.wocat.net/
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2. APPROACHES TO DATA COLLECTION 

A number of hypotheses will be explored to verify whether and how costs of SLM technologies vary over space. These can be 

subdivided in environmental conditions and locational aspects. 

2.1 Variability of costs according to environmental conditions 

Some example variability aspects of environmental conditions are listed below: 

i. Slope; slope affects the recommended spacing for line interventions. It also affects the soil movement requirements for 

such measures as terraces. The slope can affect accessibility, so that different construction mechanisms may need to be 

employed with important cost implications. Finally slope will affect the loss of area, reducing the effective area for 

cultivation (e.g. Shively, 1999). 

ii. Soil type; soil types affect workability and thus labor and machine input in cultivation; soil texture influences the 

stability of risers (e.g. Tenge et al., 2005). Soil depth is another factor potentially influencing cost.  

iii. Land use; for many SLM technologies, it matters what land use a given plot of land is under. A special condition of the 

land can be the severity of land degradation at the moment of intervention; this aspect however can better be qualified 

as a temporal aspect (another bottleneck in modeling SLM – Fleskens, 2012).  

iv. Combinations of various environmental conditions; the interactions of some environmental conditions such as slope 

and soil texture, or slope and soil depth can be assessed conjointly where sufficient data is available. 

2.2 Variability of costs affected by location 

A second important determinant of investment costs is location. SLM technologies typically require several inputs, some of 

which may be locally available whereas others need to be transported to the implementation site. Plot location is hence often 

found to be of importance in explaining adoption patterns of SLM technologies (e.g. Staal et al, 2002; Noltze et al., 2012). 

i. Labor; manpower often is the major component of the investment in SLM. Labor opportunity costs form a crucial 

economic concept to determine the value of labor input. Unfortunately they are difficult to establish, and hence often 

assumed to be zero in remote subsistence farming areas. The value of labor opportunity costs is due to the importance 

of labor in total inputs, a sensitive parameter of investment cost (Posthumus and de Graaff, 2005; Fleskens et al., 2007). 

A preference for investment in SLM is often observed near homesteads, where high value crop production is 

concentrated and labor opportunity costs are lowest. 

ii. Material inputs; of the many material inputs, a distinction can be made between commodities and non-commodities. 

However, for both types location matters. Availability of building materials such as stones and vegetative materials 

depend on the position in the landscape, and are due to their bulky nature difficult to transport over long distances. 

Costs for SLM interventions will thus depend on the distance to the source areas for such inputs. Similarly, many 

commodities may need to be purchased from markets, whereby location affects the market price as well as the transport 

costs.  

2.3 Other determinants of cost 

Scale of operation, management structures, farm typologies, collective undertakings, land tenure, means of transport and other 

factors could also influence institutional or individual costs to invest in SLM. Whereas the previous factors can be directly 

incorporated in models for impact assessment of SLM, modalities and conditions as briefly mentioned here cannot easily be 

generalized and are arguably better represented in storylines or scenarios in impact assessments. These will therefore not be the 

focus of this review. 

 

3. AN ILLUSTRATIVE EXAMPLE  

The relevance of considering spatial variation in investment costs can be illustrated with a case study of bench terraces in the 

Yanhe river basin in China (Fleskens, 2012). When no spatial variability of costs is taken into account (i.e. a blanket cost 

estimate is applied as is often done), terraces are financially attractive in 13% of the area where they can technically be 

implemented. This proportion rises to 50% if costs are taken proportionate to the reference slope. The resulting relationship 

between slope and financial profitability is not linear; not considering or underestimating the level of variability in costs may 

hence considerably underestimate potential profitability of bench terracing, whereas overestimating the level of variability of the 

required investment may rapidly lead to exaggerated viability estimates. Not only does the percentage of the area where the 

technology can be economically implemented change, but also the locations (Fig. 1). In absence of slope-related spatial 

variability, slope does not exert any influence and viability is in this case primarily responding to climatic variation. As the slope 
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dimension is phased in, more and more less sloping land in areas with suboptimal climatic conditions replaces rugged areas with 

highly suitable climate.  

Fig. 1: Net Present Value (NPV) and slopes of profitable bench terraces in Yanhe basin (China) for different levels of spatial cost 

variability (source: Fleskens, 2012). 

 

4. POLICY ORIENTED RECOMMENDATIONS 

The spatial variation in investment costs of SLM technologies and distance to markets are likely to play a key role in defining 

appropriate SLM strategies and policies. Notwithstanding, explicit studies of variations in costs are scarce (e.g. Shively, 1999; 

Tenge et al., 2005). SLM projects, institutions and stakeholders at all levels could be engaged in better documenting the 

variability of investment costs of SLM technologies, ideally in connection with monitoring and evaluation of impacts. Such data 

are invaluable for modelling approaches that are bound to become more important in making ex-post and ex-ante assessments of 

the viability of SLM technologies.  

The evidence for spatial variability of investment costs that this paper seeks to report on will inform model assessments of SLM 

viability. Such assessments have an important role to play in assessing the potential for upscaling of SLM (Stringer et al., under 

review). It is clear that for science and policy making to achieve maximum synergy investment in partnership for knowledge 

sharing is required, from the level of data exchange to institutional linkages to develop a stronger evidence-base in SLM policy 

and practice. It is through such partnerships that multi-level impacts can best be achieved, and links between remote locations 

with similar land degradation concerns can be harnessed.   

5. CONCLUSIONS 

The spatial variability in performance of different types of SLM technologies is not well understood. This is important because 

any initiatives to upscale localised successes must include an assessment of where certain SLM technologies have worked best to 

target similar areas. Although trial-and-error experimentation is likely to remain important to adopt and adapt SLM technologies 

to different contexts, modelling interventions can present a leap ahead. Models need data however, and data on spatial variability 

in investment costs of SLM technologies is not widely shared. The current paper has attempted to bring together information 

from various sources, next to academic literature including design manuals, project documents, and other grey literature. From 

these materials, some generic relations were inferred that can be used to improve model assessments of SLM. Several challenges 

exist in obtaining and comparing cost estimates – not least for labor which tends to form a significant proportion of investment 

costs, but of which the value can only be approximated using labour opportunity cost estimates. An illustration of cost 
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differentiation with slope for bench terraces in China provides an example of the susceptibility of outcomes to this factor. Multi-

level institutional linkages between science and policy makers are recommended to broker knowledge exchange for improved 

impact assessments and targeted adoption of SLM.  
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Abstract: The main goal was to assess and monitor Land Degradation, which is key to policy formulation and decision making 
in addressing food insecurity and poverty and is crucial in planning and implementing adequate mitigation measures. Land 
degradation index map (LDIM) focused on areas that are exposed to natural soil erosion. The importance of the slope, the soil 
sensivity and the current state of the landcover observed by satellite imagery are the most important factors of this product. It 
takes into consideration also the highly populated places and rainfall intensity as factors potentially responsible for an increase of 
the land degradation. The final product offers a vision of areas where the degradation is actually expected. The land degradation 
index maps help to warn about possible food security problems by giving an index of potential risks of agricultural disturbance 
on highly exposed areas.  The results show that 45% of the InterGovernmental Authority for Development (IGAD) region (10 
African Countries) is affected by considerable degradation. The lack of economic estimates of impact of land degradation is 
attributed to the deficiencies in the collection or dissemination of natural resources information by the relevant institutions.  
 
1.0 Introduction 
Land Degradation by FAO refers to the temporary or permanent reduction in the productive capacity of land to provide 
ecosystem goods and services. It is largely attributable to the abuse and over exploitation of the natural resource base, particularly 
through inappropriate and unsustainable agricultural practices, overgrazing, deforestation, forest degradation, and the additional 
effects of weather events and natural disasters. 

In the IGAD region, it is recognized that soil erosion is the most important cause of land degradation. Erosion is a process of 
detachment and transportation of soil materials by wind and water- but this service focuses only on water erosion because it is the 
dominant agent of soil erosion in the region. 

Land degradation is a concept in which the status of the biophysical environment is affected by one or more human-induced 
processes acting upon the land. The most important indirect causes (drivers) to LD and NH changes (ecosystem changes) include 
population dynamics, socio-economic activities and technology driven by demand for ecosystem goods and services. The direct 
pressures (factors) that cause ecosystem changes include intensification and expansion of agriculture (over-cultivation),, climate 
change and variability, invasive species, resource overexploitation (deforestation, overgrazing, loss of biodiversity), and pollution 
(overuse of fertilizers, effluents). 

The consequences of all of the above direct and indirect causal factors are loss of: land productivity, standing biomass, cover and 
biodiversity. This is often clearly manifested in the loss of livelihoods because social and economic activities are directly linked 
to ecosystem capital assets particularly for food and fibre production; timber and non-timber products; fisheries; wildlife-based 
tourism; water; and energy production. Declining land quality and productivity can also be directly impacted by wrong socio-
economic and political decisions based on inadequate information. Direct manifestations and symptoms of LD change include 
loss of: soil through wind and water erosion; soil fertility due to acidification or salinization; loss of structure, organic and 
moisture; productivity; vegetative cover; and biodiversity 

1.1 Objectives 

The objectives of this study were to identify extent and severity of land degradation at the regional and national levels and to 
identify local hotspots for comprehensive assessment. The final products and output include the biannual land degradation maps 
at regional and national scale for the wet and dry seasons at low resolution over the entire IGAD region, at high resolution at 
national level, and at very high resolution over selected “hot spots. The outputs are envisaged to support policy decisions for 
combating land degradation at regional level and to give information that is more detailed on specific areas in the IGAD 
countries, which are experiencing severe degradation so that appropriate planning of the national resources could be instituted. 

This study developed soil erosion assessment methodology and monitored erosion in the region at various spatial scales by 
deriving potential and actual water erosion prediction maps. The actual water erosion maps indicate the extent, degree and rate 
at which land degradation is taking place in the IGAD region – at regional, national, and local scales. The potential maps do not 
include the vegetation cover aspects in the assessments and provided as such valuable information for policy interventions. 
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2.0 Land Degradation Assessment Product Description and Processing Chains 

 

 

The final data processing was performed in the ArcGIS ModelBuilder and a global scheme is presented in the figure above. Each 
of the input layers (e.g. Rainfall Erosivity, Soil Erodibility, Slope Length, Vegetation Index, and Population Density) is the result 
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of pre-processing (sub-model) as explained under the different Products. These intermediate products were then combined using 
Map Algebra to obtain the final products. 

Data was combined and modelled using the "Analytic Hierarchy Process", a decision-making framework used for multi-criteria 
decision analysis. Weights were assigned to the criteria according to their relative importance, using a pair-wise preference 
matrix, which is a measure to express the relative preference among the factors. 

The output of the model is a spatial map of numerical indices that shows the different degrees of land degradation at a given time. 
The indices also referred as products are computed from the major factors/variables that directly drive land degradation by using 
a linear arithmetic equation in a GIS environment.  
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2.0 Policy Orientation Recommendation 

Land Degradation Assessment product is aimed at providing target beneficiaries with Land Degradation Index Maps and 
Bulletins at annual/biannual rates. These products are meant to act as indicators of the risk of Land Degradation at low resolution 
over the entire IGAD region and High Resolution over selected HotSpots. 

This study identifies the extent and severity of Land degradation at IGAD region and come up with products that will support 
policy and decision making at the regional and local level. These products will give detailed information on specific areas 
experiencing acute degradation so that appropriate planning of natural resources could be instituted. Land use and land cover are 
the factors that can be most readily altered by human intervention, thereby determining the actual vulnerability of the system to 
water erosion. Changes in land cover through management practices can provide the main opportunity for erosion control.  

 Decision makers in Government, Non Governmental Organisations and Private Sector will be able to use the products in order to 
identify areas of intervention when allocating funds and distributing resources especially issues related to food security, climate 
change, forest conservation, agriculture development, human/ livestock population density and other development needs and 
come up with policy measures for rehabilitating degraded land. 

Assessment and monitoring of Land degradation is therefore key to policy formulation and decision making in addressing food 
insecurity, poverty, and sustainable natural resources. This study will be the basis of further study that will examine the costs of 
land degradation.  This will involve a desk analysis of impacts of land degradation, costs of land degradation, costs of land 
improvement measures and costs of policy reform and institutional development. 
 

3.0 Conclusion 

Loss of biodiversity and degradation of natural resources is eroding livelihood bases of communities and therefore jeopardizing 
future sustainable development initiatives for the wellbeing of residents of the region. Natural resources are therefore important 
environmental assets in the IGAD region, which require careful balancing between conservation and economic activities. The 
impact of climate change in the IGAD region is already being felt in terms of prolonged and more frequent droughts as well as in 
the intensity and spatial distribution of downpours when the rains do come. These are affecting agricultural productivity, 
infrastructure, and contributing significantly to land degradation directly and indirectly. 
 
Desertification is regarded by UNCCD as land degradation processes occurring in arid, semiarid and sub-humid lands. Over 60% 
of the IGAD region is Arid and Semi-Arid Lands (ASALs) with about 10% being sub-humid. The region is, therefore, highly 
vulnerable and experiences desertification/ land degradation. Therefore, the region land degradation assessment and monitoring 
are crucial in planning and implementing adequate mitigation measures. 
 
 
Abbreviations and Acronyms 
AMESD African Monitoring of Environment for Sustaininable Development 
ASALS Arid and Semi-Arid Lands  
FAO Food and Agricultural Organisation 
GIS Geographical Information System 
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ABSTRACT 

In this decade the situation of poverty in Chile has experienced significant changes, the recent results of the Survey 

of National Socioeconomic Characterization (Casen) have recorded a fall in the level of poverty nationwide. It was 

found that in 2003, the population living in this condition was 18.8 percent, while in 2006 only reached to 13.7 

percent. In general, the reduction of poverty in  Chile, is mainly due to sustained economic growth and targeted 

social policies. 

 

Although the criteria for assessing poverty are different, it is important to consider that poverty in rural areas has 

impacts and magnitudes that differ from those in urban areas. Therefore it is necessary to know who are the poor 

and what factors are determinants of this situation, in the context of indigenous communities whose income come 

from subsistence economies. 

 

In this paper, we develop a case study of the families that make up the indigenous community of Lonquimay  

Cumillan  Benancio, Araucanía region, with the aim of characterizing rural poverty, determine which factors 

influence families facing this situation and role that poverty plays in productive development policies in an 

environment in which the presence of soil desertification is a limiting factor for development. 

 

The results of this investigation show that the poverty of rural households is directly related to natural capital that 

they possess. Natural resources such as land and forests, for generations have been the basis of their subsistence 

economies. However, an increasing deterioration of these resources due to over exploitation of the soil by excessive 

stocking, the indiscriminate felling of forests for firewood and also generate the inclusion of new areas for 

livestock. Income in these silvopastoral systems depend heavily of soil productivity. The soil erosion Lonquimay 

with extreme weather conditions  have   influenced the observed poverty in families of this community. 

 

Moreover, it has been observed that poor households are more vulnerable to the impacts of natural disasters such as 

snowstorms, volcanic eruptions and floods. The results   which have confirmed the two-way relationship of poverty 

and environmental degradation given  by  Azqueta , (2000) which suggests that poverty is one of its main causes 

and the poor, one of the groups most affected by this deterioration. 

 

The households with few assets to address to the impacts, they develop strategies that only mitigate poverty. 

Furthermore, the vulnerabilities affect the use of the assets, so that families in activities  that   are of low 

profitability that prevent them from breaking the vicious circle of poverty. 

 

 

Keywords: environmental degradation, poverty, indigenous community, Chile 

 

 

 

 

 

                                                 
 

 



The economic impact of environmental degradation and poverty 

dimensions of the Indigenous Community Benancio Cumillan, 

Lonquimay, Araucanía Region. Chile 
 
1.-INTRODUCTION 

En la presente década la situación de la pobreza en Chile ha experimentado cambios importantes, los resultados 

recientes de la Encuesta de Caracterización Socio Económica Nacional (CASEN)  han registrado una  caída del 

nivel de pobreza a nivel nacional, se ha constatado que en el año 2003, la población que vivía en esta condición 

alcazaba al 18,8 por ciento; en el año 2006  sólo llegó al 13, 7 por ciento. En general, la disminución de la pobreza 

en Chile, se debe principalmente  al crecimiento económico sostenido  y a políticas  sociales focalizadas. 

Sin embargo, en las zonas rurales, la pobreza tiene otros  impactos y magnitudes , así por ejemplo, en  las 

comunidades indígenas pehuenche de Lonquimay,  Región de  la  Araucanía, las familias pobres  forman parte, del 

41 por ciento de la población rural  más pobre de Lonquimay y representan  aproximadamente, a 790 familias que 

se distribuyen en  el  54,7 por ciento de la superficie comunal ubicada en el sector Sur y,  

Las familias rurales se caracterizan por la diversidad y heterogeneidad tanto, en cuanto al capital natural, humano, 

físico, financiero y social, (De Janvry y Sadoulet, 2001) en consecuencia la  pobreza rural, es diferenciada y con 

una magnitud de importancia, por ello es necesario conocer quienes son los pobres y que factores son los 

determinantes de esta situación, en el contexto de comunidades indígenas cuyos ingresos corresponden a economías 

de subsistencia. 

 

Esta investigación trata de caracterizar mediante un estudio de caso la pobreza de las familias rurales que componen 

la  Comunidad Indígena Benancio Cumillan de Lonquimay, igualmente  se conocerán los factores que influyen en 

la situación de pobreza  así como las políticas de fomento productivo a considerar. 

 

La pobreza de las familias  pehuenches  está relacionada con el capital natural que poseen. En efecto los recursos 

naturales, como tierras, bosques, por generaciones, han sido la base de sus economías de subsistencia, por 

consecuencia cada vez  más, es mayor el deterioro de estos recursos debido por una parte a la sobre explotación  de 

los suelos por excesiva carga animal, a la tala indiscriminada de los bosques para generar leña y también abrir 

espacios para la crianza de ganado. 

 

El suelo en algunos sectores de la Comunidad presenta  erosión generada por sobre pastoreo del ganado menor, 

también esta condición es agravada por las condiciones climáticas .Estas condiciones han influido en la 

productividad del suelo, que cada vez es más baja, éste echo ha influido en las condiciones  de pobreza que se 

observan  en las familias de la Comunidad Indígena Benancio Cumillán.  

 

Así, la  pobreza y el deterioro ambiental están  relacionados  en un doble sentido: la pobreza es una de sus 

principales causantes y los pobres, uno de los grupos sociales más afectados por este deterioro (Azqueta, 2000).En 

estas condiciones los hogares  pobres son mas vulnerables a los impactos por ejemplo, de desastres  naturales tales 

como nevazones, erupción de volcán e inundaciones. 

 

En este contexto, los hogares que disponen de pocos activos para hacer frente a los impactos, crean estrategias que 

sólo mitigan la pobreza, las situaciones  de vulnerabilidad  afectan el uso de los activos, las familias  realizan  

actividades que son de baja rentabilidad que permiten el consumo de alimentos pero que no son productivos 

(Dirven M.2007)  no rompen los círculos viciosos de la pobreza,  

 

2.-MATERIALES Y MÉTODOS 

 

2.1-Área de estudio. Esta investigación  se realizó en el territorio de  la comuna de Lonquimay, Región de La 

Araucanía, tiene una superficie de 3.953,79 km2  por lo que es  la de mayor tamaño de la región. Se encuentra 

ubicada en los 38º 29’ Lat. S y 71º 17’ Lat. W. En Lonquimay, existen 43 comunidades indígenas registradas en 

CONADI3, el 21 % de estas Comunidades se originan en títulos de merced otorgados por la Corona española, 

ejemplo de este origen, es la Comunidad Indígena Benancio Cumillan que tiene inscritas 43 familias que son 

usuarias de 900ha de superficie de tierras . 
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2.2-Universo de estudio. El universo de este estudio, fue definido sobre la base de  43 familias de la  Comunidad 

Indígena  Benancio Cumillan, que corresponden a 40 unidades campesinas productivas que son parte de la 

comunidad que tiene un territorio común y lazos de parentesco entre las familias. 

Tamaño de la muestra. La variabilidad de los atributos a considerar es desconocida, por ello, se estableció un 

porcentaje de muestreo simple  equivalente al 53% del universo. Esto permitió cumplir con el tamaño muestral 

necesario para cualquiera de las variables en estudio, posibilitando estimaciones de buen grado de precisión para 

aquellas que presentan mayor dispersión (Goode y Hatt, 1974). 

2.3-Análisis de la información. Primero, para la obtención de información se procedió a la aplicación de una pauta 

semiestructurada a la muestra de 21 familias seleccionadas aleatoriamente, correspondientes a la comunidad 

indígena de Benancio Cumillan, localizada en la Comuna de Lonquimay. La pauta semiestructurada contenía 

variables productivas, sociales y económicas. Los datos fueron tabulados y analizados mediante estadísticas 

descriptivas simples, análisis cluster.  

3.-RESULTADOS 

3.1-Características sociales  de las familias de la Comunidad Indígena Venancio Cumillan. 

Tamaños de las familias estudiadas. corresponden familias de tipo nuclear, 38% de ellas tienen de tres a cuatro 

miembros, es decir los dos padres,  uno o dos hijos, este tamaño del grupo familiar, sigue  la tendencia  a nivel 

nacional  así como también cada vez más las familias grandes constituyen bajos porcentajes  como se presenta en  la 

Figura 1   

 

 

Figura 1.Tamaños de los grupos familiares de la Comunidad Indígena Benancio Cumillan  

Las familias que son parte de la Comunidad estudiada  además  son quienes disponen de las hijuelas individuales 

que conforman el territorio que es conocido como la Comunidad Indígena Benancio Cumillan. Las familias de la 

Comunidad, son representadas por quien desempeña el rol de jefe de familia, que puede ser genero femenino o 

masculino y es quien además toma las decisiones relacionadas con los recursos productivos, por ello es importante 

conocer las edades que tienen los jefes de familia. 

            3.2- La edad de los jefes de familias: influye en los cambios que las familias  pueden planear, desde el punto de vista 

productivo,  pues para muchos programas de fomento, la incorporación del jefe de familia influirá según la edad. En 

el caso de las familias de la comunidad, el 62 % los jefes de familias tienen edades menores a 60 años, estas edades  

influyen en la disponibilidad d ingresos a nivel de la familia pues estos grupos están compuestos por hijos que 

aumentan la dependencia del único ingreso familiar en mejores ingresos a  Figura 2 presenta los rangos de edades, 

presentes en los jefes de familias estudiados. 

  
Figura 2.Rangos de edades  de los jefes de familias de la Comunidad Indigena Benancio Cumillan  



La mayoría de los jefes de familias, son menores de 60 años de edad, sólo 10 % de ellos tiene edades sobre los 70 

años, pero esta edad no es un impedimento para realizar actividades como el cuidado del ganado, cosecha de leñas o 

recolección de piñones, estas actividades son realizadas gracias a la experiencia y al conocimiento trasmitido de 

generación en generación. La edad de los jefes de familias señala que es probable que la experiencia (años de edad) 

permita que estas personas tengan mejores ingresos, influyendo  en una mayor vulnerabilidad entre quienes tienen 

menos edad.  

3.3-Educación de los jefes de familias. La educación es parte del capital humano por ello, el bajo acceso a ella y su  

mala calidad   sería un factor de pobreza  (Schultz  1964 y 1971). En el caso  de los jefes de la familia de la 

Comunidad  Indígena Benancio Cumillan,  la contribución  de la educación básica incompleta, es 52%, pero si se 

suma el 29% de quienes lograron la educación básica completa, el total de personas con este nivel alcanza 81%.Así 

la posibilidades que esta educación influya en mejorar los ingresos de los jefes de familia son muy bajas o 

inexistentes como es el caso  del 14 % de los jefes de familias que son saben leer ni escribir.  Las posibilidades de 

cambio en los ingresos de   las familias pobres, depende de la educación que tienen los miembros de la familia, en 

especial, la educación del jefe  de familia. Según los datos que se muestran en la Figura 3, la baja escolaridad  es 

predominante ende los jefes de familias tiene educación básica incompleta, este nivel influye en la capacidad de 

abstracción de las personas   

    

Figura 3. Educación de los Jefes de Hogar de las familias  de la Comunidad Indígena Benancio Cumillan. 

 

El nivel de  educación básico es predominante, entre los jefes de familias de Comunidades Indígenas, por lo tanto, 

no es una contribución para superar la pobreza, esta afirmación es confirmada por los resultados de otras 

investigaciones (Quiñones 2003, y Báez, 2005) pero también  este escaso capital educativo  influye en la 

productividad laboral de los miembros de la familia y en las posibilidades de acceder a empleos con mayores 

ingresos, éste hecho limita la formación de capital humano de todos los miembros de la familia, contribuyendo a la 

trasmisión intergeneracional de la pobreza(Cecchini y Uthoff,2007) 

3.4-Características   productivas de las unidades familiares.El tamaño del predio medido como  superficie  de 

tierras en hectáreas de la explotación familiar y está relacionado con los ingresos de la familia (López R.,1996).En 

efecto  la cantidad de tierras permite a las familias diversificar la  producción o bien tener crianzas extensivas de 

ganado caprino y ovino que se adaptan al clima frío de la zonas cordilleranas.En la Figura 4 se presentan los rangos 

de superficie  predominantes entre las familias indígenas. 

 

Figura 4.Tamaños de superficies de tierras disponibles en la familias de la Comunidad Benancio Cumillan  



El 48% de los predios familiares disponen entre 0,1 a 2,0 ha, si toma en consideración la cantidad de familias que 

tienen menos de 10,0 ha físicas, éstas representan  95 % del total. Los pequeños tamaños de la superficies de tierra  

que son utilizadas con ganado sin duda , contribuyen a los bajos ingresos familiares estas condiciones requieren 

cada vez más mayores aportes del Estado tanto en tecnología como en crédito, pues es necesario cambiar las 

actividades  de tipo extensivo a intensivas. 

3.5-Características   Económicas: Origen de los Ingresos anuales   de las Familias. El ingreso de la familias en 

el 71% de los casos proviene  de fuentes  de  fuera de la explotación familiar, que, sólo 29 % son ingresos 

intraprediales de  actividades relacionadas con el capital natural del que disponen las familias la Figura 5 presenta 

estas informaciones.  

 
 Figura 5 .Origen de los   ingresos anuales de las familias de la Comunidad Benancio Cumillan 

 

3.6-Composición de los ingresos intraprediales.Esta categoría de ingresos representan los aportes  que las 

diversas actividades productivas realizadas por la familia con los recursos  individuales como tierras y  bosques .En 

el caso de las familias estudiadas, la ganadería representa el 29% del total del ingreso , 46% corresponde a los 

cultivos priciplamente se trata de la producción de pastos para la alimentación de los animales, en cuanto  a los 

productos de origen forestal 16 %  son aportados por la producción de maderas y leñas y 8  % corresponden la 

cosecha de piñones.Los subproductos como leche , quesos, carnes ,huevos sólo alcanzan al 1%.La Figura 7 presenta 

las informaciones sobre la composición de los ingresos familiares intraprediales. 

 

Figura 6.Composición de los ingresos  de las familias de la Comunidad Indígena 

Los ingresos de las familias son bajos debido a  la baja productividad del suelo y  de las actividades que se realizan 

en los predios familiares, por ello se constata que  la composición del ingreso en 84%  es compuesto por 

transferencias que son ayudas del Estado tales como subsidios y bonos que permiten a las familias mantener un 



nivel mínimo de seguridad alimentaria, también estas ayudas están destinadas a dar un apoyo básico para vivir en 

una vivienda  que permita a las familias protegerse de las condiciones del ambiente de montaña. 

 

4.-RECOMENDACIONES. 

 

 El deterioro de los suelos  de las  familias de la comunidad  debe detenerse mediante el ordenamiento de 

los predios priorizando un manejo con tecnologías de conservación de suelos. 

 El ganado caprino que es parte de las actividades de las familias debe tener un manejo  apropiado que 

considere la erosión de los suelos aplicando tecnologías apropiadas que disminuyan el manejo extensivo y 

sin control del ganado. 

 El Estado debe apoyar con subsidios a las familias que decidan establecer planes prediales integrales de 

control de la desertificación. 

 

 

5.-CONCLUSIONES 

 

 

El avance de la erosión del suelo de la Comunidad indígena Benancio Cumillan es una grave amenaza para el 

mejoramiento de la calidad de vida de las familias, y para la propia cultura mapuche  que basa sus principales 

valores en la ocupación de la tierra. 

 

A  la constatación precedente, se suma el efecto de la erosión del suelo en la disminución de la capacidad para la 

reproducción de los propios ecosistemas naturales , pues se observa un aumento en la pérdida de la biodiversidad 

especialmente de tipo vegetal. 

 

Las familias propietarias de la tierra deben hacer un esfuerzo para  corregir las malas prácticas en el manejo del 

suelo,  agua  , vegetación y ganadería. 

 

El Estado debe apoyar con ayudas económicas y  educativas, los cambios que deben aplicarse para lograr disminuir 

los impactos negativos de la degradación del suelo interrumpiendo así  los círculos viciosos de pobreza que afectan 

las familias de comunidades indígenas. 

6.-BIBLIOGRAFÍA  

Azqueta Diego 2000.Hacia un Desarrollo Económico y Medioambiental 

Sostenible.Ed.Federación de Cajas de Ahorro Vasco-Navarras.Bilbao.España 

Báez  Karen  

 

 

Castillo e. y Valdés J 

2005.Impacto de la innovación tecnológica en la sustentabilidad de los sistemas 

de producción de campesinos pehuenches de Lonquimay.Región de la 

Araucania.Memoria para optar al titulo de Ingeniero Agrónomo de 

Chile.147p.Santiago. 

2011.Lucha contra la desertificación. Experiencias y aprendizajes del Programa 

de Recuperación Ambiental Comunitario para Combatir la 

Desertificación.PNUD, GEF,Unión Europea. Santiago 

Cecchini S. y Uthoff A. 2007.Reducción de la pobreza, tendencias demográficas, familias y mercado de 

trabajo en América Latina .Serie Políticas Sociales.Cepal  

De Janvry A. y Sadoulet E. 2001. La inversión en desarrollo rural es buen negocio.Cap.1In.Desarrollo de las 

Economías Rurales.Ed.BID. USA 



Dirven Martine 2007. Pobreza rural y políticas de desarrollo: Avances hacia los objetivos de 

desarrollo del Milenio y retrocesos de la agricultura  de pequeña escala.Serie de 

Desarrollo Productivo.Publicación CEPAL.59 pp. 

 

Goode y Hatt  1974.Métodos de Investigación social 

López Ramón  1996.Determinantes de la pobreza rural en Chile:Programas Públicos de 

Extensión y Credito,y otro factores.Cuadernos de Economia.Año 

33,Nº100,pp.321-343 

Quiñones X. 1996. Demandas Tecnológicas de los sistemas de producción campesinos.Area 

de desarrollo Indígena de Curileo.Comuna de Vilcún Región de la Araucanía 

.Memoria .Ing.Agr. Universidad de Chile.85 p. 

Schultz T. 

___________ 

1964.TransformingTraditionalAgriculture.Yale University  Press 

1971. Investment in Human Capital. Free Press.Nueva York 

 

 

 

 

 

 

 



 

1 

 

 

Socio-economic drivers of abandonment of agricultural land in the 

smallholder farming sector in Peddie, Eastern Cape, South Africa 

B. Millar
1
, J. Gambiza

2
 

1
Rhodes University, Grahamstown, South Africa. E-mail: g09m1618@campus.ru.ac.za 

2
 Rhodes University, Grahamstown, South Africa. E-mail: j.gambiza@ru.ac.za 

ABSTRACT: The projected growth in the global human population will increase demand for food. Food production will be 

required to grow substantially to meet the increased demand. Drought and land degradation, however, are likely to threaten the 

world’s food security by reducing crop yields and causing abandonment of cultivated land. There is evidence of an increase in  

abandonment of cultivated land in poor rural areas in southern Africa. Abandoned fields have been shown to be extremely 
susceptible to gully erosion. Information is needed on the causes of land abandonment if we are to combat land degradation and 

improve food security. We investigated the socio-economic drivers of land abandonment and the challenges that smallholder 

farmers faced. A structured questionnaire survey was used to gather data. We interviewed 150 cultivators and 150 non-

cultivators. The major reasons for abandoning cultivation included poor soil quality (50% of respondents), inadequate labour 
(51%), drought (62%), irregular rainfall (59%), lack of fencing to exclude livestock (21%) and insufficient funds for agricultural 

inputs (18%). The main challenges that cultivators faced included drought (65%), irregular rainfall (51%) and decreasing crop 

yields (61%). Most smallholder farmers are now dependent on social grants for their livelihoods. About 72% of non-cultivators 

received social grants compared to 61% of cultivators. There is therefore a need to promote sustainable land management 
practices to reduce degradation of arable land and to reduce dependence on social grants as a livelihood strategy. 

Keywords: land abandonment, biophysical drivers, socio-economic drivers, land degradation. 

1. INTRODUCTION 

It is predicted that the global population will reach 9.1 billion by 2050; a 34% increase from the current population size (FAO, 
2011). The greatest increase will occur within developing countries, accelerating the rate of global urbanisation from 49% to 70% 

in just under 40 years (FAO, 2011). Food production must increase by at least 70% to ensure food security globally (FAO, 2012). 

Agricultural production is, however, diminishing globally (FAO, 2009). Drought and land degradation are likely to threaten the 

world’s food security by reducing crop yields and causing abandonment of cultivated land (Hebinck and Lent, 2007). 

There is evidence of an increase in abandonment of cultivated land in poor rural areas in southern Africa (Kakembo, 2001; 

Hebinck and Lent, 2007). Land abandonment results from both social and biophysical factors (Cramer and Hobbs, 2007). The 

majority of studies on land abandonment, however, have focussed on old field succession (e.g., Campbell et al., 1988; Scot 

Duncan and Chapman, 1999; Lwanga, 2003) rather than on socio-economic drivers. Many traditional livelihoods are becoming 
less reliant on local crop production and more dependent on commercial shops as a source of food supply (Hebinck and Lent, 

2007). To ensure food security in future, drivers of land abandonment need to be investigated. 

1.1 Biophysical factors influencing abandonment of cultivation 

According to Rey Benayas et al. (2007) biophysical drivers include geo-bio-physical, physiographic, abiotic and ecological 

aspects of the environment. Baldock et al. (1996) found that abandoned agricultural lands were more commonly found in areas 

characterized by unfavourable environmental conditions. A combination of biophysical attributes can exacerbate poor 

agricultural conditions and therefore increase the rate and frequency of abandonment (Gellrich and Zimmerman (2007). 
Biophysical attributes might interact with socio-economic drivers to influence land abandonment. 

Irregular rainfall presents a number of challenges to farming communities. Andrew and Fox (2004) found that farmers planted 

crops at suboptimal times due to erratic rainfall. This resulted in poor crop yields. As rural farmers practice rainfed agriculture, 

the amount and distribution of rainfall is a major determinant of agricultural success. 

Agricultural practices have widespread effects on soil fertility of cultivated fields. Rural farmers rely predominantly on manure as 

a source of nutrients for cultivated lands (Hebinck and Lent, 2007). With a decline in livestock numbers over time, less manure is 

available for agricultural usage (Andrew, 1992). Agricultural lands have continued to be cultivated annually, yet these are not 

treated with sufficient nutrients from manure or inorganic fertilizers (Andrew and Fox, 2004). Soil fertility is likely to have 
progressively decreased over time leading to reduced crop yields. 

In addition to soil fertility, soil depth and slope angle influence land abandonment. Gellrich and Zimmerman (2007) found that 

abandonment occurred frequently in landscapes characterized by steep slopes and shallow soils. 

1.2 Socio-economic factors influencing agricultural land abandonment 

Land use change and land abandonment result from diverse interactions between social and bio-physical factors (Diaz et al., 

2011). Socio-economic drivers include policy, poverty, culture and societal development (Vranken et al., 2004; Rey Benayas et 

al., 2007). Social issues are of great concern as increasing rates of land abandonment present widespread challenges such as food 
shortages for agrarian based communities (Gellrich and Zimmerman, 2007). 
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A primary concern in developing countries is lack of funding for investment in cultivation (Hebinck and Lent, 2007). With 

increasing costs of agricultural inputs many rural farmers are unable to purchase inputs (Andrew and Fox, 2004; Gellrich and 
Zimmerman, 2007; Hebinck and Lent, 2007). Reduced use of agricultural inputs decreases crop yields and may lead to land 

abandonment (Baldock et al., 1996). 

Access to markets and urban centres has a major influence on land abandonment (Baldock et al., 1996; Gellrich and Zimmerman, 

2007; Diaz et al., 2011; Prishchepov et al., 2012). The rate of land abandonment increased considerably in a number of European 
countries where road infrastructure, transportation systems and labour markets were developed (Gellrich and Zimmerman, 2007; 

Diaz et al., 2011). Farming communities could easily access urban centres and markets and thus, basic produce could be 

purchased from commercial outlets. This reduced the need to produce crops at the local level. 

In poor rural communities crop damage by livestock is a major constraint to cultivation (Andrew and Fox, 2004). This is due to 
the absence of fencing (Hebinck and Lent, 2007). Andrew and Fox (2004) noted that with the increase in field abandonment, the 

remaining cultivated fields within a community become exposed to grazing livestock. According to Hebinck and Lent (2007) 

abandoned fields are governed by an open access policy. Thus, livestock are often left to wander freely for extended periods. 

Rapid socio-economic change not only causes transformation within society, but also promotes the transition to market 
economies (Prishchepov et al., 2012). Thus, the development of institutional and market structures can have a direct effect on 

land use and land cover changes (Baumann et al., 2011). Change in political structures and government policies can drive land 

abandonment (Prishchepov et al., 2012). This scenario is particularly relevant to developing nations as these economies are 

vulnerable to social and economic stressors. 

1.3 Non-timber forest products (NTFPs) obtained from abandoned fields 

Many rural communities use NTFPs throughout the developing world (Shackleton and Shackleton, 2004). NTFPs are harvested 

for household use as well as for commercial income (Angelsen and Wunder, 2003; Shackleton and Shackleton, 2004; Emanuel et 
al., 2005). Shackleton (2005) found that income generated from NTFPs was greater than income generated by cash crops and 

other informal sources. There is limited information on the NTFPs that are obtained from abandoned fields. The main objectives 

of this study were to investigate the: (1) challenges that smallholder crop farmers face, (2) socio-economic drivers of land 

abandonment in the smallholder farming sector and, (3) NTFPs obtained from abandoned agricultural fields. 

2. STUDY AREA 

The study site is in Peddie District which forms part of the greater Ngqushwa Region of the Eastern Cape, South Africa. The 

town of Peddie is situated between the Great Fish and Keiskamma Rivers extending from 33°3’S, 27°0’E to 33°13’S, 27°12’E. 

The climatic conditions within the study site as well as the greater Eastern Cape area are variable. Mean annual rainfall is 600 
mm, however this average can fluctuate by up to 32% annually (Kakembo and Rowntree, 2003; Mucina and Rutherford, 2006). 

Summers are hot whereas winters are dry and frosty. Mean daily temperatures range from 26°C to 30°C in summer and from 9°C 

to 16°C during winter (Mucina and Rutherford, 2006). 

Mucina and Rutherford (2006) classify the vegetation in the Peddie District as Great Fish Thicket. It is characterised by medium 
to tall thicket types with woody trees and shrubs being dominant (Mucina and Rutherford, 2006). Karoo shrubs and thorn bushes 

are common throughout the Ngqushwa Region as these species thrive in dry and hot climatic conditions (Kakembo and 

Rowntree, 2003). In addition, the Peddie District is host to a wide distribution of indigenous invasive species such as Pteronia 

incana as well as alien bush encroachment by Acacia mearnsii (Kakembo, 2009). The site is now a derived grassland with 
scattered shrubs, probably maintained by heavy grazing pressure. Thicket vegetation was cleared long ago. 

Soils are shallow (< 1m deep) and composed mostly of clay, mudstone, and arenite (Mucina and Rutherford, 2006). In terms of 

geology, the area is underlain by sandstone, shale and red mudstone of the Beaufort and Ecca groups (Kakembo and Rowntree, 

2003). As a result, soils tend to be eutrophic, greyish brown, and highly susceptible to erosion (Mucina and Rutherford, 2006). 

Ngqushwa Municipality has a population of 84 223 people with a growth rate of 1.2% per annum (Ngqushwa Municipality, 

2010). Employment rates in the Eastern Cape region are the second lowest within South Africa. Ngqushwa Municipality has an 

unemployment rate of 76.5% almost 20% above the Eastern Cape unemployment rate of 56% (Ngqushwa Municipality, 2010). 

The lack of employment has severe consequences for monthly household income. The number of households earning less than 
R1 500 per month is estimated at 66.8% which, similarly to the unemployment rate, is significantly higher than the Eastern Cape 

average (Ngqushwa Municipality, 2010). 

3. METHODS 

3.1 Interviews with respondents 

Two structured questionnaires were used to gather data on basic socio-economic variables and cultivation practices. One 

questionnaire was aimed at those who cultivate their fields (cultivators) and the other for those who no longer cultivate their 

fields (non-cultivators). Data were gathered on size of the households, sources of income and state of employment within the 
households, cultivation practices, challenges associated with agriculture, ownership of livestock, cultivation in gardens within 

homesteads and NTFPs collected from abandoned fields. 
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3.2 Sampling procedure 

Three villages (Mthati, Mabaleni and Gwalani) were randomly selected from 112 villages within Peddie District. Forty-three 

non-cultivators were interviewed in Mthati, 56 in Mabaleni, and 51 in Gwalani. Sixty-three cultivators were interviewed in 

Mthati, 32 in Mabaleni, and 55 in Gwalani. Participants were chosen by randomly selecting households from a village list and 

included any members of the communities who were willing to participate. In situations where households were unavailable or 
not prepared to assist, the household directly next door was approached. A translator was used to facilitate the process. Data were 

collected in June and July 2012. 

3.3 Data analysis 

Basic descriptive statistics were computed. Categorical data were analysed using chi-square tests. Quantitative data were 

analysed using a two-sample t-test after testing for normality and homogeneity of variances. 

4. RESULTS 

4.1 Socio-economic characteristics of cultivators and non-cultivators 

Non-cultivators earned significantly more (t = 5.17; p< 0.05) than cultivators with mean monthly incomes of R3 305 (standard 

deviation: ± R2 166) and R2 192 (± R1 229), respectively. Social grants were an important source of income for both cultivators 

(63%) and non-cultivators (70%) (Figure 1). However, cultivators had more diverse sources of income than non-cultivators. 

 

 

 

Fig. 1: Sources of income for the respondents.  Sample size was 150 for both cultivators and non-cultivators 

About 18% of cultivators had full time employment compared to 12% of non-cultivators (Figure 2). More non-cultivators (81%) 

were unemployed than cultivators (67%). Cultivators and non-cultivators also differed in other key socio-economic variables 

(Table 1). Cultivators generally owned more livestock than non-cultivators. Cultivators had a significantly larger household size 
(t = 3.14, p < 0.01) than non-cultivators. In contrast the number of years of education did not significantly differ (t = 1. 84; p > 

0.05) between the cultivators and non-cultivators. 
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Table 1: Socio-economic variables for cultivators and non-cultivators 

Variable  Non-cultivators Cultivators Significance 

Mean number of people per household 4.6 (1.95) 5.3 (1.98) p<0.01 

Mean number of years of education 6.6 (5.47) 7.7 (5.12) p>0.05 

Livestock ownership (%)    

Cattle 34.0 41.3  

Goats 30.0 39.3  

Sheep 26.0 39.3  

Pigs 48.7 46.0  

Chickens 70.0 76.7  

 

 

 

Fig. 2: Employment status of cultivators and non-cultivators. Sample size was 150 each for cultivators and non-cultivators 

 

4.2 Challenges faced by cultivators 

Drought and irregular rainfall were the main biophysical challenges which cultivators faced (Figure 3). Just more than 50% of the 
respondents cited shortages of labour and tractors as the key socio-economic constraints. About 30% of respondents cited lack of 

funds as a major constraint. A shortage of seeds, old age, theft of produce and a shortage of draft animals were a socio-economic 

concern for the minority of the participants (<25%). In addition, some respondents found the cultivation process a tiring and 

exhausting experience (<15%). 
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Fig. 3: Challenges faced by cultivators during the cultivation process 

4.3 Non-cultivators’ perspectives 

Similar to the challenges faced by cultivators, drought and irregular rainfall were the main biophysical drivers of land 
abandonment (Figure 4). Poor soil quality was a driver of land abandonment as 50% of the non-cultivators discontinued farming 

due to its decline. Shortages of labour and financial constraints were the dominant socio-economic challenges of the cultivation 

process (<50%). Additional socio-economic issues such as the death of the head of the household (<15%) and a shortage of time 

to invest in agricultural procedures (<10%) were barriers to cultivation. Old age and illness promoted land abandonment 
particularly in households where the youth were uninterested in or unavailable to assist with farming practices (<6%). 

 

Fig. 4: Factors influencing non-cultivators to abandon their agricultural fields 

The median year of first cultivation was 1976 for non-cultivators and 1975 for cultivators. Non-cultivators had been cultivating 

for 25 years (± 13) when they stopped cultivating. In sharp contrast, cultivators have been cultivating for 37.2 years (± 15.5). 

4.4 Cultivators’ perspectives 
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Cultivators identified social grants as a major driver of land abandonment (Figure 5). More than half of the cultivators recognised 

that farming has lost its importance within rural communities. In addition, a distinct decline of the youth’s interest in farming 
(<40%) as well as a shortage of labour (>50%) and laziness (>40%) amongst community members caused land abandonment. A 

fifth of cultivators stated that rural communities have become more dependent on industry and commercial shops as a source of  

livelihood. However, almost half of the cultivators insisted that cultivation was a costly process and therefore many non-

cultivators did not have adequate capital to buy necessary inputs. Biophysical attributes such as irregular rainfall and drought 
were also noted by at least 50% of the respondents. 

 

Fig. 5: Cultivators’ perceptions on why non-cultivators abandoned agriculture as a livelihood 

4.5 Non-agricultural resources obtained from abandoned fields 

Abandoned lands were predominantly used by both cultivators and non-cultivators for the grazing of cattle and other livestock 

(Figure 6). Members of the community also used abandoned lands as a source of fuel wood (>30% of non-cultivators and <15% 

cultivators) and a source of soil (<10% of cultivators and non-cultivators). More non-cultivators tended to collect NTFPs from 

abandoned lands than cultivators (χ² = 15.81; p<0.05). Medicinal plants found in abandoned fields were harvested as an important 
aspect of isiXhosa traditions. 

5. DISCUSSION 

Challenges and drivers of land abandonment can be of a biophysical or social nature. Both aspects potentially provide constraints 

to the achievement of global food security. Cultivators and non-cultivators identified similar drivers of land abandonment, 
however socio-economic issues within rural livelihoods tended to be of a greater concern to participants. Considerably more 

socio-economic barriers to cultivation were identified than biophysical barriers. 

5.1 Biophysical drivers of land abandonment and challenges 

Cultivators and non-cultivators identified drought and irregular rainfall as primary biophysical constrains to agricultural 

productivity. This is similar to findings of Andrew and Fox (2004). With large variation in annual rainfall distribution, cultivators 

were unable to predict when crops should have been planted. Early planted crops are at risk when rains are late due to poor seed 

germination and plant establishment. Low rainfall throughout the growing season results in poor crop yields. In addition, 
agricultural fields are left exposed and therefore become susceptible to soil erosion leading to their degradation. 

Non-cultivators acknowledged that poor soil quality negatively affected agricultural yields. Andrew (1992) found that the use of 

inorganic fertilizers in rural communities in South Africa had declined since the 1930’s. Similarly, Kakembo and Rowntree 

(2003) found that land abandonment within the Peddie District had increased progressively since the 1930s. Therefore, a 
relationship between poor soil quality and the abandonment of agricultural lands can be recognized. As fields are cultivated 

annually, soil fertility is likely to decrease progressively over time. 

Gellrich and Zimmerman (2007) found that land abandonment occurred more frequently in areas characterised by shallow soils, 

temperature fluctuations, and steep slope angles. Similar conditions can be identified within the Peddie District; a landscape 
characterised by variable rainfall, drought, and average soil depths of less than 1m deep (Mucina and Rutherford, 2006; 

Kakembo, 2009). Whilst it was not possible to determine a soil depth threshold, those that continued to cultivate did not identify 

poor soil quality as a constraint to agriculture, yet the majority of non-cultivators did. 
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Fig. 6: Resources obtained from abandoned agricultural fields 

5.2 Socio-economic drivers of land abandonment and challenges 

Cultivators and non-cultivators identified the lack of funding for agricultural inputs as an important challenge to cultivation. This 

finding is similar to that of Andrew and Fox (2004). With the increase in cost of agricultural inputs annually, rural households do 

not have sufficient capital to invest in agricultural inputs such as fertilizer, seeds, equipment, the hiring of tractors and labour 
costs. When communities were offered subsidies for agricultural inputs, the rate of land abandonment decreased (Andrew and 

Fox, 2004). Thus, the constrained availability of financial resources is a direct driver of land abandonment. 

With many farmers voluntarily abandoning their agricultural lands, the interest in farming as a primary source of livelihood has 

diminished within these rural communities. This situation is detrimental to a community, including cultivators and non-
cultivators, where the vast majority of households earn an income below that of the poverty datum line. Mather and Fairbairn 

(2000) found that cultivators had a significantly lower mean monthly income than non-cultivators. Our results support their 

findings. Thus, non-cultivators were more likely to be able to afford commercial goods whereas cultivators were forced to 

attempt to grow their own produce in order to survive. 

A direct correlation between income levels and unemployment within the Peddie District can be observed. Whilst income levels 

are some of the lowest in the country, the unemployment rate in Peddie is at 76%; a result 20% higher than the Eastern Cape 

province. However, the majority of cultivators and non-cultivators identified a shortage of labour as a major constraint to 

cultivation. This is dissimilar to Gellrich and Zimmerman (2007), who found that land abandonment was higher in areas where 
labour markets were present and easily accessible. Employment opportunities in the Peddie District are very low. The region is 

defined by 95% rural land tenure, poor infrastructure and the absence of a labour market. 

The importance of cultivation within rural communities has been questioned (Hebinck and Lent, 2007). Hebinck and Lent (2007) 

found that land abandonment was accelerated by the reliance of rural communities on industry and commercial food suppliers as 
opposed to depending on cultivation as a primary source of livelihood. Rural economies have therefore changed from production 

based to consumption based economies. Cultivators identified that agriculture has lost its importance in the community and even 

more so that the youth are no longer interested in farming (Figure 5). 

Prishchepov et al. (2012) found that rapid socio-economic and institutional changes may accelerate land use and land cover 
changes within societies. This is similar to the transformation of the political and social structures of South Africa. Most non-

cultivators abandoned their fields around 2001; seven years after the induction of democracy in 1994. It is as a result of this 

political change that the social grant system was introduced for the majority black population. Thus, rural households have 

become reliant on external financial support as a means of livelihood as opposed to subsistence farming and basic trades. This is 
an example of cross-scale interactions; a scenario where national policies have unintended negative consequences at the local 

level. Thus, the grant system is an example of local and external drivers interacting to influence local decisions. 

5.3 Non-agricultural resources obtained from abandoned fields 
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Non timber forest products (NTFPs) play an important role in the survival of rural livelihoods. According to Shackleton and 

Shackleton (2006) the majority of rural households are reliant on NTFPs within their immediate environment. NTFPs provide 
goods for household consumption as well as assets for income generation; thus forming an integral component of rural 

households (Shackleton and Shackleton, 2004; Emanuel et al., 2005). Within the Peddie District, communities use abandoned 

fields as a source of fuel wood, medicinal plants, and soil. In addition, an open access policy, adopted by 98% of participants, 

grants grazing rights to anyone who wishes to do so. 

However, non-cultivators obtained more resources from abandoned fields than cultivators. This shows that abandoned fields are 

still an important resource for farmers. 

6. POLICY ORIENTED RECOMMENDATIONS 

Our study shows high unemployment levels in our study area. Despite this, there is evidence of an increase in the abandonment 
of crop production. Land abandonment is likely to threaten food security and create a dependence on grants as a livelihood 

strategy. Government needs to address the challenge of lack of agricultural inputs. There is also a need to promote sustainable 

land management strategies to address the challenge of declining soil fertility. 

7. CONCLUSIONS 

Both biophysical and socio-economic factors were important drivers of land abandonment. Cultivators and non-cultivators 

identified drought and irregular rainfall as the main biophysical challenges to agricultural production. Social attributes such as 

shortages of labour, insufficient income to invest in agricultural inputs, and a lack of interest at the local level were further 

drivers of land abandonment. Abandoned fields provided several important NTFPs. 
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ABSTRACT: 

The WOCAT network has collected, documented, and assessed more than 350 case studies on promising and good practices of 
SLM. Information on on- and off-site benefits of different SLM types, as well as on investment and maintenance costs is 
available, sometimes in quantitative and often in qualitative form. The objective of the present paper is to analyse what kind of 
economic benefits accrue to local stakeholders, and to better understand how these benefits compare to investment and 
maintenance costs. The large majority of the technologies contained in the database are perceived by land users as having 
positive benefits that outweigh costs in the long term. About three quarters of them also have positive or at least neutral benefits 
in the short term. The analysis shows that many SLM measures exist which can generate important benefits to land users, but also 
to other stakeholders. However, methodological issues need to be tackled and further quantitative and qualitative data are needed 
to better understand and support the adoption of SLM measures. 

Keywords: Sustainable Land Management, Costs, Benefits, Technologies 

1. INTRODUCTION 
Costs and benefits of Sustainable Land Management (SLM) play a crucial role in the adoption and spreading of practices. But 
economic information on SLM practices is often very difficult to collect and usually not quantifiable – neither by local actors nor 
by project experts. Despite extensive experience with collecting field data, the WOCAT (World Overview on Conservation 
Approaches and Technologies1) network has also been confronted with this information gap – e.g. in the recently completed 
TerrAfrica2 and DESIRE3 projects. Moreover, the costs and benefits of often well-known technologies vary significantly 
depending on the economic, social, and bio-physical context. Nevertheless, donors inquire about the benefits and costs of land 
management investment programmes. 

The objective of this paper is to better understand what kind of economic benefits of SLM accrue to local stakeholders, and how 
these benefits compare to investment and maintenance costs, based on an analysis of over 350 case studies of promising and good 
practices of SLM collected, documented, and assessed by the WOCAT network. Information on on- and off-site benefits of 
different SLM types, characterized mostly in non-monetary terms, and on investment and maintenance costs are available in the 
dataset, sometimes in quantitative and but often only in qualitative form. Acknowledging that the uptake of SLM also depends on 
non-economic factors, results may help to indicate whether such practices can be expected to spread by themselves (wherever the 
benefits outweigh the costs from the point of view of the individual land user) or whether such practices require external support 
to compensate for benefits that accrue to neighbours (e.g. downstream land users) or to a broader public. 

2. METHODOLOGY 
The paper provides a preliminary overview of information about the costs and benefits of technologies described in the WOCAT 
database. Systematic quantified cost-benefit analysis was not possible, as many of the datasets do not include quantitative data. 

                                                                 

1 WOCAT is a consortium of national and international institutions, led by a core Management Group of CDE (Centre for 
Development and Environment, University of Bern), FAO (Food and Agricultural Organization) and ISRIC (World Soil 
Information, Wageningen). www.wocat.net 
2 TerrAfrica: http://www.terrafrica.org/ 
3 Desertification mitigation and remediation of land, EU FP6 2007-2012, www.desire-project.eu 



The WOCAT network collects perceived benefits of the technologies based on expert assessments and stakeholder information. 
The following information is collected through the standard WOCAT questionnaire and can be used for assessing the costs and 
benefits of SLM technologies: 

• Investment costs and investment period 
• Maintenance costs 
• Information on the types  and strengths / degree of benefits accruing from the technologies 
• Perceived overall benefits of SLM technologies in comparison to investment and maintenance costs 
• Information on the motivation of land user to implement the technologies. 

We provide information on investment and maintenance costs per hectare of land conserved, taking into account different land 
use systems and regional differences. Information on the nature of the benefits of the technologies and on land users’ motivation 
to implement these technologies is also reported and analysed, and an analysis of methodological issues is provided, with a view 
to improving ways and means of assessing costs and benefits of SLM. 

3. DATA ANALYSIS 

1.1 Overview 
The data set consists of 363 SLM case studies collected over the last 15 years. The lion’s share of case studies is located in Africa 
(167 case studies) and Asia (149), while Europe, Latin America, and Australia make up a relatively small share (27, 17, and 3). A 
comparatively large amount of data comes from the sub-regions of Central Asia and East Africa, followed by West Africa and 
South Asia.  

For some of the data analyses we present here, the case studies were categorized according to their SLM measures, of which four 
types are proposed in the questionnaire (respondents can also combine these categories): 

• Agronomic measures: measures that improve soil cover (e.g. green cover, mulch); measures that enhance organic 
matter/soil fertility (e.g. manuring); soil surface treatment (e.g. conservation tillage); subsurface treatment (e.g. deep 
ripping). 

• Structural measures: terraces (bench, forward/backward sloping); bunds, banks (level, graded); dams, pans; ditches 
(level, graded); walls, barriers, palisades. 

• Vegetative measures: plantation/reseeding of tree and shrub species (e.g. live fences; tree crows), grasses and perennial 
herbaceous plants (e.g. grass strips). 

• Management measures: change of land use type (e.g. area enclosure); change of management/intensity level (e.g. from 
grazing to cut-and-carry); major change in timing of activities; control/change of species composition. 
 

The combination of ‘vegetative with structural’ and ‘vegetative with management’ measures occurred very frequently and were 
therefore considered as individual categories in the analysis. All other combinations, including combinations of three types or of 
all measure types, were pooled in a residual category. The technologies were found to be implemented mainly in cropland (221), 
followed by grazing land (73), and mixed land use systems (63); 21 technologies related to forest land. Depending on what stage 
of land degradation has been reached, respondents could choose between three types of SLM intervention: (i) prevention of 
expected land degradation; (ii) mitigation of on-going land degradation; or (iii) rehabilitation of already degraded land. 

1.2 Costs 
In compiling the costs of a technology it is often difficult to separate the costs of normal agricultural inputs from additional 
expenses. In some cases, e.g. reduced or no tillage, the costs are actually less than for the normal or conventional practice. Thus it 
is relatively difficult to determine the incremental (or alternative) costs (and benefits) of SLM (Liniger and Critchley, 2007; 
Schwilch et al., 2012) 

Establishment costs are defined as those specific one-off, initial costs that are incurred during the setting up of an SLM 
technology (Liniger and Critchley, 2007). These investments are made over a period of time that can last anything from a few 
weeks to two or three years. These costs typically include extra labour, purchase or hire of machinery and equipment, and 
purchase of seedlings. In general, there is no establishment phase involved in agronomic measures, but investments into 
specialised machinery such as direct-seeding tractors can be considerable.  



Maintenance costs are those that relate to maintaining a functioning system. They are regularly incurred and are accounted for on 
an annual basis (Liniger and Critchley, 2007). In general, these costs consist of labour, equipment, and agricultural inputs. 

The median establishment cost for the 363 SLM case studies is US $ 470 per ha. The establishment costs vary greatly from below 
20 to over US $ 4000 per ha. With regard to maintenance costs, the median of the responses was US $ 89 per ha per year, with 
the majority costing between US $ 22 and US $ 286 per ha per year. There is thus a huge variation in the cost of both 
establishment and maintenance (Figure 1). This is due to the fact that a very high diversity of SLM measures exists. Some of the 
high-cost technologies involve structural measures such as water-controlling related measures, like the construction of dams, run-
off canals, and erosion management.  

In 50% of the cases, the cost of maintenance is below US $ 89/ha, showing a great potential for relatively low-cost SLM 
practices.  

A preliminary analysis was also conducted into regional differences. In the regions with a relatively large sample (Africa, Asia, 
and Europe), we found comparatively little difference between the median maintenance costs. Europe showed higher investment 
costs compared to Asia and Africa, probably mainly due to higher labour costs. The small samples in Latin America and 
Australia do not really allow for such a comparison.  

1.3 Cost-benefit ratio 
The WOCAT network collects information on the perceived overall benefits of the reported technologies and how these benefits 
relate to the cost of investment and maintenance. Both benefits and costs include non-economic valuation, as mentioned in 
section 2. The perception of benefits was found to be generally positive. 

Establishment costs: Regarding how short-term benefits relate to establishment costs, around three quarters of the technologies 
were rated as positive or at least neutral – implying that SLM measures are worth the investment and efforts after 1-3 years 
already. In the remaining quarter of the cases, the impact was rated as slightly negative to very negative. Looking at the 
individual categories of measures, we found that for the short term, management measures are rated slightly more positively than 
the other measures. Only 8% rated short-term establishment costs below neutral. This can be explained by the fact that 

Figure 1: Boxplot of establishment and maintenance costs by measure category. Empty values were ignored. 

Note 1: The thick horizontal lines in the box-and-whisker-plots (Figure 3) show the median value. The box around the 
median embraces the medium 50% of the sample values. The whiskers extend to the extreme data points, 
however, whiskers extend to a maximum of 1.5 times the interquartile range (which corresponds to the length of 
the box) from the box, while the remaining data points are considered as outliers. 

Note 2: Establishment costs refer to a period of  a few weeks to up to 3 years, maintenance costs to annual costs beyond 
the establishment period 

 



management measures often do not involve investments, but mainly a change in practice, and therefore the benefits can quickly 
balance the initial cost of change in SLM practice. The long-term benefits regarding establishment costs are even more positive; 
82% perceived the measures as positive or very positive. In less than 1% of the case studies the impact was rated between very 
negative and slightly negative. 

Maintenance costs: For the relation between benefits and maintenance costs, a similar picture can be drawn. More than 90% of 
the case studies found that benefits were higher than, or at least neutral, with regard to the cost of maintenance. In the short term, 
around 9% found that the impact was slightly negative to very negative. Interestingly, the categories vegetative/management and 
vegetative seem to be affected more negatively, with 28% and 15% of the cases, respectively, rating benefits against costs as 
negative. This might be due to the costs of replacing plants and seeds and maintaining productive and healthy plants. For the long 
term, in analogy to the establishment costs, the impact was perceived as even more positive. A staggering 82% of the ratings are 
positive or very positive, and only about 1% of the ratings are below neutral and negative.  

Overall, it can be concluded that the SLM technologies assessed in the WOCAT database are perceived by land users as having 
benefits that justify the necessary investments. These technologies are successful because they provide land-users with benefits 
and therefore have a potential to be up-scaled and replicated. 

The above analysis also implies that many (about a quarter of the cases) implementations of SLM technologies can be expected 
to give negative returns on investment in the first 1-3 years, even when they are successful. This raises a number of questions. 
Why and how have land users been able to afford these investments, for example? One explanation is that land users often 
implement such systems incrementally, gradually enlarging the area under SLM every year, or building terraces through 
continuous efforts over many years or even generations. Other technologies described in the WOCAT database have been 
supported by subsidies, even though this does not appear to be the major motivation of land users (see section 1.4: Motivation). 

Land users therefore need to have a long planning horizon, made possible through stable economic and social conditions, and 
secure tenure rights, amongst other things. If additional investment support can be delivered, then the chances for rapid uptake 
and replications may be improved – if the potential negative side-effects of such programmes can be minimized. In practice, this 
is not easy (Giger, 1999; Giger et al., 1999). 

1.4 Motivation 
Additional information that sheds some light on the reasons for adoption of the SLM technologies is reported in responses to a 
question that investigates land users’ motivation for adopting these practices (Figure 2). This information is contained in a 
different WOCAT dataset – the one which reports about approaches. According to WOCAT, an SLM approach constitutes “the 
ways and means of support that help introduce, implement, adapt, and apply SLM technologies on the ground” (Liniger & 
Critchley, 2007; Schwilch et al. 2012). 

 

Figure 2: Main motivations for implementing SLM. 



Amongst the motivations for adopting an SLM technology mentioned most often are production (24%), and well-being and 
increased profitability (20%). Livelihoods generate 20% and environmental consciousness 9% of responses. It is obvious that 
some of these possible answers are linked (e.g. production, livelihood, and profitability) and relate to different kinds of benefits, 
all of which have some kind of economic significance. Thus increasing productivity and economic benefits are the primary 
motivation for land users for implementing SLM, followed by environmental benefits and a number of social and cultural values 
such as affiliation to a project or a group, reduced work load, rules and regulations and prestige and social pressure.  

1.5 Methodological problems and limitations 
The methodology and the questionnaire for collection of information have been developed in several key languages by the 
WOCAT network. This questionnaire has been field tested and revised a number of times and is now relatively easy to 
understand and use. Of course, there is still scope for individual interpretation of questions and subjective bias.  

Many of the respondents were directly involved in projects implementing SLM, but the datasets also include technologies that 
were developed by land users without external support. In these cases, they therefore know the technologies well; but this 
position could also entail a subjective bias. Furthermore, some of the questionnaires may still contain some gaps and 
inconsistencies, despite best quality control efforts by the WOCAT network. Moreover, the dataset used is not a randomized 
sample of successful SLM practices but has been collected following opportunities and linkages provided by the manifold 
networks of WOCAT and its partners. Therefore the regional distribution of the case studies does not yet represent the global 
spread of successful SLM practices; it also reflects also strengths and weaknesses in WOCAT’s network and database. 

The information presented here relies on land users’ perceived benefits of SLM measures. Based on our knowledge of the field 
reality and our experience with collecting data together with specialists and land users, this is an approach that can deliver useful 
information on the attractiveness of the technologies for the land users themselves.  

It is very difficult to provide verified quantitative figures on the impact of SLM on long-term trends in yields and production. 
Despite explicit questions regarding additional production under each SLM technology, only about 5% of the datasets contain 
information about production quantities. 

From the methodological point of view, the shortage of additional economic data on benefits (on- and off-site) of these 
technologies is an important drawback. This limitation of information can be explained by the persistent difficulties faced by both 
experts and land-users in quantifying the benefits of SLM technologies. Despite substantial efforts to improve the questionnaire 
and make questions relevant and understandable at the same time, these economic data have proven the most difficult data to 
collect. 

Therefore, looking more deeply at all the aspects of costs and benefits of SLM will require a detailed review of the case studies 
and additional research. In the context of future research programmes, WOCAT intends to give greater attention to these aspects 
in a sub-set of its case studies and to complement existing case studies with new ones where the economic aspect will be given 
more space, while maintaining the holistic assessment made possible through the WOCAT questionnaire. To this purpose 
WOCAT intends to build bridges to other research initiatives interested in the subject. 

4. POLICY-ORIENTED RECOMMENDATIONS 
Our analysis shows that a wide range of SLM technologies exist that generate positive benefits for land users. These good 
practices can be used as a basis for replication and adaptation in the implementation of investment projects for SLM. 

Often, SLM technologies imply additional costs, especially during the establishment phase. This barrier against adoption of SLM 
needs to be overcome. Stable economic conditions and land tenure security are some of the important frame conditions. 
Innovative mechanisms to support the adoption of SLM technologies may also be needed. 

Land users give great importance to production-related benefits; but social and environmental benefits are also important and can 
ultimately offer society additional economic benefits (such as water and biodiversity conservation, food security, etc.). Policy-
makers for SLM should make use of holistic assessments of SLM technologies to account for these synergies.  

While it is both necessary and desirable to generate more data and analysis on quantifiable economic and monetary benefits of 
SLM, other (qualitative) methodologies to identify economic benefits are also important and need to be used in analysis of 
options and planning.  

The methodology proposed by WOCAT to assess SLM technologies with perceived benefits helps to identify successes and 
failures of SLM. The further use and refinement of this methodology needs to be supported. 



Knowledge management networks can contribute greatly to disseminate good practices, and the UNCCD process can benefit 
from the information basis generated through WOCAT. 

 

5. CONCLUSIONS 
The following general conclusions can be made: 

The large majority of the technologies contained in the database are perceived as having positive benefits that outweigh the costs 
in the long term from the point of view of the land users. About three quarters of these technologies also have positive or at least 
neutral benefits in the short term. 

The analysis shows that many SLM measures exist which can generate important benefits to land users, but also to other 
stakeholders. 

Land users are implementing SLM technologies as they are convinced of their benefits, even though the exact importance often 
cannot be expressed in monetary terms. Benefits, however, are not only monetary benefits but include other dimensions. Well-
being and livelihood and environmental considerations have been cited as often as profitability and increased production. 

Many technologies have rather high investment costs, but nevertheless are still able to generate benefits that are perceived as 
positive or even very positive – this is also an interesting finding.  

A significant percentage (about one quarter) of the SLM technologies must be considered not beneficial from the land users’ 
point of view in the short term, as they imply considerable costs. An investment period with reduced net benefits therefore needs 
to be overcome. Many of these technologies have been adopted without external support. In 43% of the cases the establishment 
costs were covered fully by farmers. But such investments require stable economic conditions and secure land and tenure rights, 
to allow for gradual adoption. Nevertheless, support for investments by land users may be needed in many cases, and this support 
could be justified by the significant off-site benefits that SLM measures can generate. 

In general, the SLM specialists who contributed the information have considerable difficulties in providing data on the costs and 
benefits of SLM. This reflects weak monitoring systems and research support, and it indicates the need for further investigations 
into the economics of SLM.  
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Abstract. 

According to the Brazilian Institute of the Environment (IBAMA), Irauçuba city (located in the Brazilian northeast) is classified 

as one of the cores of intense desertification. Therefore, there are problems of overuse or improper use of natural resources  such 

as overgrazing, expansion of monocultures and the cutting and burning of trees for timber. These problems have intensified the 

phenomenon of desertification and it is decreasing the living conditions of the population. Economic and market instruments are 

being used in recent decades for the conservation of ecosystems, most of them trying to prevent negative externalities through 

taxes or environmental rights based on polluter pays principle. The frame of payments for environmental services represents a 

new approach different to the principle before, while it focuses on generating positive environmental externalities through 

economic and social incentives for custodians of ecosystem resources. In order to propose management tools that seek to solve the 

problems mentioned before, this paper presents a model of local public management payment schemes for environmental services 

(PES) by means of the participation of communities. The study presented has important results. The chapter 1 analyzes the social 

and environmental impacts of desertification. The chapter 2 determines the social and ecological value of environmental services 

aims to establish public frames for PSE. The valuation will give priority to the dignity of life on the arid and semi arid areas. 

Furthermore, the study proposes an innovative way to changes the land use by improving forest vegetation. Finally the study 

suggests important Policy Oriented Recommendations to combat the social implication of desertification. 

Keywords: Monocultures, Desertification, Externalities, Payment for Ecosystem Services.  

1. INTRODUCTION.  

According to Sá e Angelotti, (2009) the main causes of environmental degradation on this region are the deforestation, tillage for 

agriculture, and disorderly occupation of areas. The authors emphases on the monoculture cotton at the 50s and 60s decades as a 

responsible for loss of soil fertility. Also the remove of vegetation for indiscriminate production of energy, was another pr incipal 

factor in the desertification process at 70s decade.  

At the last years grasslands areas are being cleared for increased production of forage, which, given the conditions of soil and 

climate, do not permit the development of a dense arboreal vegetation size.  

Sales and Oliveira (2006) complement this idea explained that deforested areas lead to a high level of vegetation and soils 

degradation. Otherwise, they affirm it is possible combined the management of native pastures with water resources. It consti tutes 

the main alternative to improve the use of these lands and the quality of livelihood. 

CHAPTER I: Desertification on Irauçuba. 

To contextualize this study is relevant to define the area and the various factors that caused the process of desertification. Hereby, 

the study highlights the variables: soil, vegetation and water resources of the region. 

In Irauçuba, high evapotranspiration rates impose a high water stress factor of land degradation and the consequent 

impoverishment of the flora and fauna. Just 0.2% of the precipitation, low and unstable, infiltrates the soil accumulates 3.8% in 

reservoirs, 5% goes into the sea via rivers, and 91% evaporates. Besides, the long dry periods are frequent and extended reach for 

up to 20 months without significant rainfall record; current periods in cycles of 40 years, repeated 3 to 4 years of drought 

rigorous. Moreover, the average insulation is 2988 hours of sunlight per year, and the average maximum temperature is 33 º C and 

minimum of 22 º C, the aridity index is high, corresponding to 3.3 (Melo, 2003). 
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Figure 1: Core Desertification in the state of Ceará, Brazil.  

 

Source: State Action Programme to combat desertification and the effects of dry (PAE). 

The Irauçuba municipality as those showed in the previous figure, present problems of overuse or misuse of natural resources due 

to livestock and monoculture. In addition, the area show problems such as cutting and burning trees and vegetation, the extraction 

of clay for the ceramics industry and the lack of environmental friendly practices. These aspects have influenced decisively to 

create problems of erosion, salinization, loss of vegetation cover, and reduced water resources; making the area as one of the 

world's most desertified. 

In addition, is important to shed light in the inequalities and social exclusion concerning in the area. In this sense, the action 

programs to combat desertification proposed by the government, must be implemented with the active participation of all 

inhabitants of the region. Creating incentives for conservation practices, is leading to recover degraded areas and generating 

ecosystem services.  

On this regard the research question, affirmatively answered was: Is the scheme of Payments for Environmental Services an 

effective instrument in the fight against the problem of desertification and the social inequality on the Irauçuba Township?  

2.1 First Subsection: Socio-Ecologic Valuation of the Ecosystem Services.   

In the course of the research, a technique Participatory Environmental Assessment (VMP) is used. The methodology provide 

information by asking to the locals about the value of five major ecosystem services according to their own perceptions, needs and 

priorities. 

The ecosystem services were classified assigning a value from one to ten (1-10), the higher number represents the main 

importance given to an ecosystem service. After that, were established the importance of each service regarding to ecological 

function. To illustrate that point, it was asked to classify the importance of water service charge against the relevance of medicinal 

resources service.  

As a result, the 80% of the interviewers give the high value to the hydric supplement services and the primary production 

(aliments). Those results support the relevant of the ecosystem function in the community livelihood. 



The results are considered to create a Public Strategy of recovery the degradation and desertification areas in Irauçba, through 

compensate communities, to implement agroforestry activities and to seek the restoration of water flows. In addition, the strategy 

improves the ecosystem services, dynamiting the rest of the environmental services.   

Given the high population dispersion area, was proposed contracts for each family. Compensation range from aid in infrastructure 

to money, once will be check the chance of the land use into a grassland agroecosystems. 

Thus the more relevant flow of services to the community would dignify their lives and work to receive enhanced incentives for 

activities that also allows them to take advantage of a sustainable way.  

CHAPTER II: Family Farming, Key Element in Generating Ecosystem Services 

Agriculture plays a significant role in three categories of environmental problems: climate change, water degradation and loss of 

biodiversity. Another important role of agriculture is the provision of ecosystem services. These services allow soil formation and 

nutrient cycling, essential for the maintenance of fertility and reversing land degradation. 

However, agriculture itself is a victim of degraded ecosystems through declines in productivity. For increase the provision of 

ecosystem services in agricultural property, it is necessary to make changes in the agricultural production system, such as 

promoting changes in farming practices and where necessary, change agricultural land to other uses (eg, stop palm cultivation by 

soil degradation) (Gonzalez, 2011).  

Several family farms have been identified as a potential ecosystem services provider. Especially those regarding to the use of 

natural resources and preservation of water sources. The diversity of activities in a productive unit seems to be an element that 

favors the generation of environmental services. While more biodiversity, more opportunities have the natural system to recover 

from aggressions. The systems of multiple cultures usually require less chemical inputs for fertilization and pest control, hence the 

equilibrium is favored by the biological control (Rodrigues and Guimarães, 2010). 

Moreover, the perception by family farmers, that the earth is a place of life for you and your family expands its 

capabilities as a provider of environmental services. There is a bond of love that unites the owner to his piece of ground. Each tree 

planted, each building arouses memories of moments lived there. Therefore, the family farmer, in a situation of s tability, hardly 

disposes of a rural property.  

The land care and the natural elements care is a condition of the family farmer, and its turns the production facility in a 

multifunction unit. While the wetlands are protected by riparian forests, the crops and forest areas are maintained, serving as a 

shelter to biodiversity, protecting the soil from erosion. On that way, the production unit exceeds the role required by the market 

and meets new features of landscapes nature conservation.  

First Subsection: Land Use Change and Desertification.   

According to a review of cases where the environmental condition is better understood, the relevant situations on environmental 

services are relating with agriculture the agrosilvopastotil practices. Another important point studied is the barriers for landowners 

to chance the predominant activities in the study area. 

The use of pasture for livestock is predominant in arid and semiarid areas. In Irauçuba, grasslands are treated as a natural 

ecosystem composed of shrubs, bushes and trees. This type of land use provides many goods and services in the form of food, 

fiber, water, recreation and biodiversity medicinal plants. 

Biodiversity led the agro-ecosystem adapts to environmental changes. In this regard, one must keep a healthy biodiversity pasture. 

For the study were found three major causes for the loss of plant biodiversity in grasslands Irauçuba: (i) Overgrazing, (ii) cutting 

trees for firewood, (iii) its conversion to monocultures. 



According to Araujo (2009), there is a consensus that rangelands are degraded by their misuse; therefore, proving environmental 

quality is extremely important in the regions where they are located. Taking account of the three issues outlined above, we 

conclude that it requires a dramatic shift towards the use of rangelands. 

We found that the most viable option is the induction of agroecosystems in Irauçuba, in that way it is dynamited the flows of 

resources and energy leading to a bio-stabilization of the area. The plan proposed includes a forest and agro forest practices to 

improve environmental qualities and induce a flow of ecosystem services.  

Figure 2. How to dynamited the ecosystem services thought a agro forest system 

 

  

Source: Author's calculations, based on TEEB - The Economics of Ecosystems and Biodiversity for regional and local authorities 

(2010). 

In this regard, has been proposed, the conservation and improvement of grassland agro ecosystems housing units as a contractual 

object of the PSE strategy for Irauçuba. As a result, was created a fund comprised by official and informal sectors aims to canalize 

the payments to be made by one family unit, once confirmed the change in the land use. 

Policy Oriented Recommendations. 

Regarding the issue of desertification, the Agenda 21 (chapter 12) suggests that all nations should give priority to the 

implementation of tools that prevent the deterioration of the affected lands. In addition the Agenda 21 recommend the 

implementation of policies and instruments should take into account the participation of local communities, rural organizations, 

national governments and NGOs. 

According to the National Plan to Combat Desertification, Brazil has been agreed the Agenda 21. Therefore, the present research 

is articulated with the two programs below, and proposes the implementation of economic instruments to internalize the negative 

externalities and generate benefits that dignify human life in the semi-arid Northeast in Brazil. Despite the importance of the 

proposal, the application of these instruments within the state action programs against desertification has not been taking 

accurately. 

On this regard, this research makes a strong call for national and local authorities to take account of these instruments that 

embody principles of international environmental law and social state environmental law. 
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Conclusions 

At the end of the research it was found that the most effective solution to counteract the effects of desertification is to compensate 

local people for the adoption of ecosystem services solicitation practices. Such compensation or payments should be implemented 

among public policies to dignify the lives of communities in these difficult areas, giving special priority to the management of 

water resources. This important suggestion is made because the study area is an example of the lack of joint efforts to conserve 

and sustainably use the ecosystem goods and services. 

Another important aspect found in the development of the research is the need to remove perverse incentives provided to 

deforestation and forest industry. Securing resource rights and delegate responsibilities to local users is another crucial aspect to 

perform recovery strategy publishes natural resources and ecosystem services in degraded areas.  

Finally it is important to emphasize  the transfer of technologies, and environmental education resources for local communities, as 

we are sure to generate self-responsibility ensures the permanence of the flow of services provided by the ecosystem and ensuring 

the protection of media life of rural communities Irauçuba township. 
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ABSTRACT: A goal of Zero Net Land Degradation by 2030 was approved by the UN Conference on Sustainable 
Development ("Rio + 20") in Rio de Janeiro in 2012.  It could be achieved through a combination of (a) reducing the rate of 
degradation by making land management more sustainable, and (b) increasing the rate of restoration of degraded land. Since 
dry areas cover more than a third of the Earth's land surface, and up to 40% of  these areas could be significantly degraded, 
donor agencies will need an economic tool to optimize the locations where they invest in these two strategies. This paper 
builds on previous research in environmental economics and climate change mitigation to show how a practical cost-benefit 
analysis tool could identify which areas of degraded land in a country should receive highest priority for restoration, and 
which interventions in existing land uses in dry areas could yield the highest reductions in the desertification rate for each 
US$ invested. The tool could also make a major contribution to national planning systems. 
 
Keywords: controlling desertification, degraded land restoration, economic analysis 
 
 
1. INTRODUCTION 
 
A goal of Zero Net Land Degradation (ZNLD) by 2030 was proposed by the African Union to the UN Conference on 
Sustainable Development ("Rio + 20") in Rio de Janeiro in June 2012 (ECA, 2011; AU, 2012), with the support of the 
secretariat of the UN Convention to Combat Desertification (UNCCD, 2012), and was later approved by the conference 
(UN, 2012). It could be achieved by a combination of (a) reducing the rate of degradation by making land management more 
sustainable, and (b) increasing the rate of restoration of degraded land.  
 
A ZNLD scheme could be the UNCCD equivalent of the Reducing Emissions from Deforestation and Degradation 
(REDD+) scheme being negotiated by the Parties to the UN Framework Convention on Climate Change to reduce emissions 
of carbon dioxide resulting from forest changes (UNFCCC, 2010). However, the Parties to the UNCCD will be keen to 
achieve zero net land degradation in the most cost-effective way. This paper shows how a practical cost-benefit analysis tool 
could identify which areas of degraded land should receive highest priority for restoration, and which interventions in 
existing land uses in dry areas could yield the highest reductions in the desertification rate for each US dollar invested. 
 
2. LAND DEGRADATION AND DESERTIFICATION 
 
Desertification is "land degradation in arid, semi-arid and dry sub-humid areas resulting from various factors, including 
climatic variations and human activities" (UN, 1994). Land degradation reduces "the physical, chemical or biological status 
of land... which may also restrict the land's productive capacity (Chartres, 1987). It degrades both vegetation and soil. 
 
3. ECONOMIC COSTS OF DESERTIFICATION 
 
3.1 Direct Economic Costs 
 
The direct economic costs of desertification are experienced by land users when yields of crops and livestock decline as land 
becomes less productive, as a result of the erosion of soil by water and wind, and through soil salinization and waterlogging. 
The first global estimate of direct costs, $26 billion per annum, made by  the UN Environment Programme (UNEP) in 1980, 
drew on reports by experts, e.g. Dregne (1983), of yield declines on lands of varying severity of desertification. Yet the 
methods used to make this estimate have been criticized (Bojö, 1991). Estimates of direct costs as a share of Gross Domestic 
Product (GDP) have also been made for single countries in the 1990s: 5% in India in 1994 (Reddy, 2003); 9% in Burkina 
Faso and 17% in Nigeria (Barbier and Bishop, 1995); and 0.4% in the USA (Pimentel et al., 1995). The US estimate was $27 
billion in monetary terms, only slightly above UNEP’s (1980) estimate for global direct costs. A sequence of estimates have 
also been made of the direct costs of soil erosion in Ethiopia as a proportion of its agricultural GDP (AGDP): 2.2% by the 
Ethiopian Highlands Reclamation Study (FAO, 1986); 2.0% by the Soil Conservation Research Project (Hurni, 1988); 6.8% 
by the National Conservation Strategy Secretariat (NCSS) project (Sutcliffe, 1993); and 3.0% by a World Bank 
Reassessment exercise (Bojö and Castells, 1995). A later appraisal proposed that the NCSS figure was an outlier and that 
direct costs of soil erosion in Ethiopia in the 1990s were between 2% and 3% of AGDP (Yesuf et al., 2007). 
 
3.2 Indirect Economic Costs 
 
Indirect costs arise from off-site impacts some distance from the land use that causes desertification. They occur when soil 
eroded by water causes sediment to build up in rivers, reservoirs and irrigation canals and reduce their effectiveness, though 
these costs are offset by benefits from soil redeposited on lowland farms. Wind erosion leads to similar costs and benefits, 
and to extra costs when dust storms impact on human health. Poor irrigation management can lead to off-site salinization and 
alkalinization, in addition to the on-site direct costs which undermine irrigated cropping itself (John et al., 2005). 
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Table 1: A strategy for controlling desertification 
 
1.  Improve rainfed crop production 
a.  Capital intensive: develop improved drought-resistant varieties; increase fertilizer use;  and improve the resilience of 
  cropping systems, e.g. by intercropping 
b.  People intensive: make better use of rainfall 
 
2.  Improve irrigated crop production 
a.  Capital intensive: improve the quality of management of irrigation schemes; improve the maintenance of equipment 
  and irrigation canals; and improve drainage 
b.  People intensive: increase farmer involvement; and move to small-scale projects 
 
3. Improve livestock raising 
a. Capital intensive: improve animal quality by disease control and selective breeding; reduce stocking levels; restore 
 village fallow land lost to cash crop cultivation; and alleviate pressure on rangelands by more intensive cropping on 
 existing arable lands 
b. People intensive: protect folder trees/shrubs from unauthorized browsing; improve local community control over 
 wells; and strengthen self-regulation of nomadic pastoralists 
 
4. Increase tree cover 
a. Capital intensive: expand forest resources using multiple purpose trees to supply local food, fodder and fuel needs; 
 expand tree plantations on farms; and promote agroforestry systems that combine trees, crops and livestock raising 
b. People intensive: ensure the success of forest expansion by using social forestry programmes that distribute benefits 
 widely and are based on trust between farmers and foresters; involve NGOs in tree planting schemes; give farmers 
 better technical support; and improve management of existing natural woodlands 
 
5. Improve policies and planning 
a. Improve land-use planning 
b. Give greater priority to rainfed crops in government policies 
c. Promote integrated large-area land use schemes 
 
Source: based on Grainger (1990) 
 
Indirect costs, called "external costs" as they are outside the market, are generally calculated within a Total Economic Value 
framework by using revealed preference, replacement cost, revealed preference and other environmental economics methods 
to estimate direct use, indirect use, option and existence values (Adhikari and Nadella, 2011). Few estimates of indirect costs 
are available. Yet if an estimate of $17 billion per annum for the indirect costs of soil erosion in the USA is correct then 
indirect costs are at least 63% of direct costs ($27 billion in this case) (Pimentel et al., 1995); they could turn out to be far 
higher when degradation of ecosystem services is accounted for more comprehensively. 
 
4. A THREE DIMENSIONAL APPROACH TO COST-BENEFIT ANALYSIS  
 
If a Zero Net Land Degradation scheme is approved, a tool will be needed to decide how to allocate scarce funds to their 
most effective use in this country. The tool must be flexible to be applicable in a wide range of circumstances. It must also 
be comprehensive enough to integrate the economic, social and environmental costs of desertification. 
 
A possible basis for a new tool is a Three Dimensional Welfare Model which divides the impact of productive activities on 
human welfare into three dimensions: (a) economic, determined by income received from investing financial capital;  (b) 
social, reflecting the equity of distribution of income and accumulation of human capital; and (c) environmental, determined 
by the balance between environmental benefits and costs as natural capital is depleted and/or degraded (Grainger, 2009). 
Generating income raises economic welfare in a society and leads to economic growth. If income is distributed sufficiently 
equitably then collective social welfare rises and economic development occurs. Environmental welfare is a function of 
environmental quality, mediated by human perceptions. Benefits from the environment are reduced through indirect costs 
incurred in productive activities, and if these costs are not paid when they are incurred then an environmental welfare deficit 
accumulates and is highly visible in pollution and land degradation. 
 
Table 2: Areas of degraded tropical lands with potential for forest replenishment (million hectares) 
 
 Logged Forest Deforested Desertified All 
 
Africa 39 59 3 741 843 
Asia 54 59 57 748 917 
Latin America 44 85 27 162 318 
Total 137 203 87 1,651 2,077 
Potential for forest replenishment 137 203 87 331 758 
 
Source: Grainger (1988) 
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5. THE COSTS AND BENEFITS OF A ZERO NET LAND DEGRADATION SCHEME 
 
Zero net land degradation is a compound goal, as it requires a reduction in the desertification rate and a rise in the degraded 
land restoration rate. Since it is likely that for ease of implementation and monitoring these two components will be 
implemented separately (Grainger, 2012) they are analysed separately here too. 
 
5.1 Reducing the Desertification Rate 
 
Techniques for controlling desertification and reducing the desertification rate have been known for at least twenty years. 
They involve making land management more sustainable by improving rainfed crop production, irrigated crop production 
and livestock raising, increasing tree cover, and improving policies and planning (Table 1) (Grainger, 1990). 
 
From an economic perspective these solutions can be divided into two categories: (a)  capital-intensive techniques, e.g. 
increasing the use of fertilizers; improving the maintenance of irrigation canals; improving animal quality by disease control 
and selective breeding; and expanding tree plantations on farms; and (b) people-intensive techniques, e.g. making better use 
of rainfall; moving to small-scale irrigation projects; strengthening self-regulation of nomadic pastoralists; and improving 
management of existing natural woodlands. 
 
It is appropriate that capital-intensive projects are subject to standard cost-benefit analysis by projecting their net present 
value, net of income and direct and indirect costs, using discounted cash flow methods. People-intensive projects require 
investment in human capital,  and costs will be lower because they mainly involve employing facilitators,  holding meetings, 
undertaking small pilot projects,  and then later transporting farmers to view the successful pilot projects so that they can 
repeat them on their own lands,  relying on a snowballing effect rather than formal follow-up projects.  Improvements in 
yields and reductions in desertification rates could be measured physically as well as economically. 
 
5.2 Increasing the Rate of Restoration of Degraded Land 
 
The likely effectiveness of projects to restore degraded land depends as much on the site involved as on the techniques used 
to restore it. So suitability for restoration is evaluated much like land suitability for a given land use,  by taking into account 
environmental conditions, and prevailing economic and social factors. Environmental assessment relies on classifying land 
by its degree of degradation. For drylands,  this involves dividing desertified land into a few severity grades, typically slight, 
moderate, severe and very severe desertification in early studies, and estimated using four indicators of vegetation and soil 
degradation applied to three different land use types (Dregne, 1983; Mabbutt, 1984). More elaborate classifications were 
employed in the UNEP World Desertification Atlas (Middleton and Thomas, 1997) but the same principle applied. 
 
Interest in restoring degraded tropical lands began with an initiative by the US Congress Office of Technology Assessment  
in 1984. Some 758 million ha were estimated to be suited to forest replenishment, of which 331 million ha were in dry areas 
(Table 2) (Grainger, 1988).  The latter figure drew on Mabbutt's (1984) estimate of 1,651 million ha of tropical drylands 
with at least moderate desertification, and focused on the 331 million ha of more humid degraded croplands. Much of the 
remaining 1,320 million ha of degraded rangelands was thought too dry to make afforestation feasible. In the 1990s, growing 
interest in using afforestation to sequester carbon to mitigate global climate change led to a new line of research that 
distinguished the physical suitability of land for afforestation from its actual social and political availability (e.g. Grainger, 
1996). In recent years, there has been widespread natural reforestation in both the humid and dry tropics, following the 
withdrawal of agriculture from less productive lands (Hecht and Saatchi, 2008; Tappan et al., 2005). In the humid tropics, 
human intervention was not needed to ensure forest regeneration on abandoned cropland;  but in the dry tropics active 
protection of these lands was usually desirable. Afforestation projects will probably have to be restricted to more humid 
lands to have a reasonable net rate of financial return, but natural reforestation projects could be undertaken on less humid 
rangelands, thereby making a much larger area suitable for restoration. 
 
As with controlling desertification, cost-benefit analysis of capital-intensive projects, e.g. for afforestation of degraded land, 
could involve calculating the net present value of income and direct and indirect costs. Projects employing people-intensive 
techniques, however, could be assessed by comparing physical results, e.g. in terms of land restored, with financial costs.   
 
6. POLICY RECOMMENDATIONS 
 
1. If governments paid more attention to integrated land-use planning and to monitoring the sustainability of national 
development then they could integrate the economic, social and environmental costs of desertification in national 
environmental accounts with the benefits from land uses that generate these costs. 
2.  It is not possible to estimate the economic, social and environmental costs of desertification without reliable spatial 
information on the extent and degree of desertification and its rate of change. Better national and global monitoring of 
desertification is essential to improve the accuracy of estimates of these costs. 
 
7. CONCLUSIONS 
 
A Zero Net Land Degradation (ZNLD) scheme will involve a compound goal, because it involves reducing the 
desertification rate and increasing the degraded land restoration rate. A three dimensional cost-benefit analysis tool of the 
kind discussed here could be applied to each component individually, as it is likely that the two components will be 
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implemented separately. The tool should also be sufficiently flexible to apply to both capital-intensive and people-intensive 
techniques for reducing the desertification rate and increasing the rate of restoration of degraded land. Remarkably little 
research has been published in peer-reviewed academic journals on the economics of desertification, or of land degradation 
in general, and estimating the indirect environmental costs of desertification has not received much attention. If economists 
gave higher priority to undertaking research in this field this would be academically and social beneficial. 
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ABSTRACT: Conventional models have not provided a complete picture of recent price spikes in agricultural commodity 
markets, while there is an urgent need for appropriate policy responses. New approaches are needed that shed light on 
international spillovers and the feedback between the real and the financial sectors. Models should also assess the impact of 
climate changes and consider the link between food and energy prices. In this paper, we present results from a worldwide 
dynamic model that provides short and long-run impulse responses of specific grains commodity prices to various real and 
financial shocks. The results show that climate change may strongly influence worldwide wheat prices. 
  
Keywords: Wheat market, drought, dynamic economic models. 
 
1. INTRODUCTION 
The recent rise in international agricultural commodity prices, after the shocking boom and bust of 2007-2008, has enlivened the 
debate on what the determinants of commodity price behavior are and has reawakened interest in coordinated policy actions at 
both the national and international level.  

Although numerous factors have been proposed in the literature as explaining recent commodity price movements, there is no 
general consensus on the relative weight that should be attributed to each of them. Many authors have stressed that more 
consideration should be given to the effects of growing food demand in developing countries, especially in China and India, and 
also the lower production growth rate as being among the causes of the recent food price spike (see for example Trostle, 2008; 
Von Braun, 2007; Dewbre et al. 2008, and Krugman, 2011). Other studies have argued that biofuel programs in the United States 
and European Union are behind the run-up in food prices. These programs provide subsidies for biofuels which leads to greater 
use of corn and vegetable oil and results in price increases for these commodities (see Mitchell, 2008 and Headey and Fan, 2008). 
On the other hand Baffes and Haniotis (2010) suggested that the link between food prices and energy prices is the main factor in 
recent commodity price movements. Energy prices affect food commodity prices by influencing the cost of inputs, such as 
nitrogen fertilizer, and the cost of transport. The use of agricultural commodities to produce biofuels is also an additional reason 
for a possible link between energy and food commodity prices. Besides the above mentioned factors, the list of possible causes 
analyzed in the recent literature includes commodity stocks declines (Abbot et al., 2008; Piesse and Thirtle 2009), a weak U.S. 
dollar (Abbot et al., 2008; Mitchell, 2008), panic buying (Timmer, 2009), bans on exports (Dollive, 2008; Headey, 2011) and, 
above all, speculation (Irwin et al. 2010; Cooke and Robles 2009; Sanders et al. 2010; Gilbert, 2010a; 2010b; Gutierrez, 2012). 
 
In this paper we model the impacts of the main factors behind the wheat export price dynamics. In details, the research provides a 
worldwide dynamic model for the analyses of short and long-run impulse responses of wheat commodity prices to various real 
and exogenous shocks. Specifically, we propose a GLObal Wheat Market Model (GLOWMM) to study the export wheat 
dynamics. The model is specified by using a Global Vector AutoRegressive (GVAR) modelling approach with exogenous 
variables. The methodology allows to model the export countries, and to aggregate the single country models into a global model 
by using weighting matrices mainly based on the share of wheat international market (measured in term of export) of each 
country.  Among the different sources of shock that can be analyzed by the model, we show that severe drought may exert an 
important role in determining wheat prices during the period of analysis and the model allows to provide new evidence on the 
relevance of this factor in influencing food prices. 
 
2. A GLOBAL MODEL FOR THE ANALYSIS OF THE WHEAT WORLD MARKET 
 
We analyze the dynamics of wheat prices focusing on the six main export countries, USA, Argentina, Australia, Canada, Russia 
and EU.  For each country we assume that the country-specific variables are related to the global economy variables measured as 
country-specific weighted average of foreign variables plus deterministic variables, such as constant and time trend, and global 
exogenous variables such as oil prices. To analyze the relationship between country-specific variables and global variables we 
use  the Global Vector AutoRegression (GVAR) methodology proposed by  Pesaran et al. (2004) and Dees et al. (2007) . The 
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original feature of the GVAR modelling approach lies in its estimation procedure. Each country model is individually estimated 
by assuming weak exogeneity for both global foreign-specific variable and global variables: this accounts to assume the small 
economy  hypothesis for each country. That is we assume that wheat export  prices are worldwide determined and there is not a 
leader country. The specification of the model proceeds in two stages. The first stage is the estimation stage of the following 
reduced form augmented vector autoregression, VARX(p,q), model for each country i in our sample, while in the second stage 
we stack all six individual country VARX models and link them using a weight matrix.  
 
In the first step, we model each country as a VARX(p,q), 

 
 ( ) ( ) ( )*

0, ,  + ,    0,1,... ;   t=1,...,T.i i it i i i it i i t itL p y a L q y L q d i NεΦ = + Λ Ψ + =   (1) 

 
where 0ia  is a ( )1ik ×   coefficient vector of the deterministic intercept, ity   is a ( )1ik × vector of country-specific (domestic) 

variables and corresponding ( )i ik k×  matrices of lagged coefficients, denoted by ( ) 1
, ip i

i i ip
L p I L

=
Φ = − Φ∑ , where L is the lag 

operator, *
ity  is a ( )1ik × vector of trade-weighted foreign variables and corresponding ( )*

i ik k×  matrix lag polynomial denoted 

by ( ),i iL qΛ . ( ),i iL qΨ  is a matrix lag polynomial associated to the global exogenous variables td  . Finally itε  is a 

( )1ik × vector of zero mean, idiosyncratic country-specific shocks, assumed to be serially uncorrelated with a time invariant 

covariance matrix iiΣ , i.e. ( )0,it iiiidε Σ∼ .  The GVAR model assumes the weak exogeneity assumption of *
ity ,  rules out long 

run feedbacks from ity to *
ity . Next, we determine the order of the dynamic specification according to the Akaike information 

criterion (AIC). We allow at maximum for a VARX(3,1) specification to reduce the number of estimated parameters and avoid 
degrees of freedom problems. In the second stage of the GVAR methodology, we cast the country-specific models into their 
global representation.1 To show how the global model is constructed, consider a generic country i  in (1) with ip  and iq  equal to 
2 
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First, for each country we group both the domestic and foreign variables as  
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y
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z   (3) 

The set of ity  country-specific variables includes: the export wheat price, the wheat stocks to utilization ratio, the cost of 
fertilizer, the nominal exchange rate and a climate variable measured by the standardized precipitation index that measures the 
intensity of dryness (wetness) when rainfall is very low (very high) respectively. Therefore each country  VARX model (2) 
becomes 
 0 1 1 2 2i it i i it i it ita ε− −= + + +A z B z B z   (4) 

where 
 ( ) ( ) ( )0 1 1, 1 2 2, 2, ,   , ,  , .

ii k i i i i i i iI= −Λ = Φ Λ = Φ ΛA B B   (5) 

 
In the next step we create a vector of global variables   
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and using the weight matrix iW  constructed from the export weights of each country we obtain the following identity 
     0,1,..., .it i ty i N= ∀ =z W   (7) 

                                                 
1 All routines have been written using GAUSS 11.0. 
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The previous relationship allows each country model to be written in terms of the global vector ty , thus it is the fundamental 
device through which each country wheat market is linked to the global GVAR model. Using now the identity (7) in each country 
VARX model (4) we obtain 
 0 1 1 2 2i i it i i i it i i it ita ε− −= + + +A Wz B Wz B Wz   (8) 

for 0,1...,i N= . 
Finally by stacking each country-specific model in (8), we end with the Global VAR for all endogenous variables in the system, 

ty , 
 0 1 1 2 2it i it it ty a y y ε− −= + + +G H H   (9) 

where 
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If the G matrix is non singular, we can invert it obtaining the Global wheat VAR model in its reduced form 
 
 0 1 1 2 2t t t ty b y y v− −= + + +F F   (10) 

where  
 1 1 1 1

1 1 2 2 0 0,  ,   b ,   .t ta v ε− − − −= = = =F G H F G H G G   

    
   
3. THE DATASET AND EMPIRICAL RESULTS 
 
In the application we employ data for the main six wheat export countries Argentina, Australia, Canada, Russia, EU and USA at 
monthly frequency for the period July 2000 to January 2012. The GVAR model includes five variables for each  country-specific 
VARX model: the wheat export prices ( )itp ,  the wheat stock to utilization ratio ( )itz ,  the nominal exchange rate measured as 

the ratio of the local currency per unit of US dollar ( )ite ,   the fertilizer price ( )itpf  and finally the standardized precipitation 

index ( )itspi  for which we take the negative values. They indicate the intensity of the level of dryness when the rainfall is low or 

very low.  
The foreign-specific variables are constructed using export-based weights. The choice of weights based on exports is undertaken 
with the rationale that exogenous shocks, as  wheat stocks reductions or exchange rate shocks, could pass-through on export 
prices in all countries with the trade channels. We use fixed weights over time computed as average for the period 2009-2010 
from International Grain Council data. Thus the model allows country-specific variables to be affected by foreign variables. For 
example, wheat export prices in a country will be also influenced by the world trade weighted wheat prices of its competitors. 
Moreover export wheat prices will be influenced not only by the wheat stocks to utilization ratio of the country but also by the 
average  wheat stocks to utilization ratio of its competitors.  
Each country model has been estimated using the Vector Error Cointegration (VEC) form, i.e. each country model is estimated 
subject to reduced rank restriction. The estimation of the cointegrating VEC model gives the opportunity to analyze the effects of 
foreign variable on their domestic counterparts, as defined by the estimates connected to the contemporaneous foreign variables 
in difference, which are generally seen as impact elasticities. They are reported in Table 1. 
 
Regarding the average wheat export prices we note that all countries show a positive and  statistically significant elasticity.     
The values for the average export (foreign) prices, *

itp , ranges from  1 for USA and UE  to 0.4 for Argentina. The sign of the 
average wheat stocks to utilization ratio  is as expected negative. A worldwide reductions of wheat stocks relatively to 
consumption positively influence wheat prices. The  exchange rate *

ite  is basically a weighted average of local currencies in 
terms of US dollars, i.e.  this variable mimics the effective exchange rate of each country against the competitors. Thus a 
reduction  
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of this variable, i.e. a devaluation against the US dollar, this contributes to inflationary pressures. In fact, as wheat commodity is 
mainly traded in US dollar, a devaluation will have generally a positive impact on wheat prices. Finally we analyze the impact of 

*
itspi . This variable would like to bring the effects of climate changes, mainly drought effects, on wheat prices.   

 
Table.1 Contemporaneous Effects of Foreign Variables on  
           Country-Specific Wheat Export Prices 
Country *

itp  *
itz  *

ite  *
itspi  

USA 1.02 (10.04) -0.16(-1.33) -0.26(-3.37) -0.62(-0.25) 
Argentina 0.42(8.06) -0.21(-0.56) 0.31(2.53) -0.21(-2.54) 
Australia 0.66(18.46) -0.10(-0.32) 0.03(0.81) -0.86(-25.70) 
Canada 0.73(2.21) 0.19(2.69) -0.24(-0.92) 0.19(2.09) 
Russia 0.72(9.16) 0.15(1.10) -0.19(-0.78) -0.06(-0.11) 
EU 1.06(26.29) -0.10(-2.88) -0.24(-2.17) 0.06(0.25) 
In parentheses t-statistics 

 
 
The impact is particularly relevant only for Australia and Argentina. For these countries a reduction of the average drought 
positively affect wheat prices.  
 
The dynamic properties of the GVAR model can be investigated by means of the Generalized Impulse Response Function 
(GIRF).  In order to investigate how export prices are affected by weather shocks we assume a negative standard error shock that 
affect the standardized precipitation index in all export countries and simulate the effect on wheat export prices up to a limit of 24 
months. The Figure 1 shows the GIRF dynamic response. The dotted lines represents the confidence intervals at 90% of 
significance level and are calculated using a sieve bootstrap method with 2000 replications.   
 
 

 
 
 
The result indicates a significant correlation between drought and inflationary pressures for wheat prices. The global impact equal 
to 1.0%, then the magnitude rise in the next six months. After 24 months the effect stabilizes to 1.8%  above the pre-shock level. 
Thus drought can have serious economic as social and  political impacts with far-reaching consequences. From the economic 
point of view drought influencing wheat prices has an impact on the food  chain. From a social and political point of view high 
wheat prices hit wheat importers countries hard. Increasing food prices affect certain population negatively, especially poorer 
people. Policy responses, at both national and international level, are usually less prepared for adverse weather events and as 
consequence they are often ad hoc and uncoordinated (as for example the export constraint policies adopted by some exporting 
countries during the price-spike in 2007-2008 and 2010-2011 years).  Moreover the previous market interventions to reduce the 
high prices in domestic consumption may be either not successful or impose costs on other countries. 
 
4. CONCLUSIONS 
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Adverse weather  can induce a reduction of global average yields for grains and affect prices. We propose a Global dynamic 
model (labelled GLOWMM) for the analysis of the main factors which affect wheat markets.  In essence the model provides a 
general and practical modelling framework for quantitative analysis of the relative importance of different shocks on wheat 
sector. Specifically, the model allows for the analysis of the channels of transmission  from external shocks ( heavy 
increase/decrease in oil-based fuel prices, strong depletion in stocks level, effective exchange rate changes and adverse climate 
change) to wheat  prices. Thus the model may help to monitor the worldwide wheat commodity market and allows the analysis of 
the impact of different shocks at national as well as at global level. 
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ABSTRACT: Several villages in the highlands of Eritrea have traditional management of forests and woodlands. The hiza’ti 
system (traditional woodland enclosure) which is practiced by systematically restricting grazing and biomass harvesting is an 

example. However, efforts to dig out such traditions and assess their effectiveness using accepted design principles which are 

considered to be characteristic of successful Common Pool Resources (CPRs) management systems is not common. This 

research mainly aims to explore how communities manage their traditional enclosures (hiza’ti) and to assess its effectiveness. A 

single case qualitative study was conducted in a village located in the highlands of Eritrea to assess the effectiveness of the hiza’ti 
system. To deeply understand the management system, focus group discussions with different age and sex groups, interview with 

key informants and household survey with semi-structured questionnaire were conducted. Ostrom’s design principles were used 

to analyse the robustness of the management regime. This study explored that communities in the case study village have deep 

traditions of managing their woodland enclosure. They play major roles in protecting and monitoring it. Analysis of the research 

data showed that the hiza’ti system fulfills most of Ostrom’s design principles and the institutional arrangement to manage it is 
robust. The study also identified some potential threats to the system particularly in relat ion to interference of lower level 

government institutions and other government involvements, which can weaken the autonomy of village assembly (baito) and 

their minimal right to organise. 

Key words: Traditional woodland enclosure (Hiza’ti), Common Pool Recourses (CPRs), Ostrom’s design principles 

1. INTRODUCTION 

In an agrarian state like Eritrea, there is a significant interdependence between local communities  and communal resources 

(resources under common property regimes). Forest and woodlands in Eritrea exhibit most of the attributes of CPRs and are 
under management of common property regime. Borema (2005) said the deep tradition of rural communities in Eritrea is a good 

illustration of how people may be able to adapt quite well to relatively limited forest and woodland resources.  

In the highlands of Eritrea the term hiza’ti is used to express the act of restricting grazing or biomass harvesting mainly for the 

purpose of regenerating natural vegetation. The main objective of such practice is to enhance natural regeneration of native 

species which contribute a lot in sustaining the livelihoods of communities.According to a study by FAO (1997) hiza’ti system 
probably started when shortage of firewood and pasturage resources were felt by the rural communities, which provokes the 

emergence of rules to ration use. Hiza’tis are managed and monitored by local communities. Guarding and monitoring is effected 

either through a rotational guarding scheme which is mandatory for each household to take part or by hiring permanent guards 

whose salaries are paid collectively (Sibhatu, 2006). Hiza’ti can be applied on a land having only grass layer and practiced by 

excluding access for three to six months annually to allow regeneration of grass to reserve for the dry season.  T he rotation is 
practiced based on territorial zoning done by the villagers themselves. This is to ensure that all the grass in their rangeland is not 

exploited at once and hence to guarantee the availability of grass throughout the year. On the other hand hiza’ti can be applied on 

wooded grasslands to give adequate time for woody vegetation to revive. More often the latter kind of hiza’ti is open only for less 

destructive livestock for two or three months in a year. The local population are also allowed to cut trees, collect fire wood and 

do other activities under a strong surveillance and a defined rule.  

1.1 Statement of the Problem and objective of the study 

Despite the existence of rich and numerous grassroots practices in Eritrea on the subject of fores t management, they are 
overlooked by policymakers. The top-down approach which deploys government appointed forest guards and strict regulations 

are still the predominant method of forest management in Eritrea. Efforts to dig out such traditions and assess  their effectiveness 

are minimal. Thus, the aim of this study is to assesses the role of communities in management of enclosures and appraises the 

effectiveness (robustness) of their management using accepted design principles which are considered to be characteristics of 
successful traditional management systems. 

1.2 Research Methodology 
This study used a qualitative case study method to assess the management of traditional community woodland enclosures. The 

case study village, Lamza, was selected as an example of a village with a strong (intact) resource management tradition and 

limited government involvement. Lamza is located about 8km south of the national capital Asmara, in zoba Maekel, sub zoba 

Gala Nefhi. The total population of Lamza is about 430 (128 households).  

Four Focus Group Discussions (FGD) were conducted with about 4-6 participants per group. Elderly  (above 55 years) men, 

elderly women, youth (between 18- 45 age) male, and youth female made the four groups. With each focus group four 
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participatory exercises namely; resource mapping, plant resource valuation, resource seasonal availability study and resource 

access study were conducted one after the other. These exercises are used to systematically provoke the participants to discuss the 

abstract concepts of managing, accessing, and protecting their enclosures. The purpose of sequencing the exercises from general 
to more specific issues was also to reduce informant resistance and reveal more sensitive and hidden issues steadily.  

In addition to the focus group discussion in-depth interviews (with open ended questions) were conducted with the village 

administrator and other selected village elders. Moreover, to get a detailed idea on how individual households interact with 

resources from the enclosure, abide by the rules and how this fits with their broader livelihood strategies, in-depth interviews 

using a semi-structured questionnaire were also conducted with ten (8 male and 2 female) randomly selected household heads.  

1.3 Data Analysis 

It is difficult to get a simple and holistic method to assess the complex interaction of society with their environment.  Such 
systems are not linear in nature and are cross-scale in time and in space (Ostrom, 2007). Agrawal (2001) emphasizes that the 

difficulty of analyzing the sustainability of the commons emanates mainly from the site-specific nature of the ‘success factors’. 

However, it is apparent that some common attributes are shared by all successful common property management regimes. 

Ostrom (1990) posits a set of eight general design principles  that characterise successful CPR institutions. According to Ostrom 
a design principle refers to “an essential element or condition that helps to account for the success of these institutions in 

sustaining the CPRs and gaining the compliance of generation after generation of appropriators to the rules in the use” (1990: 

90). The data collected through the various research methods were categorised into different groups to be assessed against the 

Ostrom’s design principles (the eighth principle is not applicable to this research). The strength of the hiza’ti system in fulfilling 

the criteria of each design principles was also evaluated. 

2. RESEARCH FINDINGS AND ANALYSIS  

Key informants and the focus group discussion participants said that in Lamza the hiza’ti system started about 120 years ago. To 

avoid free riding and irresponsible use of the area they devised several rules and bylaws which govern the use and access of that 

specific area. The rules are not unique to the village, because it is also practiced in other highland areas. The village has several 

specialised grazing areas for small ruminants, for suckling sheep/ goat and a free grazing area for any kind of livestock. Relative 
to the other grazing lands, the hiza’ti area is highly managed and is reserved mainly for oxen. The hiza’ti is located in the north of 

the village, covering about 130 ha. The dry weather road which leads to the village bisects the enclosure. Each side is open (one 

after the other) for grazing for about two months a year. The hiza’ti is rich in plant species. Elderly people participated in FGD 

estimate that there are about 35 types of tree and shrub species within the hiza’ti.  

 

Fig 1: Map of the case study area, Lamza (Reconstructed from FGD resource mapping) 

2.1 Analysis of the hiza’ti system according Ostrom’s design principles 

Design Principle 1: Boundaries for the resource and identity of resource users are clearly identified 

The area is not an open access. The hiza’ti has a clear Boundary. Eligible users are also easily identifiable. Any benefit from the 

area belongs solely to residents of Lamza. What is being managed by who is very clear. Therefore we can conclude that the 

boundaries of the resource and users are clearly defined. 

Design Principle 2: Congruence between appropriation and provision rules 

Operational rules which govern appropriation of resources are relevant and fit to the local situation of their village. Opening and 

closing of the hiza’ti matches with the farming season.  Only  oxen are allowed to graze inside the hiza’ti. This is due to their 



importance in the farming system as a main traction force. Each side of the hiza’ti is grazed only for about two months in a year. 

The hiza’ti also plays a major role in recuperation of sick, broken or injured oxen and castrated calves. They all are allowed to 

graze even during closed season with special permission. Ability of the hiza’ti to meet the needs of the villagers is the crucial 
success factor for its effective protection. The benefits from the hiza’ti area are commensurate with their effort to protect and 

manage it. Residents agree that the rules are fair and legitimate. They want the future management of the enclosure to remain 

with them. They are not using resources to their exhaustion. Use rate by eligible user suits with the ability of the system to 

provide the required resource.  Operational rules consider the lifestyle of the users, e.g. seasons of farming and high demand for 

fuel wood, social events like weeding, mourning, religious festivals. The fact that only limited number of oxen and less 
destructive activities (e.g. carving farm tools, bee keeping) are allowed shows operational rules considers the ability of the 

resource to regenerate. Thus, operational rules are not only preventing outsiders from accessing the area but also perfectly 

regulating use-rate of eligible members. Eight out of ten household heads interviewed said they are satisfied with the current 

management of the hiza’ti and seven out of ten strongly agree that without the rules which govern access, the resources within the 

enclosure will be severely degraded. All of the respondents want the future management of the enclosure to be left to the 
community. Residents of Lamza several times participated in soil conservation activities (such as stone bund terrace and check 

dams) inside the enclosure and they are generally willing to contribute their labour in any kind of work which is required to 

increase the productivity of the enclosure. 

Design Principle 3: Collective choice arrangement (Those affected by operational rules should be allowed to participate and 

modify the rules) 

Though there is no separate institution for managing the hiza’ti or woodlands, in Lamza there is a traditional self-administration 

system which manages several activities through their own customary laws. This is called Baito Adi (meaning the assembly / 
session of the villagers). Baito Adi is responsible to raise, debate, decide, settle and mediate diversified issues including 

management of natural resources. Baito devise laws, assure equitable allocation of resources from the hiza’ti and to settle any 

cases in relation to use of resources. In Lamza’s baito, every participant can raise, discuss and debate any legitimate issue in 

relation to the operational rules of the hiza’ti. Decisions are made in consensual manner. Ordinary people can initiate an idea 

which can further develop to a rule. Most of the residents do not have major complains about the existing rules. The baito system 
in Lamza still allows users to modify operational rules of the hiza’ti area. However, there might be a potential threat if 

government lead administrative structures interfere in the baito system and try to impose new rules which do not consider the 

needs of local communities.  

 
Design Principle 4: Monitoring (monitors are users and/or are accountable to users). 

Monitoring is undertaken by users themselves, no external body is involved in monitoring. Every resident has an obligation to 

safeguard the hiza’ti and to bring culprits to the attention of the guard or the village council. Residents are always attentive about 

any movement within the enclosure. Thus, they can spot any unlawful activity even as they conduct their routine activity. There 

is one guard officially appointed by village baito. During the appointment of the guard the baito decides on the amount of money 
each household should contribute to the salary of the guard. Guarding is an honorable job and entitles a prestige for being 

caretaker of the land. Parallel with this, the baito also appoints ‘Abo guasa’ (meaning; father of herders). Abo-guasa is 

responsible to address issues regarding the guard and the herders. He has the power to enforce any punishment and list en to the 

appeal of residents. It can be said that monitoring is a by-product of the advantage they get from the hiza’ti area. The quasi-

voluntary compliance situation, ‘I will if you will’, is very visible. That is why there are few lawbreakers from inside. In Lamza’s 
hiza’ti free-riders are more likely to be caught and punished. Generally, almost all residents strictly follow the rules and most of 

the culprits are outsiders. The most common transgressions in relation to the hiza’ti are, grazing out of season and illegal tree 

cutting. According to the village administrator this is mainly because they lack effective hiza’ti system and the resources in the 

neighbouring villages depleted long ago.  

Design Principle 5: Graduated Sanctions (Violators face sanctions that increase proportionally relative t o the severity of their 
crimes) 

There are specific punishments for contravening specific rules which evolved through time. In general, penalties increase based 

on the intention of the offender, severity of the damage and offender’s past record. When assigning a punishment, motive of the 

offender matters. Generally offences in relation to grazing are categorized into two; unintentional (Wererta) and deliberate 

(Hasya) damage.  Occasional and unintentional offences face milder punishments than deliberate ones. Sanctions escalate with 

the likelihood of the offence to cause damage and record of the offender.  

Design Principle 6: Low cost, readily accessible and rapid conflict resolution mechanism 
Many of the respondents believe that their baito is competent in resolving issues that may arise in appropriation of resources. 

Village baito listen appeals and settle conflicts. However, the respondents reveal that they seek support from MoA to resolve 

conflicts that arise from neighbouring villages. Realising the role of elders and local authorities in mediating conflicts and the 

importance of low cost justice system, the government recently introduced ‘community courts’ which has got recognition of 

higher courts. Law of the fathers which prevails in the region is very handy and strong in resolving social conflicts that may arise 
in rural conditions. The existence of the baito system, which is part and parcel of law of the fathers, can be considered as an 

opportunity for what Ostrom refer to ‘rapid, readily accessible and low cost local mediation’. There are no appeals to a nearby 



MoA office on Lamza’s hiza’ti (e.g. on harvest and distribution of forest products, grazing rights). This indicates Lamza’s baito 

is still capable of settling conflicts vis-à-vis use of resources from the hiza’ti.  

 
Design Principle 7: Rights to organise (the rights and legitimacy of users to devise their own institutions is recognised by 
outsiders) 

There is a strong feeling with all respondents that their management is self-sufficient. All over the country there is an official 

village level institutional arrangement i.e. ‘memihdar kebabi’ which work closely with village members. The decisions of baito 

prevails only if it does not contradict the verdicts of memihdar kebabi, i.e. though villagers have the right to devise their own 
rules and can set a decentralised institution, they are also accountable to higher government administrative guidelines and 

policies. However, respondents did not mention any negative interference from state agencies. Both the land and forest 

proclamations give recognition to community based management of land and forest. But the government retains the power to 

make any decision regarding land and forests when necessary. This indicates that the local people’s initiative to organise and 

devise their own rules is well encouraged but the power to exercise their rights is not ultimate and should always be in line with 
higher level policies in order to be implemented in a meaningful way. However, the existence of state as an overseer of their 

activity cannot be considered as a threat unless the government misuse its power to (unilaterally) implement any action against 

the benefits of the residents and protection of the resources inside the hiza’ti.  
 

3. POLICY ORIENTED RECOMMENDATIONS 

It is very important to assess community’s efforts to manage CPRs and the institutional underpinnings in place before initiat ing 

any interventions. Though it is not appropriate to make generalisation beyond the case, this study implies that several traditional 

institutional arrangements in resources management can give a practical lesson to government bodies on how to intervene 
positively in traditional management systems. This means any intervention from government should respect (incorporate) 

traditional practices and government should act only following a request of the village to fill their gaps. Such long enduring 

traditional management systems should be more autonomous. This requires giving official recognition to traditional institutions 

and security to their right of using the resource and any benefit extracted from it. In this regard government bodies can play a 

supportive role in empowering traditional institutions and fill any institutional vacuums. For example in this case study the 
government can assist neighbouring villages of Lamza to create (re-establish) a hiza’ti system to meet their subsistence needs. 

This will reduce the escalating number of attacks from surrounding villages to Lamza’s hiza’ti and attenuate any probability of 

resource based conflicts. 

4. CONCLUSION 

This study explored that communities in the case study village have deep traditions and detailed bylaws (operational rules) in 
managing their woodland enclosure which evolve over long period of time. They play major roles in protecting, monitoring and 

enhancing the regenerative capacity of their enclosure. Analysis of information showed that the hiza’ti system fulfills most of 

Ostrom’s design principles and the overall institutional arrangement is robust. The results of this study can be summarised as 

follows; 

Table 1: Conclusion 

O strom’s Design Principle  Fulfilled / Not fulfilled 

Clearly defined boundaries and users  Fulfilled 

Congruence between appropriation and provision rules and local 
conditions 

Fulfilled 

Collective choice arrangement Fulfilled but it  is potentially threatened by interference of government 

institutions.   
Monitoring Fulfilled 

Graduated sanctions Fulfilled 

Conflict resolution mechanism Fulfilled 

Rights to organise Fulfilled, however, any future government intervention should be 
done in a supportive way 

Over all institutional capacity of the hiza’ti system  is ROBUST  
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ABSTRACT: Agricultural technologies are developed with the primary objective of increasing yield but household decisions to 

adopt technologies are heavily influenced by the likely return on investment (of money, labor, etc.). If crop production is not the 

only source of household income, the opportunity cost of adoption is also a factor in decision making. The profitability (in its 

broadest sense) per unit land area of rainfed crop production is considered in the context of smallholder household resource 

availability, in particular farm size. The amount of land required to provide any household target income (e.g. the commonly-

used thresholds of $1, $1.25 or $2 per person per day) depends only on the net return (defined as benefits minus variable costs 

including labor) as $ per hectare per season, the number of cropping seasons per year and the number of people in the household. 

The potential contribution of rainfed crop production to household income is explored using this relationship together with a 

survey of the literature. Similarly, this analytical approach can be used to characterize sites with regard to rural communities’ 

ability to benefit from agricultural intensification. 

Keywords: poverty, resource constraints, profitability. 

1. PRODUCTIVITY, PROFITABILITY AND HOUSEHOLD INCOMES 

As agricultural scientists, we all concentrate on increasing the productivity of (rainfed) crops and cropping systems, etc., usually 

justifying this approach by citing the need for more food to feed a rapidly growing population. Similarly, we pursue ‘higher’ 

goals such as preventing, reducing or reversing land degradation on the grounds that the resource base for agriculture (or other 

environmental services) needs to be maintained in order to service local and global needs now and in the future. However, 

increased crop yields (and more effort on resource base maintenance) generally incur increased costs for the rural households 

involved. It is not just the output of additional investment but the net return (profitability) on that investment (cash, labour, time, 

etc.) that may be important to a rural household and is likely to influence adoption of new technologies.  

The amount of land required for any household to achieve a given value of income per person from crop production depends on: 

the profitability of any cropping enterprise and the number of people in the household. 

To achieve $1 / person / day, the relationship is: 

   y = (365/x) * n        (Equation 1) 

Where: y = land required per HH (hectares) 

x = net returns from the enterprise ($ / ha / year) 

n = number of persons in the HH. 

This relationship is shown graphically in Figure 1. The relationship is a ‘closed’ one in that, once the net return from a land-

dependent enterprise is expressed in $/ha/year, then the land required per household to achieve some individual income threshold 

(here defined as $1/person/day) depends only on the number of people in the household. For crop production in rainfed 

environments (i.e. not irrigated artificially), the annual profitability also depends on the number of cropping seasons per year. In 

most of Sub-Saharan Africa, for instance, rainfall is unimodal and farmers grow one crop per year. Some areas around the 

equator receive rainfall in a bimodal pattern so two seasons per year are possible, and in areas with essentially all-year-round 

rainfall crops can occupy the land permanently, functionally equivalent to three seasons per year. 
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Figure 1. Relation between net returns (benefits minus costs including labour) from land-dependent enterprises and the 

land area per household required to provide an individual income of $1/person/day.  

 

2. WHAT ARE TYPICAL VALUES FOR NET RETURNS FROM RAINFED CROP PRODUCTION? 

Harris et al, 2012 analyzed results of a literature survey of 69 cases published since 2000 where the net benefits ($/ha/season) for 

a base case (farmers’ practice or a ‘control’ treatment in field trials) and an improved practice were reported. Results covered a 

wide range of crops, technologies and countries. Paired comparisons are plotted in Figure 2, ranked according to the net benefit 

of the improved practice in each case. In summary: the median value for the ‘base’ case was only $84 per hectare per season; the 

median value for the ‘improved’ case was $268 per hectare per season (i.e. a 220 % increase due to new technologies) and the 

median value for the Benefit: Cost ratio of the improved technologies was 2.1. So, on average, improved technologies could more 

than double the profitability of the ‘base’ case if adopted, and the B:C ratio exceeded the rule-of-thumb value of 2 that is 

generally taken as the benchmark for attractiveness. However, the range of net returns is quite narrow and values more than 

$600/ha/season are rare; there may also be an upper limit around $700/ha/season. 

Figure 2. The effect of improved technology on rainfed crop profitability ($/ha/season). 
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3. HOW MUCH CAN RURAL HOUSEHOLDS BENEFIT FROM INTENSIFICATION OF RAINFED CROP 

PRODUCTION? 

Using data on individual farm size and household size taken from baseline surveys across Sub-Saharan Africa, the percentage of 

households in various communities that would be able to reach the $1/person/day threshold as a result of increasing net returns 

per hectare from rainfed crop production was calculated by re-arranging Equation 1and plotting the cumulative percentage of 

households achieving the threshold for any given net return. Interestingly, all sites can be characterized by a minimum net return 

below which no households graduate from poverty and a linear rate at which each community would respond as net returns 

increase. Figure 3 shows results from 8 sites out of 40 analyzed so far and includes the least responsive (Rift Valley, Ethiopia) 

and most responsive (Makueni, Kenya) sites encountered so far. The effect of more than one cropping season per year has been 

accounted for at sites where it is appropriate.  

Differences between communities in sensitivity to intensification are large, e.g., a fifteen-fold difference in slope between the 

least- and most responsive sites, and for most sites increasing net returns per hectare will have very little impact on poverty 

reduction because households simply don’t cultivate enough land or have many members, or both.  

Figure 3. Response of a range of communities to increasing net returns from rainfed crop production. 

 

Figure 3 represents the effect of increasing net returns across the entire range identified from the literature survey (Fig. 2) and is 

independent of the actual agro-ecological potential of the site, but the crops that can be grown at a site will also determine the 

range of net benefits available to farmers. For sites such as Kaffrine, Matopos, Kano and Rift Valley, sorghum and pearl millet 

are characteristic crops, whereas maize is the staple crop in sites such as Makueni, Limuru, Mbale and Changara. The vertical 

arrows in Figure 4 indicate the mean values for net benefits from improved technologies (from the literature survey) for those 

crops. It is clear that the impact on household poverty is even smaller if only these crops can be grown. 

 

4. CONCLUSIONS AND POLICY-ORIENTED RECOMMENDATIONS 

Given the limited range of profitability of rainfed cropping and the small farm sizes that are characteristic of resource-poor farm 

households in Sub-Saharan Africa, absolute values of income from crop production will remain small even if there is widespread 

adoption of improved technologies – i.e. intensification. Many communities, and households within communities, will never be 

able to benefit much from agricultural intensification and other, non-farm, activities may be more attractive. Indeed, while the 

percentage increases per hectare resulting from adoption of improved technologies may look superficially attractive (not least to 

researchers), once opportunity costs and the small absolute values of returns from small farms are taken into account the decision 

not to adopt such technologies looks increasingly rational. 

There are three main policy implications arising from this analysis. The first concerns the way that agricultural technologies, 

including those designed to address land degradation issues, are developed and promoted to rural householders. Rather than 
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simply concentrating on increasing yields or reducing environmental impacts irrespective of the level of additional investment 

required by smallholder farmers, rigorous analysis of costs, benefits and risk (because rainfed environments are very variable, 

both within- and between seasons). Extension agents should also be aware that most rural households simply cannot be full-time 

farmers and that off-farm and non-farm activities play significant roles in rural livelihood systems. 

Second, at a higher level, this analysis has shown that because net returns per hectare fall within a relatively limited range, 

expansion of this range is only possible by reducing input costs and/or increasing prices. Both can result from improving the 

efficiency of markets and value chains but subsidies would also be a valid approach to consider. In addition, provision of 

irrigation infrastructure would have two effects: allowing a wider choice of crops, thus removing the agro-ecological restriction 

on net returns shown in Fig. 3; extending the number of seasons per year, thus reducing the land limitation illustrated in Figure 1. 

Finally, at a higher level still, land reform to facilitate consolidation of small farms into larger, more profitable units would result 

in reduced poverty for some rural households able to farm more intensively but would need to go hand-in-hand with wider multi-

sectoral development to provide employment opportunities for those households leaving the land.   
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Abstract: Climate change has brought more problems, particularly increases in the occurrence and the severity of drought and 

floods, which have strongly affected the food security and livelihoods of Cambodians. Some people, however, are able to cope 

with impact of climate change while other people cannot. Through in-depth interviews, key informant interviews and using 

survey tools, this study was able to analyze social vulnerability as results of  climate change in Kompong Speu province. From 

1999 and 2010, the Kompong Speu province was exposed to three main hazards: drought, flooding and windstorms. Drought was 

the most severe hazard over this period because it occurred in both the lowland and mountainous areas. Agriculture was 

considered the most sensitive sector. Women were more vulnerable than men to hazards due to high workloads, less opportunity 

for education and on average being more prone to health issues. However, women played an important and active role in 

mitigating and responding to natural hazards at the family level. Different strategies based on the location were adopted to cope 

with climate change. Bonding social capital played a very important role in the mitigation of hazard issues in the province. 

People in mountainous areas had a higher adaptive capacity than people in the lowland areas. In order to cope with the serious 

problems caused by climate change, irrigation restoration and changing rice seeds to three-month instead of six-month rice seed 

varieties were an effective copping mechanism.  

Keywords: social vulnerability, sensitivity, exposures, adaptive capacity, and social capital    

 

INTRODUCTION  

Cambodia is located in Southeast Asia, bordering the Gulf of Thailand, between Thailand, Vietnam and Laos. The central plains 

are drained by the Tonle Sap (Great Lake) and the Mekong and Bassac Rivers. Dense forests are located in the Cardamom 

Mountains in the southwest and the Dangrek Mountains in the north along the border. Its climate is tropical and is influenced by 

various factors, including its location in the Inter-Tropical Convergence Zone and tropical monsoons. There are two distinct 

seasons in Cambodia: the dry and the wet. The dry season runs from November to April and is associated with the northeast 

monsoon, which sends drier and cooler air. February is the driest month. The wet season runs from May to October, and rainfall 

during this period is largely derived from the southwest monsoon which is drawn inland from the Indian Ocean. The rainfall 

pattern in the wet season is bi-modal with peaks in June and September/October. Cambodia often experiences natural hazards 

especially flash flooding, long-term flooding, drought, lightning and windstorms. 

Between 2000 and 2010, Cambodia was repeatedly and severely hit by natural disasters, particularly floods and droughts.  These 

placed many families in a position of vulnerability, and even in danger of loss of life when natural disasters hit (MoE and UNDP 

Cambodia 2011). These disasters, especially drought, destroyed thousands of hectares of paddy rice, which caused many 

families, especially in rural areas, to suffer from hunger and poverty.  

In Cambodia, the Kompong Speu province was recognised as one of the provinces most affected by natural disasters, particularly 

flash flooding in the rainy season and drought in the dry season. These disasters have led to the province becoming one of the 

poorest provinces in the country. Natural disasters, especially flash floods and droughts, continue to occur every year in different 

areas of the county and the Royal Government of Cambodia, private donors, international aid organisations, non-government 

organisations (NGOs) and local people in the communities in affected areas are working to repair the damage caused and prevent 

the same problems from occurring again. The Royal Government of Cambodia has implemented various strategies, including the 

rectangular strategies in 2004; the National Strategic Development Plan (NSDP) 2006-2010, and the National Strategic 

Development Plan Update 2009-2013, to deal with the poverty which occurred as a result of natural disasters. Institutions such as 

the Ministry of Agriculture, Forestry and Fishery, the Ministry of Rural Development, the Ministry of Environment and the 

Ministry of Water Resources and Meteorology are strongly involved in responding to natural disasters and climate change. In 

addition, the Cambodian Red Cross is playing a very important role in helping those people who were affected by natural hazards 

through providing assistance and shelter. International donors including the United State Government, the World Bank, the Asian 

Development Bank (ADB) and the European Committee (EU) have provided both loans and grant finance to support local 

communities. There have also been efforts, especially by NGOs, to support local research institutes and local universities and to 

help some governmental institutions improve understanding of and the capacity to cope with the effects of natural disasters. For 

example, the World Bank financed a study that identified several common coping strategies used by local communities in 

Cambodia during and after disasters (CCC 2007). The study recognized that local people who were affected by natural hazards 

always had their own coping mechanisms or strategies to adapt to the consequences of natural hazards; however, these coping 

mechanisms were unable to respond entirely to the severity of natural hazards. 

mailto:secretary@rupp.edu.kh
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OBJECTIVES AND METHODOLOGY   

This study analyses the social vulnerability of local communities in terms of gender, geographic location, ethnicity and 

sociocultural factors, especially in terms of social capital, demographic and political-economic variables. The social vulnerability 

research objectives are: to identify the communities which are vulnerable to the specified hazards; to describe vulnerable 

communities and social groups; and to assess social vulnerability in terms of underlying problems and their corresponding 

solutions. 

The participatory method that was employed in the study was inclusive of all relevant sectors including farmers, local authorities, 

non-governmental organisations (NGOs), national government and international governments. All actors were involved in 

expressing their past experiences of dealing with natural hazards before, during and after they occurred. The study employed both 

quantitative and qualitative research methods.  

 

The quantitative research method included a survey which analysed general information relating to both the number and impacts 

of hazards on the livelihood of villagers. There was a particular focus on the agricultural sector. The qualitative aspect of the 

research included seven focus group discussions (four FGDs from lowland districts and three FGDs from mountainous districts). 

Sixteen key informants were selected for interviews, including provincial leaders, district/municipal leaders, commune or village 

leaders, commune’s farmer association representatives, youth representatives, women leaders, mothers, child association 

representatives, representatives from the religious sector and NGOs to express their perspectives or views in relation to 

vulnerability, adaptation, exposure and climate change. Twenty-four in-depth interviews were conducted to get a detailed 

narrative about people’s experiences in relation to flooding, drought and windstorms and eight were selected to provide more 

detailed information. 

 

KEYS FINDING  
 

 Over the last twelve years Kompong Speu province has been exposed to three main hazards: drought, flooding and 

windstorms. Drought has had the biggest impact on livelihoods over the last twelve years and occurs widely across the 

province. 

 Flood usually only affected those areas which were located nearby the StoeungPreakThnout River in the northern part of 

the catchment. ChbarMonn and SamroungThoung districts have not experienced flooding since 2005. However, overall 

flooding has caused a significant amount of damage in the study site, especially to infrastructure, agriculture, and the health 

sector. 

 Windstorms have occurred in the mountainous areas of KompongSpeu. However they have a minimal impact on livelihoods. 

 Some sectors were particularly vulnerable to hazards. These included:  the education sector, the health sector, road and 

irrigation infrastructure, and family income. The Agricultural sector however was considered as the most sensitive sector 

because of the frequency of drought (1 to 3 times per year over the last twelve years).  

 Children, people with disabilities, and the elderly were the most vulnerable group in terms of natural hazards, followed by low 

income families, families who suffer from gender violence, single parent households, and orphans. 

 In the study site, women were more vulnerable than men to hazards due to women having higher workloads, having less 

opportunity than men and on average being more prone to health issues. However, women played an important and active role 

in mitigating and responding to natural hazards at the family level 

 People used a number of strategies to deal with natural hazards. These included: constructing and renovating canals, selling 

household assets and migrating to work outside the village. 

 People are involved in many different types of work to supplement household income and respond to natural hazards. These 

include; garment factory work, house help work and construction work. 

 People in the low land areas used fast growing rice seed varieties (three month varieties as opposed to six month) as a strategy 

to deal with vulnerability. People in the mountainous areas were less willing to change their agricultural practices. In addition, 

some areas changed from planting rice to planting  taro which provided more income. 

 Some people used herbal medicine to cure their health problems in order to cope with poor conditions caused from hazards. 

 People in mountainous areas had much more adaptive capacity than people in the low land areas.  

 Mutual assistance such as help from relatives and neighbors, in the village played a very important role in mitigation.  

 

POLICY IMPLICATIONS  
 

 Strengthen and extend existing climate change information programs for increasing knowledge about climate change for rural 

people at both the lowland and mountainous areas in the Kompong Speu province is needed; 

 Involve relevant institutions in improving the ability to identify future climate hazards and warn people about them should take 

into account; 

 Renovate and construct reservoirs and canals in areas where people live far away from water sources should tack action 

immediately;   
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 Providing more veterinary services, especially during drought should take action more effectively; 

 Educate rural people in both lowland and mountainous areas about improving sanitation in relation to drinking and eating, 

especially during and after hazards occur is needed; 

 Providing training in life skills and create job opportunities in rural communities in both the lowland and mountainous areas of 

the Kompong Speu province are demanded; 

 Provide more support to vulnerable groups, including women, children, people with disabilities and elderly people, especially 

in preparing them for hazards; 

 Introduce suitable crops or plants that use less water and have a high yield to farmers in the province;  

 Establish an emergency food supply in each village and commune that can be used to support the urgent needs of hazard 

victims; and  

 Mobilize pagodas and people in the local communities to become more active in social activities, especially building and 

renovating canals, and then motivate farmers, especially in the mountainous areas, to use three-month rice seed varieties 

instead of six-month rice seed. 

CONCLUSION 

 

The general topography in the Kompong Speu province is classified into two landscapes: mountainous and lowland 

areas. This research focused on three hazards: windstorms, flooding and drought. Mountainous and lowland areas 

faced drought and flooding more than windstorms while lowland areas were exposed to more droughts than floods 

or windstorms. Flooding was generally not a major concern for farmers in the province, however flooding still 

affected upstream areas. The majority of people in Kompong Speu are rice farmers who suffer impacts on their 

livelihoods from natural hazards such as lower than normal agricultural output, the poor health of both humans and 

livestock, loss of agricultural labour, domestic violence, increasing cases of migration, increased numbers of school 

drop-outs, damaged infrastructure (especially roads and irrigation systems) and lost natural resources. The elderly, 

infants and people with disabilities were particularly vulnerable to hazards. Women were more vulnerable to men 

due to the high degree of responsibility they typically held regarding family care and food provision. Many people 

are still dependent on local relations to help them deal with hazards. Non-timber forest products and industrial 

agricultural labour work provided a means of income to people in mountainous areas. Many people in the lowlands 

had started using new rice varieties and cultivation methods, yet this occurred less in the mountainous regions. 

People in rural areas moved to both other local areas and to other countries to work as garment factory workers, 

house helpers and construction workers. People also relied on herbal medicines and traditional ceremonies to 

mitigate against hazards. 
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RESUMEN 

 

La participación social juega un papel preponderante en la búsqueda del objetivo de ordenar el uso de la tierra  en 

terrenos de la Reserva de la Biosfera Mapimi, por lo que mediante la realización de asambleas ejidales y reuniones con 

productores ganaderos se obtuvieron mapas comunitarios de recursos naturales e infraestructura, así como indicadores de 

conservación como capacidad de carga animal en base a producción de materia seca vegetal, porcentaje de cobertura vegetal, 

diversidad y densidad de flora, aves y tortugas y calidad del sitio. Se determinó la línea base de dichos indicadores, la cual sirvió 

para establecer el Sistema de Información Geográfica y un programa de restauración y monitoreo de flora, de fauna y de suelo 

con la participación activa de propietarios, usuarios y ejidatarios de las tierras a través de programas sociales financiados por el 

gobierno federal de México y ONG´s. Los resultados de estas acciones son: del año 2002 al 2012 se incrementó la cobertura 

vegetal en áreas restauradas en 23%,  aumentó la diversidad florística en 6 especies, se identificaron 17 colonias de tortuga del 

bolsón (Gopherus flavomarginatus, especie endémica y en peligro de extinción) erradicando su consumo e implementándose la 

estrategia de monitoreo y vigilancia comunitaria en los 17 sitios mencionados anteriormente; se construyeron instalaciones para 

Educación ambiental y capacitación, vigilancia y monitoreo en dos ejidos, se ordenó la actividad turística al integrarse un grupo 

de personas de un ejido a la realización del ecoturismo en zonas permitidas como actividad económica alternativa a la ganadería, 

se realizaron acuerdos de colaboración con 3 ejidos y 1 pequeña propiedad para ordenar el uso del terreno en base a capacidad de 

producción y distribución de fauna silvestre, destinándose aproximadamente 50,000 hectáreas de esos terrenos para conservación 

y monitoreo de vegetación y fauna silvestre, así como para la restauración del suelo con la participación de 200 personas 

beneficiadas directamente del ordenamiento sostenible del terreno. 

Palabras clave: Participación comunitaria, Vigilancia, manejo de terrenos, indicador de conservación, convenio de colaboración. 

 

1.INTRODUCCION 

 

La Reserva de la Biosfera Mapimí (RBMapimi) fue establecida por decreto presidencial como Zona de Protección 

Forestal en el año de 1979, en una zona dentro de la región conocida como Bolsón de Mapimí. Este decreto fue abrogado por otro 

del 27 de noviembre de 2000, que la declara como Reserva de la biosfera. Esta área protegida tiene un significado especial por 

haber sido una de las primeras reservas de la biosfera del programa internacional Man and Biosphere (MAB) de la UNESCO, 

tanto en México como en América Latina. La Reserva de la Biosfera Mapimí se estableció con el objeto de proteger y conservar 

a la tortuga del Bolsón (Gopherus flavomarginatus), importante especie endémica en peligro de extinción. El decreto publicado 

en el Diario Oficial de la Federación el 27 de noviembre del 2000 declaró área natural protegida, con el carácter de reserva de la 

biosfera, la región denominada Mapimí, ubicada en los estados de Durango (62.89%), Coahuila (22.45%) y Chihuahua (14.67%), 

con una superficie total de 342,387-99-17.225 hectáreas, dentro de la cual se ubican dos zonas núcleo con una superficie total de 

28,532-34-96.77 hectáreas y una zona de amortiguamiento con una superficie total de 313,855-64-20.455 hectáreas 

(SEMARNAT/CONANP, 2006). La vegetación de la reserva corresponde a matorrales xerófilos, micrófilos y chaparrales de 

distintas composiciones a manera de mosaicos con vegetación halófita en las partes más bajas (planicies). Su composición y 

fisonomía varía con la topografía y tipo de suelo. Hasta ahora, se tienen registradas alrededor de 403 especies de plantas, entre las 

que destacan las familias de las asteráceas, gramíneas, cactáceas y leguminosas. En la reserva se han identificado 71 familias, con 

242 géneros y 403 especies, de las cuales 31 son endémicas al Desierto Chihuahuense (García-Arévalo, 2002). Se reconocen 
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alrededor de 270 especies de vertebrados: 5 anfibios, 36 reptiles, 28 mamíferos (Aragón y Garza, 1999) y aproximadamente 200 

aves, todas ellas típicas de las regiones semiáridas del Altiplano Mexicano. El total de clases registradas en la reserva es de 4, con 

71 familias, 185 géneros y 247 especies. La RBMapimi se compone de un total de 18 comunidades y de acuerdo al INEGI 

(2010), la población dentro de la Reserva es de 405 habitantes  concentrándose 363 habitantes en  la comunidad de Laguna de 

Palomas del municipio de Jiménez, Chihuahua, cuya principal actividad es la extracción de sal de manera artesanal. La actividad 

productiva que abarca mayor superficie es la ganadería, y la actividad a la que se dedica el mayor número de personas es la 

extracción de sal. Para alcanzar los objetivos de conservación y manejo de la Biodiversidad de la Reserva de la Biosfera Mapimi 

se cuenta con el Programa de conservación y manejo que es el documento rector y de planeación del Área Protegida. Este 

documento se compone de seis subprogramas en los cuales quedan comprendidas cada una de las actividades realizadas en dicha 

Reserva y son los siguientes: Subprograma de Protección, Subprograma de Manejo, Subprograma de Restauración, Subprograma 

de conocimiento, Subprograma de cultura y Subprograma de gestión. 

 

2.OBJETIVO 

La RBMapimi tiene como objetivo general proteger y conservar el ambiente natural, con el fin de mantener el 

equilibrio y la continuidad de los procesos ecológicos y la diversidad genética de las especies, por medio de la implementación de 

programas de protección y manejo ambiental, investigación científica y monitoreo, para asegurar el uso y aprovechamiento 

sustentable de los recursos para las generaciones futuras y lograr un desarrollo económico y social para los habitantes de la 

región. 

 

3.RESULTADOS 

Mediante la gestión y administración de recursos económicos y humanos se han logrado implementar diversos proyectos en los 

cuales ha sido clave la capacitación y participación comunitaria desarrollando y fortaleciendo estos proyectos a través de varios 

años. 

 

3.1 Vigilancia y Protección. 

 
Dentro de la RBMapimi se integraron 5 comités de vigilancia comunitaria los cuales han trabajado en coordinación con 

el Programa de vigilancia del Área protegida atendiendo las amenazas de cacería furtiva y extracción de flora y fauna, además de 

llevar a cabo el monitoreo de especies como la Tortuga del Bolsón Gopherus flavomarginatus y venado bura Odocoileus 

hemionus. 

 

 
Fig. 1: Comités de Vigilancia comunitaria de la Reserva de la Biosfera Mapimi. 

 

3.2 Manejo. 

 
Una de las acciones principales que se ha llevado a cabo en lo que respecta al manejo es el ordenamiento de la 

actividad ganadera mediante el ajuste de la carga animal de los terrenos  para lo cual ha sido necesario actualizar el coeficiente de 

agostadero de cada predio mediante la estimación de la productividad de biomasa considerando además las necesidades para la 

alimentación de la fauna silvestre y para la regeneración vegetal;  llevando a cabo el registro de los parámetros productivos y 

reproductivos del ganado. Se han obtenido coeficientes de agostadero de 14 ha/UA hasta 112 ha/UA. 

 
Fig. 2: Monitoreo de vegetación para estimar productividad de biomasa en los predios de la RBMapimi y centro de atención a visitantes en el 

ejido la Flor. 
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Otra actividad importante en el manejo ha sido el ordenamiento de la actividad turística, la cual se ha consolidado a 

través de la integración de habitantes del ejido La Flor en una organización prestadora de servicios turísticos capacitada y 

autorizada para realizar dicha actividad en una área protegida, asegurándole al visitante la información y atención de calidad, así 

como el proceso educativo necesario para la generación del conocimiento y apreciación de esta importante Reserva. 

 

3.3 Restauración de Suelos. 
 

Mediante la restauración de suelos a través de la construcción de bordos semicirculares de tierra, presas filtrantes de 

piedra acomodada, bordos de piedra al contorno, microcuencas captadoras de agua de lluvia, colecta y siembra de semillas de 

pastos nativos, se ha incrementado la cobertura vegetal en los sitios en un 23% y la diversidad florística en 6 especies. Las obras 

son realizadas por los ejidatarios y propietarios financiados por programas de subsidios federales como el Programa para el 

desarrollo sostenible (PROCODES), Programa de empleo temporal (PET), y recursos provenientes de ONG´S como 

PRONATURA NORESTE A.C.  

 

Fig. 3: Construcción de microcuencas captadoras de agua de lluvia con siembra de pastos nativos y evaluación de resultados. 

 
Fig. 4: Construcción de  bordos semicirculares de tierra y evaluación de resultados.   

 

3.4 Conocimiento. 
 

Como parte del subprograma de conocimiento se ha diseñado una estrategia de monitoreo que tienen la finalidad de 

generar información de especies indicadoras de la conservación del ecosistema, así como del manejo que realizan los usuarios 

directos de los recursos naturales. En este sentido se realiza la ubicación y monitoreo de densidad de tortuga del bolsón Gopherus 

flavomarginatus, monitoreo de densidad de venado bura Odocoilues hemionus, monitoreo de diversidad y abundancia de aves, 

monitoreo de diversidad y cobertura  vegetal, monitoreo de indicadores de impacto en sitios de campamento y monitoreo de 

diversidad y cobertura vegetal en obras de restauración. El monitoreo de tortuga, venado, vegetación y sitios de campamento se 

lleva a cabo con el apoyo de brigadas comunitarias de monitoreo, organizaciones civiles, personas voluntarias y personal del área 

protegida, mientras que los trabajos de monitoreo de aves y obras de restauración los realiza personal de la RBMapimi. Se han 

registrado 1288 madrigueras activas de tortuga y 392 individuos, con densidades de madrigueras activas de esta especie en un 

rango de 1.60 a 0 madrigueras /ha, la densidad de población estimada más alta ha sido de 1.43 individuos/ha y la más baja de 

0.14 individuos/ha. En lo que respecta a la densidad de venado el valor estimado es de 0.005 venados/ha que equivale a 1 venado 

por cada 200 hectáreas. En el monitoreo de aves se detectaron 74 especies de las 200 reportadas en el programa de manejo, 

siendo las más abundantes el Gorrión de garganta negra (Amphispiza bilineata) con una abundancia relativa de 13.23%, la 

paloma huilota (Zenaida macroura) con 8.15%, El Aura (Catartes aura) con 8.00%, El Cuervo (Corvus Corax) con 7.40%, la 

Perlita (Polioptila melanura) con 4.48%. Los datos obtenidos de los sitios de campamento indican un manejo adecuado de estos 

por los prestadores de servicios turísticos. 

 

 
Fig. 5: Monitoreo de flora, fauna, vegetación, sitios de campamento y obras de restauración. 



 

4 

 

 

3.5 Cultura. 

 
Dentro de las actividades que se llevan a cabo como parte del subprograma de cultura se encuentra la integración de 

grupos de promotoras ambientales las cuales se encargan de difundir a los habitantes de sus comunidades diversos temas 

referentes al cuidado de los recursos naturales del Área Protegida por medio del Programa de educación para la conservación de 

la Tortuga del Bolsón y del Programa para la conservación del pastizal, así como en temas referentes al manejo de residuos 

sólidos. Además se lleva a cabo una constante capacitación a maestros y alumnos de escuelas de la RBMapimi y su área de 

influencia por medio de talleres y campamentos en la Reserva de la Biosfera. En estas acciones han participado aproximadamente 

46 maestros y 583 alumnos. Asimismo, se diseñan y distribuyen boletines trimestrales en el área y su zona de influencia para la 

difución de las acciones realizadas en el ANP; además de realizar visitas bimensuales a las radiodifusoras locales.  

 

 

 

 

 

 

 

 
Fig. 6: Talleres de capacitación a maestros y promotores ambientales sobre los programas de conservación de la RBMapimi. 

 

3.6 Gestión. 

 
La gestión ha permitido contar con diversos mecanismos de apoyo para la operación, manejo y conservación de la Reserva, 

contando a la fecha con recursos provenientes del GEF a través del Fondo Mexicano para la Conservación de la Naturaleza 

mediante Proyectos Integrales Estratégicos y del Fondo de Áreas Naturales Protegidas. Incorporación de 5,000 hectáreas a 

conservación de la biodiversidad con recursos del Proarbol de la Comisión Nacional Forestal. Acuerdos de colaboración para el 

ordenamiento de la actividad ganadera y el manejo y conservación de 50,000 hectáreas de pastizales, contando con apoyos 

gestionados por Pronatura Noreste, A.C. para la restauración de dichas áreas.  Otro aspecto importante a resaltar en la gestión es 

la integración del Consejo Asesor de la Reserva, espacio donde están representados los habitantes y usuarios del área protegida y 

en el cual se realiza la evaluación del Programa de Manejo del ANP (Área Natural Protegida), la Planeación Estratégica y Marco 

Lógico, así como la integración y dictamen del Programa Operativo Anual y de los proyectos del PROCODES.    

 

4.RECOMENDACIONES 

 
El contar con una fuente de financiamiento constante para proyectos de largo plazo encaminados a la conservación de los 

recursos naturales diseñados mediante una planeación orientada a resultados permite consolidar la concientización e interés de los 

ejidatarios y propietarios ya que por un lado obtienen beneficios económicos de los trabajos que se desarrollan a través de los 

proyectos integrando a sus jornadas de trabajo actividades de restauración, vigilancia y monitoreo, y por otra parte se dan cuenta 

de la recuperación de la flora y fauna en las áreas excluidas al uso ganadero y con trabajos de restauración.  

 

5.CONCLUSIONES 

 
Para realizar un ordenamiento efectivo del terreno mediante la ejecución de proyectos que permitan conservar los recursos 

naturales dentro de un área protegida se debe tomar en cuenta en primer lugar la percepción e interés de los ejidatarios y 

propietarios sobre problemática y el valor de las especies de flora y fauna que habitan en sus predios mediante un diagnóstico 

participativo. De esta manera será posible alinear estrategias globales a la solución de necesidades y problemas locales. Además 

resulta de vital importancia el acompañamiento y capacitación que se de a grupos de ejidatarios, propietarios, promotores 

ambientales por parte de personal técnico calificado en aspectos relacionados con la conservación del medio ambiente.  
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ABSTRACT: Economic assessment of land use change in drylands depends on understanding potential productivity, degradation 
resistance and resilience, all of which vary widely and are often ignored. Rapidly increasing demand, together with new 
technologies, migration and global capital mobility are driving dramatic land use changes. Management practices that are 
productive and sustainable on one type of land may, when applied to adjacent lands, result in irreversible degradation due to 
differences in soil, topography and climate. Conversely, lessons learned on land separated by thousands of kilometers are often 
relevant, provided that similar conditions exist. New technologies, including cloud-computing, digital soil mapping, GPS-enabled 
camera phones, and mobile ‘apps’ now provide the opportunity to gather, integrate and share new knowledge and information 
about  land potential, while global databases make existing knowledge more accessible and easier to match to relevant conditions. 
A new “Land-Potential Knowledge System” (LandPKS) will integrate existing natural resource databases with targeted field data 
collection of knowledge and information using new cell phone-based tools.  An understanding of land potential can be used to 
determine where: (1) land is not meeting its productive potential (for all ecosystem services), (2) unrealistic expectations are 
driving unsustainable development investments, and (3) proposed intensification is likely to lead to irreversible degradation.  
Decision tools will support land use planning and targeted interventions by governments, development and conservation 
organizations and farmers. Knowledge of land potential can dramatically increase the return on investment by focusing resources 
on sustainable land uses and management strategies. 

Keywords: Soil, Decision support system, Sustainable land management, Mobile phones, Mobile apps, 



1. INTRODUCTION 

Global demand for agricultural production of food, fiber and fuel is increasing rapidly in response to growth in both population 
and per-capita consumption.  In addition to reducing consumption there are two options to address this burgeoning demand: 
increasing agricultural land area, and intensifying production on existing agricultural lands. A recent analysis suggests that even 
with intensification, 285 – 792 Mha of current grasslands, shrublands, savanna and forest will be converted to agricultural 
production and urban expansion (Lambin and Meyfroidt, 2011). Economic assessments of land use options are limited by a lack 
of understanding of how potential production, land degradation resistance and resilience vary at field to global scales. The 
estimate that in 1999 38% of soils under agriculture (not including permanent pasture and woodlands) were degraded is based on 
expert knowledge, backed by essentially anecdotal (at the global scale) on-site assessments and analyses (Scherr, 1999). 
Estimates of how these numbers may have changed over the past 13 years, how much of this land could be restored, at what cost, 
and to what level of production, are even less reliable due to a lack of information on potential production, natural resilience, and 
response to management inputs. In this paper, we argue that both sustainable intensification of currently degraded and 
undegraded agricultural lands, and sustainably maximizing the benefits of agricultural conversion of additional land, depend on 
understanding land potential. 

1.1 What is land potential? 
Land potential is defined here as the potential of the land to support the production of ecosystem services, its resistance to 
degradation and its resilience. The first component, potential production, commonly refers to agricultural production or, more 
broadly, net primary production. However, the concept can be expanded to include other ecosystem services including the 
provision of water quality and quantity and biodiversity conservation.  Land potential also includes the potential of the land to 
sustain productivity following disturbance. This depends on a combination of degradation resistance and resilience, or its 
capacity to recover (Seybold et al. 1999). In the ecological literature, the term resilience is often used to refer to both degradation 
resistance and capacity to recover, including both the extent and rate of recovery.  

1.2 Implications for GIS-based global assessments and land use planning 
Uncertainty about land potential limits the value of global assessments because an assessment requires a reliable reference point. 
More importantly, decisions about how to target and optimize the impact of the limited resources available for sustainably 
increasing production and choosing which lands should be converted to agriculture are often made with little regard for the basic 
physical factors that ultimately determine both short- and long-term returns on these investments. Where this information is 
available, it is generally provided in the form of maps, which group often diverse soils into map units. Land use planners, private 
investors and international development organizations then either average the properties of the soils across the map unit, or 
represent the entire map unit with the properties of the dominant soil, which can cover far less than 50% of the map unit. In areas 
with broadly similar soils, such as landscapes with deep loess deposits and old lakebeds, this approach is appropriate because the 
scale of landscape heterogeneity is more similar to the scale represented by map units. 

In much of the world, however, soil forming processes have resulted in fine scale mosaics of soils, each with unique potential 
productivity degradation resistance and resilience. For example, many alluvial plains are covered by a complex soil mosaic 
produced by deposition of different types of materials in old river and stream channels. Coarse sand can alternate with loams or 
even clay at a scale of tens of meters. These differences, which can change plant-available water holding capacity by a factor of 
two or more, are often obscured by a spatially homogenous surface layer deposited by wind or floodwaters after the channels 
moved to another part of the landscape. Similar differences can result from alluvial deposition of coarse sand across the margin 
of an old lakebed (Figure 1).  

Soil texture differences largely determine plant-available water holding capacity; these differences are important because they 
determine how long plants can survive between large precipitation events. Surface texture differences also determine the 
potential infiltration capacity of the soil, which can impact ecosystem services related to not only production, but also water 
quality and quantity. Finally, texture, together with soil organic matter content and clay mineralogy, determines soil nutrient 
retention capacity. Other factors, such as soil mineralogy, slope, slope shape and aspect, also affect potential productivity as well 
as resilience. 

A recent scoping study completed in Turkana Kenya (Losinyen, 2012), together with additional informal producer interviews in 
Laikipia and Samburu, Kenya, and in northern Namibia, all indicated that while there is a great deal of local knowledge about 
general patterns of land potential, this knowledge is often limited where long-term overgrazing has resulted in shifts to less 
productive or palatable vegetation, obscuring soil potential. These studies and interviews, together with the success of mobile 
apps such as mPesa, also indicate a high social capacity to adopt new technologies based on mobile phones.  

2. NEW TECHNOLOGIES: AN OPPORTUNITY 
New technologies, including cloud computing, digital soil mapping, GPS-enabled camera phones and mobile ‘apps’ now provide 
the opportunity to gather, integrate and share new knowledge and information about  land potential, degradation resistance and 



resilience, while global databases make existing knowledge more accessible and easier to match to relevant conditions (Herrick 
and Sarukhan, 2007). GPS-enabled camera phones or ‘smartphones’ allow individuals to capture and transmit geolocated 
photographs of soil, land use, and erosion features. The Global Soil Map consortium was established in response to the soaring 
demand for up-to-date and relevant soil information (Sanchez et al. 2009). The consortium consists of leading soil science 
institutions from around the world, committed to the task of producing digital soil maps that will predict important soil properties 
at a fine resolution using state-of-the-art and emerging technologies for soil mapping. This raster based soil information allows 
for completely new ways of acquiring, disseminating and using soil information.  Apps can be used to record additional 
information about a site using drop-down menus, text-input, and picture-matching. Slope and color can also be determined with 
many phones, and the USDA (ARS-Jornada and NRCS-Lincoln), with collaborative support from ICRAF (Shepherd and Walsh, 
2007), is currently developing an app that will increase the quality of color determinations using an integrated calibration system. 
Cloud computing allows completion of relatively sophisticated analyses requiring access to large databases, while innovative 
analysis approaches allow different types of data of with currently unspecified error rates to be integrated (Hubbard,  2010). 

Together, these tools allow local knowledge to be crowd-sourced and for different sources of knowledge and information to be 
cross-referenced. They enable users to make well informed site-specific interpretations about land potential which can then be 
shared virtually instantaneously. They also allow individuals with similar types of land and similar land management to find each 
other and share knowledge and information directly. The LandPKS will go beyond previous efforts to integrate local and 
scientific information (Barrios et al. 2006; Herrick et al. 2010) by allowing the site-specific conclusions to be constantly updated 
based on input from other locations with similar soil and climate characteristics.  In other words, the database and program will 
develop in an iterative process, with benefits increasing with use.  

3. A LAND-POTENTIAL KNOWLEDGE SYSTEM 
A new “Land-Potential Knowledge System” (LandPKS; Figure 2) currently under development will integrate existing natural 
resource databases with targeted field data collection of knowledge and information using new cell phone-based tools. Multiple 
sources of knowledge and information will be accessed based on site-specific characteristics (Herrick and Sarukhan, 2007). Users 
will measure soil depth (up to 1m), provide a simple description of surface and subsurface texture, land cover and use, and 
observations of runoff and soil erosion. A geo-tagged photograph of the excavated soil together with an internal calibration 
reference will be used to determine soil color, while an oblique photograph will be used to confirm the land cover and use 
descriptions. These photographs and documentation will also serve as benchmarks for monitoring. Users will have the 
opportunity to provide additional information through a tiered, iterative series of questions based on both their initial inputs and 
additional information, such as slope, aspect, and simulated soil erosion, which can be accessed using the GPS location.  

Together with additional information on local crops and management system, this information will be used to provide a set of 
site-specific management options, with an indication of potential production degradation resistance and resilience with and 
without additional inputs. Potential production metrics need not be limited to agricultural or biomass production, but could also 
include metrics such as water quality, water quantity, soil carbon, erosion reduction, and biodiversity.   

 

Fig. 1: Difference in land potential can easily be misinterpreted as differences in land condition (Mojave Desert, USA). For 
example, the lack of the palatable shrub Atriplex canescens  (four-wing saltbush) near the water point in the background was 
initially interpreted to be the result of livestock grazing, as the same shrub was found growing 500m from the water point where  
the surface soil appeared to be virtually identical and where grazing was presumably less intense. Examination of the soil profile, 
however, revealed that the saltbush presence was correlated with a deep, fine-textured soil layer that holds more water than does 
deep sand. 



With the exception of the local knowledge provided by user inputs, the system will be open-source, and will rely on existing 
knowledge and information databases, including those that have been and are being developed by the Global Soil Map program 
(globalsoilmap.net), African Soil Information System (africasoils.net), European Environment Agency (especially Eye on Earth- 
eyeonearth.org), and several CGIAR research centers (cgiar.org), as well as a number of sustainable land management knowledge 
systems including, but by no means limited to, WOCAT (wocat.net). LandPKS is being designed to be easily linked with related 
systems currently available and under development, including those providing market information and crop-specific fertilizer and 
pest-control recommendations.  

The LandPKS will be developed in phases. The first phase will rely on simple decision support protocols based on basic user 
soil/site descriptions and existing land evaluation systems, including the Land Capability Classification system (LCC; Klingebiel 
and Montgomery, 1961), and the FAO’s more comprehensive Agroecological Zoning system (AEZ; FAO, 2007). Phase II will 
begin to integrate user-provided knowledge and information about land response to different management systems into analyses 
and interpretations for land with similar biophysical potential. It is anticipated that socioeconomic factors will be integrated in 
Phase III. 

 

Fig. 2: Land-Potential Knowledge System (LandPKS; www.landpotential.org  adapted from Herrick et al. 2013).  

4. POLICY ORIENTED RECOMMENDATIONS 

Decision tools and digital soil survey information will support land use planning and targeted interventions by governments, 
development and conservation organizations and farmers. Knowledge of land potential can dramatically increase the return on 
investment by focusing resources on sustainable land uses and management strategies. 

5. CONCLUSIONS 
An understanding of land potential can be used to determine where: (1) land is not meeting its productive potential (for all 
ecosystem services), (2) unrealistic expectations are driving unsustainable development investments, and (3) proposed 
intensification is likely to lead to irreversible degradation. The Land Potential Knowledge System (LandPKS) currently under 
development will allow farmers, development organizations, extension workers and national governments to share, access and 
apply the best available knowledge and information at field, regional, and national scales.   
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ABSTRACT: A study with the objective of assessing rangeland degradation using indigenous 
and scientific knowledge basis was undertaken in the Aba’ala district, North Eastern Ethiopia. 
Community perceptions were studied using group discussions and semi-structured questionnaire 
where 90 households were considered. Data on vegetation, soil and land use/land cover changes 
were gathered to represent some of the approaches within the scientific knowledge. In addition, 
data on woody vegetation density and chemical properties were gathered from three villages at 
three different distances from settlement (near, middle and far). The changes in land use were 
studied using land sat and spot image of 1986 and 2006. All of the respondents indicated that the 
rangeland was degraded and the main causes were drought, population pressure and 
deforestation. There was a significant difference (P<0.05) in woody vegetation density among 
the near, middle and far sample units from settlement. The results of GIS analysis showed that 
there was an increase in the size of the cultivated land, bare-land and settlement while there was 
a decrease in bush-land, grassland, and shrub over the last two decades. The amount of available 
organic matter, phosphorous, potassium, and nitrogen contents of the soil in all of the study areas 
were low. Therefore, necessary interventions like effective soil and water conservation, 
enclosure of highly degraded areas, introduction of drought tolerant trees and grasses will be 
effective and for future development interventions by incorporating both the community 
perceptions and scientific knowledge as deemed necessary.  

Keywords: Land degradation, indigenous knowledge, vegetation, soil, GIS 

1. INTRODUCTION 

Land degradation is a worldwide phenomenon substantially affecting productivity in over 80 
countries on all continents, except Antarctica. It is estimated that 0.3 to 0.5 % (5-7 million 
hectares) of total world arable land is lost annually due to land degradation (Anantha, 1996). In 
Africa, the annual loss of rangeland productivity is estimated at $7 billion, more than the gross 
domestic product of Ethiopia. In Asia, livestock losses from rangeland degradation total over $8 
billion. Together, Africa and Asia account for two thirds of the global loss (Lester, 2002). Land 
degradation in Africa is more severe than in other regions of the world largely because most 
African people are dependent directly on natural resources for their livelihoods (Imbamba, 
2003). With two-thirds of arable land expected to be lost in Africa by 2025, land degradation 
currently leads to the loss of an average of more than 3 % of agriculture GDP in the Sub-Saharan 



Africa region annually. In Ethiopia alone, GDP loss from reduced agricultural productivity is 
estimated at $130 million per year (World Bank, 2004). The World Summit on Sustainable 
Development (WSSD) in September 2002 reaffirmed land degradation as one of the major global 
environment and sustainable development challenges of the 21st Century. Addressing land 
degradation would, therefore, contribute significantly to the Millennium Development Goals of 
reducing by half the proportion of people in poverty by 2015 and ensuring environmental 
sustainability where Ethiopia is not an exception (GEF, 2003). 

The Afar region is one of the three major pastoral regions in Ethiopia located in north eastern 
part of the country. The region is predominantly pastoral where 90% of the population depends 
on subsistence livestock production on rain-fed natural pasture (Mitiku et al., 2004; Joanne et al., 
2005). Despite the large size of livestock population, the economic contribution has not been 
significant due to natural and man-made constraints of which land degradation is very crucial 
(Gemedo et al., 2006). Accordingly, the issue of investigating rangeland degradation using the 
indigenous and scientific knowledge basis needs a top priority in the Afar region which is not 
well addressed. To this effect, the center of attention should be directed towards identifying 
potentials ways that may help the conservation and rehabilitation of the degraded rangeland and 
improve the livelihood of the community. 

2. MATERIALS AND METHODS 

2.1. Description of the study area  

The study was conducted in zone 2 of the Afar region, Aba’la district, in the north eastern 
Ethiopia with a total area of about 2,050 km2. The Aba'ala district is climatically categorized as 
semi-arid area and the annual precipitation is low with evapo-transpiration exceeding 
precipitation during most parts of the dry months of the year. The rainfall pattern is bimodal with 
the main rainy season (Karma) falling in the months of mid-June to mid-September, while the 
short rains usually comes in March and April. The area may miss the short rains or long rains or 
sometimes both. In the study area, the vegetation cover consists of bush land dominated by 
Acacia nubica and Acacia nilotica with many associated trees and shrubs. The herbaceous cover 
is mainly dominated by, Aloe and Euphorbia species.  The soils are generally sandy and carry silt 
and the texture is fairly coarse. Gully, rill and sheet erosions occur in the study area (Mitiku, 
2004). The study district has an estimated total human population of 34,514 (CSA, 2007) and the 
livestock population is estimated to be 33,938 cattle; 34,144 sheep; 149,450 goats; 22,069 
camels and 7,125 donkeys (CSA, 2007). The common crops that are grown in the area are maize, 
sorghum, barley and teff. The majority of the land is rocky and the annual precipitation is low 
(150-500 mm/annum) which makes crop cultivation unsuitable 

2.2. Study procedures 

The indigenous knowledge of the communities about rangeland degradation and its 
managements were studied through group discussions, visual observations and semi-structured 
questionnaire interview.  Five pastoral associations (2 pastoralists and 3 agro-pastoralists) were 
selected based on farming system. An informal survey was conveyed before the commencement 
of the actual work. A well- structured questionnaire was then prepared to collect adequate and 
pertinent information about rangeland degradation and the associated intervention mechanisms. 



The questionnaire was pre-tested and the necessary adjustments undertaken. Finally, a simple 
random sampling technique was employed to select the sample respondents from each pastoral 
association. Representative villages were considered to assess the impact of settlement on woody 
vegetation density by sampling vegetation from near, middle and far sites of the villages. Three 
transect radiating out from the periphery of each settlement was located using GPS channel 12 
reader. The soil samples were collected from each sampling point at a depth of 15 cm by 
auguring. Samples taken from the same distances in different directions were mixed properly, air 
dried and passed through a 2mm sieve. The samples were analyzed for chemical properties. The 
changes in land use were studied using land sat and spot image of 1986 and 2006. The collected 
household data were analyzed using SPSS and the woody vegetation density was subjected to 
ANOVA. Land use/land cover changes of the two different periods of data were analyzed with 
Erdas Imagine 9.1 and ArcGIS 9.2 software.  

3. RESULTS AND DISCUSSION 

All the respondents agreed that the condition of the rangelands have declined dramatically over 
time and there was degradation in the rangeland resources. Some very important and nutritious 
grasses also have disappeared and others are in threat of extinction and replaced by Aloe, 
Euphorbia, and Tarchonanthus camphorates species which are the most unwanted and 
unpalatable plant for livestock and this finding is in line with the finding of Diress (1999). In the 
area, there was no herbaceous vegetation at all during the study period because of the shortage of 
rainfall. The entire respondents indicated that the condition of rangelands at present was poor 
and some of the range resources are depleted or degraded that is; 43.5%, 39.5%, 9.5% and 7.5% 
of the respondents reported that herbaceous, woody vegetation, wild life and soil are the most 
important range resources that are depleted or degraded, respectively. The respondents and the 
elders revealed that decreased grass cover, decreased abundance of trees, increased bare ground, 
declining livestock herd size, poor livestock condition, decreased milk production and increased 
gully to be the main indicators of rangeland degradation in a decreasing order of importance. 
Unwanted species like Aloe species and a decline in the availability of fuel wood were 
considered as an indicator of degradation by the community.  As compared to the past 10-20 
years, the communities travel long distances and increased time is spent for collecting fuel wood 
and cost of fuel wood is dramatically increasing. Indicators for fuel wood depletion also included 
the use of trees not traditionally used for fuel wood. Hundred percent of the source of energy of 
the respondents in the study area was fuel wood that is obtained from the rangeland so the 
absence of alternative energy source forced the settlers (pastoralist and agro-pastoralist) to cut 
and use woody plants for construction materials, farm tools, firewood and charcoal making as a 
source of income for the household.  
 

The density of woody vegetation was variable and showed a significant difference (P< 0.05) 
among the different distances from settlement in the three villages. There was a clear trend of 
increasing density with increasing distance from settlement and this might be attributed with the 
high traffic of human and animal movement in near distances from settlement, i.e., the influence 
of human and livestock disturbance is high in sample sites near to settlement. The results of the 
soil chemical analysis showed that the content of total nitrogen in the majority of the study sites 
was medium (0.181-0.216%) and some of the sites was low (0.074-0.148%). According to 
Hazelton and Murphy (2007), soils having total nitrogen content of 0.15-0.25 and 0.1-0.15% are 



categorized as medium and low, respectively. Similarly, the percent of organic carbon less than 4 
is categorized as low contentment of organic carbon in the soil, so the organic carbon content of 
the study area is very low (0.25-1.82%) which is deficient for plant growth. The low organic 
matter in the site indicates the absence of litter decomposition in the area. Besides, the amount of 
available phosphorus and potassium was low in all of the sites. According to London (1991), the 
available P concentration of the surface soil having less than 5 (mg/kg) is rated as low and also 
according to Hazelton and Murphy (2007), soils having K content between 0.1-0.3(mol/kg) rated 
as low, so the study areas have deficiency in these nutrients (P= 0.95-4.97 mg/kg; K= 0.087-
0.158 mol/kg). Phosphorus was severely limiting to plant growth in all the soils tested. Medium" 
or "low" levels of P may limit crop growth and quality (Hazelton and Murphy, 2007). The results 
of GIS analysis showed that there was an increase in the size of the cultivated land, bare-land and 
settlement while there was a decrease in bush-land, grassland, and shrub over the last two 
decades (Table 1). 

Table . Land use and land cover change (ha) from 1986 to 2006 in Aba’ala district of Afar, 
Ethiopia  

Land use/cover type Area (ha) Change 
in(ha) 

Change 
in (%) 

Direction 

1986 % 2006 %  

Cultivated land 2153.6 29.64 4113.96 56.94 1960.36 27.29 Increased 

Bush land + Grass land 3338.19 45.95 1127.38 15.60 -2210.81 -30.35 Decreased 

Bare land + Settlement 825.98 11.37 1368.65 18.94 542.67 7.57 Increased 

Shrub land + Wood land 946.92 13.03 615.67 8.52 -331.25 -4.51 Decreased 

Total 7264.68 100 7225.65 100 -39.03   

 

4. POLICY ORIENTED RECOMMENDATIONS 

The communities and the relevant stakeholders should give due attention for rehabilitation of 
degraded rangelands through different techniques (like effective soil and water conservation, 
enclosure of highly degraded areas, introduction of drought tolerant trees and grasses and etc) 
 
Community empowerment (through training and provision of materials beyond the reach of the 
communities) is crucial to effective range management 
 
The use of community based natural resource management with due attention to the role of 
women  
 
Reduction of deforestation and negative impacts of the community on the vegetation through 
participatory approach and providing alternative sources of energy and construction materials 
that can be affordable to the communities  



 
It is important to monitor rangeland degradation using continuous years of socio-economic, 
vegetation, soil, aerial photographs and satellite images and develop control and prevention 
methods   
  
Proper implementation of the population policy (family planning) and educate and empower the 
communities in family planning 

5. CONCLUSIONS 

The combined results of the indigenous knowledge of the communities and that of the scientific 
approach clearly revealed that the rangelands of the study area are degraded. Thus, for a better 
understanding of the degradation processes thereby develop interventions mechanisms, 
incorporating both the indigenous knowledge of the communities and scientific knowledge as 
deemed necessary is very crucial. 
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Abstract:  The paper describes the current state, cost and impact of land degradation and results of mainstreaming sustainable 

land management (SLM) approach and practices in the framework of Central Asian Countries Initiative for Land 

Management (CACILM) Program. The objective of CACILM Program in Uzbekistan is to combat desertification and land 

degradation by strengthening and promoting SLM approach and practice between all the interested parties. Knowledge of 

spatial and temporal assessment of desertification, land degradation and drought (DLDD) is gathered through application of 

the FAO LADA approach and mapping tools. The findings highlights that technical interventions need to be accompanied by 

institutional changes and SLM policy frameworks that recognize needs and benefits of rehabilitation and mitigation of 

DLDD impacts.  

 

Keywords: land degradation, cost and impacts of DLDD, economics, FAO LADA, sustainable land management, mitigation 

measures  

 

1. INTRODUCTION 

 
Republic Uzbekistan is a double land-locked country, centrally situated in the heart of Central Asia within the Aral Sea basin. 

Almost 80% of the country area is comprised of deserts and semi-deserts, including the Kyzyl Kum, the largest desert of Central 

Asia (Figure 1). According to the UNEP aridity indexes, most of Uzbekistan territory, except for the foothills and mountains, 

is classified as a drought zone and is therefore very susceptible to land degradation and desertification. About 63 % of 29 

million population of Uzbekistan lives in rural area, which directly or indirectly depends on irrigated agriculture. The level of 

poverty in the country accounted for 27.5% in 2001, including 30.5% in rural and 22.5% in urban areas. In 2009 the very 

indicator has declined to 19.5%. There is a broad agreement [ADB, 2009] that among the Asia and Pacific Region countries, 

Uzbekistan is one of the most vulnerable to climate change due to high sensitivity of its arid arable lands, high density of 

population and growing concern about food security [1,2,9].  

 

1.1. Recent Activities 

 
Central Asian Countries Initiative for Land Management (CACILM) is a multi-country and multi-partner long-term program 

in the spirit of UN CCD aimed at restoring, maintaining and enhancing productive functions of land in five countries of 

Central Asia. CACILM Partnership Program addresses to two target tasks: stabilization / improvement of ecosystems 

integrity, and improvement of vital rural living standards in the country. National Programming Framework (NPF) on 

Sustainable Land Management (SLM) forms its strategic basis in each participating country. The NPF’s overall goal and 

outcomes has been pursued through specific technical assistance and  investment projects grouped into seven program areas, 

namely: (i) capacity building, including (a) strengthening the enabling environment and (b) integration into land-use planning 

and management; (ii) sustainable agriculture, both in (a) rain-fed areas and (b) irrigated areas; (iii) sustainable forest and 

woodland management; (iv) sustainable pastureland management; (v) targeted research; (vi) integrated resource 

management; and (vii) mitigation of the negative consequences of the Aral Sea crisis. CACILM is implemented at national 

and multi-country levels [3,4]. 

 

Our assessment is based on comprehensive analysis of extent, cost and impact of land degradation and results of SLM 

activities at national and multi-country levels. The compilation of land degradation information has been supported by the 

adaptation of FAO LADA approach [6].  MODIS Vegetation Indices Dataset (MOD13Q1, 250m) and LANDSAT TM has 

been the primary data source for interpreting historical and seasonal changes of NDVI and establishing the baseline 

information on land degradation, hotspot and bright spots analysis and impact on rural livelihoods in Uzbekistan [5]. 

Economic and finance analyses were undertaken based on the farm level data, and review of analytical reports and 

publications. 
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2. THE EXTENT AND IMPACTS OF DLDD 

 
The total land area of the country is 44.4 million hectares, 21.6 million ha of which is low-yielding rangelands concentrated 

in desert and semi-desert areas; more than 4.3 million ha are irrigated lands. About 8 million ha of Uzbekistan’s territory is 

currently forested, including over 84% of sandy forests, 14% mountain forests, and only 2% of the area are valley forests. All 

these categories of land resources form are the backbone of the mainly agricultural economy. National Land Use System map 

that was prepared in accordance with FAO LADA guideline [ 6 ], consists of 25 classes of land use, each of them is divided 

into 3-4 sub-classes depending on biophysical characteristics of ecosystem, land use  and social economic characteristics 

(Figure 1).  

 

 
Figure 1. Land Use System Map of Uzbekistan 

 

The new jointly prepared with FAO Land Use System Map of Uzbekistan (in scale 1:1mln, dated 2009) has been used 

for the evaluation and mapping of land degradation and monitoring of SLM at country level [5,6,7]. 

 

2.1. The extent and intensity of land degradation  
 

The most serious ecological problems threatening the country’s natural resources are: i) incremental soil and water 

salinization, ii) soil erosion, iii) increasing levels of overgrazing and deforestation and iv) loss of biodiversity. It is estimated 

that more than 52% of the arable lands and 73% of grasslands are presently undergoing degradation. In terms of forestry, 

Uzbekistan has lost about 85% of its historical forest cover during last 100 years. Productive ability of irrigated soil, 

estimated on land fertility rate, has decreased on the average from 3 points to 7-10 points, which cause decrease in 

productivity of crops, and in crop production per capita. About 20,000 hectares of formerly irrigable land are being 

abandoned each year. The abandonment of the lands directly results from: (i) deteriorating of the irrigation system, (ii) high 

degree of soil salinity and (iii) shortage of water for irrigation and leaching purposes. Comparison of land degradation and 

socio-economic indices is summarized in Table 1. 

 

Table 1. The extent and severity of land degradation and socio-economic indices in Uzbekistan by regions 

Veloyat 
(region) 

The irrigated area affected by degradation Overgra
zing, % 

Socio-economic indices 

Water 

erosion 

Salt-affected 

irrigated soils  

 

Water 

logging 

Rural 

population 

Rural Income per 

capita, USD 

Poverty 

level, 2005, % 

Andijan 14,2 4,5 133,3  1710 380 23.1 

Namanghan 54,52 9,6 77,5 12 1352 330 33.4 

Ferghana 16,5 47,4 167,0  2111 295 15.8 

Syrdarya 0,7 98,1 129,2  473 622 32.6 

Djizzak 44,6 82,4 13,5 22,6 750 561 29.6 

Tashkent 138,6 3,0 71,1  1523 652 20.4 

Surkhandarya 37,4 34,8 3,3 23,9 1587 356 34.6 

Kashkadarya 159,7 47,5 18,2 12,7 1865 347 41.0 

Bukhara - 88,8 81,3 38,1 1095 496 20.8 

Samarkand 121,7 2,6 33,2 14,7 2214 507 23.9 

Navoiy 3,2 92,7 48,8 43,6 498 596 26.3 

Khorezm - 98,8 240,9  1156 423 31.0 

Karakalpakstan 9, 4 79,4 341,5 43,4 814 347 44.0 

 
The highest NDVI values have observed during crop seasons on agricultural lands, settlements and wetlands. The lowest 

NDVI values occurred on Grasslands and Shrubs. Sharp decrease of NDVI values observed in all lands use classes due to 

extremely cold winter in 2008 (Figure 2).  

 

Natural vulnerability of desert pasture ecosystem is strengthened by local community actions who excessively exploit 

grazing lands in the attempt to increase their income. The image interpretation revealed that around settlements and wells in 

the Kyzyl Kum desert there is intensive vegetation cover destruction with variation of NDVI values from 1100-1200 and up 

to 800. The area of semi fixed sands near by the settlements with saxsaul sparse vegetation was reduced by 1.5-2.0 times. 

Native desert vegetation undergoes strong changes as a result of overgrazing in a radius  up to 2-3 and even to 5 km and it is 

overgrazed completely in radius of 500 meters around  the wells [5,8]. 

 



 

Figure 2. Seasonal Change of NDVI (MODIS, 2008)  

 

a) MODIS-May, 2008    b) MODIS-August, 2008 

 

     
Source: GEF/ADB SLM-IS Project. Uzbekistan, 2009 

Land degradation challenges are common countrywide, but the most affected areas are concentrated in the mean and lower 

reaches of Amudarya (Bukhara, Navoiy, Kashkadarya, Khorezm and Karakalpakstan), and Syrdarya River Basin (Syrdarya, 

Djizak and Ferghana Valley).These regions were identified as ecological risk areas where natural and anthropogenic factors 

overlap and reinforce each other.  

 

3. COST AND IMPACT OF DLDD 

 

3.1. Loss of  Productivity 
 

The depletion and degradation of land and water resources cause irreversible damage to productive functions of natural 

ecosystems and lead to great losses of productivity of agricultural crops. Analysis shows that losses of cotton yield due to 

impact of soil salinization vary from 0.4-0.9 t/ha up to 1.05 t/ha in Kashkadarya and Surkhandarya regions. The average 

yield of wheat on the saline lands in Syrdarya and Djizak regions does not exceed 1.2-1.5 t/ha [5 ].  

 

The decrease in productivity of agricultural lands and reduction of cultivation areas has a direct impact to rural living 

standards and labor due to land degradation, especially of people living in desert and semi-desert regions. There are sites of 

environmental insecurity practically in all regions. Moreover, the highest saline areas and loss of production of winter wheat 

are in Khorezm and the Republic of Karakalpakstan (Figure 3). 

 

 

Figure 3. Estimated loss of wheat production due to impact of soil salinization (2007) 

 

3.2.  Cost and Impact of Land Degradation  

According to the World Bank estimates, annual losses of agricultural productivity are estimated at US$31 million, and 

economic costs from the loss of agricultural lands due to high salinity are estimated at US$12 million, a further US$61 

million should be added to that sum to pay for the operation and maintenance of the existing drainage system and to cover 

the cost of annual leaching of salt. Approximately US$ 144 million per year are lost to Uzbekistan as a direct result of the 

Aral crisis or that is approximately US5.7 dollars per capita and 1.8% of GNP of Uzbekistan [3,9]. 

 

It was estimated that annual economic losses of cotton and wheat production due to abandonment and high salinity of 

irrigated lands were US$58 million, including  US$15.2 million observed in Kashkadarya, and about US$32.2 million 

concentrated in Karakalpakstan, Bukhara, Navoiy, Syrdarya and Djizak regions. The remaining 19% of losses of 

productivity took place in other regions of the country. Many private land users, dehkhans and farmers were compelled to 

use salt affected and degraded land, which aggravates the situation and increases their vulnerability to these conditions. 
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The current tendencies of climate changes and strengthening of the dangerous phenomena, such as drought, render a serious 

damage to efficiency of crops (cotton, wheat, cereal crops, vegetable and others), and threaten food and ecological security.  

For example losses of a yield of grain crops within a severe drought of 2000-2001 have estimated 14-17 %, for other crops - 

from 45-52 % up to 75 % (downstream areas) [5].  

 

Water shortage and financial difficulties force land and water users, farmers and households to apply their own strategies 

through using polluted recurrent and underground water, and also set aside pastures. These actions represent serious threat 

for sensitive arid ecosystems. Loss of bio-diversity reduces stability of ecosystems and threatens operation of system that is a 

basis of economic activity and humans’ welfare there.  

 

 

3.3. Responses to DLDD 
 

There is clear understanding at the Government level of the necessity and high priorities to reforms in water and agricultural 

sectors to improve rural livelihoods and wellbeing of population. The special importance represents recently accepted 

Decisions of the Government aimed at overcoming impact of land degradation, stimulation of sustainable land management, 

and mitigating the consequences of droughts and other challenges. Governmental «Welfare Improvement Strategy of the 

Population» (ADB, 2007) has defined the essential importance of re-structuring of irrigated agriculture for maintenance of 

high efficiency of agricultural production. According to the World Bank Irrigation and Drainage Strategy of 2000, total 

investment costs are approximately US$ 23 billion, including US$12 billion to be recovered by potential water users. This 

implies two-stage implementation of measures (“Consolidation and Emergency Actions” and “Reconstruction and 

Modernization”). Each stage is the combination of investments, institutional reformations and strategic reforms [1,3,9].  

 

The experience and lessons learned in the framework of CACILM and other SLM related projects with support from the 

international community ensure the favorable possibilities to transfer SLM best practices to local, national and global levels 

The most successful SLM approaches and best practices in Uzbekistan have been selected, documented and integrated into 

global WOCAT (World Overview of Conservation Approaches and Technologies) network, including: 4 technologies 

(Pasture rotation in desert areas, Agro forestry reclamation of degraded lands, Pistachio plantations and Use of mineralized 

artesian water) and 2 approaches (Community based forestry and FAO Farmer Field School) [8, www.wocat.net].  

 
4. POLICY ORIENTED RECOMMENDATIONS 

 
The results presented in this paper highlights that (i) incorporate assets and outputs  of  CACILM  Partnership Program  into 

national action plans and sectoral programs are essential for promoting reliable monitoring and assessment of land 

degradation and mainstreaming SLM approach; (ii) technical interventions need to be accompanied by institutional change 

and strengthening inter-sector coordination, improvement of knowledge and experiences  for mitigation of  DLDD impacts, 

and (iii) needs for resources mobilization to overcome environmental degradation and improve livelihoods and wellbeing of 

population.  

 

5. CONCLUSION 

Land degradation and desertification is major environmental challenges that threaten natural resources and increase 

instability of agricultural production and rural livelihoods. The results presented in this paper demonstrate a close link 

between rural livelihoods and land degradation, as well as considerably contribute to assessment of cost and impact of 

DLDD and integration of SLM practices into national planning, management and decision making.  
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ABSTRACT: Subdivision of ranches and subsequent change in land-use in the rangelands has been on the increase. A study 

was carried out to analyze the impact of these subdivisions and the shift in land-use from commercial ranches to smallholder 

agro-pastoral production systems on the vegetation and soil. Vegetation and soil attributes in none-subdivided cooperative 

ranches and subdivided ranches under smallholder agro-pastoral farms (SMFs) were sampled. Analysis for vegetation attributes 

and soil chemical properties was done using standard methods.  Ranching had higher percent ground cover (53.7±1.63) than the 

SMFs (29.49±1.22). Percent ground cover and biomass production for perennial grasses and litter was significantly higher in the 

ranches while the SMFs had higher (p<0.05) frequency and biomass production for annuals grasses. The SMFs recorded lower 

levels of nitrogen, phosphorus, magnesium, manganese and sodium than the ranches while soil organic carbon significantly 

reduced with increasing period of subdivision and settlement. These findings suggest that the SMFs were more degraded than the 

ranches partly due to continuous cultivation and overgrazing. Subdivision of ranches and change in land-use to smallholder agro-

pastoral production systems in the area should be done in tandem with adoption of technologies that will allow sustainable 

exploitation of land-based resources. Therefore, there is need to determine land use thresholds that will not affect land 

productivity while meeting household requirements of the agro-pastoral system. Also, there is need for development and 

application of appropriate technologies that would contribute to reversing degradation trends and increase land productivity in the 

agro-pastoral systems. 

Keywords: Agro-pastoral systems, land-use change, land subdivision, rangelands 

1. INTRODUCTION 

Communal ownership of land was the main type of land tenure in Kenya’s rangelands until the early 1960’s when a law was 

enacted to allow privatization in form of individual or group ownership. This was expected to stimulate pastoralists to invest in 

land thus improving livestock production. As a result, different types of ranches were establishment in the Arid and Semi Arid 

rangelands of the country through the Kenya Livestock Development project (KLDP) (Herlocker, 1999). However, perceived 

failures of the project to achieve its objectives coupled with poor management of the ranches gave rise to land subdivision to 

individually owned plots and subsequent land use changes (Kimani and Pickard, 1998; Herlocker, 1999). Individualization has 

led to more sales of the land especially in areas with agricultural potential as well as those located near towns resulting in new 

land-use systems, particularly smallholder agro-pastoral practices. 

Land-use change especially to continuous cultivation has been noted to diminish soil quality resulting in land degradation (Olson 

et al. 2000; Ntiati, 2002; Tukahirwa, 2003), which can be very expensive to reverse. It has also been found to contribute 

negatively to the biodiversity, especially with indigenous plant species (Pomeroy et al. 2003; Verburg et al. 2006). Woody 

species composition, cover and density have been found to change with change in distance from settlements and cultivated fields 

(Diress et al., 1999; 2000). Malopola (2006) observed increased woody density in agro-pastoral areas compared to pastoral and 

grazing reserve areas, with a shift from herbaceous to woody plant species. Further, land size has been found to have a negative 

relationship to relative importance of certain tree and shrub species characteristics (Marcello et al. 1999).  

Additionally, subdivision and individualization of group ranches have been noted to result in loss of wildlife habitats and 

increased wildlife conflicts through livestock predation and crop depredation (Esikuri, 1998; Kimani & Pickard, 1998). To reduce 

the conflicts, fencing method is used which restricts wildlife movements into national wildlife reserves from wildlife dispersal 

areas resulting in isolation of populations and reduced genetic variability. A total of 50% of wildlife was lost between 1970s and 

1990s from 17 rangeland districts of Kenya (Reid et al. 2004).   

This study therefore aimed at assessing the impact of subdivision and land-use change from large-scale commercial livestock 

ranching to smallholder agro-pastoral production systems in the Athi Kapiti plains of Machakos-Makueni districts of Kenya on 

the ecological resource base in the area. 

2. MATERIALS AND METHODS 

2.1 Study site 



The study was carried out in 2 selected ranches (Konza and Kima ranches) and 3 smallholder agro-pastoral farms (SMFs) that are 

located South East (SE) of Nairobi on the Athi Kapiti plains in Machakos and Makueni Districts. The SMFs were subdivided 

from Konza, Kima and Kiu ranches, subdivided over 10 and 5 years ago, respectively. The two districts lie in the SE of Kenya 

with the area around the ranches receiving a bimodal distribution of rainfall with an annual mean of 510mm, giving rise to two 

growing seasons. The long rains’ growing season starts in March - April and the short rains growing season in September - 

October. The typical vegetation of the area consists of Themeda traindra, a tufted perennial grass species that is liked by grazers 

and Themeda – balanites or Themeda – Acacia wooded grassland.  

2.2 Data collection 

Vegetation and soil data were collected from the ranches and SMFs at every 300m along 5km line transects. Sampling for 

vegetation cover, biomass yield, species composition and frequency and tree density was done once each during the wet and dry 

seasons using Point-centered Quarter (PCQ) and 0.5m x 0.5m quadrat methods. Ground cover was obtained through estimation of 

the percent ground covered by either litter or vegetation within a quadrat.  Biomass yield was determined through clipping of 

forbs, annual and perennial grasses at 5cm above the ground and oven drying the plant material at 60oc for 48hours. Litter was 

also collected and weighed. Tree density was determined in the grazing areas only. Soil samples were taken from 0-15cm 

(topsoil) and 15-30cm (subsoil) at every 1km within the same quadrat used for vegetation sampling and analysed for organic 

carbon, nitrogen, phosphorus and exchangeable bases (Calcium, Magnesium, Manganese, sodium and potassium).  

2.3 Data analysis 

Descriptive statistics were used to compare herbaceous plant species frequency, biomass production, and percent ground cover 

between land-use systems. Shannon-Wiener Index (H) was used to determine plant species diversity which was then compared 

between the land use systems using One way analysis of variance (ANOVA). Data for soil attributes were analysed using 

ANOVA and means separated using tukey’s-b in the Statistical Package of Social Scientists (SPSS) analysis tools version 10. 

3. RESULTS 

3.1 Vegetation results 

Herbaceous vegetation of the study area consisted of a mixture of species dominated by grasses. The ranches had higher species 

richness of the herbaceous plants than SMFs’ grazing areas during the dry season. Some of the commonly found annual plant 

species included Setaria verticilata, Aristida Kenyensis, Bracharia reptans, Eragrostis cilanensis, and seedlings of Cyperus and 

Aristida spp.  The ranches also recorded significantly (p<0.05) lower mean number of annual plant species (1.17±0.17) than in 

both grazing (3.83±0.79) and cultivated (5.5±0.72) areas in SMFs. Over 93% of total recorded annual plant species was from the 

SMFs. The SMFs had higher biomass production of annual grasses as compared to ranches at 0.74 ± 0.330 and 0.11 ± 0.111, 

respectively.  On the contrary, ranching areas had significantly (p<0.05) higher total biomass production of forbs, perennial 

grasses and litter than the SMFs across seasons. Ranching areas had significantly higher percent ground cover (53.7±1.63) than 

the SMFs (29.49±1.22). Similar results were recorded for the dry season. 

With interaction of season and land-use, the ranches had significantly higher forb biomass production. Kima ranch produced the 

highest mean biomass for forbs (6.98g) during the dry season while Kima SMF produced the highest (4.75g) during the wet 

season. The high forb production in SMFs during the wet seasons could be attributed to the cultivated areas that are left 

unweeded during the wet seasons. The effect of the length of period post subdivision was evident in SMFs’ biomass production. 

Kima and Konza SMFs, subdivided more than 10 years ago, had significantly lower yield in perennial biomass production (7.32 

± 1.45 and 7.32 ± 1.139, respectively) than Kiu SMF (30.73  ± 4.9) that was recently subdivided (<10 yrs). 

3.2 Soil analysis 

The ranches had significantly (p<0.05) higher mean total nitrogen, phosphorus, magnesium, manganese and sodium (Table 1).  

Table 1  Soil chemical attributes (%) per land-use per (n=40) 

Site Nitrogen Org. carbon Phosphorus Potassium Magnesium Manganese Sodium Calcium 

Ranching 0.13 ± 0.010a 0.86 ± 0.047a 53.58 ± 6.792 a 0.68 ± 0.053 a 3.82 ± 0.244 a 1.22 ± 0.086 a 1.02 ± 0.050 a 4.39 ± 0.344 a 

SMF 0.09 ± 0.006b 0.84 ± 0.062a 33.48 ± 6.626 b 0.86 ± 0.070 a 3.06 ± 0.125 b 0.83 ± 0.060 b 0.19 ± 0.010 b 4.07 ± 0.173a 

Per soil attribute column means with different letter superscript are significantly different at p<0.05 

 

The ranching areas were also higher (p<0.05) in nitrogen levels in the 0-15cm soil depth with 0.15 ± 0.017 against 0.10 ± 0.008 

for SMFs. In contrast, the SMFs were higher (p<0.05) in potassium levels at 0-15cm soil depth with 0.99 ± 0.104 against 0.70 ± 



0.069 for ranches. There were no significant differences in the mean total organic carbon, potassium and calcium levels between 

the land-uses. However, significant differences were recorded within the land uses in organic carbon where Kima SMF was 

significantly lower (p<0.05) than the other sites (Figure 1).  Kima SMF also had the lowest (p<0.05) mean total nitrogen levels 

(Table 2) while Kiu SMF had the highest significant mean total organic carbon and potassium levels between sites.  

 

Fig. 1. Mean organic carbon (%) per site by soil depth; R=ranch and SMF = Smallholder farm  

Table 2: Nitrogen levels (%) per site per soil depth 

Site 0 – 15cm 15 – 30cm Total 

Sample size 10 10 20 

Kima R 0.12 ± 0.016b 0.095±0.008a 0.11 ± 0.009a 

Konza R 0.18 ± 0.029ab 0.11±0.0137a 0.11 ± 0.018a 

Kima SMF 0.07 ± 0.007ab 0.059±0.012b 0.07 ± 0.007b 

Kiu SMF 0.13 ± 0.007a 0.102±0.007a 0.12 ± 0.006a 

4. DISCUSSION 

The results from the vegetation studies suggest that the SMFs were more vulnerable to erosion hazards than the ranching sites. 

This is due to the significantly high percentage of bare ground, high frequency of annual grass and ephemeral species that 

provide transient cover leaving the land bare most of the times of the year. The SMFs also had very low ground cover, which has 

been used previously in assessment of range condition with percent bare ground being used as an indicator of land denudation or 

degradation (Herlocker, 1999). In addition, low litter production has been associated with land degradation (Abril and Bucher, 

1999). Similar results in surface litter production were recorded by Zou et al. (2007) which showed a decline in production with 

increase in degradation trends. As would be expected, most of the plants found in cultivated areas were either weeds or food 

crops planted by farmers. Majority of these plants are annuals and thus leave the area bare in certain times of the year. This is 

more pronounced in the ASALs where crop failure is frequent due to unreliable rainfall. In such situations, benefits related to 

plant cover such as provision of shading effect to the soils that result in reduced evaporation and increased moisture conservation 

will then be lost. Also, some of the grass species found in SMFs, such as Aristida kenyensis and Setaria verticilata are indicators 

of disturbed lands and poor soils (Hatch et al., 1984), which suggests poor ecological productivity in the soils. 

The significantly higher mean percent nitrogen levels for the ranches could be associated with high surface litter in the sites. 

Conversely, the significantly low nitrogen levels in the SMFs as compared to the ranches could be attributed to crop production 

which leads to mining of soil nutrients through annual crop output and use of crop residues as livestock feeds. In particular, Kima 

SMF had significantly lower total mean nitrogen levels that could be attributed to the observed continued cultivation of the site 

for over 10 years and low surface litter production and low percent ground cover due to overgrazing and attendant land 

degradation. Abril and Bucher (1999) observed that increased grazing intensity decreases nitrogen levels in the soil. A direct link 

on reduction in nitrogen levels due to land-use change have been recorded by Emadi et al. (2008), while Abril and Bucher (1999) 

identified an indirect link through low vegetation cover resulting from overgrazing. Emadi et al. (2008) found that conversion of 

natural forests and pastures to cultivation results in significant losses in total nitrogen, increases bulk density and soil erodability.  

The mean organic carbon levels for the two land-uses were not significantly different partly because of significantly high levels 

recorded in Kiu SMF that raised the mean total levels for the SMFs. Trends in the organic carbon levels indicated significantly 

lower levels with longer period of use after subdivision. Furthermore, overgrazing has been associated with increased organic 

carbon fluctuations (Abril and Bucher, 1999) and low surface litter common in degraded sites (Abril et al. 2005). Other observed 

contributors to low soil organic carbon include burning and cultivation (Gachimbi, 2002; Muthiani, 2004). 



5. POLICY ORIENTED RECOMMENDATIONS 

Amidst the rampant subdivision of land in the Kenyan rangelands, there is need for the recommendation of the minimum land 

size based on Agro-ecological zones and land use. However, appropriate technologies should be promoted for adoption in case of 

any subdivisions.   

6. CONCLUSION 

The ranches had higher percent ground cover, biomass production for perennial grass species, forbs and litter while the SMFs had 

higher biomass yield for annual grass species. Also, the SMFs had low mineral profiles across depths than the ranches and there 

were significant declining trends in organic carbon levels with increased period of settlement. This suggests that the SMFs are 

degrading and likely to lose their ecological integrity in the long run if the existing management strategies are not adjusted. The 

general decline in important soil chemical properties is a manifestation of the impact of land-use change on the soil resource that 

is associated with removal/reduction in natural vegetation. Therefore factors that promote reduction of the natural vegetation in 

the study area could lead to reduced land productivity. In this case, land fragmentation and attendant continuous cultivation and 

overgrazing. 
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ABSTRACT: The aim of this research is to gain insight and explore the relationship of forest benefits and their distribution 

mechanism among users by evaluating existing institutional arrangements in the community forestry (CF). Although, the 

community forestry in Nepal has been regarded as a Sustainable Forest Management (SFM) approach, it has been facing 

many challenges in benefit sharing and resource allocation process among forest dependent users and stakeholders. The 

forest entitlement approach has been used for in-depth understanding of the entitlement of users. An in-depth explorative 

approach of case studies had been used as a research strategy. Two community forests were purposively selected in 

Makawanpur District in the central Nepal. A trend over seventeen years' of timber distribution among users shows more or 

less a similar trend among rich, mid-wealthier, and poor category users. In this case, the marginalisation of poor and 

minorities users may not be benefited in forthcoming period too. Moreover, the livelihood resources from the forests have 

not impacted on livelihood improvement of the poor and minorities. The challenge remains how to share the benefit on the 

basis of equity among users without antagonising the community sections with sustainable forest management principles. 

This research recommends studying gaps among different stakeholders in understanding of the differentiated role of forests 

products in livelihood of poor and well being user and developing new distribution mechanism and access of all levels of 

users in all created sub-entitlement.    

 
Keywords: Benefit sharing, Community Forestry, Poverty, Entitlement 

 
1. COMMUNITY FORESTRY IN NEPAL  

 
The idea of community participation in forestry was initially to increase the direct benefit derived from forests. Furthermore, 

Gilmour and Fisher (1991) pointed out after failure of industrial model of development, the concept of the community 

forestry through people participation was conceptualized by Food and Agriculture Organization (FAO) to utilize the forest 

resources, to rehabilitate the degraded and denuded land. Meanwhile, the concept was legitimized by the adoption of 

“Forestry for People”, keeping the theme for the Eighth World Forestry Congress in Jakarta in 1978, and further refined the 

concept (Arnold, 2001; Gilmour and Fisher,1991; Wiersum, 2004) simultaneously and FAO initiated the community forestry 

programme in 1978 in Nepal. It was focused on seedling production for tree plantation in denuded hilly landscape as a 

common forestland management practice (Acharya, 2006). Accordingly, it elapsed various phases and now community users 

(having traditional use rights) are involved directly with usufruct right after getting an entitlement from the government 

(MFSC, 1989; DOF, 2006; Koirala, 2007; Hobley, 2009).   

 

The real community forestry application started after enacting the Forest Act of 1993 and the Regulation of 1995. The act 

been more successfully implemented on the community forestry sections than other sections. Further, the implementation 

support is continuity through revised CF Guidelines in 2009 at the field level (Poffenberger, 2000, DoF, 2009). Broadly, the 

community forestry is now the main thrust in Nepal's forestry sector policy, and it is aimed at providing environmental, 

social, and economic benefits to the Community Forest User Groups (CFUGs) (Joshi and Pokharel, 1998). Further, Kanel 

and Kandel (2003) also write 'community forestry policy is recognized as one of the most progressive policies in the world'.  

Hence, regarding to the policy framework, it has been evolved to a well-accepted strategy since 1970s (MFSC, 1989; 

HMGN, 1993; MFSC, 2000, Acharya, 2007). 

 

The key stakeholder in this programme is Forest User Group (FUG), which manages the both human and natural resources 

being an independent and an authentic corporate institution (HMGN, 1993) for forest resource mobilization with usufruct 

right (Karki and Tiwari, 1998). It is a model of common property management co-managed by government and local users 

(Acharya, 2006; Wiersum, 2004).  A total of 1.66 million hectares of national forest have been handed over in community 

forests, and 2.2 million households (HH) (more than 40 percent of the total population) have been participated as 

membership (DOF, 2012). The experiences have been much more challenging to benefit pro-poor and disadvantaged people  

(Kumar, 2002; Kanel, 2004, Wiersum, 2009, Hobley, 2009, Kanel, 2009). The tasks can be specified into benefit sharing 

arrangements among stakeholders, access of passive and disadvantaged users in decision making process, transparent and 

equity in community fund allocation (Kanel and Kandel, 2003; Kanel, 2004; Chhetri and Nurse, 1992; Kumar, 2002; 

Pokharel, 2006). The issue of direct benefit to local poor is a crucial discussion matter since the inception phase to till. The 

distribution of benefits based on equity is not being addressed by the community forestry (Adhikari et al., 2004) also Graner 

(1997) had argued not supported policies to the poor community.    

 

To summarise, although there are many constructive implications of the community forestry, with having about 1.66 million 

ha forest land (DoF, 2012). The past decades of implementation has not been addressing on effective poverty alleviation and 

equity in benefit sharing and decision making. The major issues are exclusion of poor, minority and disadvantaged users 

from decision making process. Several reports indicate that the past three decades have also not been able to tackle and to 

address the equity issues of benefit sharing mechanism effectively.  
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2. RESEARCH METHODS AND RESPONDENT SELECTION  
 

A case study approach was adopted to acquire information and analysis (Yin, 1984). The research units of this research were 

two community forestry organizations and individual members.  Both CFs were selected purposively in Makawanpur 

District in the central Nepal. The Rani has not been selling the products outside their user boundary and other one is selling 

outside for commercial use. An area of 151.87 and 358.4 ha forest land of Rani and Simpani have been an endowment for 

entitlement to the group from the government. Natural hardwood forest type is common characteristic of both community 

forests. Shorea robusta is commonly found and 90 per cent terrains are of hilly nature. A stratified random sampling was 

carried out for respondents' perception among rich, mid-wealthier and poor household strata (more than 102 respondents) 

and management suggestions including observation and informal discussions.  

 

3. FOREST ENTITLEMENT AND ITS BENEFIT FLOW SYSTEM  

 
The land of CF with a registered certificate from the District Forest Officer has been an endowment. A plan is developed for 

the management of the forest resources and land. Similarly, a constitution also is responsible for the institutional 

arrangements. According to the entitlement theory, CFUG institutionalizes access to decision making process and forest 

products. The interests and social composition in the community has been creating a sort of congruence in the demand and 

supply position of forest products (Leach et al., 1999). The stakeholders for the entitlements are individual users and various 

groups at local level. Both stakeholders obtain household and community level benefits. The forest products for household 

purposes such as timber, poles, firewood, grasses, medicinal plants, fruits contribute livelihood. The timber products to 

outside selling including other sources create a community fund for the social development and the income generation. 

Household economy and subsistence lifestyle depends on the supply of these needs. In brief, the heterogeneity of rural 

communities needs different kind of products for their various requirements. This study has focused household benefits that 

were closely related with users' involvement in the community forestry. Therefore, further discussions on the following 

sections may explore an insight and realities of the situation.   

 
4. BENEFIT SHARING IN COMMUNITY FORESTRY     

 
The rural people subsist for their daily life on forest products fuel wood, timber for house construction, fodder and grass for 

livestock and medicinal plants for traditional treatment. Although greenery has been improved, the livelihoods of the forest 

dependent communities, particularly the poor and disadvantaged, have not improved as expected (Pokharel, 2006; Brown et 

al., 2002; Ostrom, 1999, Agrawal and Gibson, 1999). It seems increasingly likely that the majority of FUGs are not utilizing 

the forest to their 'full potential in terms of income generation' (Kanel and Kandel, 2003). The elite members of FUG 

typically capture leadership positions on major decision level positions (Iversen et al., 2006). Similarly the first phase of the 

community forestry had also loose aspects in access to the resources by poor people (Mahanty, et al., 2006; Allison, et al., 

2004). Also, in the second phase after protection, there are less addressed aspects of access to the benefits distribution for 

poor people (Pokharel, 2006). Further, Chhetri (2006) also see difficulties on distribution of benefits among users. How the 

mechanism processes benefit sharing in the operation, and what the users perceive the benefit distribution of forest services 

and products? These two questions are the major thematic analytical core parts of this study. 

 

4.1. Community benefits 

 
Community forestry is contributing to users through mobilizing a big amount of community fund collected themselves. It is 

also reflected in the operational plan and the constitution. Furthermore, social development or community development is a 

prominent priority activities and projects in the community forests. The forest regulation also encourages the community 

development for users' welfare by using the balance fund after investing the forest management. For the community 

development, CFs have generated fund through various sources. Among them major sources were timber and fuel wood 

selling to own users and timber merchants outside the CF boundary. More explanation is described to explore the results of 

the investments of the collected fund. Perceived benefits by users to various executed developments are taken a study part.  

In addition, twelve years record of Rani and eleven years record of Simpani have provided a scenario of allocation of 
community fund, which is discussed in the following sections. Therefore, this chapter discusses on the community benefits 

by both ways qualitative and quantitative interpretation. The following subheadings are presented into sources of fund and 

their allocation. The perception of key informants and respondents is also included in the section.    

 
Community fund and its mobilization is a key part of the community forestry. User group has operated an accounting system 

and a certain regulation to mobilize the fund. As prescription in the operational plan and the constitution, they obtain an 

approval of yearly plan of budget and programme in advance by an assembly meeting. Both CFs have committed in their 

operational plan to invest at least 25 percent of the collected fund into the forest management activities. In the same way, 

FUG has been expending more money into social development from the balance fund. Meantime, the DFO has circulated a 

letter of memorandum for the investment giving high priority in pro-poor activities and women development in second 

priority after the forest management.  

 
For this, the study focused to obtain the information in two methods: first through interview as well as informal discussion 

with respondents and key informants, and second by collecting secondary sources of information such as account records of 

past years. Interviews and informal discussions were held to get perception on allocation of the fund in various activities. 



  

Now, the secondary data have been used to see a trend and custom of the fund mobilization. Therefore, this section is sub-

divided into the following sub headings to describe in more detail. A summary of categorized expenditures items can be 

shown in Table 1.   

 
Both CFs have allocated a very little amount in poverty related activities. Rani invested less than four percent and about four 

percent in Simpani. Elder people felicitation, cash grant assistance were the main headings of the allocation. Therefore, the 

allocation was not, in fact, for the poverty alleviation.  

 

Table 1: Summary table of community fund allocation (17 years transaction record in NRs 1$=88 NRs)  

 
Payment from community 

fund 

Rani  CFUG Allocation 

percentage (%) 

Simpani CFUG Allocation percentage (%) 

Amount NRs. Amount NRs. 

Administrative costs 589626 13.39 1915880 28.84 

Infrastructure and social 

development 

344404 7.82 1508044 22.70 

Forest Development 3031981 68.88 2431988 36.60 

Poverty and social security 165440 3.76 268611 4.04 

Revenue deposit 0 0.00 317449 4.78 

Others 270572 6.15 202127 3.04 

Total 4402023 100.00 6644099 100.00 

 

In conclusion, the summary table below also gives a comparative scenario between two community forests for the 

community fund allocation. In one hand, Simpani the commercial motive CF has allocated and expended more fund in 

infrastructural development than Rani, and in the other hand, it has expended less amount in the forest development than 

Rani.  

 
4.2 Household benefit 

 

The tables below show that richer and mid-wealthier users have benefited from timber product. In Rani, most timbers have 

been consumed by mid-wealthier users. In comparison, majority richer and mid-wealthier households have consumed the 

timber product. In total, more beneficiaries in the percentages are in Rani than Simpani. Average quantity of timber ratio 

difference is bigger in Simpani between richer and poor (5:1) while it is about 2.5:1 in Rani.  

 

Table 2:  Major household benefits in Rani CF  
 

Major material benefits  

Wealth Category of users Remarks 

Rich Mid-wealthier Poor 

Rani Simpani Rani Simpani  Rani  Simpani    

Timber BHH  
268(196%) 70 

(39%) 
799(207%) 38(23%) 152(84%) 8(18%) Percentage of total household 

702 (137, 385 and 180 Rich, 

Mid-wealthier and poor HH) 

Average cubic feet/HH  
30.01 26.87 31.12 14.19 12.96 5.34 Based on Total households 

389 (180,165 and 44)  

Fuel wood purchased BHH 
41(30%) 13 146(38%) 5 72(40%) 0 During distribution time by 

CF 

Fuel wood /Fodder/Grass/ 

Leaf litter collection from 

the forest area  

Free Free Free Free Free Free Mostly by mid-wealthier and 
poor users 

 
BHH=Beneficiaries households, HH=Households. 

Note: The figure in parentheses is the percentage of users to the total households in the CF.  The data was from 1992/93 to 2009/10 of Rani 

and from 2001/02 to 2005/06 of Simpani.  

 

Regarding the timber distribution, although it seems not discriminatory provision for equal access, in comparison to 

households, lower caste and minorities have not been benefited from existing distribution pattern.  

 

 Non commercial CF (Rani) has been distributing the timber and fuel wood to own users. Therefore, it should have been 

more numbers in beneficiaries, whereas it seems Simpani is paying more attention for commercial selling and pertaining 

procedures. On the other hand, Rani has many members more than 700 with compare to the forest area. However, it has 

distributed considerable quantity of timber and firewood to their users.  Although it has fixed high price rate, consuming 

trend has not been declining. Therefore, this result concerns the motivational factors are related to serve users' demand. It 

can be concluded that the CF being commercial motive is not presenting their willingness to serve local demands of users. 

This kind of issues should be discussed with CF authorities and facilitators such as the District Forest Office (DFO) staffs, 

Non-governmental Organizations (NGOs) and supportive organisations.        

 

Similarly, the Figure 1 shows a trend of the timber distribution among rich, mid-wealthier and poor is stable over 18 years 

period in Rani and the same result can be observed in Simpani too. Although it has been improved in latter phase in Rani to 



  

the poorest users, it is not being a significant change. Almost two decades of the community forestry has not made a 

favourable situation for the poorest farmers. 

 

 
 

Figure 1: A trend of timber used by users over 18 years period in Rani CF 

 

4.3 Comparison of benefits in two community forests  
 

In both CFs, it was clearly observed that no clearly mentioned the provision of the forests products' distribution such as 

fodder, fuel wood and animal bedding for   poor and less wealthy users. Forest inventory plan was more focused in timber 

harvesting and processing in both CFs. The provision clearly states that richer are being more benefited.  A comparison of 

benefits in both community forests was done as follows in Table 3.    

 
Table  3: Comparison of the benefits and its arrangements between two community forests  

 
S.N. Description Community forests 

Rani Simpani 

1 Institutional arrangement and household benefits (material)  

a  Timber distribution system to community users 

General arrangements Equal, 30 to 50 cft/HH Equal/150 cft/HH 

Rate of timber NRs. 220 to 220/cft   NRs. 20 to 35/cft, for remote village NRs. 

20/cft 

b. Fire wood from the forests  Free collection Free collection 

c.  Fodder, grass, litter, and leaf Free collection Free collection 

d. Water (no provision in both CFs) Free (no provision prescribed )  Free/ Even neighbour users  also use freely 

e  Commercial selling of timber and 

fuel wood 

No/ huge income from own users Yes/huge income source mostly from sale to 

external people 

2. Environmental benefits Awareness more -do- 

3.  Access to community benefits through decision process  

a. Users‟ Involvement  through 

assembly 

Attendee  of assembly approve the plan -do- 

b. Users‟ Involvement through 
Executive Committee ( EC)  

Usually EC members/occasionally sub-
groups invited  

Often EC members/BDC invites other 
members too in the annual plan preparation  

4. Allocation of the fund 

a. Income generating activities Goat farming/ budget allocation to women 

sub-group 

Not noticeable activities in community 

b.  Infrastructural development and 

community development 

Office building, school support, drinking 

water (7.82% of the fund) 

Office building, irrigation, road, school support 

depositing money (22.87 % of the fund) 

c. Forest development  

Core forestry activities Nursery for Asparagus plant, Asparagus 
plantation, and trainings (7%)   

Asparagus plantation and trainings (8 %)  

Bio-gas grant  78 users got NRs. 500 to 1000/ HH 54 users got NRs. 1000/HH 

Timber harvesting and 

transportation cost 

25.79 % of total budget (73 % of forest 

development) 

26.84 % of total budget (73% of forest 

development) 

d. Scholarship to school students 54 students  No 

 

Although there are differences between two communities, the general trend regarding the distribution of benefits within a 

village is relatively similar. Although the institutional arrangements do in principle enable equal participation and benefit 

sharing among different wealth classes, in general the poor ranked users are getting less benefit compared to medium and 

rich users. The timber distribution trend is stable throughout the last period. Similarly, very little community fund is 

allocated to pro-poor activities. Most of the activities are supporting to increasing life quality of medium and richer users.  
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4. 4 Perception of user toward fund allocation  
 

A key question has been raised that how poor or passive users could be involved actively thoroughly in the community 

forestry process. The interview with respondent and key informants also revealed that few users were only eager towards the 

community forestry. Majority users were unaware about the fund management; moreover, not only by poor group user, but 

richer and mid-wealthier were also not aware about the fund. Without access in information no one can make their comment 

towards the community forestry activities. However, both CFs claimed more transparency system adapted and always open 

for anyone to know about the fund. At the same time, users often do not visit the office, and ask for detail information. It 

would seem an interface issue for further discussion between users and the EC on transparency and empowerment.  

 
5.  DISCUSSIONS AND CONCLUSIONS       
 

With regard to the fund expenditure, the trend of expenditure of community fund in the past years is more or less similar in 

both CFs. Thus, it may be concluded that the support will not be easily diverted towards unprivileged groups. Accordingly,              

the trend of timber distribution among rich, medium and poor in the past years shows nearly the same and stable in both CFs. 

Since 20 years it has not been improved to serve the poorest users. Well being users have more access to their own land for 

firewood, but poor almost depend on the forest sources. Similarly, Chepang community (primitive ethnic group forest 

dependent people based on wild food from the forest land) in Simpani have not been receiving any support to improve the 

production and conservation of wild food still used as livelihood resources during hardship period. Meantime, the most 

important environmental benefit is water but has been either ignored or treated as natural gift in both CFs. If it is valued, 

regular income source will be identified, and it impacts raising awareness to the environmental protection.  

 

The present practice of the forest management seems to be a move from multipurpose forestry to timber management forests. 

Major products such as timber and firewood have been focused on for detail arrangements in the operational plan. As a 

result, the forest is changing from multipurpose forestry to a single product focus. However, it is said that a sustainable 

management is being practised in Nepalese community forestry.  Consequently, it has not met the demand to poor and 

subsistence farmers who needs more multiple use forestry products such as fodder, grass, and firewood twigs.  

 

In general, the specific product focused management regime of the community forests has not been supporting the poor and 

disadvantaged groups in the community. At the same time, if the focus continuously remains on timber, then biodiversity 

may decreases slowly and disadvantaged groups will get more marginalised. At the same time, very little fund has been 

invested in the real forest management. This investment is moving to the advantage of wealthier users. As a result, on the 

other hand, the users are experiencing scarcity of fuel wood twigs, grasses, and fodder in the forests. This is a great issue for 

further phase in community forestry.          

 

In conclusion, the rules and regulation have not discriminated the users regarding their access to the forest resources. In 

decision process the minority and poor users have rarely been participated. Not only it is possible by FUG, but there should 

also be support from the government through policy implications. To conclude, there are still some discrepancies among 

users and interests.  On this basis, some questions can be posed for future to address these issues: why are poor users not 

participating in the mainstream of the community forestry and why are elites and higher wealthier users often capturing the 

constitutional post in the community forests regularly? The major challenge is to make a balance in implementing and 

executing pro-poor supportive reform in the community forestry without disintegrating societal cultural set up.    

 

6. RECOMMENDATIONS    
 

From the results and above discussions, some recommendations can be made to further improve the effective mobilization of 

derived resources and sustainable management of community forests. The Forest Department should mobilize their staffs 

with input to convince CF institutions and present decision holding members to rethink the decision making process and 

benefit distribution system. Users should be encouraged and motivated for their rights and access to all types of benefits. The 

operational plan and the constitution revision should incorporate arrangements increasing the access and sharing benefit 

equitably.  

 

According to the trend of timber and firewood distribution among users, it is almost certain that the promising impacts may 

not change in near future to support well being of poor and minority users. For this reason, a great devotion should be 

commenced by policy level from present decision holding authority to distribute resources on equity basis. A very strict 

mandatory guideline is to be imposed from the government. There should be a clear vision that whether the community 

forestry is for poverty alleviation or only for mitigation. Diverse nature of community's demand could be fulfilled only by 

multipurpose forestry system than timber oriented management. The DFO staff and the EC members should be educated on 

the environmental services and benefits.  

 

The forest management activities have not been a priority and poverty reduction programme is poorly been planned and 

implemented. Therefore, fund allocation for forestry activities and poverty alleviation should be increased that may support 

regular resource availability and achievement of entitlement. The elites should be defined with respect to the real situation. 

Therefore, the gap should be identified by a suitable framework analysis.  
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ABSTRACT: Water resources management (WRM) of drylands requires a nexus between water, land, vegetation, societal factors 

related to water use and the economy. WRM concepts exhibit a strong asymmetry in representing these five aspects. Progress has 

been made in the integration between hydrology, soil science, biosciences and agriculture: The disciplines of ecohydrology, 

environmental hydrology, landscape ecology and socio-hydrology have evolved in recent years to address these issues and to 

overcome the lack of knowledge in interdisciplinary studies. A review of the representation of eco-hydrological principles in 

economic models reveals deficiencies in the representation of fundamental principles of ecohydrological systems. These issues 

become even more important in drylands as water, land and vegetation become the limiting factors of economic development. 

The foundation of modern quantitative hydrological science, mass balance sufficiency based on known resources renewal and 

lateral flow compensation is generally neglected in even complex economic models of water resources. The high variability and 

interdependency of ecohydrological system properties between mountain areas and lowlands and their potential role in 

restoration should be taken into account in economic models. Ecohydrological systems in drylands often have response times 

ranging from decades to hundreds of years while economic models operate on shorter times scales. It is proposed to initiate an 

open dialogue and exchange between economic and ecohydrological disciplines. The focus is on improving the mutual 

representation of principles and processes. The hypothesis is that more realistic, scientifically sound modelling and more efficient 

management and restoration of degraded arid lands can be achieved based on this cooperation. 

Keywords: Eco-hydrology, desert restoration, integrated models. 

1. INTRODUCTION 

The degradation, rehabilitation and restoration of arid and semi-arid lands (ASAL) are closely linked to physico-chemical factors, 

ecological processes and socio-economic conditions governing and characterizing land-use and other human activities. The 

processes and driving factors of degradation and the role and relevance of individual system components for desert restoration 

have been discussed in single disciplines. The role of hydrological processes and conditions, for example, has been investigated 

extensively and modelling frameworks combining water flows, soil erosion, sediment and solute transport with vegetation and 

land-use components have been available since the beginning of the 1980’s (Barthurst & Purnama, 1991). Increasingly, 

ecosystem approaches integrating these processes into an overall framework are proposed (Miller et al., 2010). The integration of 

earth science and biogeophysical models of the atmosphere, pedosphere, hydrosphere and biosphere has proceeded rapidly to 

provide much needed answers to global environmental issues such as climate change, as well as carbon, nutrient and water 

cycles.  

At the same time, economic models for the optimal allocation of water resources to different sectors have been developed, and a 

number of different types of macro-economic, micro-economic, sector-specific and multi-sector models have been created. A 

common type of the integrated resources optimization models reviewed by Mayer & Muñoz-Hernandez (2009) focuses on the 

allocation and cost problem, translating resources allocation to a series of equations with an objective function. The validity of 

this approach strongly depends on the valuation of natural resources and on the translation of ecosystem properties to a simplified 

but representative model of resources dynamics. 

Still, the nexus between the environmental biogeophysical and the human socio-economic realms are often identified as the 

critical element of degradation and restoration in ASAL. This study investigates the question as to which eco-hydrological 

principles and processes need to be included in economic models for drylands and arid lands restoration. The focus is on arid and 

semi-arid lands and on the specific difficulties of ecohydrological modelling in these regions. As the paper attempts to help link 

eco-hydrological studies to socio-economic models, the principle elements of ASAL ecohydrology and current challenges are 

highlighted.  

2. ECO-HYDROLOGICAL PRINCIPLES OF DESERT RESTORATION 

2.1 The role of time and response in eco-hydrological models of desert restoration 

The reversal of the loss of soil fertility, productivity, biodiversity and in general ecosystem functions in arid and semi-arid 

regions is complicated by the high variability and erratic nature of rainfall, by the velocity and path dependence of 

ecohydrological changes and by the complexity of hydrological pre-conditions for triggering events and biological signals. As a 

consequence, local communities and the society at large are often a priori unaware of ecohydrological limits of arid and semi-
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arid ecosystems and encounter these by unwittingly transcending them. Ecosystems of arid and semi-arid lands often react 

slowly, in a non-linear way. Additionally there is a hysteresis in learning by local people which makes management based on 

individual experience difficult. An example of slow ecosystem changes is noted by de Vries et al. (2000) where some large 

groundwater systems in the Kalahari still adapt to climate changes that occurred more than 1000 years ago and exhibit slowly 

dropping groundwater tables. In fact, eco-hydrological systems are characterized by a wide range of response times or residence 

times for the flow of water and matter. System changes after a climate, land-use or management event may take years, decades or 

even centuries to fully realise their impact. Hence, economic models including hydrological information and system states cannot 

per se be based on the assumption of an equilibrium state. A system-oriented investigation of response times to degradation and 

restoration measures such as proposed by Dawes et al. (2004), considers the biophysical capacity to change and evaluates the 

probability of an equilibrium state. The response time for degradation and rehabilitation or restoration can be very different, if not 

irreversible – a phenomenon known as hysteresis – and hence need to be determined or modeled independently (see Figure 1). In 

Figure 1, the accumulated response of two hydrological systems with mean residence times of water (MRT) of 15 (grey) and 35 

(black) years to an increase and to a decrease of groundwater recharge are shown: Thirty years after the increase of recharge e.g. 

by land-use changes from adapted to non-adapted species, only 55 % (MRT of 35 years) and 85 % (MRT of 15 years) have 

occurred. The time to reverse these changes and to restore the system to its original state would require between 22.5 and 39 

years.    

 

Fig. 1: Response curves to land-use: increase (left) and decrease (right) of recharge, Dawes et al. (2004) 

The response time of ecological systems in arid and semi-arid regions is known to range from years to decades for shallow 

systems such as alluvial aquifers to hundreds, thousands and even more years for regional systems. These dynamics must be 

taken into account when coupling economic models to biophysical models and often prohibit an equilibrium approach required 

by most integrated optimization models. Instead simplified kinetic and dynamic models of biophysical change or coupled non-

steady biophysical and steady-state economic models are required.  

2.2 The role of space and topology in models of desert restoration 

Hydrological basins have a hierarchical topography inducing a flow of water, nutrients, and sediments in a three-dimensional, 

nested structure (Perron et al., 2012), that can be described by mathematical principles. But, the hierarchical and nested structure 

of all flows on the earth’s surface is often neglected in coupled socio-economic and biophysical models. All flows of water, 

matter and nutrients and all resources depending on these accumulate and cannot be directly compared to variables such as 

meteorological state variables. In fact, hydrological variables have a fractal nature in space and hence need to be dealt with as 

such or re-converted to specific values per unit area. An assessment of the true availability of water in arid and semi-arid regions 

for ecosystems or for communities even requires a three-dimensional representation of flows in the basin (see figure 2). Only in 

the shallow areas of water divides the vertical flows suffice to establish a water balance (area A). For small-catchments the 

contribution of surface and groundwater from hill slopes are relevant (area B): In recharge zones only the local vertical flows are 

available, whereas in convergence zones the accumulated flow may support local vegetation or agriculture. Along ephemeral 

rivers (area C), the concentration of flows in space and in time during floods may provide sufficient water for extensive 

vegetation and human activity even in harsh desert environments. Thus the topographic structure of surface and groundwater 

basins can be an important asset in and influence desert restoration. In addition, the collection and re-distribution of water from 

water-towers, runoff-run-on processes, natural funneling and managed artificial recharge from micro-catchments or in channels 

may be used to trigger re-growth of vegetation and to create locally favorable conditions for restoration. Large-scale economic 

models with coarser resolution need to provide for a statistical representation of ecosystem states and water availability resulting 

from the variety in flow accumulation.  
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Fig. 2: The topology or eco-hydrological systems: A) Flat areas, B) hill-slopes and C) channel systems  

Access to water in elevated and mountain areas and in lowlands with otherwise similar meteorological and ecological conditions 

is obviously different even though the average runoff and recharge may be identical. Socio-economic models should take these 

different properties resulting from flow topologies into account. 

2.3 The role of system feedback 

An additional factor that requires consideration is that eco-hydrological systems are often characterized by complex feedback, 

especially in arid and semi-arid regions. The inclusion of ecological and hydrological state variables into economic models 

should only be made based on a careful system analysis showing the interdependency of flow processes. The case of an alluvial 

aquifer in a dryland demonstrates that all hydrological processes (evaporation E, recharge R, transpiration of trees T, lateral 

inflow I, lateral and vertical flows L and V and outflow O) depend on and are affected by storage S and the pumping P of 

groundwater. Hence, economic optimization cannot treat hydrological flows as independent processes but must take into account 

the feedback between pumping and other hydrological and ecological processes.    

      

Fig. 3: System analysis of eco-hydrological flows and representation in a flow system with feedback and dependencies 

The non-linearity of system response can also be an asset: The careful management of pumping rates can be used to increase 

recharge and to reduce evaporation from wet soil. In some cases, feedback can be neglected and the biophysical model should 

then be simplified.  

3. POLICY ORIENTED RECOMMENDATIONS 

The properties of eco-hydrological systems in arid and semi-arid lands have been investigated and reviewed above. For coupled 

economic and biophysical models, however, some important principles of eco-hydrological systems need to be observed where 

all eco-hydrological model components need to satisfy the conditions of mass conservation and they should be based on annual 

rates of surface and groundwater renewal. Three less evident properties of eco-hydrological systems have been highlighted and 

need to be considered when coupling economic with biophysical models: 

1. Biophysical systems have characteristic response times that may range from few to several thousands of years or more. 

Response time depends on the ratio of system size to flow rate of water and matter and therefore is considerable for 

large systems in deserts. Response time for arid lands restoration should also be taken into account when choosing the 

modelling approach (equilibrium and steady state vs. dynamic simulation model). 
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2. Biophysical models have a hierarchical, nested and sometimes fractal structure and may therefore have fine-grained 

properties that are not fully represented by the averages of system state variables. Spatial heterogeneity can be an asset 

for desert restoration and should be included or by using distributed models or by representative statistical distributions. 

3. Finally, biophysical systems are often characterized by feedback and non-linear behavior. A system analysis should be 

made visualizing dependencies. These feedbacks can become an asset for desert restoration. 

The link between economic and biophysical components of desert restoration is crucial for integrated models. Scientific 

communities should continue to bridge the gap from both ends in order to develop more realistic and also manageable integrated 

models. 

4. CONCLUSIONS 

As desert ecosystems react slowly and in a complex, often non-linear way, there are difficulties understanding and managing 

them. Often long time scales, exceeding the range of individual experience are characteristic and there is the added complexity of 

the interaction of many system components. In order to better understand and manage desert restoration, empirical disciplinary 

science and the better integration of models is needed as a tool for simulation, scenario analysis and decision support. 
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ABSTRACT: The desertification assessment and mapping (1:1.5 mln.) of the southern (semi-arid) belt of Russian 

Federation has been taken out using the comprehensive methodology based on the UNCCD approaches and space 

imagery processing. The map shows the areas of the main chains of causes and impacts and the rate of desertification 

trends and risks. One of the distinctive peculiarities of the assessment is demonstration not only of degradation but both 

land improvement (progradation) trends. It has been shown that about 1 220 000 sq. km in the Russian Federation or 

7.2% of its area are prone to desertification or desertification risk. A set of indicators and diagnostic keys has been 

elaborated for the purpose of desertification assessment at the regional and local levels. A geographical zoning of 

desertification has been developed, which includes 15 desertification provinces subdivided into 58 districts differ in 

combinations of desertification risks, trends and rates, and in regional peculiarities of land use. A set of policy oriented 

recommendations are suggested  

Keywords: desertification, mapping, zoning 

1. INTRODUCTION 

In Russia, 300000 km2 of soils in agricultural use are eroded by water, and 79 000 km2, by wind. The area of eroded lands increases 

by 4000—5000 km2 annually. Secondary salination occurs on 7700 km2 of irrigated lands. Nearly all agricultural lands of the North 

Caucasus are either eroded or threatened by erosion. No less than 25% of the arable lands of the Volga region, southern Urals, and 

western Siberia experience erosion. In the steppe zone alone, a decline in soil fertility and erosion reduced arable land performance 

by 36% . 

The predominant desertification trend in many regions of Russia is degradation of pastureland vegetation, which affects about 

7000000 km2. In Kalmykia and the Astrakhan oblast alone, it affects 60000 km2 and decreases pasture performance by 40—60%. 

Only 15—20% of pasturelands are in satisfactory condition in semideserts and deserts; 30—40% are constituted by moderately 

overgrazed pasturelands; 30—40%, by heavily overgrazed lands; and 15—20% have lost their farming significance, giving way to 

broken sands and badlands. The proportion of uncovered and drift sands in sandy pasturelands has increased from 5—10 to 20—

30%. 

As a result of errors in the design, construction, and maintenance of irrigation systems, 739 000 of 5000 000 ha of irrigated lands in 

Russia (15%) are in poor condition. 

Droughts strike even larger regions. In addition to dry and arid territories, regions where the likelihood of a drought exceeds 25% 

include considerable portions of southern Russia and the North Caucasus, and regions with drought likelihood below 25% expand to 

the north up to the latitude of St. Petersburg (60°N) in European Russia. In Asia, they occur in southern Siberia and even in central 

Yakutia. 

Droughts are particularly threatening in steppes. The steppe zone has the highest level of phytomass production by vegetation, up to 

22 t/ha/yr. The presence of fertile soils, including chernozem, the most fertile soil type in the world, predetermined the development 

of agriculture, and precisely these regions form Russia's traditional cereal belt. For example, steppes and forest steppes of the east 

European plain occupy 6% of the area of Russia and yield 40% of Russian crops (State Report., 1994). 

A desertification map of the Russian Federation at the 1 : 1500000 scale has been compiled to review the state of desertification in 

Russia, mainly related to detrimental industrial and natural factors. 

2. DESERTIFICATION PECULIARITIES AND REGIONAL FEATURES IN RUSSIA 

Northern Boundary of Desertification 

Desertification is land  degradation in arid, semiarid, and dry subhumid regions due to various factors, including climate changes and 

human activity (UNCCD, 1996). Arid, semiarid, and dry subhumid areas are defined (with the exception of Arctic and sub-Arctic 

regions) as those where P/Et varies within 0.05—0.65. The assessment of desertification in Russia should also include some regions 

with P/Et > 0.65 for the following reasons: 

First, the United Nations Conference on Desertification (UNCOD), when demarcating arid regions, recognized the bioclimatic zone 

of insufficient irrigation, or the subhumid zone (UNCOD, 1977). In this zone, 0.50 < P/Et < 0.75 and annual precipitation is 400—

800 mm. This zone is historically a region of dry agriculture, characterized by a continuous increase in aridity caused mainly by 

human activity. Second, in many cases vegetation type and ecosystem performance are determined more by the aridity of the soil 

rather than the aridity of the climate (Kovda et al., 1998—1999). Soil properties determine the persistence of plants and their 

resistance to droughts and salination. Third, soil and vegetation properties are often used as additional and qualifying indicators in the 

classification of climates according to water supply (Climatologiya, 1989). It is also noted in the text-book on soil geography by 

Dobrovol'skii and Urusevskaya (1984) that natural soil and vegetation zones are in good agreement with climatic indices, in 

particular, with the Vysotsky—Ivanov index. The northern boundary of the semiarid zone is drawn where this index is 0.77. This 
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value is very close to that characterizing the zone of water deficiency in the map presented at the UNCOD (0.75), and corresponds 

closely to the northern boundary of the typical steppe subzone on ordinary chernozems. Fourth, it has been noted that drought and 

desertification affect not only arid or subarid but also dry sub- humid regions: forest steppes, meadow steppes, and even southern 

taiga forests. The disastrous drought of 2010 covered nearly the whole steppe belt of European Russia, broad-leafed forests, and 

southern taiga. 

Thus, the northern desertification boundary in Russia has been drawn with regard to the fact that desertification involves not only 

deserts and semi- deserts with dry desert and semidesert soils but also dry and true steppes with chestnut soils and chernozems, 

southern and ordinary. Accordingly, the assessment of desertification in Russia should involve not only arid regions but also 

medium-dry, weakly dry, and periodically dry regions. These include all of Kalmykia; the Astrakhan, Volgograd, and Rostov oblasts, 

as well as some areas in the Voronezh, Kursk, Saratov, Samara, Orenburg, Belgorod, Chelyabinsk, Kurgan, Tyumen, Omsk, 

Novosibirsk, Kemerovo, and Chita oblasts; Stavropol, Altai, and Krasnoyarsk krais; Chechnya; Dagestan; Bashkortostan; Krasnodar, 

Khakassia; Tuva; and Buryatia. 

The subhumid belt of Russia has the following specific features: a great proportion of unirrigated fields in arable lands, specific 

degradation of high-humic soils, vast areas of sodic soils and soil alkalization, natural water table rise in areas of dry agriculture, 

sodic geochemistry, dryness of Siberian chernozems, soil compaction, suffosion, thermokarst, a dense network of gullies, the 

presence ofvast poorly drained areas, and under- flooding caused by the rising Caspian Sea level. 

The specific socioeconomic factors of Russia are the relatively high density of the rural population, relatively low heat resources, 

high-humic soils, poor profitability of agriculture, decrease in the commercial value of land because of soil cover complexity, 

plowing of thin soils, plowing of sodic soils, destruction of valuable plant communities, low standards of irrigation system 

construction and maintenance, soil compaction caused by the use of heavy agricultural vehicles, and sociopolitical initiatives 

resulting in nearly complete loss of farming lands (e.g., plowing of thin soils during the Virgin Lands Campaign). These factors are 

tentatively named socio-technogenic. We apply the term technogenic to emphasize that lands are degraded in the absence of a natural 

predisposition to desertification. 

Desertification peculiarities. 

Unirrigated arable land constitutes a significant portion of the agricultural lands of the sub-humid belt. In contrast to pasturelands, 

this type of land use demands consideration of not only water erosion or deflation but also changes in soil structure; organic matter 

contents; nutrient supply; and, in some areas of east Siberia, temperature. One more feature, which concerns mainly regional 
hydrology, should be considered separately: the natural rise of the water table in vast arable areas. 

The degradation of soils with high organic matter in the subhumid belt, mainly chernozem and chestnut, has some specific features. 

The most important are high sensitivity to deviation from the optimal irrigation regime, sensitivity to irrigation water composition, a 

tendency toward alkalinization, and a regional tendency toward compaction. In addition these soils form the cereal belt, the natural 

basis of production of one of the most universal crops: wheat. Soil degradation is a challenge at the government level for countries 
where cereals are the main and most stable subsistence component. 

A rise in the natural water table in regions with a high proportion of unirrigated arable land is not common in arid regions. It is 

associated with transformation into meadows and salt wetlands and often observed in the belt of southern chernozems and dark 

chestnut soils, i.e., in regions where irrigation is broadly used. Therefore, it is often masked by under- flooding caused by irrigated 
fields and waterworks facilities. 

Russia has the greatest area of lands with sodic soils. Some degradation processes of these soils demand additional indicators: an 

increase in the alkalinity of primarily sodic soils, restoration of alkalinity signs in ameliorated and then abandoned soils with sodic 

complexes, alkalinization of automorphic soil areas located piecewise within sodic complexes, and elevated alkalinity of ground 

waters in irrigated areas and nearby. Areas of sodic soils are a source of alkaline ground waters for geochemically subordinated 
landscapes. 

Sodic geochemistry. Part of the alkaline belt (e.g., in western Siberia) occurs within a sodic alkaline province, not only rich in soda 

resources but also characterized by the sodic geochemistry of high-humic soils. Secondary alkalinization is the main threat in all 

regions where sodic soils occur widely. Sodium carbonate salination is typical in the province. The rise of alkaline groundwater to 
the critical level frequently causes a dramatic, almost irreversible, loss of arable land performance. 

Soil compaction, common in Ciscaucasia and the steppe belt of western Siberia, is a detrimental process which development is poorly 

understood and which often accompanies chernozem plowing and irrigation. Densification of soils by heavy agricultural vehicles has 
similar effects and exemplifies technogenic desertification. 

Due to the unfavorable heat regime, part of Siberian chernozems are excessively dry in the first half of the vegetation season. 

The elevated complexity of the soil cover in the belt of sodic soils, on bouldery grounds on foothills, and in river valleys is an 

indicator of the degradation of soils themselves, whereas the degradation of soils of alkaline complexes is also an indicator of 
environmental risk for geochemically conjugated areas. 

Subsidences are common in chernozems of the Krasnodar and Stavropol regions and some other. It is caused mainly by suffosion and 

increases soil complexity, thereby reducing its agricultural value. It also decreases the commercial value of land, making it less 

appropriate for the construction of utility networks and engineering works. 

Thermokarst processes in permafrost soils, enhanced by irrigation, are widespread in eastern Siberia. Their morphology and 

detrimental effects are close to those of suffosion, described above. 



Increasing density of gullies is not a specific Russian phenomenon, but we mention it because an increase in the density of the gully 
system, as well as suffosion and thermokarst, is considered an indicator of land degradation. 

Poorly and very poorly drained regions are widespread in the subhumid belt of Russia, particularly in the middle of southwestern 

Siberia. Common hazards in such regions are an elevated risk of underflooding, secondary alkalinization, and salination on irrigated 

lands. In addition, vast areas in some western Siberian regions, presently occupied by hay fields, can be flooded and become boggy 

in humid periods of decade-scale climatic cycles. An example is the Baraba steppe. 

The underflooding caused by the rise in the Caspian Sea level is accompanied by the progressive salinization of coastal areas. In 
cases where drainage channels come to the coast, salinization can also strike areas adjacent to drains. 

The low productivity of lands caused by dry climate, unfavorable precipitation distribution over year, and short warm season makes 

agriculture poorly profitable, as in the middle of southwestern Siberia, southeast Siberia, and the middle of eastern Siberia. This 

restricts investment in agricultural infrastructure and soil improvement to the lowest possible level. This fact, in turn, determines the 

low engineering and organizational standards of farming and great sensitivity of the regional society to any deterioration of natural 
and economic conditions, first of all, land degradation. 

Decreasing commercial value of land caused by soil complexity. High soil complexity is not only an indicator of degradation of the 

soil itself, but also an indicator of decreasing commercial value of the land. One of the causes of this phenomenon is the shrinking of 
farming plots. 

Plowing of thin soils underlain by stony alluvial and diluvial rocks caused a nearly complete loss of fertility. It was often related to 
political rather than industrial causes. The result of this process is similar to that of severe erosion. 

Destruction of valuable plant communities. Here we consider vegetation degradation caused by occasional erroneous decisions that 

were not urgent for the society, rather than by excessive use. An example is the plowing of Baraba meadows in western Siberia; this 

caused a difficult-to-reverse loss of meadow vegetation, which was the basis for the production of butter in czarist Russia known 
worldwide. 

Low standards in the construction and maintenance of irrigation systems are considered to be a specific Russian feature not because 

they are much higher in other countries but because it is typical for Russia, particularly in Soviet times, for the realization of projects 

to be far below the level of soil improvement science and design. An example is the Kulunda canal, which underflooded or salinated 

vast areas because of significant design deviation. This phenomenon can be marked as an indicator of irrigated soil degradation. 

Thus, the following additional indicators should be taken into account in the assessment of conditions under which desertification 

occurs in the subhumid belt, including Russia: Soil degradation indicators: secondary alkalin ization, dust storms, salination of areas 

adjacent to irrigated lands, an increase in soil-cover complexity, the appearance of soda in the soil, and natural water table rise 

beneath unirrigated arable lands; Indicators of decreasing commercial value of the land: suffosion funnels in arable lands, 

thermokarst, increasing density of the gully system, and increasing complexity (smaller farms); Indicators of catastrophic 

urbogenically and technogenically determined soil and vegetation degradation: plowing of thin stony soils, plowing of sodic soils, 

and destruction of valuable plant communities; Indicators of natural causes of degradation: underflooding caused by the rise in the 

Caspian Sea level and transient underflooding caused by Caspian water onsets; Indicators of technogenic degradation: soil 

overcompaction caused by heavy agricultural vehicles and degradation of soil and land caused by urban activity and industrial 

enterprises: pollution and dumps. 

3. DESERTIFICATION MAP 

The mapped territory includes southern plains and foothills of Russia. It is bounded in the south by the international border. The 

northern boundary is drawn at the edge of steppe landscapes in the north in European Russia. The northern boundary of forest—

steppe landscapes in the sub- boreal continental zonal—sectoral landscape group demarcates the mapped territory in southern 

Transuralia, southwestern Siberia, and intermontane basins of central Siberia, and the boundaries of rests of mountain steppes, true 

steppes, and dry steppes in the sub-boreal extremely continental zonal—sectoral landscape group demarcate it in Transbaikalia and 

intermontane basins of central Siberia. Mountainous landscapes were not mapped. The entire mapped area is about 1576100 km2. 

The contour base for mapping has been compiled by decoding space imagery data. 

Consideration of Causes of Land Desertification and Degradation and Their Reflection in the Map: Principles. 

As a result of diverse interrelationships in nature, a particular complex of anthropogenic causes can lead to various kinds of 

degradation processes. For example, the plowing of fields increases erosion or deflation in some cases and in other cases increases 

the degree of alkalinization of surface soil horizons owing to sodic horizon disturbance. Inversely, similar detrimental processes can 

be caused by different anthropogenic factors. For example, alkalinization can result from irrigation with saline water or from 

desiccation of the soil surface caused by pastureland degradation. 

The following desertification causes most common in Russia were revealed in the course of systematization of various anthropogenic 

actions able to destroy fragile natural complexes of arid lands and their adjustment to the chosen scale of the 

desertification/degradation map: 

 Water table rise as a result of construction ofwater facilities (expansion of factors increasing the risk of salination and/or 

alkalinization and underflooding); 

 Water table rise as a result of long-term irrigation or extension of irrigated areas (expansion of factors increasing the risk of 

salination and/or alkalinization and underflooding); 

 Water table rise as a result of natural geologic and/or climatic processes (expansion of factors causing underflooding and 

change in the degree of soil salinity and/or alkalinity); 



 Irrigation with saline water (expansion of factors increasing the risk of salination and/or alkalinization); 

 Geochemical migration of salts to the margins of irrigated lands (expansion of factors causing under- flooding and change in 

the degree of soil salinity and/or alkalinity); 

 Reduction of the geochemical drain of the area as a result of watercourse silting (expansion of factors causing underflooding 

and change in the degree of soil salinity and/or alkalinity); 

 Surface desiccation caused by water table fall as a result of artificial river regulation or construction of drainage systems 

(expansion of factors increasing the risk of salination and/or alkalinization, decrease in the performance of natural vegetation); 

 Surface desiccation caused by water table fall as a result of natural geologic and/or climatic processes (expansion of factors 

increasing the risk of salination and/or alkalinization, decrease in the performance of natural vegetation); 

 Surface desiccation accompanying pastureland degradation (expansion of factors increasing the risk of salination and/or 

alkalinization); 

 Pastureland degradation on dry soils of light gran- ulometry (expansion of factors increasing the risk of deflation and formation 

of loose surfaces); 

 Pastureland overgrazing on soils of heavy granu- lometry and/or soils formed under the conditions of high hydromorphism 

(expansion of factors increasing the risk of water erosion); 

 Plowing of dry soils of light granulometry (expansion of factors increasing the risk of deflation and formation of loose 

surfaces); 

 Plowing of soils of heavy granulometry and/or soils formed under conditions of high hydromorphism (expansion of factors 

increasing the risk of water erosion); 

 Plowing of sodic and saline soils with the disturbance of lower horizons (expansion of factors increasing the risk of salination 

and alkalinization); 

 Use of heavy agricultural vehicles on arable lands (expansion of factors increasing the risk of compaction on heavy and 

irrigated lands); 

 Breakage by vehicles in regions with dense networks of uncovered roads (expansion of factors increasing the risk of deflation 

and decrease in the performance of natural vegetation); 

 Steppe fires (expansion of factors increasing the risk of salination and alkalinization, decrease in the performance of natural 

vegetation); 

 Deforestation (expansion of factors increasing the risk of a decrease in the performance of natural vegetation); 

 Technogenic and urbogenic disturbance of soil and vegetation. 

In addition, progradation phenomena associated with modern processes of natural and artificial recovery of previously disturbed 

lands cannot be neglected in desertification mapping: 

 Natural recovery of vegetation on abandoned lands and degraded pasturelands; 

 An increase in pastureland performance during reclamation works; 

 Recovery of forest vegetation in previously deforested areas; 

 Soil salinity and alkalinity control. 

Illustration of Major Desertification Processes in the Map: Principles 

The major processes of desertification expressed at the 1:1.5 mln scale are multidimensional changes in natural complexes identified 

on the basis of indicators concerning topography, vegetation, and soil. They include: 

 Water erosion (linear and planar); 

 Formation of loose and deflatable surfaces (appears in the form of deflation of the fertile soil layer of arable lands, pastureland 

degradation, formation of drift sands, etc.); 

 Salination (appears as bare solonchaks and/or surfaces covered by halophytic vegetation); 

 Alkalinization (appears as an increase in the proportion of areas covered by sodic soils); 

 Compaction (as a rule, characteristic of arable soils of heavy granulometry not susceptible to other types of degradation, in the 

more humid areas of the region under consideration, or as a result of irrigation); 

 Underflooding (as a rule, observed when the water table rises around natural water basins, large water facilities, and irrigated 

lands); 

 A decrease in the productivity of natural vegetation (involves mainly forest areas experiencing felling or degradation as a result 

of livestock grazing. Intensely grazed pasturelands resistant to deflation are also assigned to this trend.). 

In addition to degradation, the following progradation trends are shown in the map: 

 Steppe vegetation recovery (typical of overgrown wild lands and abandoned pasturelands in the steppe and dry steppe 

subzones); 

 Recovery of forests and shrubs (typical of overgrown arable lands and pasturelands of the forest— steppe subzone or areas 

involved in forest reclamation); 

 Soil salinity and/or alkalinity decrease (typical of areas where successful agricultural improvement of sodic and saline soils has 

been conducted). 

The degrees of major degradation processes (water erosion, formation of loose and deflatable surfaces, salination, and alkalinization) 

are also reflected in the map and designated as weak, moderate, strong, and very strong. 

In addition to processes taking place at present (actual processes), the map also shows areas potentially threatened by the major 

desertification processes listed above. 



4. RESULTS OF MAPPING 

The results of mapping are presented in Tables below. 

Types of lands Area 

km2 % 

Total area of mapped lands 157609

3 

100 

Lands prone to desertification (actual desertification) 119025

7 

75.52 

Lands at desertification risk (potential threats) 169111 10.73 

Lands not subject to desertification 14606 0.93 

Lands under progradation 99246 6.30 

Lands not included in consideration (water basins and mountainous regions) 102873 6.53 

Desertification affects about 7% of the total area of Russia. Actual desertification processes impact over 75% of the arid area in 

Russia to a greater or lesser extent. The risk zone, where the degree of anthropogenic influence does not yet cross the threshold of 

soil and landscape tolerance, comprises about 10%. 

Desertification causes 

Causes of desertification Area 

km2 % 

Rise of water table as a result of waterworks facility construction 4261 0.27 

Rise of water table as a result of long-term irrigation or extension of irrigated areas 9258

8 

5.87 

Rise of water table as a result of natural geologic and/or climatic processes 3891

0 

2.47 

Irrigation with saline water 8227 0.52 

Geochemical migration of salts to the margins of irrigated areas 6985 0.44 

Reduction of the geochemical drain of the area as a result of watercourse silting 1905 0.12 

Surface desiccation caused by water table fall as a result of artificial river regulation or 

construction of drainage systems 

5792 0.37 

Surface desiccation caused by water table fall as a result of natural geologic and/or 

climatic processes 

1904

9 

1.21 

Surface desiccation accompanying pastureland degradation 7486

3 

4.75 

Pastureland degradation on dry soils of light granulometric composition 216681 13.75 

Pastureland overgrazing on soils of heavy granulometric composition and/or soils 
formed under conditions of high hydromorphism 

152052 9.65 

Plowing of dry soils of light granulometric composition 115865 7.35 

Plowing of soils of heavy granulometric composition and/or soils formed under 

conditions of high hydromorphism 

416671 26.44 

Plowing of sodic and saline soils disturbing lower horizons 6478

7 

4.11 

Use of heavy agricultural vehicles on arable lands 1706 0.11 

Breakage by vehicles in regions with dense networks of unsurfaced roads 35 0.00 

Steppe fires 64

3 

0.04 

Deforestation 141998 9.01 

Technogenic and urbogenic soil and vegetation disturbanc 1444

8 

0.92 

Processes causing land recovery   

Natural recovery of vegetation on wild lands and degraded pasturelands 4978

0 

3.16 

Recovery of forest vegetation in previously deforested areas 2770

0 

1.76 

Soil salinity and alkalinity control 1401 0.09 

The most common factor, involving about 38% of the area, is plowing. The second is pasture (over 25%), and the third is 

deforestation (9%). Progradation processes, related mainly to the recovery of natural vegetation, involve 80000 km2 (5% of the total 

area). It should be noted that the majority of degrading lands (over 50%) experience weak or moderate degradation, while very strong 

degradation involves less than 5%. The most significant degradation direction is water erosion (>33%); the second is the formation of 

loose surfaces, mainly associated with wind erosion (>18%); and then alkalinization and salinization (9 and 7%, respectively). 

Basing on this map, a geographical zoning of desertification has been developed, which includes 15 desertification provinces 

subdivided into 58 districts differ in combinations of desertification risks, trends and rates, and in regional peculiarities of land use. 

 



 

 

Desertification processes 

Major desertification processes Area 

km2 % 

Actual processes    
Water erosion       

Weak   141469   8.98 

Moderate   228871   14.52 

Strong   113604   7.21 

Very strong   48649   3.09 

Formation of loose and deflatable surfaces      
Weak   121798   7.73 

Moderate   125586   7.97 

Strong   36033   2.29 

Very strong   5448   0.35 

Deflatable sands   2093   0.13 

Salination       
Weak   25127   1.59 

Moderate   46788   2.97 

Strong   21962   1.39 

Very strong   9519   0.60 

Soil alkalinization       
Weak   38724   2.46 

Moderate   67072   4.26 

Strong   39656   2.52 

Very strong   8628   0.55 

Soil compaction   1687   0.11 

Underflooding*   14867   0.94 

Decrease in the performance of natural vegetation  78228   4.96 

Human activity   14448   0.92 

 Prevalence of degrees of actual desertification processes   
Weak   327118   20.75 

Moderate   468318   29.71 

Strong   211255   13.40 

Vfery strong   74338   4.58 

 Prevalence of directions of actual desertification processes  
Water erosion   532593   33.8 

Formation of loose and deflatable surfaces  290958   18.47 

Salination   103396   6.55 

Alkalinization   154080   9.79 

Desertification risk       
Water erosion       

Weak   16906   1.07 

Moderate   31036   1.97 

Strong   2128   0.14 

5. POLICY ORIENTED RECOMMENDATIONS 

The problem of desertification is multidimensional. It is related to not only ecological but also, to a great extent, to economic and 

social factors and effects of land degradation associated with a decrease and loss of biological and economic performance. In spite of 

the relatively low proportion of lands affected by various desertification types and factors (about 7% of the total area of Russia), 

these lands are home to about 50% of the Russian population, and over 70% of primary agricultural production is produced there. 

Statistical data and observations of immovable objects indicate that, in the last 30 years, the greatest portion of newly desertified 

areas has arisen as a result of degradation of farming lands in the arid belt. It is safe to state that desertification in Russia is the result 

of long-term experimentalism in the rural sector. 

Desertification generates numerous social and demographic problems not only at sites of desertification but also in neighboring 

regions. In addition to processes causing degradation and shrinkage of productive soil and vegetation resources, unfavorable changes 

in life support resources are observed in many cases: the quality of potable water (excessive salinity and presence of toxic 

substances) and air (frequent dust storms). In some regions, a tendency toward deterioration of social and hygienic parameters is 

recorded: frequent respiratory, gastrointestinal, and genitourinary diseases; labor force decline; decreasing birth rate; and worsening 



living standards. The consequences of desertification affect several generations of the population: The birth rate and natural 

population growth decrease, and mortality increases. 

The medicobiological and medicogeographical environment worsen dramatically in desertified regions. The most typical processes in 

arid regions of Buryatia, Tyva, and Kalmykia are a change in the electrolyte balance in humans caused by the dispersion of salt and 

dust particles from saline soils and grounds, and a dramatic increase in the rate of locomotor system disorders in recent decades. In 

addition, the elevated dust content in the air increases the risk of respiratory cancer. Statistical data indicate that the frequency of dust 

storms in southern Siberia (Tyva and Buryatia) is increasing. Cancer morbidity increases directly with this frequency. The worsening 

of potable water quality, one of the major negative indicators of desertification, particularly in irrigated areas of the Volga region and 

Krasnodar region, is caused by the application of pesticides and increased water salinity. It increases the risk of gastrointestinal and 

genitourinary tumors. 

The working population emigrates from many regions of the arid belt of Russia most subject to desertification. Desertification causes 

enormous financial damage, with the main economic losses including the following: loss of gross agricultural and livestock 

production, decrease in industrial production depending on agricultural raw materials, decrease in real income and living standards of 

the population, increase in investments and expenses per unit of production, costs of restoration and conservation, quantitative and 

qualitative loss of natural resources (soil and potable water reserves), cost of life support (housing, health services, potable water 

purification, transport, municipal requirements, etc.), and unemployment assistance as a result of production cutbacks and lower 

labor demand. 

With the current rate of loss of productive pasture and arable lands in dry regions of Russia, the annual loss caused by worsening of 

the quality of land resources alone (not including the loss of agricultural production, associated industry, cost of recovery, social 

expenses, or health services) is no less than 40— 50 million US dollars. The overall annual environmental and economic damage 

caused by desertification of agricultural lands in the arid belt of Russia is assessed at no less than 0.7—1.0 billion US dollars over the 

last 20—25 years. 

In addition to the listed arguments, the need for a comprehensive program to solve the problem under discussion is determined by the 

fact that the phenomenon of desertification is still poorly understood despite its large scale. There is no commonly adopted 

conceptual view of this natural-anthropogenic process or methods of its investigation. Reliable data that would characterize the 

course of the process are missing, as well as map documents, and there is controversy among scientists about the use of 

desertification criteria and indicators. Regional studies are uncoordinated, and their data cannot be summarized. The programs of 

regional studies are targeted at merely regional objectives. Generally, the problems of desertification and the fight against it are 

insufficiently covered and are not considered relevant in Russia. Desertification recognizes no national borders. Nowadays the 

research potential and achievements of Russian scientists in the field of combating desertification are outside the global mainstream. 

One of the top-priority tasks is to recover and expand international cooperation. 

The top-priority and near-term objectives and actions in combating desertification should be: 

 Development of a system of ecological, social, and economic criteria and indicators for prediction and monitoring of 

desertification and droughts; measures for mitigation of desertification consequences; 

 Ranking and accounting of regions with regard to the threat of desertification; natural and socioeconomic zoning of 

desertification; 

 Improvement of management, regulatory support of actions combating desertification and droughts; integration of actions and 

measures undertaken as parts of federal, regional, and inter-industrial environmental protection programs in regions subject to 

desertification and droughts; 

 Improvement of economic methods motivating action in combating desertification and preventing droughts; 

 Development and introduction of scientific and technological bases for regular actions on desertification control with regard to 

major life support resources: water, air, soil, and vegetation; 

 Development and introduction of environmentally sound agricultural, silvicultural, and industrial technologies adapted to 

various natural, economic, and social conditions; 

 Improvement of the use of natural resources in regions subject to desertification; improvement of industry location; 

 Measures for the protection of populated localities, including agroforestry; 

 Development and introduction of actions to prevent diseases in people and livestock in regions subject to desertification; 

 Development of education, awareness, and information exchange; 

 Involvement of the population, nongovernmental organizations, and nongovernmental funds in the resolution of the 

desertification problem; 

 Resurgence and development of the culture and traditional methods of landscape-oriented use of natural resources by 

indigenous populations in regions subject to desertification; 

 Development of economic motivation for business development; 

 Extension of international cooperation, particularly with neighboring countries; biodiversity conservation. 

5. CONCLUSIONS 

Desertification mapping and zoning is the major tool to define major threats and promote decision support and knowledge 

management, especially in big countries with different manifestations and causes of desertification phenomenon. The first-time made 

desertification map of Russian Federation is presented, as well as geographical zoning made for economic purposes. A full set of 

policy oriented recommendations is proposed 
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ABSTRACT: Three cross-linked projects with SLM component have been/are implemented/ in Tajikistan : Community Agriculture 

and Watershed Management Project (CAWMP): 2004 – 2012; Land Registration and Cadastral System for Sustainable Agriculture 

Project (LRCSP): 2005-2014; Environmental Land Management and Rural Livelihoods Project (ELMARL): proposed for 2013-

2017. CAWMP and ELMARL have a GEF supported component. The projects’ SLM policy is successive, although different 

projects cover diverse directions of agricultural development: community actions and participatory capacities building, peculiarities 

of land privatization and fragmentation, and climate change adaptation. The synergy of the projects environmental results appears in: 

Awareness raising in environmental risks assessment, application of environmentally and economically effective technologies in 

farm production; Experience in water- , soil- and energy-saving technologies in rural areas; Improvement of sanitary and ecologic 

conditions in villages; Rehabilitation of degraded lands (incl. irrigated) and increase of soils fertility; Rehabilitation and access to 

pastures; Fixing erosion on slope lands by woodlots, horticulture, haying, etc. Lessons learned for further results development are the 

following. Negative: Low skills of project environmental stuff, Weak contacts with governmental stakeholders responsible for 

environmental issues, Lack of information sharing and low use of Web opportunities, Weak integration with other projects and 

donors. Positive: Growth of level of national environmental NGOs, High effectiveness of local small interventions (bottom-up) in 

comparison with national-level activities (top-down), Replicability and sustainabilty of environmentally sound activities, Increasing 

attention to pastures as an important natural resource, Rising possibilities and capacities to space imagery use. 

Keywords: sustainable land management, World Bank, international projects, best practice 

1. INTRODUCTION 

World Bank (WB) is a large organization, sees itself as a knowledge bank, and allocates resources to capacity building and 

knowledge management. It has thematic areas, communities of practice, is a GEF Implementing Agency,  participates in a number of 

global and regional efforts in knowledge management and sharing related to SLM (Sustainable Land Management). 

World Bank secures funding for SLM through its Rural Land Resources Management (LRM) Program which develops and promotes 

knowledge-based technical, social, institutional and policy choices which focus on: Developing sustainable land management 

through improved land tenure systems and community natural resources management; Raising the profile of the risk and 

vulnerability impacts of climate change on communities' natural resources, (land/water) and promote appropriate adaptation 

mechanisms; Mainstreaming of integrated approaches to Land and Water resources management for food security and poverty 

reduction; Creating and strengthening an enabling environment, which will enhance national, regional, and global capacities to 

implement the convention to combat desertification and restore degraded lands. 

SLM has been defined by WB as a knowledge-based process that helps integrate land, water, biodiversity, and environmental 

management (including input and output externalities) to meet rising food and fiber demands while sustaining ecosystem services 

and livelihoods. 

SLM Projects in Tajikistan described here are: Community Agriculture and Watershed Management Project (CAWMP): 2004 - 

2012; USD 16,75 mln (GEF LD: USD 4,5 mln); Land Registration and Cadastral System for Sustainable Agriculture Project 

(LRCSP): 2005-2013; USD 10,6 mln plus extension to to 2015 with USD 10,0 mln; Environmental Land Management and Rural 

Livelihoods Project (ELMARL): proposed for 2013-2017. (PPCR US$9.45 million and GEF LD US$5.4 million, USD 1.75 mln 

from local communities = USD 16.6 mln ).  

The cross-cutting issues of the projects are: Land degradation and land management; Water resources (irrigation and drinking water 

supply); Energy efficiency, alternatives; Climate change vulnerability and adaptation; Poverty and people livelihoods, farm 

productivity; Mountains ecosystems: globally important biodiversity and natural habitats; Deforestation, forest degradation; 

Rangelands (overgrazing, access to, carrying capacity) 

2. BASIC ENVIRONMENTAL AND SOCIAL ISSUES AND FACTS 

Land degradation: Most of the 2.5 m ha agricultural land they farm is pasture, only 206,000 ha were in perennial crops and 

orchards, and there were few significant irrigation systems. Rural poverty, shifts in land management responsibilities, lack of 

integrated land management, inappropriate agriculture, and poor access to technical support are causing increasing land degradation. 

•About twenty percent of the population live in hilly and mountain areas where access to most government services is limited. •Much 

of the population is using steep hillsides to grow cereal crops. • In turn, land degradation contributes to further impoverishment 

through mudslides (ruining villages, roads and farmland, and irrigation and water systems), soil-erosion (undermining agricultural 

productivity) and silting of waterways used for drinking water and irrigation. •However, highlands had good productive potential if 

appropriately farmed 
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Mountain ecosystems. Tajikistan has globally important mountain ecosystems with diverse flora and fauna, including many of 

economic importance, and under threat. Pastures, for example, hosted over 3000 plant species, but face threats from localized over-

grazing. The wild-growing fruit plants of Tajikistan represente a unique genetic resource for agriculture. The mountain areas of 

southern and south-eastern Tajikistan are the major regions for conservation of wild-growing fruits (apples, pears, apricots, 

mulberries, cherry plums and plums, among others), nuts (walnuts and almonds), grapes and berries (currants, sea-buckthorn berries). 

Forest areas, which covered only 3% of the country's territory, decreased by about 15% due to the need for firewood. 

Farm privatization. Officially, some 55% of all arable land had been converted into lease farms, joint stock companies and family 

farms. However, in lowland cotton growing areas, farmers were still not free to make their own management decisions, while in 

highlands they lacked the capital needed to exploit productive potential. Furthermore, there are also large tracts of pasture, formerly 

under the control of state farms, which are under the control of Jamoats (multivillages committees). These pastures faced problems of 

inadequate maintenance as well as arbitrary and inequitable access to grazing rights and land use. 

Climate change and vulnerability. Climate variability and change are likely to pose additional and significant risks, particularly for 

those pursuing subsistence agriculture or pastoralism, and only reinforce the need to follow sound land resource management 

principles. Climate projections suggest Tajikistan will experience higher temperatures, reduced rainfall and higher evapotranspiration 

with an increased frequency of extreme events. These changes will lead to impacts, such as fluctuations in the hydrological cycle - 

especially from glacial retreat and flash floods - with downstream consequences nationally and regionally for agro-ecosystems and 

water resources. 

Bank-financed projects within Tajikistan had already established culturally-appropriate, community-managed models for: (i) 

allocation of land use rights in ways which ensure transparency, with participation of the community in the allocation of parcels, 

legitimacy (through involvement of traditional local institutions), conflict management, and land tenure security; (ii) management of 

investments in irrigation infrastructure and their subsequent operation through Water User's Associations; (iii) establishment of 

efficient technology transfer mechanisms through Farmer Information and Advisory Services, and (iv) establishment of a credit 

mechanism for seasonal agricultural needs through revolving funds via Non-Banking Financing Organizations.  

In addition, the Bank is applying best practices and lessons developed by international NGOs and donors, such as the Agha Khan 

Foundation (AKF), UNDP, USAID, GIZ, DFID, German Agro Action (GAA), and others 

3. COMMUNITY AGRICULTURE AND WATERSHED MANAGEMENT (2004-2012)  

Rural Production Investments included the following categories of activities. Farm Productivity Improvement: Individuals, and 

groups of farming households, invested in productivity enhancing activities of their choice, most of which provided immediate 

income. Investments could include inputs for annual crops, horticulture, livestock, processing, distribution, leasing, and credit 

facilities. Land Resource Management: This subcomponent enabled local people to adopt more sustainable use of fragile lands, and 

provided land use certificates after three years of maintenance, subject to continued good land use. The combination of appropriate 

income-generating investments with soil conservation proposed to enhance the organic content of soil and create incentives for 

sustainable land use by better addressing interests of local people. Groups of households working on contiguous areas could make 

long-term investments such as horticulture, woodlots, or fodder, combined with soil and moisture management structures. Blended 

financing from GEF almost quadrupled the land area covered beyond the level that could be supported by the government on purely 

national grounds. Rural Infrastructure: Investments to rehabilitate rural infrastructure were made to community groups. Typical 

investments complimented agriculture and land resource management subprojects, were small scale (about $4800 on average), and 

included drinking water, small irrigation, access track rehabilitation, and small power generation.  

The project location in 4 watersheds (Zarafshon, Surkhob, Toirsu and Vanj) is shown on the picture below. 

Groups of SLM in CAWMP. In CAWMP all SLM 

activities (subprojects/technologies) can be combined into 

7 groups with similar environmental effect for 

environmental monitoring and impact assessment 

purposes: (1) Farming and horticulture on irrigated plain 

lands, (2) Farming and horticulture on slopes (incl. 

irrigated and rainfed lands), (3) Agroforestry, (4) 

Rangelands management and livestock, (5) Beekeeping, 

(6) Local processing and handicrafts, water- and energy-

saving technologies, improvement of drinking water 

supply, mills, iron works, refrigerators, poultry, (7) 

Irrigation systems, rehabilitation of irrigation canals, 

construction of small dams, bridges, roads, pipelines. 

Eligibility criteria for CAWMP subprojects included 

meeting at least one of the following impacts on fragile 

lands: • Prevent/reduce soil erosion, • Increase vegetative 

cover through perennial crops and pasture, • Provide soil 

and moisture conservation, • Improve soil quality, • Improve water use efficiency, • Increase sustainable fodder/wood supply, • 

Increase sustainable renewable energy supply, • Increase integrated pest management. These criteria ensured an environmental focus, 

and kept the grant proposals consistent with a list of eligible activities which is critical for a large-scale, community-driven project. 

The criteria helped avoid diversion of grant funds to investments not directly related to land sustainability. Combining income-



generating investments with environmental criteria encouraged sustainable land use by addressing vital interests of local people. The 

criteria were used also to monitor local environmental impacts. 

Number and Variety of Subprojects 

Subprojects categorized by main activities: Number USD Measure Total amount Area covered, 

ha 

Bee-keeping 159 288584 Bee hives 2584  

Livestock development (purchasing livestock) 510 679197 heads 6433  

Yak breeding 4 10573 heads 40  

Poultry farming 99 136920 heads 11324  

Horticulture 1443 2675981 ha 2644 2644 

Annual crops 157 278332 ha 495 495 

Plant nursery 14 17242 ha 6 6 

Potato production 27 42755 ha 24 24 

Small enterprises for agricultural processing 140 209166    

Drinking water for livestock 13 26281 ha 7048 7048 

Drinking water supply 170 450364 m 67791  

Rehab and opening the road to pasture 171 359677 ha 33636 33636 

River banks protection 32 85074 ha 1508 1508 

Repair and built of small bridge 56 140305 m 842 4050 

Canal rehabilitation and repairing for irrigation 217 607241 m 19646 1250 

Drainage rehabilitation 7 14771 km 5 340 

Use of solar energy 5 4026 kBt 8  

Terracing of slopes and planting trees 79 142699 ha 278 278 

Pasture improvement 152 455135 ha 23061 23061 

Vineyards 62 166281 ha 431 431 

Woodlots 69 136057 Ha 80 80 

Wool processing 5 7946    

Fishery 4 12724 ha 7 7 

Drinking water supply 170 450364 m 67791  

Biogas 3 8536    

Rehab and opening the road to pasture 171 359677 ha 33636 33636 

Repair of pump stations 7 22084 ha 444 444 

River banks protection 32 85074 ha 1508 1508 

Repair and built of small bridge 56 140305 m 842 4050 

Rehabilitation of small hydropower stations 24 41719 kBt 189  

Repair of electric transformer 2 5107    

Canal rehabilitation and repairing for irrigation 217 607241 m 19646 1250 

Drainage rehabilitation 7 14771 km 5 340 

Use of solar energy 5 4026 kBt 8  

Cattle pen building and repairing 30 67791 m2 17885 21250 

Stones removing for horticulture 2 8000 ha 4 4 

Terracing of slopes and planting trees 79 142699 ha 278 278 

Pasture improvement 152 455135 ha 23061 23061 

Vineyards 62 166281 ha 431 431 

Woodlots 69 136057 ha 80 80 

Planting of herbs 6 9949 ha 57 57 

Composting 5 2260    

Building of small dams for small water reservoirs 1 2812 m3 125  

TOTAL 3845 7410677 0 196691 96631 

 

Ideas/methods/messages from CAWMP/LRCSP (incomplete list) for SLM: 

Soil conservation approaches and measures are very different and can be combined in the following technologies mainly oriented on 

the improvement of soil fertility and prevention of desertification and deterioration: •Terracing of steep slopes with further planting 

of orchards, woodlots, vineyards according relevant environmental and marketing conditions •Composting and "organic farming"; 

•Multicropping and intercropping; •Crops rotation; •Integrated pest management with biological methods application; • River banks 

and canals protection with gabions and planting trees and bushes; • Drainage rehabilitation in the salt-affected areas 

Energy savings and alternative energy sources that prevent cutting trees and use of manure for fuel: •Springs as natural refrigerators, 

•Solar energy for heating and drying (incl. fruits), •Water mills and pumps, •Small hydropower stations 



Pasture (rangelands) rehabilitation and improvement technologies and approaches includes separately or integrated in different 

cases the following measures: •Pasture rotation; •Creation of watering/drinking ponds for animals; Breeding of more effective and 

adaptive livestock (yaks, special kinds of sheep) and poultry (turkey) •Sowing of substantial grasses (alfa-alfa, sainfoin, izen, 

teresken); •Rehabilitation and building of shelters for animals (kosharas, cattle pens); •Rehabilitation of access to pastures (roads and 

bridges); •Planting of shelterbelts; •Building of fences and obstructions for animals; •Veterinary service support; •Fodder supply. In 

general these approaches decrease the overgrazing, limit the animal pressure, and improve soil quality and the risk of soil erosion and 

mudflows 

Watersaving technologies prevent soil water erosion in uplands and salinization of the irrigated lands in the valleys. Separately or 

integrated includes the following activities: •Drip irrigation (including primitive hand-made forms), especially for fruit trees, 

vineyards and vegetables; •Screening of canals and furrows with film or plastic grooves preventing ineffective infiltration and loss of 

water; •Tubing and pumping of irrigation water flows; •Building of small ponds and water reservoirs; •Soil moisture preservation, 

including mulching of soil surface, creation of special obstructions around trees, special technologies for the preparation of planting 

holes, snow retention; •Integrated approach for effective use of water resources on different soils and for different plants. 

What does CAWMP have to offer for SLM, KM and DS? 

Pluses: (i) CAWMP is the first project in Tajikistan to attempt mainstreaming SLM into rural production, innovator on several fronts 

(partnerships, fund flow and management, participatory decision-making); (ii) there is much to share from CAWMP and 

dissemination for practitioners, agencies, projects working in SLM, agriculture and NRM, e.g., Bank wrap-up meetings involved all 

implementing partners; (iii) project-site exchanges, farmer "good practice" competitions with follow-up workshops, facilitating 

organization led exchanges, dissemination strategy and activities 

Minuses: (i) knowledge management is still nascent, language barriers limit access, lessons learnt and project documents need 

organization and systemization , e.g. basic data on all investments, data on environmental aspects impacts, reporting on 

environmental impacts into overall national and global database, etc. 

Fund flow and management innovations. Decades of World Bank international operational experience has shown that top- down land 

use planning and/or top-down technical prescriptions can encounter problems such as: (a) investment selection that is inappropriate 

because it does not fully take into account local environmental or social and economic conditions, constraints, and risks; (b) lack of 

local stakeholder ownership and sustainability, (c) high and sometimes wasteful transaction costs that do not result in meaningful and 

sustainable implementation of field-level or policy improvements. It was therefore very important to address issues such as: (a) the 

incentive framework, (b) the participatory framework (with an understanding of the power relationships and dynamics) for planning, 

implementation, and monitoring, (c) realistic considerations of factors affecting post-investment sustainability, (d) transaction costs, 

cost effectiveness/efficiency, (e) realistic results targets, assessment process, and learning culture for ongoing participatory problem 

solving and improvement.  

By focusing on highland areas the focus was on the poorest experiencing the most severe land degradation - but complementing 

existing lowland area initiatives. Rather than working solely with village-level institutions - the Project strengthened Jamoat-level 

institutions to better coordinated community initiatives. The design of the institutional structure and sub-granting mechanisms 

clearly demonstrated a participatory approach whereby the ideas came from individuals - and the CIGs were instrumental in 

bringing together people and ideas. This was in contrast to the past where most activities focused on humanitarian aid rather than 

support for rural agricultural production - which was a foreign concept for local people. Ultimately, changing this perception and 

attitude became one of the more important challenges at implementation.  

Granting funds from the bottom-up was also considered a better model than the previous top-down approaches - where the record of 

such investments was uncertain. 

Training should be timely and appropriate. Training as a prerequisite before investment was integral to sustainability - since local 

knowledge contained gaps in more modern and environmentally-sustainable techniques.  

Long term sustainability requires community involvement early on and full awareness of the level of operating expenses that will be 

required to maintain the investment. Participation by and consultation of local communities and individuals at the outset better 

ensured the financial sustainability of investments. The financial management aspect of farm and rural investments was part of the 

initial training package to precede investment. 

All stakeholders need to be included. Project preparation activities involved all key stakeholders: national, raion and Jamoat level 

authorities; NGOs; local communities including village elders, farmers, livestock owners, and women. Key stakeholders who would 

be involved directly in the Project include village leaders and village members, women, local government representatives, technical 

staff of the line ministries located primarily at the raion level, and staff of the PIUs and existing PMU at the central level. NGOs 

would provide technical assistance during the facilitation and proposal development phase at the village level and JDCs would act as 

decision-makers and comprise of elected officials from the communities 

How to streamline SLM: 2 possible ways 

First: CAWMP is directly SLM oriented project. Nevertheless not every NRM/LM activity is sustainable. Although small farmers 

are intended to be the basement for the agricultural sector in Tajikistan, the main problems for such farmers are low skills in the 

sustainable environmental land and water management and weak management of complicated agroecosystem. We observe a few 

example of unsustainable LM (misuse of irrigation water, increase of the risk of mudflows and soil erosion, overgrazing, etc.). 

Several basements are necessary in SLM oriented projects to mitigate risks: Eligibility indicators, M&E indicators, Outcomes/outputs 

indicators. 



Second: Not all projects are directly SLM oriented: LRCSP is not a SLM project, but provided risks for SLM as a result of land 

passed into ownership of users with low environmental skills and responsibilities. Training on integrated environmental and 

sustainable land management for new users and governmental responsible officers is quite necessary 

4. LAND REGISTRATION & CADASTRE SYSTEM FOR SUSTAINABLE AGRICULTURE (2005-2013) 

Project Development Objective is to expand farmland restructuring to enable more rural people to become independent farmers and 

take management decisions in response to market forces and to initiate the strengthening of tenure rights and services for other land 

users. Findings from the earlier Bank's projects in Tajikistan and other countries indicate that improving farmers' tenure security and 

ability to make farm management decisions has a positive impact on land and soil management and therefore on the environment in 

general. On the other hand, based on experience to date, new farmers and land users are generally not aware of sustainable 

agricultural approaches and methodologies or environmental safety. Therefore farmers might not anticipate the possible negative 

effects (e.g., on soils) associated with their agricultural practices (-e.g., overexploitation of soils without crop rotation, weak usage of 

organic fertilizers, salinization of irrigated lands in flat areas, soil compaction and loss of soil structure, etc.). This poses some 

environmental risk and could cause unfavorable changes in land quality, including soil erosion, reduction of organic matter in soil, 

and land degradation. Farmers should monitor for possible changes with clear and simple indicators (e.g., changes in soil structure, 

soil organic content and others) in restored and rehabilitated lands. To stipulate proper on-farm water management the subcomponent 

supporting establishing of WUAs (water users associations) with small irrigation investments has been also included. 

Trainings on the base of the "good farmers practices" identified 

Challenges realized from the CAWMP : (i) demoplots organized by academic institutes have limited capacities. Experienced farmers 

have more successful stories to disseminate, and should be studied by academic scientists and relevant NGOs for further application 

and knowledge management; (ii) it is impossible to train all local farmers, and the accent should be addressed to the governmental 

officials at the raion level responsible for land, water and environmental monitoring and control, and key representatives of WUAs 

and local NGOs, for further training and control of local farmers 

Practical approach includes four basic stages: (i) identification and assessment of the best practice farm sites to determine the best 

(least hazardous) soil improvement and pest management techniques under different agro-climatic conditions, (ii) mobilization of 

farmers through awards for best practices, (iii) training of trainers program (and use of best practice sites as training plots) for local 

environmental, agricultural and land officers, NGO technical specialists, water user associations, and others, and (iv) preparation and 

publication of an illustrated album on dehkan farms environmental land management methods for dissemination and trainings. 

Trainings focus on learning through agro-ecosystem analysis and discussions, field visits to existing examples of good and bad 

practices, and mass media campaigns. The aim of training is to strengthen the ability of local agricultural, environmental, land and 

water officers and specialists to identify environmental risks and determine the sustainability of farmland under different agro-

climatic and soil conditions and under different methods of land use and crops. The training enables officials to identify pests, 

determine damage thresholds, make prudent control decisions, and safely and cost-effectively control land degradation and pests. 

Through this subcomponent, the project improves institutional and human capacity, promotes sustainable agricultural technology 

transfer and adoption, enables the integration of scientific and traditional knowledge, and promotes informed decision-making to 

solve local problems. Based on best practice, the subcomponent improves communication between research institutions, farmers, and 

extension agents and promotes the adoption of promising methods generated by farmers with scientific support 

Total number of farmers participated in the beat farmers competition organized in 36 raions was 495 households, among which 108 

have been selected as a demoplots with awarding, and 782 of specialists have passed environmental trainings 

Lessons learned for further results development: 

Negative: •Low skills of project environmental stuff; •Weak contacts with governmental stakeholders responsible for environmental 

issues; •Lack of information sharing and low use of Web opportunities; •Weak integration with other projects and donors 

Positive: •Growth of level of national environmental NGOs; •High effectiveness of local small interventions (bottom-up) in 

comparison with national-level activities (top-down); •Replicability and sustainabilty of environmentally sound activities; •Increasing 

attention to pastures as an important natural resource; •Rising possibilities and capacities to space imagery use. 

5. ENVIRONMENTAL LAND MANAGEMENT and RURAL LIVELIHOODS PROJECT: 2013- 2017  

Pilot Program for Climate Resilience. Tajikistan is one of the 12 countries and regions participating in the Pilot Program for Climate 

Resilience (PPCR) supported by Multilateral Development Banks (MDBs): World Bank (WB), European Bank for Reconstruction 

and Development (EBRD) and Asian Development Bank (ADB). The PPCR contributes to opportunities for Tajikistan to pilot 

critical approaches and measures in order to integrate climate resilience into its overall development strategies and planning. 

ELMARL-GREAT collaboration: GIZ/DFID GREAT (Growth in the Rural Economy and Agriculture) programme is supporting 

sustainable economic growth in rural areas and has strong synergies with the combined PPCR/GEF financed operation, since their 

programmes will support sustainable land management, as well as strengthen market development and provide other capacity 

building that would help the PPCR/GEF- supported producers. 

The overall Project Development Objective (PDO) and Global Environmental Objective (GEO) is to enable rural people to build 

their productive assets in ways that sustainably improve natural resource management and build resilience to climate change in 

selected climate vulnerable sites. 



The proposed project would comprise two components implemented over five years: Rural Production and Land Resource 

Management Investments; Knowledge Management. Project sites would comprise districts in three different agro-ecological zones - 

uplands, hill lands and lowlands 

Peculiarities: Nationally implemented and managed; Executive agency: Committee for Environmental Protection (small experience, 

but provides more environmentally oriented activities); To rise incentives beneficiaries had to contribute their own resources in the 

form of labor, material and cash, for at least 20% of the total value of any investment under component 1. 

Component 1. “Rural Production and Land Resource Management Investments” includes three types of activities: (1) "Sustainable 

village-based rural production and land resource management" aims to promote the adoption of innovative rural production and land 

management measures, by providing small-scale grants at the village level to help rural livelihoods become more resilient to climate 

change in selected vulnerable districts. Prior to village level planning, participatory jamoat-level environmental analyses would be 

conducted to help beneficiaries assess and understand the extent of resources, threats and impacts and the relationships between these 

factors. Similarly, jamoat-level assessments of community-based adaptation to climate change would be prepared. These assessments 

will enable participants to factor in the potential impact of climate change on livelihoods and vulnerability to disasters by using local 

and scientific knowledge (where available) of climate change and its likely effects. Local knowledge would include information 

about trends and changes experienced by communities themselves and strategies these communities have used in the past to cope 

with similar shocks or gradual climatic changes. (2)  “Larger-scale initiatives in sustainable community land management (pastures 

and water use)”. Certain natural resource issues are better addressed at scales beyond the village. Of particular concern, to both 

sustainable land management and productive rural livelihoods in the context of climate change, are pasture management and on-farm 

water management. While pasture degradation and access are pressing issues in both lowland and upland areas, the consequences of 

poor water management are especially critical in lowland areas where agriculture depends primarily on irrigation. Comprehensive 

pasture and fodder assessments and evaluation of the feed/fodder balances would be carried out to inform plan development in eight 

selected jamoats. The plan would define: (a) measures to improve pasture productivity, such as rotational grazing, protecting areas 

for regeneration, pasture rehabilitation, improving access to remote pastures, and needs for supplementary fodder production; (b) 

grazing utilization levels; (c) animal health requirements and breed improvement measures; (d) investment needs; and (e) and 

implementation responsibilities, targets and indicators. Through on-farm water management in lowland areas existing Water User 

Associations (WUAs) and dekhan farmers would be supported to introduce, test and demonstrate practices that could contribute to 

improving on-farm water management and efficiency, maintain soil quality and reduce land degradation, and increase resilience to 

climate change. An action plan would be prepared by the WUA with the support of locally-based NGOs, and jamoat agronomists and 

environment officers. Soil and irrigation water quality tests would be carried out along with an assessment of cropping patterns and 

productivity to provide information for the plan. The action plan would propose water saving and soil conservation technologies that 

could improve water use efficiency such as improved leveling and drip irrigation, reduce salinity, protect soil such as conservation 

agriculture and tree-planting, and improve soil fertility such as inclusion of legumes in the rotation or composting. 

Component 2. “Knowledge Management and Institutional Support” will provide facilitation services and technical support for rural 

populations to plan, implement and manage rural investments. Relevant data collection and analysis, and information exchange for 

wider adoption of sustainable land management will also be supported. A comprehensive training, analysis, dissemination and 

networking program will be instituted to improve skills and knowledge in key topics such as environmental assessment and 

monitoring; integrated land, water and grazing management; integrated pest management (IPM); pollution control; and climate 

change adaptation.  The project will support analytical work on topics that include soil quality and extent of land degradation, market 

development and access, grazing management and livestock production, potential incentive policies for sustainable land management 

practices, and changes in productivity and environmental conditions resulting from technological change, etc. The aim is to provide 

guidance for the design and sustainability of rural investments both within and beyond the project. Dissemination will be supported 

through a focus on exchange and learning between project sites and with similar initiatives, including farmer-to-farmer exchanges 

and best farmer practice competitions, plus sharing results and lessons learned with national and regional stakeholders.  Contracted 

trainers, NGOs, and specialists will carry out programs at farmer, community, local government and management level by.  Support 

will also be included for project evaluation, including assessments at project mid-term and completion. 

The ELMARL design took into account experience from CAWMP and LRCSP projects as well as lessons learnt from other donors, 

such as DFID, GIZ, Aga Khan Foundation, UNDP, Caritas , Helvetas, and others: 

Smaller farming units with tenure security and having freedom to farm independently of government mandates can contribute to 

increasing the adaptive capacities of farmers. Such farming units made more investments and adopted more environmental 

management practices than large collective farms. 

Direct investment support to farmers through a systematic small grants program, coupled with facilitation and training can build 

entrepreneurial capacity through a learning-by-doing approach. Farmers can assume responsibility for sustaining their livelihoods in 

financially and environmentally sound ways. 

Fixed budgets with limits on funds available for each type of rural production investment, village and, household are effective ways 

for villagers to allocate resources. Such mechanisms can foster prioritization of investments by cost-effectiveness and risk. 

Combined with participatory planning, they can also support even wider distribution of project financing than expected. 

A multi-stakeholder approach to project implementation with partnerships between government and civil society is worthwhile even 

in contexts where limited prior experience and local conditions make management challenging. Such approaches can improve project 

transparency and accountability, increase respect for partners' strengths, and provide new learning opportunities for project 

participants. 

Identifying and highlighting innovative farmers is an effective way to encourage replication since these farmers demonstrate 

technologies that are adapted appropriately to local climatic and other conditions. 



6. POLICY ORIENTED RECOMMENDATIONS 

The experience of SLM oriented WB’s projects in Tajikistan has provided a number of effective approaches to define and select the 

most suitable examples and technologies for environmental land management, preventing land degradation and increasing adaptation 

in conformity with improvement of rural people livelihoods in poorest countries. 

7. CONCLUSION. 

The WB projects' SLM policy is successive, although different projects cover diverse directions of agricultural development: 

community actions and participatory capacities building, peculiarities of land privatization and fragmentation, and climate change 

adaptation. 

The synergy of the projects environmental results appears in: •Awareness raising and knowledge management in environmental risks 

assessment, application of environmentally and economically effective technologies in farm production; •Experience in water- , soil- 

and energy-saving technologies in rural areas; •Improvement of sanitary and ecologic conditions in villages; •Rehabilitation of 

degraded lands (incl. irrigated) and increase of soils fertility; •Afforestation and alternative timber sources from woodlots. 

•Rehabilitation of pastures and access to; •Fixing erosion on slope lands by woodlots, horticulture, haying, etc.; •Energy savings and 

alternative sources; •On-farm irrigation and water management; •Watershed and pasture management; •Poverty reduction 
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ABSTRACT: This article aims to make an argument for close cooperation between NGOs and scientists, based upon experiences 
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forms of cooperation are being distinguished: cooperation on the ground, in policy arenas and in academic discussions. 
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1. INTRODUCTION 

In this article, NGOs role in disseminating scientific knowledge and the cooperation between NGOs and science is investigated. 

Firstly, outcomes of a literature review to present the academic arguments for cooperation between NGOs and science is 

conducted. Following the review, practical arguments with examples from TEMA Turkey, EMG South Africa, CENESTA Iran, 

CARI France and Both ENDS Netherlands working on land degradation are presented. All these NGOs are partners in Drynet, an 

international network in which 14 CSOs from all over the world joined forces in order to counter the degradation of drylands; 

showcasing successful grassroots responses to dryland problems, making policy suggestions for up-scaling and disseminating 

similar initiatives to other areas. Finally, the paper will be concluded by pointing out similar patterns in this relation between 

NGOs and science, coming up with policy recommendations. 

2. ACADEMIC ARGUMENT FOR THE COOPERATION  

Until the mid 20th Century, there was a common and unchallenged concept of scientific knowledge and that knowledge was 

considered dependable and objective truth (Maasen & Weingart, 2005). Scientists advised policy makers and since this advice 

was unchallenged by anyone, it led to adaptation of these expertly-advised policies (Lengwiler, 2008).  

 

Starting with the first half of the 20th Century, several issues entered the public sphere, starkly outlining both conflicts within the 

scientific community and conflicts between the values of “scientists” and the values of laypersons and citizens. Specifically, as 

citizens have become more critical, and more distrustful of the validity and usefulness of expertise given as policy advice 

(Lengwiler 2008), movements such as the feminist, anti-nuclear, and environmental movements outside of the policy-science 

nexus highlighted these conflicts and began exerting pressure to “democratize” this advice structure (Maasen and Weingart 2005)  

After the Three Mile Island (USA 1979) and Chernobyl (Ukraine 1986) accidents, protesting social movements proved to be 

right, as social movements demand safety guarantees first, thereby challenging the legitimacy of governments and their experts. 

This led to the decline of the monopoly of technocratic elites to introduce new technologies. (Weingart 2004) 

 

Ferretti and Pavone distinguish participatory approaches in science as democratisation of expertise and the co-production of 

science. According to Sheila Jasaoff’s analytical model of co-production, science and technology are the result of a process in 

which social, political and scientific actors interact and finally determine the directions, the priorities and the advances of 

scientific activity. So in addition to creating new formal mechanisms of participatory practices, the stage should be set for new 

forms of knowledge production, in which policy makers, scientists, NGOs, business sector and the public may meaningfully 

interact. (Jasanoff 1996, 2004; Wynne, 2006; Felt et al, 2007; Wynee, 2002) 

 

With this in mind, NGOs in Turkey, South Africa, Iran, France and Netherlands working on drylands were contacted regarding 

their collaboration with scientific information on their work. We will try to summarise relevant outcomes in the following 

section.  
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3. PRACTICAL ARGUMENT FOR THE COOPERATION ON THE ISSUE OF LAND DEGRADATION: 

Three Platforms of Cooperation 

The international community has long recognized that soil and land degradation is a major economic, social and environmental 

problem of concern to many countries in all regions of the world. In 1977, the United Nations Conference on Desertification 

(UNCOD) adopted a Plan of Action to Combat Desertification (PACD). Unfortunately, despite this and other efforts, the United 

Nations Environment Programme (UNEP) concluded in 1991 that the problem of land degradation in arid, semi-arid and dry sub-

humid areas had intensified. As a result, the question of how to tackle desertification was still a major concern for the United 

Nations Conference on Environment and Development (UNCED), which was held in Rio de Janeiro in 1992. The Conference 

supported a new, integrated approach to the problem, emphasizing action to promote sustainable development at the community 

level. It also called on the United Nations General Assembly to establish an Intergovernmental Negotiating Committee (INCD) to 

prepare, by June 1994, a Convention to Combat Desertification that was adopted in Paris on 17 June 1994.  

To ensure civil society involvement in decision making over drylands, 14 Civil Society Organisations (CSOs) from all over the 

world joined forces in 2007 in a programme called Drynet “a global initiative giving futures to drylands”. The three main pillars 

of the network are: 

1. Facilitating a knowledge hub & sharing intelligence by exchange visits, joint publications, articles and dispersion of 

joint newsletter. Drynet creates a structure for the exchange of agro-ecological farming, sustainable initiatives 

happening on the ground and participatory methodologies to combat land degradation among CSOs, scientists and 

policy-makers. 

2. Organising civil society around challenges of land degradation, sustainable solutions and at the same time towards 

policy makers. This is done by trainings, exchange of experiences and consultations for policy suggestions. Drynet 

strengthens and organises national NGO networks and cooperation in order to facilitate the exchange of knowledge 

amongst NGOs and with policy makers and scientists. 

3. Being a reliable and expert speaking partner for policy makers and researchers in international and national debates. 

And creating a voice for people living in drylands in regional and international policy debates. DRYNET encourages 

participatory approaches, develops policy proposals on global, national and local levels on issues of soil and land 

degradation, range and land management, agro-ecology and sustainable agriculture, biodiversity, climate change and 

natural resource protection and cooperates with research centres, institutes and universities. 

 

There are three levels in which DRYNET cooperates with scientists: on the ground, in policy arenas and in academic discussions.  

3.1 Cooperation on the ground 

Locally, scientists are invited by organisations within DRYNET at farmer trainings when the subject requires specific expertise 

of scientists on issues like new techniques for pruning, tillage. Scientists during these trainings adjust their language to the farmer 

audience. And vice-versa, scientists learn about practices of farmers during these trainings which can be built upon in their 

research. This is in line with the observations that were drawn from DESIRE, a multi-stakeholder research project on the 

formation: ‘Scientific knowledge is typically understood to be explicit, systematised, decontextualized and hence widely 

transferable. This is sometimes referred to as “know-why”, since scientific knowledge partly attempts to understand the 

underlying principles and theory behind observable phenomena (against “know-how” coming from local practitioners and 

experience).’ (DESIRE, 2012) IAASTD Agriculture at a crossroads (2009) does a similar recommendation: “An increase and 

strengthening of agricultural knowledge, science and technology towards agro-ecological sciences will contribute to addressing 

environmental issues while maintaining and increasing productivity.” 

 

The Turkish organisation TEMA has over 450.000 supporters and 300 voluntary representatives around the country. Support is 

provided for local representatives on their request for expert opinion to oppose the environmental impact assessments and 

volunteer scientists from TEMA’s Scientific Committee provide input. When going to the villages a translation of language used 

in scientific discussions is needed, e.g. describing the volumes of soil as x amounts of trucks, or area of land as y amounts of 

football fields. When communicating science to people there is a need to balance powerful, evocative images with the perceived 

demands of accuracy. And these skills are mastered by environmental NGOs. (Yearley 2008) 

 

Also, NGOs play a key role in combining indigenous knowledge with the latest scientific findings in the field of sustainable land 

management. In Iran rangelands used to be managed by nomadic pastoralists, relying on their traditional norms, customary 

practices and indigenous knowledge. But, since the 1963 Agrarian Reform and Nationalisation of Natural Resources, these 

customary systems were replaced by an expensive government system. Due to the lack of participation of the nomadic 

pastoralists, who were the actual users, this way of managing the rangelands was unsuccessful. Over the years, biodiversity 

decreased which resulted in degradation of the rangeland ecosystem. As an answer to this natural resource management crisis, the 

organisation CENESTA with the participation of Indigenous Nomadic Tribes of Iran and other stakeholders  started to work 

together to introduce the Non-Equilibrium Ecosystems(NEE) approach (R.H. Behnke and I. Scoones, IIED and ODI, 1992) as the 

basis for range management which inherently validates, recognises and promotes both indigenous and scientific knowledge for 
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sustainable range and land management.  The first goal was to create awareness that drylands are non-equilibrium ecosystems.  

 

This means that a dryland ecosystem regularly and normally changes between different ecological states, which makes it 

impossible to define a stable equilibrium (Sullivan, 2003). Since traditional users, like nomadic pastoralists, know how to read 

the signs in nature and detect changes in patterns and cycles. In other words, throughout their history, they have recognized the 

climate and ecological potentials and limitations existing within different regions and have tried to maximize their own 

compatibility with the environment by adapting their economic and social relations accordingly in terms of sustainable 

management and sustainable use of rangelands. The assumption was that when policy makers acknowledge that drylands are non-

equilibrium ecosystems, they automatically recognise indigenous knowledge. And the next logical step is that the nomadic 

pastoralists would be participating in decision making over rangelands.  

3.2 Cooperation in the policy arena 

Most important conflict between NGOs and science tend to arise around the claims of commercialisation of science. This process 

according to Maeseele (2009, 60) is largely due to issue of university patenting and shift since the end of the 1970s and early 

1980s from public to private patronage of scientific research. The ideal of the independent scientist that serves the ‘public 

interest’ and provides disinterested knowledge has become much less credible in the process (Levidow 1999; Meyer 2006).    

 

Nationally, NGOs employ science in their legal lawsuits or their preparations of draft laws. In TEMA’s legal work, there has 

been wide involvement of scientific expertise in the drafting of the Grazeland Law and Law on Soil Protection, also on the on-

going preparations for Water and Eco constitution. Another form of cooperation is the translation for policy makers of scientific 

conclusions to realities on the ground. 

 

Whereas today, the economic arguments of growth, efficiency, profit and cost reduction are the dominant interpretations in 

making policy choices, many NGOs emphasise the importance of social justice and ecological sustainability. (Maeseele 2009) 

Ecological functions as well as public interest have to be embedded in the economic definitions, as earth is finite and our 

civilisation is intertwined with the natural system, as we know it and our societies are built on. This political discussion about 

development being measured in economic growth and wealth vice versa a broader scope of indicators to measure development 

(so called beyond GDP) was started by environmental NGOs, backed up by some critical economists.  

 

Another example where NGOs jointly with scientists started the political discussion is on the issue of conflicts over lands. NGOs 

saw on the ground how devastating conflicts over and the struggle for land are for livelihoods of people and the environment. 

Together with law academics NGOs addressed these land tenure issues in international policy discussions. This resulted in the 

development of the Voluntary Guidelines on the Responsible Governance of Tenure of Land, Fisheries and Forests in the Context 

of National Food Security at FAO level. The Guidelines were internationally adopted in May 2012 and promote responsible 

governance of tenure with respect to all forms of tenure: public, private, communal, indigenous, customary, and informal. They 

provide a framework that states can use when developing their own strategies, policies, legislation, programmes and activities. 

They allow governments, civil society, the private sector and citizens to judge whether proposed actions constitute acceptable 

practices. 

3.3 NGOs in academic discussion 

The NGOs from DRYNET verify the credibility of scientific information (for example, how they recruit for scientific committees 

and project experts) and what they do when the information they provided is against mainstream science, answers converge with 

the existing literature. Beck (1992) argues that public debate forces science to recognize modernisation risks. Since when there is 

a slight risk against human health or environment, NGOs tend to stick to no risk scientific information. Risks associated with 

modernisation can therefore be ‘forced on’ the sciences, ‘dictated to them’ from the outside, by way of public recognition. With 

reflexive modernisation, public risk consciousness and risk conflicts will lead to forms of scientisation of the protest against 

science. (Beck 1992, 160-1) 

 

DRYNET members work closely with scientists who are published and peer reviewed. For example, both TEMA and CENESTA 

have included a Scientific Council within the organisational structure. These councils consist of scientists who donate their time 

voluntarily on various areas for support. Both ENDS has developed several projects with scientist to combine scientific 

knowledge, action research and policy recommendation. Within DRYNET, all organisations have staff that is associated with 

technical and scientific networks. Indigenous and local knowledge including review by community elders is also a tool NGOs 

rely on when verifying knowledge since most of the NGOs in DRYNET work with people living in drylands, e.g. farmers, 

pastoralists. NGOs are in touch with the local and the indigenous knowledge, which can be revived for combating land 

degradation and disseminate scientific knowledge, which is compatible with indigenous and traditional knowledge as the basis 

for sustainable land management. (Examples: Saffron project by TEMA, Iran rangelands by CENESTA, see: Drynet (2009) 

Saffron Flowers, Sunken Gardens) 
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NGOs also make important contributions towards the formulation of public interest by offering alternative approaches to 

scientific questions and by providing important insights on the social impact of new technologies. (Ferretti and Pavone, 2009, 

296) This can be provided by organizing multi-stakeholder platforms for dialogue on technical and policy issues; participatory 

action research; advocacy; bringing modern scientists, technologists and technocrats to observe and interact with community 

scientific research and practices. 

 

Collaboration between scientists and NGOs can bear lot of valuable lessons, as could be seen in the research project DESIRE 

project (2007 - 2012) in which DRYNET members Both ENDS and CARI were involved with research institutes from around the 

world. In this project, promising sustainable land use and management strategies to mitigate and remediate desertification and 

erosion were selected, tested and modelled in eighteen dryland hotspots around the world in order to quantify their effectiveness 

at various scales. The research was based on close collaborations between scientists, NGOs and local stakeholders, such as 

farmers, to ensure the acceptability and feasibility of the chosen strategies. The scientific results were translated to lessons 

learned and recommendations for good agricultural practices and environmental management for a non-scientific audience as 

well. These were disseminated to practitioners, agricultural extensionists, governmental authorities, policy makers, NGOs, land 

users, landowners, and local communities. The partners within DESIRE chose for this multi-stakeholder platform as local land 

users and stakeholders are not always aware of, or capable of using the many scientific results presently available. During the 

five-year project, the NGOs Both ENDS and CARI facilitated the dialogue between the local land users and other stakeholders, 

and the scientists of DESIRE. Both ENDS and CARI translated scientific research outcomes into language that local land users 

understand. In addition, they advised the scientific project partners on outreach towards policy makers. Both ENDS and CARI 

acted as translators between the two worlds. DESIRE was a symbiotic relationship, since scientists could better define their 

research questions and, avoid having to deal with politics, as NGOs fed their scientific results into ongoing dialogues with 

decision makers. And at the same time, NGOs were able to formalise their concerns and views based on scientific facts. 

 

4. LESSONS LEARNT  

In all of the above-mentioned levels of cooperation between NGOs and scientists, following lessons have been learnt: 

 

- Participation in joint research projects can help scientists better define their research questions.  

- NGOs working in an area for a long time have an overview of the relevant stakeholders and can complete the picture in 

the study site by adding the reality of the field to the scientific model or system.  

- NGOs know the range of stakes in the area, and are able to give an integrated picture of all the factors influencing 

decision-making on land management issues.  

- At the end of the research the NGOs will remain in the area and can ensure that research results continue to be used.  

- Policy makers consult scientists for fact- based, objective advice. NGOs can provide insights on the social context, 

which may prove useful to complement the facts. 

- For research purposes, scientists generally prefer to avoid having to deal with politics and having to keep themselves 

constantly informed about policy developments. By working with NGOs, scientists can feed their scientific results into 

on-going dialogues with decision makers without having to engage themselves.  

- Although scientists often think they need to retain their independent position by remaining politically neutral, their 

research results can be used for a variety of political purposes once published. An open debate with NGOs about the 

current political debates, and the possible use or misuse of scientific material would prevent a situation where scientific 

results are misused or remain covered up when they would not fit the mainstream policy view. 

5. POLICY ORIENTED RECOMMENDATIONS 

As this paper is written as a preparation for the second scientific conference of the UNCCD, we would like to take the 

opportunities to do some recommendations for the conference. 

- Actively engage with civil society organisations working on dryland issues. Instead of giving CSOs the sole 

responsibility to advocate for the recommendations coming from research projects, include CSOs from the beginning in 

research projects. 

- Get a better insight into the realities in the field and learn from local experiences. Invest in things that have proven to 

be a success. Support participatory knowledge development and exchange on agro-ecological farming, including 

economic and social impact studies of agro-ecological farming. 

- Tackle the obstacles to up-scaling sustainable land management by improving stocktaking, documentation and 

communication of good practices and local success stories.  

- Invest in participatory research systems on local knowledge, sustainable land management and agro-ecological 

practices to improve the livelihoods and production in drylands. Combine the best of two worlds: traditional practices 

and knowledge with scientific and formal knowledge; 

- Learn from the process of the development of the Voluntary Guidelines as a participatory process with broad 

acceptance.  
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ABSTRACT:  An  exact and complete description of the cost/benefit ratio of ecosystem services is often missing.  Some studies 

investigate the costs, but not the benefits. Furthermore, in general, benefits of ecosystems focus on production functions, not on 
’other’ ecosystem functions. There is a gap in non-use benefits and secondary benefits. Therefore, a complete framework for 
assessing all relevant costs and benefits of ecosystem-based adaptation measures to climate and which is based on recent insights 
and developments in ecosystem services based CBA will be developed. Next to an approach to quantify all costs of an adaptation 
measure the framework will contain an approach for economic valuation of predicted changes in ecosystem services. 

During the further elaboration of the subsequent activities the framework will be refined to adapt it to the specific situation in the 
forestry, grasslands and wetlands of Carpathian region which is located in the Central-Eastern part of Europe.  The Carpathian 
mountains are the second longest mountain range in Europe, but relatively low, therefore, according to the geographical situation, 

could serve as a good example of the integrated research on adaptive measures. 

Keywords: ecosystem services, non-use benefit, secondary benefit, Carpathian mountains. 

1. INTRODUCTION 

The Carpathian Mountains are a range of mountains forming an arc about 1,500 km long across Central and Eastern Europe, 
making them the second-longest mountain range in Europe (Fig. 1). The Carpathians are characterized by a huge surface and 
wide variety of traditionally managed, multifunctional landscapes. Such landscapes are often dominated by pastoralism and are 
therefore principally comprised of grasslands and pastures whose detailed ecological structure is typified by the 'green-veining' of 
hedges, woodland, forests and watercourses. Such landscapes have strong cultural associations, provide a wide range of 
ecosystem services and associated economic benefits, and are rich in wildlife and biodiversity. However these landscapes  and 
grasslands are under serious pressure. Land abandonment as well as forestry and agricultural intensification are some of the key 

pressures. On top of that climate change induced meteorological changes will create additional pressures. 

 

Figure 1. Location of the Carpathian mountains in Europe 

2. OBSERVED CLIMATE CHANGE IN THE REGION 

The region is affected by the oceanic, Mediterranean and continental climates and shows a large variability especially in the  
precipitation. Furthermore, significant changes of climate can be proofed in the temperature, but these changes are seasonally 
different (Fig. 2). 
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Figure 2. Seasonal temperature changes, 1961-2010. (Spring: upper left, summer: upper right, autumn: lower left, winter: lower 

right) (Lakatos et al, 2012) 

The warming is general in the region in each season with a small exemption in the SE region in winter, where cooling was 
observed. The largest warming is in summer, worsening the surface water balance. The precipitation changes are much more 
mosaic (Fig. 3). 

 

Figure 3. Seasonal precipitation changes, 1961-2010. (Spring: upper left, summer: upper right, autumn: lower left, winter: lower 
right) (Lakatos et al, 2012) 

The seasonally different changes make a large load on the ecosystems, first of all on the natural ones. These changes show a large 
spatial and temporal variability. This could impact the food chains, the heat and water requirements and generally, any kind of 
ecosystem services.  

3. OVERVIEW OF ECOSYSTEM SERVICES 

We follow the Tool of Conservation Measures developed by Lammerant et al (2011) for Natura 2000 sites. The Tool on 
Conservation Measures combines several approaches to economic evaluation of environmental impacts. It is based on a CBA 
framework, uses an ecosystem services approach to identify how changes to the natural environment will affect humans, and 

draws on valuation evidence generated from a variety of market and non-market methods. Market data include the prices of 
goods and services, non-market data is drawn from studies using both revealed preference and stated preference techniques 

produced as a result of conservation measures. 

The guidance is organised around nine steps following the structure of cost-benefit analysis, which are: 

1. Defining the baseline and its level of providing ecosystem services and other economic benefits (expected situation in absence 
of new management measures) 

2. Identifying new conservation measures in order to reach FCS (additional management options) 
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3. Identifying impacts of management changes on ecosystem goods and services 

4. Identifying human populations affected by impacts 

5. Economic valuation of ecosystem service changes 

6. Calculation of discounted costs and benefits 

7. Accounting for non-monetised impacts 

8. Sensitivity analysis 

9. Reporting 

The tool was tested at 11 sites across Europe and gave the following results: 

 

 

Figure 3. Importance of each ecosystem service value (Lammerant et al., 2011) 

 

Figure 3 gives an overview of the relative contribution of each ecosystem service group to the overall mean value. The most 
important ecosystem service is food production, followed by water regulation and landscape/amenity value. 
Ecotourism/recreation, genetic/species diversity and erosion control have more or less the same importance. Fiber, water 
purification, air quality and fuel are of marginal importance throughout the cases. 

 

 

Figure 4. Importance of each ecosystem service typology (Lammerant et al., 2011) 

 

The diagram in Figure 4 groups these ecosystem services into their respective main typology. The regulation services are of 
major importance, followed by the provisioning and cultural services. (Regulation services are benefits obtained from ecosystem 
processes that regulate our natural environment, such as the regulation of climate, floods, disease, wastes, and water quality.The 
supporting services have a lesser weight. 
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3.1 Economic valuation of economic services (Adriaenssens et al., 2012) 

Use value involves some interaction with the resource, either directly or indirectly: 

• Direct use value: Ecosystem services are used in either a consumptive manner, such as fishing for food or in a non-
consumptive manner such as for recreation (e.g. bird-watching). 

• Indirect use value: The value of ecosystem services provided such as nutrient cycling, habitat provision, climate 
regulation, etc. 

• Option value: Not associated with current use of ecosystem services but the benefit of keeping open the option to do so 
in the future. A related concept is quasi-option value which arises through avoiding or delaying irreversible decisions, where 
technological and knowledge improvements can alter the optimal management of an ecosystem. 

Non-use value is associated with benefits derived simply from the knowledge that ecosystems are maintained. In other words, 
non-use value is not associated with any use of an ecosystem. Non-use value can be split into three parts: 

• Altruistic value: Derived from knowing that contemporaries can enjoy ecosystem services. 

• Bequest value: Associated with the knowledge that ecosystems and their services will be passed on to future 
generations. 

• Existence value: Derived simply from the satisfaction of knowing that ecosystems continue to exist, regardless of use 

made of it by oneself or others now or in the future. 

Those who make direct and indirect use of goods and services, i.e. the users, are likely to hold both use and non-use values. 
Those who do not directly or indirectly use a good or service but still hold non-use values are called non-users. While users are 
relatively easy to identify, there is no theoretical definition of non-users. The definition is an empirical question which can be 
answered by primary research. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Total economic value 

3.2 Economic evaluation methods 

Three groups of methods can be used: 

- market values 

- non-market values 

- value transfer 

Table 1 helps present the comparison between the information available about the site and the study being used (source) and the 
policy site (name of the site). 
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Table 1. Assessment of value transfer 

Characteristic Study Policy Site Match* 

The ecosystem services 

studied  

   

The location / geography of 

the site 

   

The change to the 

ecosystem services 

   

The people affected     
The available alternatives 

(substitutes) for the 

ecosystem service 

   

Conclusion for Value 

Transfer 

 

 

4. POLICY ORIENTED RECOMMENDATIONS (based on Lammerant et al., 2011) 

1. The future development plans basically have to involve the monetarization of ecosystem services. Without these activities, 
irreversible processes can be started with unforeseen consequences. 

2. Unification or at least harmonisation is required. A good definition and description of the applied conservation measures is a 
key prerequisite for applying the tool. Site managers refer to the measures described in the site’s management plan, but with huge 
differences in the way conservation measures are categorized. This is partly due to the lack of a uniform classification syst em of 
conservation measures. 

3. Site managers often had limited insight in the exact cost figures of conservation measures. It is the expectation however that 
site managers, in a context of decreasing government budgets, will be increasingly forced to apply cost management techniques. 

Therefore they will pay more and more attention to cost accounting of conservation measures. They should have support in the 
tools and capacity building to develop their knowledge and activities on this field. 

4. There is potential for improving the user friendliness of the tool by means of using appropriate software. This could link 
together information, reducing repetitiveness of analysis, and automate some aspects of the calculations. 

5. Application of the tool requires input from environmental economists. Their input to application of the tool can be encouraged 
through appropriate training and awareness raising. However, getting the necessary input from environmental economists can be 
difficult, as they are a scarce resource and may not be aware of relevant valuation evidence. Therefore, and efficient approach 
could be to provide an ongoing helpdesk function for valuation. This helpdesk could advise sites on whether to apply the tool  

(scoping), locate appropriate valuation evidence, and support sites to bid for resources when they complete management plans. 

6. Global programmes could and should play a role of information sources, knowledge transferer and development initiators for  
the optimal use of the Earth resources. 

5. CONCLUSIONS 

A Tool of Conservation Measures was developed to provide the best possible insight in the economic value wider benefits of 

conservation measures. 

The tool can operate successfully through the combined inputs of site managers and environmental economists to value the 
ecosystem service changes resulting from conservation measures. 

The ecosystem services approach provides the most suitable method for identifying economic values associated with 
conservation measures in Natura 2000 sites. 

The moderate confidence level was obtained in some cases because of a lack of scientific information linking changes in habitats 
to changes in ecosystem services; lack of economic evidence on the value of ecosystem service changes; lack of accurate 
information on costs of conservation measures. 
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Not all stakeholders in the management of sites do yet appreciate the features of the ecosystem services approach and its 
relevance to them even when some evidence suggests otherwise (e.g. local water agencies may prefer engineered solutions and 
not see the role of catchment management in their business model; tourism agencies may not regard nature-based tourism as a 

priority). Without the cooperation of stakeholders it can be difficult to gather the data necessary to undertake valuation. 
Awareness raising (e.g. face to face meetings, demonstration projects) and capacity building (e.g. training) may be the only way 

to change this. 

As well as enhancing genetic and species diversity, in general, the conservation measures studied are expected to have positive 
impacts on regulating services; this area often lacks specific evidence (e.g. on air quality or erosion control), but some water 
quality and quantity regulation benefits could be valued. 
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ABSTRACT: Water in the arid regions of the planet is usually the factor that limits an adequate provision of ecosystem services, 
especially when there are competing uses. Such is the case in the Huasco river basin, located in the hyper-arid Atacama Desert in 
Chile. This basin has three medium- to small-size cities, large copper mines, agriculture, cattle that together threat the future 
provision of fresh water due to increased consumption. The risk of facing future shortages because of unbalanced consumption 
vs. water recharge moved the local government to fund a research project aimed at estimating the total economic value (i.e., use 
and non-use values) of water in order to have scientific information to enlighten the future decision-making process in terms of 
the development of an integrated water resource management policy. Thus, we applied a survey to a sample of urban and rural 
dwellers (such as farmers, ranchers, miners, wetland managers), and interviewed several local experts and public servants. We 
thus estimated the willingness to pay for water conservation of different stakeholders, and the main actors’ opinion regarding the 
needs for improved management in a water-scarce basin. 

Keywords: Total economic value of water, Contingent valuation, Willingness to pay. 

1. INTRODUCTION 

1.1 Basin characteristics 

The Huasco River Basin is located in the Atacama Region, Chile. It has an area of 9,850 km2 (IGM, 1994; CAZALAC, 2011) 
and its climate and the geology allow the co-existence of different productive activities, such as mining—mainly copper, gold, 
silver, iron and molybdenum, as well as quartz, marble, barite—agricultural activity that includes the production of fresh table 
grapes and pisco (a local brandy), olives and vegetables, the latter being for local consumption, and pork production at industrial 
scale (CAZALAC, 2011; DGA, 2009). 

For water management purposes, the basin is divided into four sections (Fig. 1): 1st section the Carmen River, 2nd section Tránsito 
River, 3rd section Huasco River (between the confluence of Carmen and Tránsito Rivers up to the main highway) and the 4th 
section Huasco River (from the highway to the ocean). Downstream the confluence of the Carmen and Tránsito Rivers is the 
Santa Juana reservoir with 170 million m3, which provides irrigation security to around 12,000 ha on sections 3 and 4. The 
aquifer is divided into six sections too: above the Santa Juana reservoir, high and low Vallenar, high and low Freirina and Huasco 
by the seaside (CAZALAC, 2011; DGA, 2007). 
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Figure 1: The Huasco River irrigation sections (elaborated by the authors) 

In Chile water is considered a public good by the Water Code, but it can be hold privately as water rights that can be traded in the 
market. River courses are split into three sections for managerial purposes, the first being the upper and closer to the Andes 
Mountains and the third near the Pacific Ocean. In the Huasco river basin the water rights are concentrated in the third section, 
which has a 64.6% of them and 45 irrigation canals, while the second section has 13.3% of the water rights and 149 irrigation 
canals (i.e., 47% of the canals). The first section has only a 8.2% of the rights and the fourth section a 13.7%, with a 98 and 23 
canals respectively (CAZALAC, 2011). Regarding the availability of water in the aquifer, in the sections Vallenar and Huasco by 
the seaside demand exceeds supply. For example, in the Huasco by the seaside section, there is a 277% over-demand 
(CAZALAC, 2011; DGA, 2007). 

The increased demand for groundwater is explained by the rising prices of surface water rights caused by the increased economic 
activity in the basin. This raise has affected the agricultural sector since ownership of rights switched and is nowadays 
concentrated in the mining companies’ ownership. This scenario is modulated by a long-term drought affecting the northern half 
of Chile during the last four years (2009-2012), creating a new scenario for the upcoming years (CAZALAC, 2011).  

That is why in the local government of the Huasco basin has explored the use of ‘environmental flow’ as a tool to ensure the 
compatibility between different uses and needs. For this purpose a governmental agency requested an assessment of water 
resources in terms of economic, social and environmental valuation in the basin. The applied method provided an estimation of 
the total economic value of water in the Huasco river basin. 

1.2 The economic value as a management tool 

Within the basin no additional surface or underground water rights can be granted because it has been declared as ‘exhausted’ 
(CAZALAC, 2011) by the authority. Since demand exceeds supply, it is necessary to re-allocate available resources to achieve 
technical and economic efficiency. While the market is capable and expected to fulfill this task, it often leads to socially 
inefficient situations, due to the existence of negative externalities and the provision and consumption of public goods (Casimiro, 
2002), such as water that is usually considered a semi-public good. Water rights have a market price, that reflects their linkage 
with production and welfare (use value), but water also has other values associated with environmental and social functions (Lira, 
2002). Consequently, the total economic value of water is composed by the summation of the use, non-use and option values. The 
former has a market price, but the latter do not, and this is why they are not considered when making any kind of managerial 
decisions (Bräuer, 2003). 

The use value is defined as a welfare measure when society makes effective use of water resources in, say, productive activities.  
It refers to the instrumental dimension of this resource (Azqueta, 2002, Freeman, 1993). This value can be subdivided into direct 
and indirect values (Fig. 2). The first involves the flow of water used either in a consumptive or a non-consumptive manner, and 
it generates a direct utility to the user. The latter is related to the portion of water demanded by ecosystems and ultimately allows 
the subsequent provision of environmental services (Azqueta, 2002). At the same time, the non-use value is defined as a sort of 
value that does not involve the (direct or indirect) utilization of water. This value is divided into existence value and inheritance 
value. The first derives from the intrinsic or extrinsic value given by a human being to an object, and depends on the projection 
that humans have on them (Azqueta, 2002; Throsby, 2007). The second is defined as the desire of individuals to transfer goods or 
services (or their existence) to future generations, demonstrating intergenerational equity (Throsby, 2007). Finally there is the 
option value, which is defined as the ability to preserve the resource for the future. Then, in the future it may acquire potentially a 
use or non-use value (Azqueta, 2002).  
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Fig. 2: Total economic value of water resources, elaborated by the authors based on Azqueta, 2002; Martínez de Anguita, 2004; 
Uclés, 2006. 

In the absence of real markets for non-use and indirect use values, there is a difficulty in setting a price. However environmental 
functions generate positive outcomes that are entirely necessary for production, society and ecosystems (Garcia y Colina, 2004; 
Costanza et al., 1997). Estimating the price to these water features can help improve management and, at the same time, it is 
critical to achieving economic priority goals such as economic efficiency and sustainable growth (Casimiro, 2002). 

2. METHOD 

2.1 Estimation of the direct use value of water  

We followed the method proposed by DGA (2010), which includes the analysis of transaction prices of water use rights (WUR), 
obtained from public records at the Registrar’s Office (RO) in the city of Vallenar. The evolution of WUR prices in the last 
fourteen years (starting in 1998, since before the records do not contain separate data of water and land transactions) was 
estimated from a representative sample. Since the public records may not contain the real prices, we then consulted with several 
local experts (the presidents of the six Water Users Associations of the canals with the highest number of transactions in the 
basin) before statistical analyses. All values were expressed as Net Present Value. The resulting value for 2012 expressed as the 
price of a water right is multiplied by the total number of rights in the basin, to calculate the direct use value. In each year we 
used a sample size larger than necessary in order to ensure the representativeness of the results. We calculated the average, 
median, standard deviation, minimum and maximum price of WURs traded per year. 

2.2 Estimation of the willingness to pay for indirect use, option, existence and inheritance values 

Using the contingent valuation method we estimated the willingness to pay (WTP) to maintain the current availability of water in 
the locality where the respondent lives. We designed and applied a questionnaire applied to respondents who live in the basin and 
have knowledge about the current availability of water in their area. The contingent valuation method corresponds to a direct 
economic valuation method applied in the absence of markets, creating a theoretical market (Casimiro, 2002). This method was 
useful for this case study to estimate the total economic value of water (Cristeche and Penna, 2008). 

Respondents were selected from the agricultural and mining sectors, since both show the highest demand for water in the basin. 
These were sorted into three categories: i) Subsistence farmers, who are rural families producing for auto-consumption and 
command a cropping area under 5 irrigated ha; ii) agricultural producers, or farmers who’s production is sold in the market and 
command more than 5 irrigated ha, but are not exporting companies or agribusiness, and iii) companies, which includes the 
agricultural exporting and/or agribusiness firms, and mining and other large corporations.  

The agricultural census data (INE, 2007) indicates the existence of 1,555 subsistence farmers, 531 agricultural producers, and 55 
companies (CAZALAC, 2011; DGA, 2009). Based on this information we tested our survey on 15 subsistence farmers, five 
agricultural producers and five companies. Following this, the sample size was adjusted based on Equation 1. 

 

Equation 1: Correction of the sample size in basis of a known population size (Cochran, 1971) 
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Where: nc=corrected sample in basis the population size, n= sample size obtained by Equation, N=population size 

Following Cerda (2003) we performed ANOVAs. Subsequently, we built econometric models to explain the WTP, using a 
multiple regression model, because of the multiplicity of options that determine the WTP of an individual (Pindyck and 
Rubinfeld, 2001). The econometric model identified which variables are statistically significant to explain the WTP, if the null 
hypothesis is rejected: 

H0: ßi = 0 No statistical significance of the variable   H1: ßi ≠ 0 Statistical significance of the variable 

Then if t-Statistic> | 2 |, we rejected the null hypothesis, the evaluated variable of the econometric model is statistical significant. 

The statistical significance of the econometric model is determined by an F-test 

 

Equation 2: Getting F-statistic (Martin et al., 1997; Pindyck and Rubinfeld, 2001) 

Where: n=Number of model data, k=Number of β evaluated model, R2= determination coefficient of the model. 

The hypothesis test associated corresponds to: H0: β1 = β2 = ... = βn = 0   H1: There is a ßi ≠ 0 

Ft table value obtained determined with an α = 0.05.  

If F *> Ft the null hypothesis is rejected, then the model with the considered variables has statistical significance. 

Then we set the likelihood of positive response of the WTP value obtained from the econometric models for each category. The 
probability function was determined by the following equation. 

 

Equation 3: Probability of positive responses (Grinstead and Snell, 1997) 

Where: Pbb=Probability of positive responses, WTPg=WTP of the respondent greater or equal than the WTP obtained by the 
econometric model, SS=subsample size, i=the evaluated category: subsistence farmers, agricultural producers, or companies.  

Finally the average value of the WTP obtained through each econometric model was multiplied by the probability of a positive 
response and the size of the target population according to each category.  

94 surveys were applied conducted to users (always over 18 years) of the Huasco Basin, with emphasis on the third and fourth 
sections of the river where most of the productive activities are concentrated. 51% of the surveys were applied to male users and 
49% female users, with an average age of 55 years. The educational level is mostly complete basic education. 

3. RESULTS AND DISCUSSION 

3.1 Direct use value of water in the Huasco River basin 

There is a high standard deviation value in the transaction prices of WURs, explained by the appearance of large investment (i.e., 
mining and development) projects in the basin. Low values in the time series are explained, according to local experts, by the 
possibility of tax evasion. Thus, sellers tend to underrepresent real market values. This distortion led us to compare the RO data 
with the figures given by the experts (EJ), in order to obtain a ‘corrected value’ that corresponds to a representative amount for a 
given year that was then used calculate the direct use value (Table 1). 

Table 1: Comparison of transaction values between those of the Registrar’s Office and the Expert Judgment (values in USD) 

Year Mean RO Median RO Mean EJ Median EJ 
Corrected 

value 

1998 $ 10,511 $  4,621 $  7,000 $  7,000 $  8,755 

1999 $  8,024 $  6,000 $  6,000 $  6,000 $  6,000 

2000 $ 11,375 $  7,186 $  6,000 $  6,000 $  8,687 

2001 $  4,091 $  2,000 $  6,000 $  6,000 $  5,046 

2002 $  2,866 $  2,000 $  4,000 $  4,600 $  3,433 

2003 $  1,912 $  2,000 $  2,000 $  2,200 $  1,912 

2004 $  3,030 $  2,000 $  4,000 $  5,000 $  3,515 
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Year Mean RO Median RO Mean EJ Median EJ 
Corrected 

value 

2005 $  4,217 $  4,000 $  6,000 $  6,000 $  5,108 

2006 $  5,019 $  4,000 $  6,500 $  6,500 $  5,760 

2007 $  7,691 $  3,763 $  7,800 $  7,800 $  7,746 

2008 $ 11,158 $  4,160 $  8,000 $  8,000 $  9,579 

2009 $ 11,103 $  6,375 $  8,000 $  8,000 $  9,551 

2010 $  9,167 $  5,000 $  8,500 $  8,500 $  9,167 

2011 $  7,499 $  4,000 $ 10,500 $ 10,000 $  9,000 

2012 - - $ 18,667 $ 20,000 $ 18,667 

 

The values tend to agree roughly on peaks and valleys, as in 2001 and 2003, or show similar trends as in the periods 2002-2003, 
2004-2006 and 2010-2012 (Fig. 3). However, there are some disparities between two curves in 2000, 2001, 2007, 2008, 
explained by transactions with extreme values (either maximum or minimum) detected in RO data. The mean values of RO are 
more variable than that of the EJ. Then we corrected this anomaly by means of Equation 2 (Coss, 2005). The evolution of the 
‘smoothed’ time series is depicted on the right hand panel of Figure 3. 

 

Figure 3. Price variation according to the Registrar´s Office values and the Experts (left panel) and ‘smoothed’ values (right 
panel) of the WUR in the Huasco basin 

 

According to EJ, the 2000 peak is because the arrival of two projects: a large mining investment, and a large agribusiness 
oriented to the pork meat external market. Both projects require large volumes of water, so the price increased immediately from 
US$ 8,000 on average to US$ 12,000 per water right (0.66 l/s). Right after, prices went down. In 2004 prices start to go up again 
because of new mining and agricultural projects. Interestingly, this was reflected in the contingent valuation surveys, which 
indicate that since 2000 and particularly in 2003 a water shortage in the area had begun. As there is less supply modulated by an 
increased demand from productive activities, the market reaction is a price rise. Year 2008 shows the second highest point of 
prices of around US$ 11,000 per right. Experts say this increase is related to the increase in demand for land for suburban 
development in the basin. But during the 2010-2011 period prices fall slightly due to a gradual change in land use: urban land 
price increases and new areas for development were added. But these projects do not require much water, so there is less demand 
for this resource. However, 2012 is marked by a new and remarkable increase, associated to the fear of the impacts of a long-term 
drought, as it is currently occurring. By 2016 another big boost is expected with the initiation of the construction of the El 
Carmen reservoir, generating a price increase because producers will want to improve their irrigation security. 

Finally, based on the data provided by the experts, the price of a water right equivalent to 0.66 l/s was US$ 18,667 for 2012. The 
number of water rights in the basin is 11,805, so the direct use value for 2012 (based on market information) is estimated at US$ 
220,359,992. However these reference prices do not include non-use, option, and indirect values of water. The results of their 
estimation is shown in the following sections. 

3.2 Indirect use, option, existence and inheritance values in the Huasco River basin 

The monthly median family income of users who are not a company (excluding sales revenue) ranges from US$ 100 to US$ 600. 
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Regarding ownership of water, 96% have WUR. The rest are illegal water users. Of the 96% of users, 4.4% lease the land they 
use together with the water rights. Therefore it was not possible to determine a lease price for irrigation water. However, we 
underscore the fact that all of the rightful owners in the sample have their WUR registered in the RO. 

The 59% of the sample indicates that the water is insufficient to meet production needs, but if a previous question is added the 
water for meet environmental and social functions, the 62% indicated that it is insufficient to meet their production needs 
together with the social and environmental needs. 

Regarding the environmental functions of water and the riverine ecosystems, respondents mainly identified the regulation of the 
hydrologic cycle, followed by the regulation of the nutrients cycles, as well as retention of soil and pollution regulation. Lastly, 
they mention energy generation. This because the Huasco River has little hydroelectric potential as compared to other rivers in 
southern Chile. In relation to social functions, the main identified were facilitating the generation of food and/or fiber, followed 
by the ‘option value’ (i.e., reserve water for the future generations), the possibility of recreation, aesthetic values and ultimately 
spiritual values.  

The 84% of respondents are willing to pay to ensure a future flow that corresponds with their WUR. When asked about the 
functioning of the ecosystem, 70% are willing to pay to maintain the ecosystem, while 62% of the respondents is willing to pay if 
payment is related to maintenance of the social functions of watercourses. People are willing to pay a lesser extent to ensure 
social functions because they consider inappropriate that a third party would receive the benefit of their payment. The situation 
improves when payment would benefit the ecosystem. 

The WTP results are distributed as follows. The average WTP for subsistence farmers is US$25,56/month, while agricultural 
producers are US$29,96/month and companies US$761,34/month. The probability of having a subsistence farmer, and 
agricultural producer, and a company actually paying that value is 32%, 48%, and 1% respectively. The low probability can be 
caused by, among other reasons, to the dispersion of the WTP values and a high concentration of values in the lower segments.  

Due to the low probability of the companies to actually pay, we multiplied the probability of a positive WTP answer with that 
generated by the econometric model (Kriström and Riera, 1997 and Riera, 1994). 

From the data obtained from Table 1 (US$ 18,667/water right) the estimated total use value for the basin is US$ 220,359,992 
(market price). Now we add the value assigned by each category of users. The new value is US$ 67,846/year ($ 5,654 x 12 (Table 
2)), to estimate the use value, which is US$ 220,427,837/year. This value corresponds to the market price plus the value given by 
the different water users. 

 

Table 2: Monthly WTP according to use and non-use values (values in USD) 

User Subsistence farmers Agricultural producers Companies 
Total by 
Value 

WTP $ 25,56 $ 29,96 $ 761,34 

 
Probability of 

response 
0.321 0.481 0.091 

Population size 1,555 531 55 

 
% Money % Money % Money 

 

Existence value 20.52 $ 2,618 21.83 $ 1,672 20.63 $ 785 $ 5,075 

Direct non-
consumptive use 

8.27 $ 1,055 7.28 $    558 10.58 $ 403 $ 2,015 

Option Value 10.26 $ 1,309 12.81 $    981 11.11 $ 423 $ 2,713 

Inheritance value 25.97 $ 3,313 22.27 $ 1,706 20.63 $ 785 $ 5,804 

Consumptive direct 
use 

23.56  $ 3,006 23 $ 1,762 23.28 $ 886 $ 5,654 

Indirect use value 11.42 $ 1,457 12.81 $ 981 13.77 $ 524 $ 2,962 

Total subsample   $ 12,757   $ 7,660   $ 3,807 $ 24,224 

 

Hence, based on extrapolation of WTP values of individual sub-samples and the prioritization (Table 2), the direct use value is 
US$ 24,186/year, whereas the indirect use value adds up to $ 35,548/year, while the option value is US$ 32,557/year, the 
existence value US$ 60,905/year, and inheritance value US$ 69,652/year.  
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Therefore, the total economic value of water in the Huasco basin in 2012 prices reaches US$ 220,650,685. The 99.92% of total 
economic value is represented by the use value, while non-use and option values represent a 0.06% and 0.01% respectively. 

4. CONCLUSIONS 

The total economic value can be a useful tool to guide water management, as it allows the estimation of the users’ interest on 
water and the services it provides. This interest is transformed into monetary terms which in turn may facilitate the decision 
making process in the territory. 

Regarding the water rights, this is an active market and highly sensitive to the impacts of new investment projects in the basin. 
Other elements that cause price variations are related to irrigation security provided by a new reservoir and, on the other hand, the 
negative impact of a long-term drought.  

Market information availability is asymmetric, which is evidenced by price variations for similar dates and locations. This 
suggests the need for a system with improved water market information, which would prevent abuse by users with better access 
to it.  

The WTP of different subsamples to maintain the current conditions of the watershed can be broken down as follows: subsistence 
farmers are WTP US$ 25,56/month with a probability of 32.10%, farmers US$ 29,96/month with a probability of 48.10% and 
companies US$ 761,34/month with a probability of 0.09%. 

The water users of the Huasco river basin prioritize the use of funds collected through their individual WTP to ensure their 
productive needs. However, they are also willing to protect the ecosystem and to ensure the hydrologic cycle, among other 
functions. 

Finally, the use value is US$ 220,427,837/year, the non-use value is US$ 130,557/year, and the option value is US$ 32,557/year. 
Thus, the total economic value of water in the Huasco River basin in 2012 values is US$ 220,650,485. Given the characteristics 
of this particular ecosystem, the perceptions and use of information by the users, this amount can be regarded as a minimum 
value. 
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ABSTRACT: Global investment in Sustainable Land Management (SLM) has been substantial, but knowledge gaps remain. 
Overviews of where land degradation (LD) is taking place and how land users are addressing the problem using SLM are 
still lacking for most individual countries and regions. Relevant maps focus more on LD than SLM, and they have been 
compiled using different methods. This makes it impossible to compare the benefits of SLM interventions and prevents 
informed decision-making on how best to invest in land. To fill this knowledge gap, a standardised mapping method has 
been collaboratively developed by the World Overview of Conservation Approaches and Technologies (WOCAT), FAO’s 
Land Degradation Assessment in Drylands (LADA) project, and the EU’s Mitigating Desertification and Remediating 
Degraded Land (DESIRE) project. The method generates information on the distribution and characteristics of LD and SLM 
activities and can be applied at the village, national, or regional level. It is based on participatory expert assessment, 
documents, and surveys. These data sources are spatially displayed across a land-use systems base map. By enabling 
mapping of the DPSIR framework (Driving Forces-Pressures-State-Impacts-Responses) for degradation and conservation, 
the method provides key information for decision-making. It may also be used to monitor LD and conservation following 
project implementation. This contribution explains the mapping method, highlighting findings made at different levels 
(national and local) in South Africa and the Mediterranean region. 

Keywords: Mapping, Decision Support, Land Degradation, Sustainable Land Management, Ecosystem Services, 
Participatory Expert Assessment 

1. INTRODUCTION 

Despite progress towards the Millennium Development Goals, there remains widespread hunger, poverty, and food 
insecurity, and the key ecosystems that provide our natural resource base continue to be depleted and degraded. These 
development challenges and the threat to our natural resource base are recognised as a global issue that concerns everyone. 
In 1992, at the request of UNEP and in collaboration with various international institutions and experts worldwide, ISRIC 
produced a world map (GLASOD) showing the status, global extent, and severity of human-induced soil degradation 
(Oldeman et al., 1991). Over the last two decades, researchers have focussed on assessing and mapping degradation using 
Geographical Information System (GIS) and remote sensing (Bai et al., 2008; Hill et al., 2008; Prince et al., 2009; 
Buenemann et al., 2011; Verstraete et al., 2011) and some have attempted to support decision making by assessing land 
potentials, land suitability and land health (Herrick et al., 2006; Bestelmeyer et al., 2009: Bojórquez et al., 2001; Ochala and 
Kerkides, 2004). 

In 1992, the World Overview of Conservation Approaches and Technologies (WOCAT) programme was launched to find 
ways of preventing, mitigating, and rehabilitating degradation (Liniger et al., 2013). WOCAT takes a positive, solution-
oriented approach rather than focussing solely on measuring degradation. Finding ways of sustainably managing our natural 
resource base is a fundamental challenge that the international community must effectively address in the coming decades 
(Liniger and Critchley, 2007; Liniger et al., 2011; Liniger et al., 2013; Van Lynden and Mantel, 2001).  

In recent years, substantial global investments have been made in implementing Sustainable Land Management (SLM) in the 
context of development and environmental programmes (GEF, 2009). Nevertheless, overviews of where land degradation 
(LD) is taking place and how land users are addressing the problem using SLM are still lacking for most individual countries 
and regions. Relevant maps focus more on LD than SLM, and they have been compiled using different methods. This makes 
it impossible to compare the benefits of SLM interventions and prevents informed decision-making on how best to invest in 
land. 
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To fill this knowledge gap, WOCAT began developing a standardised mapping methodology. This generally applicable 
mapping method was further refined in collaboration with the FAO’s Land Degradation Assessment in Drylands project 
(LADA) and, at a later stage, the EU’s Desertification Mitigation and Remediation of Land (DESIRE) project. The method 
is an integral part of a comprehensive approach to LD and SLM that includes local-level case studies and decision support 
(Liniger et al., 2013). The method generates information on the distribution and characteristics of LD and SLM activities and 
can be applied at the village, national, or regional level. It relies on participatory expert assessment, documents, and surveys. 
Collected data are spatially displayed across a land-use systems base map. The method enables collection and mapping of 
information according to the five aspects of the DPSIR framework (Drivers, Pressure, State, Impact and Response). The 
resulting “spatialised” knowledge on degradation and conservation directly facilitates informed decision-making (Schwilch 
et al., 2011). Finally, the mapping method may also be used to monitor LD and conservation following project 
implementation. 

In the following, the mapping method is described and examples of its use in planning interventions are shown. The 
examples stem from findings made at different levels (national and local) in South Africa and the Mediterranean region. 
Based on these case studies, policy oriented recommendations are formulated. 

2. THE WOCAT-LADA-DESIRE MAPPING METHOD 

The main goal of this mapping method is to obtain a picture of the distribution and characteristics of LD and 
conservation/SLM activities at the local, regional, national, or global level. Application of the method ultimately produces 
maps of existing LD, its causes and impacts as well as, conversely, maps of existing conservation efforts and their impacts 
on major land-use systems in the area. To facilitate compilation and organisation of the necessary data, a detailed mapping 
questionnaire and GIS-related database were developed (www.wocat.net). Data drawn from a variety of sources are 
compiled and harmonised by a team of experts, consisting of land degradation and conservation specialists working in 
consultation with land users from various backgrounds. Ideally, the expert teams include those (national) institutional and 
individual stakeholders who possess the country-specific knowledge of LD and SLM needed to compile the relevant 
questionnaire data and other information. This information covers all types of land use and land management employed on 
cropland, grazing land, forests, and other forms of land in the area being mapped. The specialists’ and land users’ knowledge 
is combined with existing datasets and documents (maps, GIS layers, high-resolution satellite images, etc.) in workshops that 
are designed to build consensus regarding the variables used to assess LD and SLM. This process is also referred to as 
participatory expert assessment (PEA) or consensus mapping. 

The different steps may be summarised as follows: 

Step 1: Contributing specialists and stakeholders: Data collection, harmonisation, and quality assurance should be 
performed by a team of specialists and stakeholders. National specialists involved in this step should possess relevant, 
country-specific knowledge of LD, land management, land use, soil and water conservation, and other related aspects. The 
contributing specialists are selected by means of detailed stakeholder analysis; they are charged with data collection, quality 
assurance, and entering all data in the database.   

Step 2: Land use systems and the base map: The basic unit of evaluation is the land use system (LUS) (Nachtergaele et al, 
2008). A global LUS map is available, but this map needs refinement and adjustments at the national, regional, and local 
level to delineate appropriate baseline mapping units. In any case, as a primary driver of degradation and conservation, land 
use represents the starting point for mapping them. It provides the basis for identifying the subsequent units that are used to 
compile information on LD and conservation. The mapping process begins with identification of the main land use type, e.g., 
“Cropland”, “Grazing land”, “Forest/woodland”, “Mixed”, or “Other”. Depending on the mapping scale, further subdivision 
may be needed; for example, “Cropland” can be divided into “annual” and “perennial cropping” while “grazing” can be 
divided into “extensive” and “intensive grazing”. Additional subdivisions may be made according to physiographic or 
geomorphologic criteria, administrative units, or socio-economic criteria, depending on the particular site and mapping scale. 
Next, for each mapping unit, the team of specialists makes an initial estimation of the “area trend” over the previous decade, 
indicating whether the land use area is rapidly increasing (+2), remaining stable (0), or rapidly decreasing (-2). Similarly, the 
team estimates the “intensity trend” of land use systems for each mapping unit, indicating whether there is a major increase 
(+2) (e.g. from manual labour to mechanization), no change (0), or a major decrease in land use intensity (-2). 

Step 3: Land degradation per land use system (LUS): For each land use mapping unit, seven indicators of land 
degradation are compiled: 

(a) The major types of LD currently occurring under each LUS are then identified and indicated as follows with individual 
letter codes:  

 (W): Soil erosion by water (e.g., loss of topsoil, gully erosion, mass movements, riverbank erosion, coastal erosion, 
offsite degradation effects); (E): Soil erosion by wind (e.g., loss of topsoil, deflation and deposition, offsite degradation 
effects); (C): Chemical deterioration (e.g., fertility decline and reduced organic matter, acidification, soil pollution, 
salinization /alkalinisation); (P) Physical deterioration (e.g., compaction, sealing and crusting, waterlogging, subsidence 
of organic soils, loss of bio-productive function due to other activities); (H) Water degradation (e.g., aridification, change 
of quantity of surface water or  groundwater level, decline of surface water or groundwater quality, reduction of 
buffering capacity of wetlands); and, (B) Biological degradation (e.g., reduction of vegetation cover, loss of habitats, 
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quantity/biomass decline, detrimental effects of fires, decline in quality of species composition, loss of soil life, increase 
in pests and diseases.   

(b) Next, the current extent of the identified LD types is assessed as a percentage of the LUS area: for each LD type 
identified, the extent should be given as percentage of the LUS affected by that degradation type (e.g., soil erosion by 
water affects 25% of the cropland). 

(c) The current extent of LD identified is then defined as the intensity of LD taking place. This is coded from (1) light 
(damage that can be restored with minor efforts) to (4) extreme (degradation beyond restoration).  

(d) Next, the rate of LD over the past 10 years is estimated, from rapidly increasing (+3) to rapidly decreasing (-3)  
(e) Direct causes of LD are also indicated, including: soil management, crop and rangeland management, deforestation and 

removal of natural vegetation, overexploitation of vegetation for domestic use, overgrazing, industrial activities and 
mining, urbanisation and infrastructure development, release of airborne pollutants, disturbance of the water cycle, 
excessive abstraction of water, natural causes. 

(f) Indirect causes of LD are indicated as well, including: population pressure, consumption patterns and individual demand, 
land tenure, poverty, labour availability, inputs and infrastructure, education/awareness, war and conflict, governance 
and politics. 

(g) Finally, for each degradation type identified, the following possible impacts on ecosystem services are distinguished: 
productive services (e.g., production decline), ecological services (e.g., organic matter status; regulation of excessive 
water), socio-cultural services (e.g., spiritual, aesthetic, health benefits).  For each type, a letter code and level of impact 
from (1) to (-3) are indicated (e.g., high negative impact on production)  

Step 4: Land conservation (Sustainable Land Management): Similar to the previous step, those areas under SLM, 
displaying reduced LD, or even showing improvement are identified and assessed for each land use mapping unit: 

(a) The names of the most prevalent SLM technologies (individual or combinations) are identified for each mapping unit. 
(b) Each SLM technology identified under (a) is assigned to a letter-coded “Conservation group” including: (CA) 

Conservation agriculture; (NM) Manuring/Composting; (RO) Rotational system; (VS) Vegetative strips/cover; (AF) 
Agroforestry; (AP) Afforestation; (RH) Gully control; (TR) Terraces; (GR) Grazing land management; (WH) Water 
harvesting; (SA) Groundwater/salinity regulation/water use efficiency; (WQ) Water quality improvement; (SD) Sand 
dune stabilisation; (CB) Coastal bank protection; (PR) Protection against natural hazards; (SC) Storm water control; 
(WM) Waste management; (CO) Conservation of natural biodiversity; and (OT) Other.  

(c) Each technology is then categorised according to the type of conservation measures, including: agronomic, vegetative, 
structural, management, and combinations thereof. 

(d) For each technology, indication is made as to whether it was implemented for the purpose of prevention, mitigation 
and/or rehabilitation of LD. 

(e) The extent of each SLM technology is then indicated as a percentage of the LUS area: For each type of land conservation 
identified, the extent should be given as percentage of the LUS affected by that degradation type (e.g., soil erosion by 
water affects 25% of the cropland). 

(f) Next, the degradation that is addressed by each technology is indicated. 
(g) Afterwards, the "effectiveness" class of the technologies identified for each LUS unit are indicated, ranging from (+4) 

very high to (+1) low effectiveness. 
(h) Any trends towards higher or lower effectiveness of conservation are indicated as follows: increase (+1), no change (0), 

decrease in effectiveness (-1).  
(i) Next, the SLM technologies’ impact – type and level – on ecosystem services is indicated (just as the impact of LD). 
(j) Further, the year in which each technology was implemented is indicated. 
(k) Finally, references are provided to one or more WOCAT questionnaires on SLM technologies (QT) that describe the 

technologies listed under (a). If no QT is available for a given technology, some concise details about the technology are 
recorded under “Remarks” in the database. 

The assessment variables for LD and conservation are basically mirror images of one another, or two sides of the same coin. 
One set of variables assesses LD, describing its seriousness, causes, and impacts; the other set of variables assesses the 
current response to LD, describing the individual conservation measures, their effectiveness, and impacts. This enables direct 
comparison of degradation and conservation measures for a specific area, providing a spatial overview of the seriousness of 
the problem (degradation) and the effectiveness/impacts of current responses (conservation). This in turn allows decision-
makers to identify priority areas for intervention and investment. Knowing the “where” of degradation enables them to 
consider more specific questions of policy: Should they address those areas with the biggest degradation problems and the 
least conservation measures in place? Or should they direct their attention to areas where degradation is moderate but 
increasing, and threatens highly productive systems? Or should investments be directed to areas where good management 
practices are already in place and could be expanded to neighbouring areas? To help answer such questions, the contributing 
specialists and stakeholders use the maps to derive recommendations in Step 5. 

Step 5: Expert recommendations: For each mapping unit, expert recommendations are provided regarding interventions 
that could be used to address degradation through adaptation, prevention, mitigation, or rehabilitation. 
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3. APPLICATION OF THE MAPPING METHOD AT DIFFERENT SCALES AND IN DIFFERENT CONTEXTS 

The following example (Fig. 1) illustrates the use of the methodology at the national level like in South Africa: 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 1: Assessment of Conservation Index for South Africa (Lindeque and Avenant, 2012) 

To create a Degradation Index map, the assessment results for each variable and each mapping unit were combined in a 
simple mathematical equation; the variables used in calculation covered the extent of degradation, its degree, rate, and level 
of impact on ecosystem services. To generate a Conservation Index map, the extent of conservation measures, their level of 
implementation, effectiveness trend, and level of impact on ecosystem services were calculated. The resulting maps have 
supplied national- and regional-level South African authorities, planners and decision-makers with a highly valuable 
overview and summary of the current state of land degradation and SLM (conservation) in their country. This national 
overview enables them to see what is happening and where in terms of land management and its impacts. The maps are very 
useful in identifying priority and focus areas for future restoration activities. 

To maximise the potential of the maps and corresponding data, however, everything must be considered taking into account 
the variables that explain the “why” of degradation and SLM. These variables include changes in land use (area and intensity 
trend), direct and indirect causes of degradation and, of course, the reasons behind the changes in degradation rates and the 
effectiveness trends of conservation measures. Taken together, the knowledge of the experts and stakeholders involved in the 
mapping process, and the expert recommendations generated in Step, 5 provide a solid basis for informed decision-making, 
development of action plans, and national strategies. 

In the DESIRE project, the WOCAT-LADA-DESIRE mapping tool was applied at subnational levels, e.g., the watershed 
level, for 17 dryland sites. Analysis of the many maps produced in the project has generated a wealth of useful information 
(Schwilch et al., 2012; van Lynden et al., in prep.). For example, SLM measures appeared to be most effective on cultivated 
land; in these areas, 20% of SLM measures displayed high to very high effectiveness. By contrast, only 4% of SLM 
measures displayed high or very high effectiveness on land under forest and grazing. In the DESIRE project, the maps have 
mainly served to establish baseline information for selecting, testing, and comparing SLM practices. 

Application of the mapping method in six LADA pilot countries, 17 DESIRE study sites, and other projects elsewhere (e.g., 
Mongolia and the region of Central Asia) has revealed its strengths and weaknesses. Its advantages include relatively fast 
and easy compilation of specialists’ and land users’ knowledge and perception of LD and SLM and the ability to combine it 
in a mapping database. The process of data compilation consolidates previously fragmented knowledge, helps build 
consensus among stakeholders, and enables identification of knowledge gaps and the need for more surveys or research. 
Weaknesses of the methodology include possible distortions due to perceptual biases among team members (experts and 
land users) as well as difficulties in combining maps from one area or region with those of neighbouring areas created by 
different teams. The national map of South Africa, for example, required over 30 meetings with various groups from 
different administrative units. In some cases, the groups assessed and rated land degradation and conservation in different 
ways. Additional steps are required to harmonise such differences and overcome regional “biases” in order to produce 
reliable national maps. Nevertheless, such harmonisation requires platforms for exchange between stakeholders – those 
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involved in compiling the data and those who will use it – and facilitation of such platforms is an overall strength of this 
method. The introduction of more dialogue enables further insights, better understanding, and establishes the basis for a 
stronger commitment to SLM. These are only a couple of examples of applying the mapping method at the national and 
regional level. More detailed results will be shared in presentation at the conference. 

4. POLICY ORIENTED RECOMMENDATIONS 

The methodology presented here is designed to provide decision-makers at each level with information on the status and 
causes of LD as well as current or potential conservation measures that may be used to counter it. In particular, the 
methodology enables observers to link data on LD and conservation with the actual land use and farming systems in place in 
a given area. Since the methodology is based on the DPSIR framework, it enables assessment of the actual situation on the 
ground (state) as well as the direction of trends, whether negative (degradation) or positive (improvement/sustainability). 
This kind of assessment is much more operationally useful than assessments based solely on theoretical evaluations of risk. 
However, if risk assessments are also present, they can complement the methodology and enable even better projections for 
decision-makers. 

This methodology leads to synergy by bringing the stratified environmental and administrative knowledge of maps, 
inventories, and reports together with the local hands-on knowledge of land users, practitioners, and scientists. This synergy, 
emerging from a participatory approach that may be adapted to fit different levels, contributes to a shared understanding of 
the situation and supports less-contentious implementation of policy responses. The collaboration required to implement the 
methodology promotes establishment of stronger links between the diverse stakeholders and institutions involved, which in 
turn reinforces the institutional setup and the overall knowledge management capacity of the country in question. 

Moreover, the data compiled provides a useful baseline against which to monitor changes in natural resources over time. The 
methodology is relatively quick and inexpensive to implement at each level of a given scale, and it may be repeated every 
five to 10 years to identify and analyse trends and major changes. 

Further, the database is capable of supplying data on secondary indicators, including some of those proposed/adopted by the 
UNCCD to be used as a base for reporting to the Convention in the coming years.  

The level at which degradation and SLM are assessed often influences the messages that may be taken from the resulting 
maps as well as their potential use for reporting and decision support. However, the level at which assessment is most 
feasible and logical may not always match what is required for reporting and decision-making. A nested approach is required 
– one in which methods and results are spatially explicit regarding degradation processes, SLM interventions, and ecosystem 
services. A unified methodological approach should be promoted and sustained – for example by the UNCCD – to enable 
harmonised reporting (see also Schwilch et al., 2011).  

The mapping of LD and conservation is a must for effective regional and national planning and the establishment of 
intervention priorities. It enables policymakers to see where their money goes, has gone, or should go, in addition to its 
impact. It supplies an initial “quick” inventory of degradation and what is being done about it. The next step is to show how 
it can be optimally used for planning.  

5. CONCLUSIONS 

Application of the WOCAT-LADA-DESIRE mapping methodology successfully provides a spatial overview of what is 
going on in a given area in terms of degradation and SLM. When setting new policy, decision-makers often fail to assess 
what has already been implemented to combat desertification and LD. This should be fully taken into account before 
deciding about future land management interventions.  

The mapping methodology’s standardised cross-scale categorisation of land use systems, degradation types, SLM and its 
impacts on ecosystem services has proven very effective when working across scales. It enables comparison of local 
watershed-level assessments with national maps, providing a useful tool for local and national decision-making.  
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ABSTRACT: Desertification research conventionally focuses on the problem – that is, degradation – while neglecting the 
appraisal of successful conservation practices. Based on the premise that Sustainable Land Management (SLM) experiences are 
not sufficiently or comprehensively documented, evaluated, and shared, the World Overview of Conservation Approaches and 
Technologies (WOCAT) initiative (www.wocat.net), in collaboration with FAO’s Land Degradation Assessment in Drylands 
(LADA) project (www.fao.org/nr/lada/) and the EU’s DESIRE project (http://www.desire-project.eu/), has developed 
standardised tools and methods for compiling and evaluating the biophysical and socio-economic knowledge available about 
SLM. The tools allow SLM specialists to share their knowledge and assess the impact of SLM at the local, national, and global 
levels. As a whole, the WOCAT–LADA–DESIRE methodology comprises tools for documenting, self-evaluating, and assessing 
the impact of SLM practices, as well as for knowledge sharing and decision support in the field, at the planning level, and in 
scaling up identified good practices. SLM depends on flexibility and responsiveness to changing complex ecological and socio-
economic causes of land degradation. The WOCAT tools are designed to reflect and capture this capacity of SLM. In order to 
take account of new challenges and meet emerging needs of WOCAT users, the tools are constantly further developed and 
adapted. Recent enhancements include tools for improved data analysis (impact and cost/benefit), cross-scale mapping, climate 
change adaptation and disaster risk management, and easier reporting on SLM best practices to UNCCD and other national and 
international partners. Moreover, WOCAT has begun to give land users a voice by backing conventional documentation with 
video clips straight from the field. To promote the scaling up of SLM, WOCAT works with key institutions and partners at the 
local and national level, for example advisory services and implementation projects. 

Keywords: Sustainable Land Management (SLM), knowledge management, decision-making, WOCAT–LADA–DESIRE 
methodology. 
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1. INTRODUCTION 

Desertification, land degradation, and drought affect more than 2 billion people, and the situation might worsen due to 
unsustainable use of soil and water under present scenarios of climate change (Gabathuler et al., 2009). The issue of 
desertification has been on the global agenda for many years, even before the inception of the UN Convention to Combat 
Desertification in 1994. Desertification is defined as “land degradation in arid, semi-arid, and dry subhumid areas resulting from 
various factors, including climatic fluctuations and human activities” (UNCCD, 1994). Now perceived as a global challenge, 
desertification – together with climate change and biodiversity – is being addressed by a strong global coalition of partners (MA, 
2005; UNCCD, 2008; Cowie et al., 2011). 

Disturbances in dryland ecosystems can easily result in widespread and severe land degradation and thus desertification. 
Combined with global issues such as climate change, economic disparities, migration, and competing claims on land, this often 
leads to a vicious cycle of aridity, loss of water, land degradation, and productivity decline, affecting the well-being of people 
living in drylands (MA, 2005). Maintaining and improving the productivity of agricultural land in order to enhance food security 
and ecosystem sustainability is therefore a key concern for drylands (Hurni et al., 2008; Thomas, 2008; Wegner and Zwart, 
2011). However, despite this heightened attention and long-standing efforts and investments in prevention, mitigation, and 
rehabilitation, the problems of desertification persist. The recent The State of the World’s Land and Water Resources for Food 
and Agriculture report (FAO, 2011) estimates that 32% of all land is affected by moderate to severe degradation, requiring 
intervention in terms of rehabilitation or mitigation measures. According to the Millennium Ecosystem Assessment (MA, 2005), 
10–20% of drylands are already degraded, and over 250 million people are directly affected by desertification. 

Desertification research conventionally focuses on the problem – that is, degradation – while neglecting the appraisal of 
successful conservation practices. A wealth of knowledge and information about Sustainable Land Management (SLM) exists, 
but much of it remains untapped. The challenge is to make this knowledge available for exchange between land users and SLM 
specialists. The UNCCD 10-year strategy points out the importance of science, knowledge sharing systems, and awareness 
raising when it comes to supporting policymakers in reversing the negative trend (UNCCD, 2008). SLM practices provide 
important local, regional, and global benefits. They also contribute to fundamental ecosystem services such as regulating water 
cycles, sequestering carbon, and helping to preserve agro-biodiversity (UNCCD, 2009). 

Based on the premise that SLM experiences are not sufficiently or comprehensively documented, evaluated, and shared, the 
global World Overview of Conservation Approaches and Technologies (WOCAT) initiative (www.wocat.net), in collaboration 
with FAO’s Land Degradation Assessment in Drylands (LADA) project (www.fao.org/nr/lada/) and the EU’s DESIRE project 
(http://www.desire-project.eu/), has developed standardised tools and methods for compiling and evaluating the biophysical and 
socio-economic knowledge available about SLM. 

This contribution presents the various WOCAT–LADA–DESIRE tools, outlining their application and use in decision support 
and decision-making at both the field and the planning levels. 

2. WOCAT–LADA–DESIRE TOOLS 
The WOCAT–LADA–DESIRE tools allow SLM specialists (including land users, agricultural advisors, project managers, 
government officers, and others) to assess the impact of SLM and land degradation and share their knowledge at the local, 
national, and global levels. Thus, the WOCAT–LADA–DESIRE methodology comprises tools for documenting, self-evaluating, 
and assessing the impact of SLM practices, as well as for knowledge sharing and decision support in the field, at the planning 
level, and in scaling up identified good practices. Figure 1 gives an overview of the different tools and shows how they relate to 
each other. The WOCAT network is an ongoing long-term initiative launched 20 years ago, whereas LADA and DESIRE were 
projects with a limited duration. 
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 grey WOCAT–LADA–DESIRE tool box 
 green Implementation of good SLM technologies and approaches using SLM knowledge for evidence-based decision making 

 

Fig. 1: A tool box for SLM knowledge management and decision support: the WOCAT–LADA–DESIRE tools and methods and 
how they can be applied at the local, national, and global levels 
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2.1 Tools at the local/field level 
Four different WOCAT–LADA–DESIRE tools exist for use at the local/field level. They complement and build on each other 
(Figure 1). 

A) WOCAT developed the standardised WOCAT case study questionnaires to document and evaluate SLM technologies and 
SLM approaches, and set up a database to store this knowledge. One SLM technology and one SLM approach applied 
together constitute a case study, which can cover any area from as little as one farmer’s field to hundreds of square 
kilometres (catchments, districts, etc.) (Schwilch et al 2011). Over the last 15 years, the global database has grown to about 
470 technologies and 240 approaches from all continents, with particularly large numbers of case studies from Africa and 
Asia. 

B) A recent development is the WOCAT climate change module, which builds on SLM technologies and approaches (as 
documented using the standardised WOCAT questionnaires) and evaluates them in the context of climate change. The main 
question is how resilient or how vulnerable technologies are to climate change. This new tool has been tested and refined in 
Tajikistan. 

C) Based on data from the growing global WOCAT database, SLM practices have been presented in an attractive standardised 
soft- and hardcopy format (Liniger and Critchley, 2007; Liniger et al., 2011). What has been missing so far, however, were 
informative audiovisual messages from land users to land users showing how SLM works, what problems it solves, how 
challenges can be overcome, and what benefits can be achieved locally, regionally, and globally. Therefore, WOCAT has 
recently begun to give land users a voice by backing text and photo documentation with video clips straight from the field 
(Liniger and Harari, 2013). 

D) FAO’s LADA project developed a method to complement WOCAT case study documentation at the local level: the LADA 
local-level impact assessment methodology, or ‘LADA Local’, for assessing and measuring the impacts of degradation 
and SLM at the field level. The LADA Local manual outlines how to conduct field observations and measurements of land 
degradation and SLM indicators, as well as interviews with land users and key informants. It highlights the need to build on 
available secondary information, including remote sensing images and maps, statistics, research, and case studies, and offers 
guidance on how to analyse and report on the findings using a combination of the DPSIR, sustainable livelihoods, and 
ecosystems services frameworks, which help to explore the complex human–environment interactions. LADA Local has 
been applied in the six LADA pilot countries Argentina, China, Cuba, Senegal, South Africa, and Tunisia.  

E) Within the EU-funded DESIRE project, researchers developed a decision support framework for selecting SLM practices 
at the local level (Schwilch et al., 2009). The DESIRE approach builds on the standardised WOCAT questionnaires and 
database and consists of three parts: initial joint identification of problems and existing SLM solutions in a first stakeholder 
workshop (Part I); evaluation and documentation of the identified locally available SLM technologies and approaches (Part 
II); and selection of the most promising SLM options for subsequent field trialling in a second stakeholder workshop, using 
a decision support tool (Part III) (Schwilch et al., 2012). The DESIRE decision support framework has been implemented in 
17 subnational dryland study sites around the world, and has recently been further developed and applied in a watershed 
management project in Tajikistan. 

2.2 Tools at the national/subnational level 
At the national and subnational level, tools for spatial monitoring and assessment of SLM and land degradation are needed to 
support decision-making, as well as to demonstrate the need for, and the benefits of, SLM interventions. Two complementary 
methods for spatial monitoring and assessment were recently developed in response to this demand. 

F) The WOCAT watershed module combines single case studies of SLM technologies and approaches (documented using the 
standardised WOCAT questionnaires) within a watershed and assesses the combined impacts and benefits. This facilitates 
the assessment of off-site impacts and effects of upstream interventions on downstream areas. The resulting knowledge is 
highly relevant, as it provides a basis for focusing interventions more on prevention upstream than rehabilitation of already 
degraded land downstream, and hence for minimising the design and costs of downstream interventions. This applies not 
only to impacts caused by water flowing downstream, but also to off-site impacts caused by wind (e.g. dust storms). The 
watershed module has so far been tested only in one watershed in southern Tunisia and in Nepal. 

G) The (sub)national mapping methodology jointly developed by WOCAT, LADA, and DESIRE generates information on 
land degradation and SLM as a basis for identifying suitable areas for investment within a smaller or larger region. It further 
supports assessment of whether it is preferable to prevent or to cure land degradation, and of each option’s impacts on 
ecosystem services. The mapping methodology covers the following three aspects for each land use system within an 
administrative unit or watershed: 1) area covered and intensity trend, 2) types, extent, causes, and impacts of degradation, 
and 3) conservation/SLM practices and their extent, effectiveness, and impacts. The data is compiled in the course of a 
participatory expert assessment that includes local land users and is supported by documents and surveys. The mapping tool 
has been tested and applied in 6 LADA pilot countries, in 17 catchments in 14 countries within the EU’s DESIRE project, 
and in additional projects in Eastern Africa and Mongolia (Liniger et al. 2013). 
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2.3. Tools at the global level 
H) In order to improve the ability to diagnose land degradation problems and their impacts, the LADA project developed a 

Global Land Degradation Information System (GLADIS) as a reference system and a basis for illustrating how 
ecosystem services change due to human actions and natural processes. GLADIS covers the following six parameters: 
biomass, soil health, water availability, biodiversity, economic benefit and social benefit (http://www.fao.org/nr/lada).  

3. USE OF WOCAT–LADA–DESIRE TOOLS FOR KNOWLEDGE MANAGEMENT AND DECISION 
SUPPORT 
Using the WOCAT–LADA–DESIRE tools stimulates self-evaluation and encourages learning by comparing experiences within 
SLM initiatives. All too often, SLM initiatives lack not only sufficient monitoring but also critical analysis. Successful SLM 
depends on flexibility and responsiveness to changing complex ecological and socio-economic causes of degradation, as well as 
on analysis of what works and why, and how practices can be modified and adapted to specific local circumstances and 
opportunities. Furthermore, SLM experiences documented using the WOCAT–LADA–DESIRE toolbox serve as a basket of 
options for land users, advisors, and planners. The advantages and disadvantages of each option are highlighted, thereby enabling 
users to make informed choices. The implementation of new SLM efforts should build on existing knowledge from within a 
location itself or, alternatively, from similar conditions and environments elsewhere. 

To date, WOCAT has carried out its activities together with more than 50 national and regional groups, documenting about 470 
SLM technologies and 240 SLM approaches and training more than 500 practitioners in applying the corresponding methods and 
tools. Various projects and programmes – including LADA and DESIRE – have used the WOCAT tools to document their own 
case studies in different countries and at the same time benefitted from using the WOCAT knowledge base. 

The LADA–WOCAT methodologies were tested with local communities and stakeholders in 6 LADA countries (China, 
Argentina, Cuba, South Africa, Tunisia, Senegal). The aim was to gain a better understanding of the drivers, causes, and impacts 
of land degradation and SLM in specific land use systems. 

The DESIRE methodology compiled information on proven and cost-effective SLM strategies adopted and accepted by local 
stakeholders. This information was funnelled into the policy arena and disseminated to various other stakeholders such as land 
users, agricultural advisors, governmental authorities, NGOs, and scientists. Given the DESIRE project’s limited duration of 5 
years, its methods, experiences, and know-how must now be integrated into long-term programmes to ensure their continued use 
and ultimate effectiveness. The DESIRE experience showed that the methodological framework is of global relevance while 
remaining adaptable and flexible enough to take adequate account of diverse local situations. The DESIRE decision support 
framework is available for further development and application in new projects and programmes, and has already been adapted 
and applied in a watershed management project in Tajikistan. 

Figure 1 illustrates the links and interactions between the various WOCAT–LADA–DESIRE tools and shows how they 
complement each other at the different levels from local to global. The main purpose of the methodology as a whole is to support 
decision-making in SLM implementation and to assist monitoring and adaptation of implemented SLM practices. To promote the 
scaling up of SLM, WOCAT works with key institutions and partners at the local and national level, for example advisory 
services and implementation projects. 

4. POLICY ORIENTED RECOMMENDATIONS 
Concerted efforts to standardise documentation and evaluation of SLM are certainly justified in light of the billions of dollars 
spent annually on implementation. New efforts towards SLM should build on existing knowledge from within a location itself or 
from similar environments elsewhere. Identifying and assessing scattered knowledge about SLM and making it broadly available 
requires a standardised and harmonised methodology for comprehensive data collection, knowledge management, and 
dissemination – such as the one developed by WOCAT, LADA, and DESIRE. Standardised information provides important 
evidence for users at the local, national, and global levels. Successful use of a shared methodology and its joint adaptation to 
additional or changing needs requires a strong commitment of all actors involved in SLM. UNCCD could take on a leading role 
in building up this global movement and bringing all partners together in this joint venture.  

SLM has multiple ecological, economic, and social benefits that reach far beyond its potential for reducing land degradation and 
desertification. SLM also addresses global concerns such as water scarcity, resource use efficiency, energy supply, food security, 
poverty alleviation, climate change, and biodiversity conservation. When taking into account these multiple benefits, investments 
in SLM are completely justified and may require funding schemes from private and public sectors, especially when involving 
small-scale land users and marginalised people. 

The DESIRE experience highlighted the importance of close collaboration between scientists and local stakeholders in 
developing and evaluating SLM options that are tailored to local needs and priorities. Furthermore, it is important to consider 
local knowledge and traditional approaches to land management alongside the latest technologies emerging from research, and to 
combine insights from both of these sources. 
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5. CONCLUSIONS 
Standardised and harmonised knowledge management systems such as the WOCAT–LADA–DESIRE methodology build a key 
pillar for informed decision-making at different scales. An additional important ingredient in successful knowledge management 
and decision support for scaling up SLM is the joint commitment of all institutions, projects, and actors involved in SLM to build 
up a harmonised knowledge system and develop user-friendly applications for various users. UNCCD has the mandate to address 
this challenge and build up such a global platform in collaboration with experienced and committed partners. The WOCAT 
network pools 20 years of experience and hopes to contribute to this endeavour. 

Demonstrating the benefits of linking upstream (on-site) with downstream (off-site) impacts of SLM requires more attention and 
will be of help in setting priorities for intervention and investments. Further efforts and research is needed to quantify and value 
ecological, social, and economic impacts of SLM, both on-site and off-site, and to develop methods for valuating ecosystem 
services (see also Giger et. al 2013). An enabling environment for SLM investments should build on people’s and nature’s 
capacities, but also include indirect measures such as credit, market opportunities, legislation, and secure land use rights. 

In order to integrate new challenges and meet emerging needs of WOCAT users, tools are constantly developed and adapted. 
Recent enhancements include tools for improved impact and cost/benefit assessments, cross-scale mapping, climate change 
adaptation and disaster risk management, and easier reporting on SLM best practices to UNCCD and other national and 
international partners. User-friendly ways of disseminating knowledge about SLM, such as audiovisual messages directly from 
land users, are a key opportunity for demonstrating the benefits of SLM to a broader public (Liniger and Harari, 2013). 
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ABSTRACT: The arid and semi-arid regions, in which land desiccation, vegetation degeneration, wind erosion, sandification, 
Gobi-pebblization and salinization occur, take up one third of China’s total land area. Vegetation degradation is most serious in 
lower flood plains of the inland rivers and the semi-arid Agro-pastoral Ecotone. Studies by the methods of aeolian sand transport, 
soil texture analysis, Cs137 tracing and archaeology confirmed that the rate of wind erosion is between 1000 to 2000 ton km-1 a-1. 
The severity of sandification has been manifested by the twelve sand deserts and sandy lands occupying 710, 000 km2. Salinization 
of surface water and ground water is unfavorable for crop growth and natural vegetation. Desiccation of terminal lakes causes 
emission of salt dust. The frequent occurrence of sand and dust storm disasters is the ultimate outcome of desertification. 

Blown sand disaster is caused by various blown sand activities. It can lead to casualties of people and livestock, declining 
productivity of farmland and meadow, damage to buildings, roads, communication and other facilities, and deterioration of 
atmospheric environment. Sand and dust storm has been a notable natural phenomenon in the north of China since ancient times. 
Due to increasing of human’s activities, the combined effect of land desertification and climatic aridification has been strengthened 
and thus enhances the risk of blown sand disaster in the north of China.  

Keywords: Desertification, Blown Sand Disaster, China 

1. INTRODUCTION 
China is a country with the largest population and the most serious land degradation in the world (Zhu et al., 1980; Ci 1995; Zhu & 
Chen, 2000). Land desertification in the arid and semi-arid China, is the outcome of long-term interaction between natural and 
social-economic factors. The occurrence and development of desertification involves with physical, chemical, ecological and 
human processes and appears as land desiccation, salinization, vegetation degeneration, wind erosion, sandification, Gobi 
pebblization and various kinds of blown sand disaster. Here we discuss the spatiotemporal distribution of desertification, sand 
and dust storm, blown sand disaster and its influences, and blown sand disaster risk governance in China. 

2. SITUATION AND TENDENCY OF DESERTIFICATION IN CHINA 
Desertification is mainly distributed in the arid and semiarid regions in China. According to thermal conditions and humidity, the 
arid and semiarid regions could be classified into: (1) The temperate arid and semiarid, and (2) the cold high arid and semiarid 
zones, with areas of 3.56 M km2 and 1.92 M km2, respectively, and cover 57% of China’s total land area.  

The aridity of northwestern China is chiefly due to its inland locality and far from the world oceans. With the uplift of the 
Qinghai-Tibetan Plateau, northwest China has experienced a long history of intensified desiccation (Zhang 1992). In the past 
several decades, further land desiccation was induced due to both climatic fluctuation and human activities. In the arid regions, 
farmland expansion and excessive use of limited water resources in the middle and upper reaches of inland rivers, led to 
large-area land desiccation in Gansu Province, Xinjiang and Inner Mongolia. The Lop Nor, a former “wandering” terminal lake 
of Tarim River, where ancient oasis civilizations such as Loulan and Milan once flourished, became completely desiccated in 
1972 (Zhao & Xia, 1984; Yan et al. 1998). In the Heihe River in Western Inner Mongolia, the terminal lake Gashun Nor, exposed 
its bottom in 1962, while the Sorgo Nor, Guaizi Lake, Gornai Lake, suffered the same fate in succession (Zhang et al. 1998). The 
desiccated areas in Lop Nor and the lower Heihe River plain, cover about 50, 000 km2 and 40, 000 km2, respectively (Fig. 1). 

Due to land desiccation, vegetation degeneration and severe wind erosion occurred. Over the past twenty years the underground 
water table has descended about 5 m in the lower Heihe Plain. The root systems of natural desert vegetation can hardly absorb 
any moisture and died in large areas. The area of Populus Euphratica in Ejina reduced from 50,000 ha in 1949 to 23,000 ha in 
2002, and about 100 species of vegetation became extinct (Fig. 2a). 
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Fig. 1: Land desiccation in Northwestern China: a, Lop Nor, and b, Lower Heihe alluvial plain 

 

 

 

 

 

 

 

 

Fig. 2: Vegetation degeneration and wind erosion landform in Northwestern China: a, Ejina Oasis; b, Swan Lake   

Wind erosion process is the predominant landform agent and wind erosion features are extensive in the arid and semiarid China. 
The rates of wind erosion in the arid region vary significantly due to the difference in lithology, moisture, land cover, and wind 
regimes. It has been estimated through different methods that 0.5 to 5mm thick topsoil could be removed by wind every year 
(Hedin 1905; Liu 1999; Dong et al. 2000). The 1-2m-high wind eroded clay mesas took its shape by wind action in about one 
thousand years, chiefly due to land desiccation influenced by human activities (Fig.2b).  

Sandification is a major form of desertification in China (Fig. 3). Sand deserts and sandy lands total 710,000 km2 in area (Zhu et 
al. 1980). In the arid area to the west of Helan Mount, sandification is characterized by vast shifting sand seas. In the semiarid 
and sub-humid area to the east of Helan Mount, sandy lands are normally fixed or semifixed sand dunes. The area of 
sandification fluctuated due to climatic change and human activities. Through remote sensing monitoring anslysis, the area of 
sandification in China increased by 33, 838.3 km2 from 1975 to 1990, and 3441.5 km2 from 1990 to 2000. Since 2000, there was 
a recovering trend with implementation of the policy of returning farmland to forest, and returning grazing to grassland. The area 
of land sandification decreased by 8176.4 km2 from 2000 to 2005, and 5571.8 km2 from 2005 to 2010 (Wang, et. al., 2011). The 
changes of land sandification occurred mainly in the agro-pasture ecotone in the semiarid and sub-humid regions, where several 
ecological construction projects has been carried out in the last decade.   

 

 

 

 

 

   
 

 

Fig. 3: Climatic zones and sand deserts, sandy lands in China            Fig. 4: Salty soils in Northern China 
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Gobi pebblization represents a desert pavement, a surface concentrated with pebbles lagged by wind deflation or wetting and 
drying cycles. The coarse pebbles on the Gobi surface, which prevent the land from further erosion, can be easily disturbed and 
the subsoil could be exposed for further erosion by wind. In northern China the area of Gobi desert is around 569,500 km2 (Zhu 
et al. 1980). Along the eastern edge of the Gobi desert in central Inner Mongolian Autonomous Region of China, great 
interannual variation of the Gobi boundary position was influenced by climatic change and land-use intensity.  

Salinization of soils, surface water and ground water is common in the arid and semiarid area (Fig.4). There are 99.13 M ha 
salinized soils in China (Wang, 1993). Salinized soil could be classified into recent (36.93 M ha), residual (44.87 M ha) and 
potential salinized soils (17.33 M ha). Salinized soils in the arid and semiarid areas in China are distributed mainly in Inner 
Mongolia, Gansu, Xinjiang, Qianghai and Tibet. The desiccation of bare saline soils might be a major source of salt dust 
emission. The water salinity in Qinhai Lake, Bosten Lake, and Dalai Nor is 13.13, 1.58, and 5.55 g l-1, respectively.  

3. BLOWN SAND DISASTER IN CHINA 

China suffers from sand and dust storms every year. From 1981 to 2007, the annual average frequency of sand and dust storms in 
China vary from 1 to 37 days with a general increase from southeast to northwest (Fig.5). The spatial distribution of sand and dust 
storms in the north of China shows the following characteristics: (1) Vast areas from Xinjiang in the west to coastal regions in the 
east are affected by sand and dust storms. Thirteen provinces in the north of China are influenced by sand and dust storms at 
varying degrees; (2) The sand and dust storm prone areas are centralized. There are mainly two prone areas in China—Tarim 
Basin and its surrounding areas, Alxa Plateau and its surrounding areas; (3) It bears close relationship with regional sandification 
and human activities. The widespread desert, sand and farmland surface provide extremely rich sand and dust materials for the 
formation and development of sand and dust storms.  

Totally about 100.7 million people live in China’s arid and semiarid dryland areas. Desertification and blown sand disaster lead 
to damages to traffic and communication, severe atmospheric environment pollution and widespread dustfall, and adverse impact 
on land and water resources, agriculture and animal husbandry (Fig. 6). Extremely strong sand and dust storm, such as the one 
occurred on May 5, 1993, caused 85 people died and 264 people injured. Annual top soil loss from dryland areas due to wind 
erosion is about 8.2×103 Tg. Annual Carbon release due to desertification is about 22.8 Tg and dustfall in continental China due 
to sand and dust storms is about 7.2×103 Tg.   

 

 

 

 

 

 

 

 

Fig. 5: Annual mean sand and dust storm frequency in China      Fig. 6: Sand Dune Encroaching into Oases in China 

4. COUNTERMEASURES OF DESERTIFICATION AND BLOWN SAND DISASTER IN CHINA 
The Chinese government has always attached great attentions to the prevention of desertification and governance of blown sand 
disaster. In the past six decades, China has accomplished remarkable achievement in blown sand prevention and control measures 
and technologies, and developed engineering and biological measures for aeolian sand prevention and control. Since the year 
2000, China has implemented a number of important ecological construction projects in succession, such as the Project for Wind 
and Sand Source Area Control around Beijing and Tianjin, Phase IV Project of “Three-North Shelter Forest Program”, Grain for 
Green Project, Return Pasture to Grassland Project and small watershed management project, etc. National Satellite 
Meteorological Center of China Meteorological Administration started to develop a method of satellite based remote sensing 
monitoring on sand and dust storm from 1990s, which mainly uses multi-channel data of polar orbiting meteorological satellite 
(NOAA/AVHRR) to identify sand and dust storm. Also, State Forestry Bureau has conducted periodic monitoring on 
desertification land of China. The monitoring results show that national desertification land area tends to decrease in a whole 
level from 1999 to 2004, and from 2005 to 2010. At the same time, the sand and dust storm days in northern China appeared a 
declining trend (Fig.7).  
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Fig.7: Changes in Sand and Dust Storm Days in northern China (1954-2007) 
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Abstract 
To help small scale farmers and herders cope with negative impacts of the high spatial and temporal variability in Sahel 
precipitations, we sought rainfall-based predictors for early forecasting of the actual onset date of the rainy season and the 
seasonal precipitation amount in Burkina Faso. To that end, daily rainfall records of 51 stations- spanning the period 1920 to 
2008- were analyzed to identify the homogeneous climatic zones in Burkina Faso, based on the intra-seasonal distribution 
patterns of precipitations. Then we performed a linear discriminant analysis to find amongst 15 rainfall-based predictors the best 
to distinguish between the true and false onsets of the growing season. Likewise, the best rainfall-based predictor variables were 
identified amongst 21 others, to discriminate between the normal/humid and dry rainy seasons. A total of 9 homogeneous 
climatic zones were found in Burkina Faso. Accurate linear models- to predict the true and false onset dates and the normal/wet 
and dry rainy seasons- were also derived for each zone. The results should be implicated into strategies aiming to slow the pace 
of the forward move of the desertification, through the stabilization of food crop yields and efficient management strategies of 
animals rearing in the Sahel region. 
Key words: intra-seasonal rainfall, dry spells, Sahel region, climate variability, sowing period, animals rearing. 
 
1. Introduction 
In rain-fed agricultural system, the most dominant in the Sahel region, the onset of the rainy season or growing period (OGP) is 
very important since all the other seasonal variables are related on it (Steward, 1991); and more importantly, the length of the 
growing season- one of the major controlling factors of crops yields- is narrowly related on it (Sivakumar, 1988). 
Furthermore, high variability of the seasonal rainfall amount (Graef and Haigis, 2001) is another climatic factor representing a 
major constraint for the development of both agriculture and animals rearing in the Sahel region. Indeed, any mm of rainfall 
contributes to produce around 1kg/ha of consumable pasture (Le Houerou and Hoste, 1977), and low annual rainfall is frequently 
associated with within season long dry spells responsible for severe diminution of crop yields. 
This paper aims to analyze historical daily rainfall records in Burkina Faso to identify the best rainfall-based predictors for early 
detection of: i) the real OGP and 2) the normal/wet and dry rainy seasons. 
 
2. Methodological approach 
2.1. Data sets 
Over the period 1920 to 2008, 51 stations (figure 1) with different length of daily rainfall records were considered. 
 

 
Figure 1: Agro-climatic zones in Burkina Faso (after Fontes and Guinko, 1995) and rainfall stations considered in the study. 
 
2.2. Designation of the homogeneous climatic zones in Burkina Faso 
Based on the records of the stations, a principal component analysis using the variance-covariance matrix was performed over the 
period 1971 to 2000 (period with complete records at all the stations) to generate robust and physically interpretable components 



(Richmann, 1993). Then to gather the stations into different homogeneous climatic zones, we followed the approach of Laux et 
al. (2008) that relates each station to a principal component following the rule of the highest coefficient of correlation. To 
determine the contours of each homogeneous zone, an interpolation method based on a linear variogram model of the kriging 
module (Golden Software, 1994) was carried out. 
2.3. Definitions 
In this study, we followed Ati et al. (2002) in defining OGP as the date after 1st April when 25 mm of rainfall is recorded over a 
10 day-period and no dry spell longer than 7 days occurred within the next 30 days. Therefore, the potential OGP was a date 
when 10 mm of rainfall is totalized over a 10 day-period. Then, in case of no dry spell longer than 7consecutive days within the 
next 30 day-period, the potential OGP was a real OGP; otherwise the potential OGP was a false OGP. 
At the station point scale, the rainy seasons with precipitation amount above the first quartile of the annual rainfall data series 
were considered to be normal or wet; while the ones with rainfall below the first quartile were dry. 
 
2.4. Discrimination between real and false onsets dates of the rainy season 
The datasets of the stations in the same homogeneous climatic zone were gathered to form a mega-dataset. Then to distinguish 
between the real and false OGP in the mega-datasets, we carried out a linear discriminant analysis- assuming that the real and 
false OGP are equally likely- taking into account 15 predictor variables in table II. In fact, 70% of the total membership of each 
mega-dataset, randomly chosen through the Bernouilli procedure, was used to build the discriminatory model; and the remaining 
(30%) was used to validate the models. Further details on linear discriminant analyses can be found in Krzanowski (1988). 
 
Table III. Predictor variables to distinguish between real and false onset dates of the growing period 
Variable Description 
DATE Day of the year in which the potential onset has started (1= 1 January, and 366= 31 December) 
W5 

R5 
Number of wet days in the 5 days preceding the potential onset 
Amount of rainfall in the 5 days preceding the potential onset 

W10 

R10 
As W5, but referring to 10 days 

As R5, but referring to 10 days 
W15 

R15 
As W5, but referring to 15 days 
As R5, but referring to 15 days 

W20 

R20 
As W5, but referring to 20 days 

As R5, but referring to 20 days 
W25 

R25 
As W5, but referring to 25 days 
As R5, but, referring to 25 days 

W30 

R30 
As W5, but referring to 30 days 
As R5, but referring to 30 days 

PW5 

PR5 

Number of wet days in the 5 day-period following the potential onset 
Amount of rainfall in the 5 day-period following the potential onset 

 
2.5. Discrimination between normal/humid and dry seasons 
The above-mentioned procedure was used to discriminate between the normal/wet and dry seasons, considering 21 
discriminatory variables in table III. 
 
Table IV. Predictor variables to discriminate between the normal/humid and dry rainy seasons 
Variable Description 
Date5 
Date10 
Date15 

Date20 
Date25 
DW13 

DR13 
DW14 
DR14 

DW15 
DR15 
DW16 

DR16 
DW17 
DR17 

DW18 
DR18 
DW19 

DR19 
DW20 
DR20 

First day of year in which 5mm of rainfall is recorded (1= 1 January, and 366= 31 December) 
As Date5, but referring to 10mm 
As Date5, but referring to 15mm 
As Date5, but referring to 20mm 
As Date5, but referring to 25mm 
Number of wet days in the 13th dekad of year 
Amount of rainfall in the 13th dekad of year 
As DW13, but referring to the 14th dekad of year 
As DR13, but referring to the 14th dekad of year 
As DW13, but referring to the 15th dekad of year 
As DR13, but referring to the 15th dekad of year 
As DW13,but referring to the 16th dekad of year 

As DR13, but referring to the 16th dekad of year 
As DW13, but referring to the 17th dekad of year 
As DR13, but referring to the 17th dekad of year 
As DW13, but referring to the 18th dekad of year 
As DR13, but referring to the 18th dekad of year 
As DW13, but referring to the 19th dekad of year 

As DR13, but referring to the 19th dekad of year 
As DW13, but referring to the 20th dekad of year 
As DR13, but referring to the 20th dekad of year 



3- Results 
3.1- Homogeneous climatic zones in Burkina Faso 
After relating each station to a principal component according to the largest correlation coefficient rule, 9 homogeneous climatic 
zones in Burkina Faso (Figure 2) were identified. 
 

 
Figure 2: Homogeneous climatic zones in Burkina Faso 

 
3.1- Discrimination between the true and false onset dates of the growing season 
Results in table V show that about 70% of the individuals of datasets, used in the designation of the models, are well ranked. The 
same percentage is recorded in the data sets used to validate the models. 
 
Table V. Accuracy of models derived from  linear discriminant analyses 

Zone Derived model 
Model construction Model validation 

Real 
(%) 

False 
(%) 

Total 
(%) 

Real 
(%) 

False 
(%) 

Total 
(%) 

Zone 1 
Zone 2 
Zone 3 
Zone 4 
Zone 5 
Zone 6 
Zone 7 
Zone 8 
Zone 9 

0.041Date + 0.125W30 + 0.209RW5 – 0.010R30 + 0.008PW5 – 7.174 
0.035Date + 0.069W30 + 0.418PW5 + 0.022R30 – 6.261 
0.040Date + 0.103W30 + 0.441PW5 – 6.450 
0.050Date + 0.097W30 + 0.024PW5 – 6.839 
0.050Date + 0.003W30 + 0.159PW5– 6.402 
0.046Date + 0.155W30 + 0.231PW5 – 6.260 
0.036Date + 0.239W30 – 0.311PW5 – 5.507 
0.062Date + 0.193PW5– 7.174 
0.035Date + 1.008PW5 – 4.617 

70.8 
71.0 
71.0 
75.0 
75.5 
69.2 
72.7 
55.9 
62.1 

70.0 
75.7 
62.6 
73.9 
76.1 
73.1 
77.8 
73.2 
66.9 

70.3 
74.0 
65.1 
74.3 
75.9 
71.9 
75.3 
67.0 
65.3 

76.5 
69.1 
76.5 
70.4 
73.3 
75.0 
67.3 
65.6 
56.0 

71.4 
80.6 
71.7 
66.7 
71.9 
73.7 
85.7 
62.5 
63.0 

73.7 
75.4 
73.4 
67.7 
72.4 
74.1 
74.0 
63.5 
61.2 

 
3.2- Discrimination between the normal/wet and dry rainy seasons 
In table VI, it appears that about 70% of the individuals considered in the model construction and those having served to validate 
the models, respectively, are well classified. 
 
Table VI. Accuracy of models derived from linear discriminant analyses 

Zone Derived model 
Model construction Model validation 
N/W 
(%) 

Dry 
(%) 

Total 
(%) 

N/W 
(%) 

Dry 
(%) 

Total 
(%) 

Zone 1 
Zone 2 
Zone 3 
Zone 4 
Zone 5 
Zone 6 
Zone 7 
Zone 8 
Zone 9 

-0.017Date20 + 0.018DR18 + 0.021DR20 + 0.016DR19 + 0.945 
0.032DR19 + 0.206DW20 + 0.014DR18 + 0.364DW14 – 3.068 
0.430DW15 + 0.676DW19 – 2.794 
0.010DR20 + 0.017DR19 + 0.275DW18 + 0.022DR17 + 0.017DR16 + 0.009DR18 – 4.191 
0.018DR19 + 0.015DR20 – 0.019Date20 – 0.016DR14 + 0.220 
0.020DR19 + 0.014DR20 + 0.189DW18 + 0.017DR17 + 0.010DR18 – 3.441 
0.013DR19 + 0.005DR13 + 0.018DR18 + 0.233DW13 + 0.361DW19 + 0.191DW20 – 3.456 
0.019DR15 + 0.019DR17 + 0.010DR20 + 0.012DR19 + 0.012Date15 – 5.994 
0.021DR18 + 0.016DR17 + 0.288DW14 + 0.012DR19 + 0.009DR14 – 3.572 

68.9 
65.0 
68.9 
67.7 
62.4 
66.2 
71.5 
60.1 
69.4 

78.4 
68.7 
65.6 
78.3 
74.6 
72.0 
74.3 
82.4 
71.2 

71.1 
65.9 
68.1 
70.4 
65.8 
67.7 
72.2 
65.4 
69.8 

70.6 
63.6 
64.0 
67.1 
66.0 
69.8 
74.5 
72.7 
64.9 

85.7 
76.9 
73.1 
85.0 
68.4 
62.2 
68.2 
50.0 
71.4 

75.0 
66.7 
66.1 
71.0 
66.7 
68.5 
72.7 
67.1 
66.3 

 
4. Policy oriented recommendations 
At the beginning of the rainy season in the Sahel region, it is difficult to recognize the real onset date of the growing period 
(OGP). Therefore, because farmers don’t want to lose their seeds, sowing is oftentimes performed very late with regard to the 
real OGP. That contributes to considerably reduce crop yields during wet rainy season. In dry rainy season, because of late 
planting, sensitive development stages of crops coincide with long dry spells at the end of the season, and yields are almost 
reduced to zero. Under such conditions any measure aiming to distinguish between the real and false OGP is of huge importance. 



Importantly, results found in this paper showed that it is possible to discriminate between the real and false OGP based on the 
rainfall records of the pre-growing season. Indeed, the models derived from linear discriminant analyses were able to well 
classified 70% of the individuals in the data sets. Therefore, based on these models, farmers should make right decision 7 times 
out of 10, regarding sowing or not after a sufficient shower. 
We also found that based on the rainfall records of the first months of the rainy season, i.e. from May to mid July, it is possible to 
accurately forecast whether the ongoing rainy season will be normal/wet or dry. That is of extreme importance in the Sahel 
region where drought causes death of a huge number of animals, and forces herders to sell their animals at low costs. Such 
predictions could help these people to take early appropriate actions (e.g. sell the animals early to make more money and keep a 
small number that one can take care of during a dry year) to alleviate the impacts of dry years on their livelihood. The results 
should also contribute to a precocious identification of zones at risk regarding food insecurity and then help policymakers and 
other stakeholders put in place appropriate mechanisms to reduce the suffering of populations on the ground. In fact, a dry year 
means less availability of water for crops at the end of the season. Therefore, that contributes to reduce food crops yields and 
leads to food insecurity. 
Make use of predictor models, such as those proposed in this study, can seriously contribute to reduce the loss of seeds at the 
beginning of the rainy season and also avoid negative impacts of late sowing in a region with high temporal and spatial 
variability in rainfall. Indeed, in the Sahel region, stabilization of crop yields and good management practices in animal rearing 
are solutions against deforestation that accelerates the desertification process triggered by the severe reduction in rainfall since 
the beginning of the 1970s. In fact, because of recurrent poor harvest partly linked to late sowing, farmers are obliged to adopt 
behaviors leading to natural resources destruction (e.g. the cut of trees that are either directly sold as firewood or transformed into 
charcoal before selling, illegal hunt of wild animal that oftentimes provokes bush fire, illegal mining that destroys soils and 
vegetation) to provide for their families. Herders are also obliged to cut the branches of trees to feed their animals as response to 
pasture shortage. Thus create conditions for food security achievement is a very important step in the fight against desertification 
in the Sahel region. 
 
Conclusion 
Give means to small scale farmers and herders to alleviate climate variability impacts on their livelihood is of crucial importance 
in the Sahel region where rain-fed agriculture coupled with extensive animals rearing are the dominant sources of income and 
food. In this study, we divided Burkina Faso into 9 homogeneous climatic zones based on the intra-annual rainfall patterns and 
sought amongst 15 rainfall predictor variables the best to discriminate between the real and false onset dates of the growing 
period in each of the zones. Likewise, we found amongst 21 other rainfall predictor variables, those to distinguish between the 
normal/wet and dry rainy season at the zonal scale. These findings can be of interest in a region experiencing high spatial and 
temporal variability in rainfall, because they could strongly contribute to stabilization of crop yields and also to alleviation of the 
effects of droughts on herders’ livelihood. Furthermore, the proposed linear models should directly be used by peasants on the 
ground since the requisite predictor variables are very easy to determine and publicly available in each locality. That should 
contribute to boost food production in the Sahel and stop the forward move of the desert since populations will be able to 
abandon bad environment management practices such as the cut of trees. 
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ABSTRACT: Goals of this study are to show an example of implementation and the socio-economics analysis of effective 

policies and practices aimed at preventing the degradation of agricultural land as well as to improve the social conditions of 

the rural population and are economically viable for the specific manufacturer agricultural products in Ukraine. 

On example of more than 80 agricultural enterprises in Ukraine, which implemented the practice of special raw material 

zones is shown how to solve problems related to sustainable land use in a transition economy, as well as how the practice 

contributes to the achievement of the strategic objectives of the UNCCD 10-year plan. 

Experience in the operation of those zones shows their significant potential in climate change mitigation and adaptation and 

also helps to make the best use of available resources and organize agricultural production, aimed at supporting an optimal 

state of agroecosystems on the social, environmental and economic levels. It also provides permanent employment and a 

stable income of the employed population, and contributes to the formation of knowledge about the application of advanced 

environmentally sound technologies among the rural population. 

Keywords: Special raw material zones, agricultural land, best practice, sustainable land management. 

1. INTRODUCTION 

Such great attention that is recently paid to the problem of desertification and degradation of land in Ukraine, is caused by 

increasing of anthropogenic influence on soils, irrational using of land, imperfection of agrarian technologies, social 

disturbance of environmental condition and awareness of role of soils in secure of food and ecologic security of the country. 

Among the ways of solution of problems, concerning the irrational land using nowadays the main one is to increase the 

efficiency of agricultural land using through launching of modern technologies and environmental protective measures. 

At the same, time taking into consideration rather high level of pollution and degradation of arable soils as well as 

consequences of Chornobyl catastrophe, Ukraine just like other countries of transition economy has very actual issue is to 

secure quality and ecologic security of food products. It’s a well-known fact that the population health, life expectancy, 

labour and intellectual potential of society depend on these rates. These social-and-economic factors determine the necessity 

to rebuild radically the character and structure of land using in Ukraine. The first thing is to change the development 

direction of agriculture taking into account the sequence of ecologic, social and economic demands. 

The example of implementation of efficient policy and practice in Ukraine aimed at prevention of desertification and 

degradation of agricultural land as well as at improvement of social conditions of rural population, and which are 

economically favourable for agricultural producers are the special raw material zones. 

2. CONDITIONS OF DEFINITION IN KIND AND FUNCTIONING OF SPECIAL RAW MATERIAL 

ZONES 

„Special raw material zones are regions or separate farms that meet the conditions of manufacturing of plant and animal 

production suitable for making products of children and dietary food” [1]. 

Main requirements to secure stable functioning of such agricultural enterprises are: prohibition of using of synthetic 

pesticides and mineral fertilizers; maintenance of optimal level of soil fertility; application of system of manuring and 

protection of plants with using of elements of organic agricultural technologies. 

Definition in kind and conditions of functioning of special raw material zones are regulated by present laws of Ukraine. 

Territories that are suitable for creation of special raw material zones are determined on the grounds of evaluation results of 

sanitary-and-hygienic and zonal agro-chemical rates of soil taking into account information about degrees of loads by 

pesticides and agro-chemicals, emissions from industrial enterprises and objects that can pollute the environment. 

Conformity of agricultural land to requirements of special raw material zones is estimated according to criteria and norms, 

developed by authors [2] and approved by State Standard of Ukraine [3]. Such complex preventive estimation of the territory 

is carried out by authorized scientific-and-technical institutions. 

Agricultural enterprises that meet the demands, decisions of commissions created under all regional state administrations get 

the status of a special raw material zone and right to state financial subsidy for supply of raw material for production of 

children and dietary food. The status of a special raw material zones is awarded to the producer for the term of 5 years under 

annual control of meeting the demands. 
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Practice of special raw material zones is on the grounds of financial interest of producers (subsidies from state budget for 

raw material that is used in production of children and dietary food and meets the demands provided by law). State subsidies 

allow to compensate the expenses concerning the increase cost of getting a unit of production and also to spend some assets 

for development and modernization of production. Distribution of financial subsidies for supply of raw material used in 

production of children and dietary food support the producers who launch modern environmental and high technology 

methods of agriculture for getting the production that meets the demands of quality and security. 

3. EXPERIENCE OF IMPLEMENTATION OF SPECIAL RAW MATERIAL ZONES 

They began to implement such practice in the first agricultural enterprises in 2006. But only after confirmation of the Decree 

of Cabinet of Ministers of Ukraine “On Approval of Order of Awarding Status of Special Zone of Manufacturing of Raw 

Material, Used in Production of Children and Dietary Food (2007) its launching became spread. 

During 2007-2012 the status of a special raw material zone has been awarded to 86 entreprises with total area of 267, 9 

thousand hectares (for comparison, the total area of all agricultural land in Ukraine is 41650 thousand hectares). 

Special raw material zones function in all nature zones of Ukraine. The major part of such enterprises is located in the zone 

of Forest-steppe, the minor part is in zone of Polissia and only 6 such zones are in the south of Ukraine in Steppe. Natural 

and climatic conditions differ much in temperature regime, degree of dryness of the territory, soils and topography. Process 

of land degradation that in Ukraine mainly concerns the agricultural activity is showed in different ways. For example, in 

Polissia the most widespread are overmoisture and acidity of soils, in Forest-steppe and Steppe these are water-erosion 

process and deflation. That is why in each case during the estimation of the territory of entreprises their zonal differences are 

taken into account. 

Social-and-economic conditions of population at the places of launching of the practice are also different, but as a rule the 

average income per month does not exceed USD300. Ownership form can be both state and private one; the leading form of 

land using is tilled soil. The area of enterprises that have the status of special raw material zones are from 100 hectares 

(mostly not very big farms in vegetable planting) to 5 thousand hectares (mostly feed crops). All agricultural enterprises as it 

was mentioned above need to meet main requirements concerning special raw material zones. 

4. TOUCHED AIMS AND PROBLEMS OF PRACTICE 

The aims of launching the practice are security of stable management of agricultural land, improvement of ecologic situation 

and increase of life standards of both population of the territories under special raw material zones and customers. 

As for strategic objectives of UNCCD, the practice of special raw material zones allows: 

Strategic objective 1 “To improve the living conditions of affected populations”: Life conditions of suffered population are 

improved by means of securing of permanent employment and stable income from work at the agricultural enterprise with 

the status of a special raw material zone and also form getting state subsidies for supply of high quality products (i.e. for 

each ton of milk used in production of children and dietary food). 

Strategic objective 2 “To improve the condition of affected ecosystems”: Improvement conditions of broken ecosystems due 

to using of ecologically friendly technologies of planting of agricultural crops and permanent control by regional bodies of 

executive power of keeping environmental experience of agriculture at the enterprises with status of special raw material 

zones. 

Strategic objective 3 “To generate global benefits through effective implementation of the UNCCD”: Is reached through 

supply of domestic producers with high quality raw material and customers with ecologically safe food products that assists 

on improvement of agricultural ecosystems on the great part of territory of Ukraine as well as life standards not only of 

suffered population but that of target categories of customers. That is full-fledged nutrition of kids and people who need 

dietary food, lower expenses for medical treatment, increased efficiency of preventive measures for target categories of 

population; higher competitiveness of products of children and dietary food at domestic and foreign markets. 

Strategic objective 4 “To mobilize resources to support implementation of the Convention through building effective 

partnerships between national and international actors”: Functioning experience of special raw material zones in Ukraine 

testify on efficient cooperation at the national level between agricultural enterprises and producers of children and dietary 

food, local power authorities and scientific-and-technical institutions. Well a scientific-and-technical institution estimates the 

correspondence of land and used technologies to the requirements of special raw material zones and also develops 

recommendations for non-conformity elimination. 

Estimation results and recommendations prepared by the scientific-and-technical institution are submitted to correspondent 

regional bodies of executive power who take decision about awarding the status of a special raw material zone. Meeting the 

requirements of holding the activity in the special raw material zone is jointly controlled by regional bodies of executive 

power, food industry entreprises and the scientific-and-technical institution. 

This practice allows solving a lot of problems, the main of which are following: 

1) It allows to prevent further development such degradation process as soil contamination, dehumification, soil erosion, 

agrochemical depletion. So due to prohibition of using agrochemicals of synthetic origin and strict control of sanitary-and-

hygienic rates they prevent contamination of soil, water and plants by residues of pesticides, hard metals, radionuclides. 



Keeping of crop rotation, increase of using of organic fertilizers, planting of perennial feed crops assist on maintenance and 

larger contents of humus. 

Due to higher contents of organic things in soils their water balance gets better, they become more resistant water stress and 

drought, the possibility of water erosion diminishes. Mode of activity in the special raw material zone also assists on higher 

fertility degree of soils, higher supply level of nitrogen, phosphorous, potassium, microelements. 

2) It secures stable land management by means of optimization of planting and cattle breeding within the zone, introduction 

and keeping of scientifically grounded crop rotations, application of optimal doses of agrochemicals of organic origin. 

3) Practice of special zones for planting the most productive and high quality crops is one of key measures that assist on 

adaptation of agricultural production to climatic changes. Functioning experience of such zones shows their great potential in 

softening of consequences of climate change. That is the increase of carbon contents in the soils of special zones is reached 

by means of better tilled land management and pastures, optimization of sown areas, prevention of degradation process 

development. Besides that as a result of more rational using of nitrogen fertilizer and organic residues and atmospheric 

nitrogen, the emission of nitrogen oxide is less. 

Reduction of areas under monocultures, increase of beans sowing, wider areas under one-year and perennial herbs totally 

assist on increase of structure variety of plants and microorganism activity and, as a result, it allows to multiply of agro 

biodiversity as a part of biodiversity. 

4) It assists on increase of quality and security of the raw material for production of children and dietary food, it prevents 

contamination of food products by toxic elements, radionuclides, pesticides. 

5) It allows in the most efficient way to use existing resources and organize agricultural production aimed at maintenance of 

optimal condition of ecosystems at the social, ecologic and economic levels. In particular, it secures permanent employment 

and stable income of the employed population and also assists on knowledge about the using of modern ecologically friendly 

technologies and ecologic consciousness in general among village population. Consumption of high quality and safe 

products assists on decrease of sickness rate of the population. 

4. POLICY ORIENTED RECOMMENDATIONS 

As you can see in Ukraine the interest of landowners and landusers in implementation of measures aimed at prevention of 

negative process that worsen the condition of land can be reached only on terms that such actions will be profitable for them. 

The efforts to cause some interest only by the way of establishing correspondent liabilities don’t encourage landowners and 

landusers to certain actions. The more so the measures concerning the prevention of worsening of land quality, its 

contamination, spoilage or degradation demand considerable material expenses ( for purchase of new equipment, 

construction of security buildings, development of plans of maintenance the soil fertility etc.). 

Only practical implementation of measures of economic stimulation of rational use and security of land provides interest of 

landowners or landusers in realization of nature protective measures that are profitable for them. 

At the national level it is very important to maintain further development of services of distribution of knowledge and 

experience with the purpose of popularization of principles of stable and efficient agriculture. Introduction of good 

agricultural practice is a key element in this process. That is why the interest of landowners and leaders of agricultural 

entreprises in the transfer to ecologically friendly agricultural technologies is also a very important factor of practice success, 

not less than the economic interest. 

Besides that the other important condition that will assist on successful implementation of leading practice in the countries of 

transition economy is their state support at the national and regional levels by means of adoption of correspondent laws and 

programs. 

5. CONCLUSIONS 

Support of highly developed and balanced rural economy is very important for environmental protection and keeping natural 

resources, including long-term preservation of soils and landscapes. But in countries of transition economy it is not easy to 

introduce the programs of environmental protection in agricultural sphere in modern economic situation. 

New practices can be successfully implemented only if they also assist the amelioration of production and life standards. 

More stable agriculture that optimizes productivity, agricultural practice and expenses use would make positive influence on 

soils and land resources management. 

In general the functioning experience of special raw material zones as one of examples of stable land resources management 

certify the increase of life quality of suffered population, improvement of ecosystems condition, and also shows the 

possibility of efficient interaction of bodies of state power, scientific institutions and entreprises if different ownership type 

at the local, regional and national levels. 
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Abstract 

 
Because it seems that to protect in itself the environment (from desertification and climate change), is not possible, we need 

a new vital and productive approach to face such a problem with a combination of traditional knowledge with up-to-date 

modern know-how. We make use of bioeconomy, an environmental and economic theory and practice, a vital process, to 

define new areas of research and to develop new economical programs that are dependent on ecological conditions, for an 

appropriate use of scarce natural, biological and local resources and to combat desertification B&D is a project for the use 

of goods and products in the fields of biomass, energy, food, building and other and to generate security and income 

through innovative production programs. We’ll be introducing bioeconomic principles, systems, plans by which we can 

proceed towards a new ecological and social development and overcome drought and desertification. In this regard, we 

propose to launch a bio-economy strategy for desertification, based on the creation of a specialized and targeted program 

especially in critical areas. in view of the world's population increase and the scarcity of natural resources. The objectives of 

such a program could be represented by the achievements of subjects and projects, based on  bioeconomic principles,   that 

we’ll be discussed during the conference. B&D provides, among others, the realization of agro-ecological Parks and Eco- 

Production Parks (also virtual), as well as structures and plans for the protection of biodiversity. 

 
Keywords: bioeconomy, development, agro-ecology, drought 

 

Premise. Limits of environmental solutions. 
 

Desertification and climate change is a threat to arid and dry areas on the planet, making up almost 50% of the land and 

with an impact on a population of a billion people. The most affected continent is Africa, where more than two-thirds of the 

cultivated land is at risk. There are also large areas subject to degradation even in Asia, Oceania and South America, and to 

a lesser extent, in Europe and North America. 

 

The problem of desertification, as a phenomenon of environmental degradation, is caused by multifactorial phenomena 

external (exogenous) to the performance of natural resources cycle such as:  

- human settlement,  

- resource exploitation,  

- extensive and intensive livestock farming,  

- industrial production. 

 

Climate change can be considered: 

- internal (endogenous) to the natural cycles when it comes to long-term changes (heating, glaciation),  

- external (exogenous) when could be caused by human activity contribution. 

 

The recent World Bank report "Turn Down the Heat: Why at 4 ° C Warmer World Must Be Avoided" offers a startling 

vision regarding Climate change and its impact with reference to extreme events such as: 

- • heat waves, 

- • sea level raising, 

- • sudden modification of ecosystems. 

 

The report says today’s climate could warm from the current global mean temperature of 0.8°C above pre-industrial levels, 

to as high as 4°C by 2100, even if countries fulfil current emissions-reduction pledges. 

 

Taking account of these estimates the desertification phenomenon is particularly serious because of the high risk of 

lateralization phenomena that prevent recurrence of environmental exchanges. 

 

Desertification involves at the outset degradation of human knowledge, which, over the centuries, handled the desert as a 

resource. 
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The desert, in fact, is considered by indigenous people an environment in which are held production processes, goods and 

food consumption and exchange, able to ensure not only survival but satisfaction, enjoyment of life. 

 

The desert itself, then, can be considered an extreme and fragile environment that imposed a system of management led by 

resources. This way of living doesn’t alter the border of that environment and contributes in maintaining and nurturing its 

vitality and self-consistency. 

 

If the desert, therefore, can’t be considered as an element of negativity, the increase of the processes of erosion/ 

desertification is caused by a loss of knowledge in resource management. 

 

It follows that the desert areas, as the polar one, should  be considered permanent scientific laboratories where traditional 

knowledge is able to find satisfactory solutions to make lifestyles and practices in two such different environments where 

the differences between the minimum and maximum temperature could reach the value of 90-100 ° C. 

 

A solution designed to mitigate or reduce a desertification process without taking into account best local practices may be 

ineffective in terms of cost-benefit analysis. 

 

In fact some solutions to contain the phenomenon of desertification starting from an exclusively environmental design and 

modelling could bring to a failure. For example the creation of a gigantic green barrier (Great Green Wall) to stem the 

desertification processes takes into account only the border between desert and marginal areas but not the processes that are 

generated internally the ecosystem. 

 

The recovery solution based only from an environmental approach risk to ignore the reality of all the knowledge that can be 

used to mitigate the effects of a problem that before being environmental concerns: 

- nutrition,  

- agriculture,  

- commercial trade,  

- small industry and craftsmanship,  

- peoples and traditional cultures. 

 

Extending to the phenomenon of climate change only environmental-led solution (exogenous and non-structural) risks to be 

ineffective. Otherwise a methodology based on proper management of local resources must take into account that a solution 

of the environmental problem could be find reducing the degradation of the best traditional practices generated by centuries 

of observation and continuous refinement. 

 

This method, which aims to restore the traditional knowledge of the environment, can lead useful corrections and have 

efficacy in terms of cost superior to solutions that don’t take into account all the analysis factors. The bioeconomy contains 

this approach because is a method of analysis that can open a horizon of solutions in rebuilding self-consistent systems in 

terms of resource exploitation. 

 

The bioeconomy: methodology 
 

Vital processes, seen as "thermodynamic machines", derive from sources of low entropy, which is a necessary condition for 

a resource to be useful. 

 

In addition, in the economic process, the matter tends to decrease its ability to be used in future economic activities. In fact 

once released into the environment raw materials, previously concentrated in deposits, may be reused in the economic cycle 

only through a high expenditure of energy. Hence it arises the need to rethink the economics, making it capable of 

incorporating the principle of entropy and ecological constraints. 

 

Moreover, the bioeconomy states the fundamental difference between growth and development: development is the 

introduction of an innovation that is not only the creation of new goods but also new processes, the growth, however, is the 

rise in existing assets and consumption of resources already available. Economic processes follow each other periodically 

without considering that there are environmental and exploitation of resources limits due to scarcity. 

 

On the contrary, the matter and economic transformation processes, are both entropic, but differ because in the 

transformation of matter they are automatic, while in the economy the entropy changes depend on human activity, which 

directs the environment entropy according to rules that vary over time and from place to place. 

 

Human activity, in fact, produces high entropy, namely more waste, while in the natural processes there aren’t waste, 

poverty and hunger. It must be taken into account that the actual product of an economic process is not a material flow and  

the dissipation of energy, but the pure enjoyment of life and real income, work and leisure are only a "measure" of the 

material flow. 

 

The model of unlimited growth does not take into account natural resources and energy of the biosphere limits, their 

depletion produces a biological and ecological balance alteration. 
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Sustainable development and green economy: the contradictions 
 

The bio-economy stands in opposition to classical economics, which is the economic process current view. The economic 

processes follow one another periodically without considering that there are environmental limitations and scarcity of 

resources. In this context, "sustainable development" is a contradictory concept because, by introducing the concept of 

entropy in economic analysis, it is impossible to simultaneously achieve the two goals:  the economic growth in terms of 

output and the environmental sustainability. 

 

On the contrary, during the United Nations Conference on Sustainable Development, the solution to environmental problem 

has been placed in the so-called "green economy" which is the result of a hoax that involves business of monopolist or 

oligopolistic nature as those of  cars, alternative energy, food mass, states and bureaucratic. All this economical actors 

promote a supposed protection of the environment through the use of alternative or renewable energy (solar, wind, biomass) 

which have low thermodynamic efficiency and high impact the environment. 

 

A growth driven by green economy would therefore be harmful to the environment itself and financially unstable in the 

mid-term as, for example, demonstrated by the Desertec project recent troubles which cost estimated in $ 400 billion was 

not sustainable because the low energy efficiency, energy transportation cost and environmental impact. The project was 

also designed to obtain 20% of the European Union energy requirements based on 2004 higher growth rate than the current 

one due to of the economic crisis. 

 

Increasing well-being, reducing poverty. A solution to mitigate the effects of desertification and climate 

change 
 

The model of unlimited growth does not take into account the fact that the scarce resources depletion produces an alteration 

of the ecological tolerance. On the other hand it is possible to achieve prosperity without increasing the consumption of 

goods and resources already existing, taking into account sustainable methods of production and nature conservation. 

 

As a matter of fact it is possible to reach a certain level of well-being independently from economic growth trough new 

models of development such as the revitalization of local economies. 

 

According to the values expressed by the MDGs, the poor are those who have a low per capita income (less than a dollar or 

two dollars a day) which is insufficient to ensure adequate nutrition, health and wellness. 

 

These indicators, however, are only quantitative and they don’t offer qualitative solutions to the plight of hunger from one 

side and how to study the best available traditional techniques needed to get food from the other side.  

 

From the traditional point of view poor is the one that is not able to eat two times a day. This definition contains a 

fundamental information: the most basic and necessary condition for humankind is how reach food. A community is not 

poor as long as it preserves the techniques of food collection, cultivation, farming, cooking.  

 

The concept of survival for indigenous peoples could be expressed as the ability to find food and water, even in the most 

extreme conditions. The increase of poverty and environmental degradation are directly related to a lack of those survival 

skills.. 

 

A new model of development 
 

The real product of economic processes is the enjoyment of life that depends on three elements:  

- flow of goods consumed,  

- leisure,  

- work time. 

  

The bioeconomy considers economic processes as vital processes and thus irreversible. Everything that has some utility 

consumption and consists of low entropy. 

 

The fundamental concepts of the bio-economy are: 

- the economic activity of every generation has an influence on subsequent generations; 

- it is necessary to reduce the consumption of energy and resources; 

- the competitiveness in agriculture and industry should be increased. 

 

Moreover, by applying bio-economic principles such as homeostasis and precaution, it is possible to achieve wellbeing 

without increasing the consumption of already existing goods and resources, using the production and conservation modes 

of nature and its diversity, the only certainly sustainable entities. It is possible to reach a certain wellbeing level 

independently from the economic growth through other development models: for instance, through the regeneration of local 

economies. 

  

 



Based on these principles we can then draw up a set of projects for development and sustanaibility which include: 

- adaptation  programs, 

- energy         “ 

- climate change       “ 

- bio-waste       “ 

 

Conclusion: a bioeconomic program 
 

On the basis of the analytical elements proposed proposes the a program of activities in the following areas: 

- Nutrition / Urbanization / Desertification / Climate 

- Nutrition / Environment / Production     

- Industry / Environment / Development   

- Knowledge / Agriculture / Climate Change   

 

Conclusion. 

 

The search for solutions to problems such as desertification and mitigating the effects of climate change can not be only 

environmental but also takes into account a bioeconomic approach. The bio-economic model, which combines social, 

economic, environmental topics as well as those related to common goods, allows to redesign, in agriculture, industry and 

architecture, the suffering human and environmental settlements, by using the territory and its resources, trying to imitate 

the natural relationships and links in the light of traditional knowledge. This is how it is possible to dispose of plenty of 

resources, food, and sustainable food chains at a lower cost in order to meet local needs. This also allows facing the 

problem of poverty as well as its solution as an economic and ecologic variable of the system itself. 
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ABSTRACT: Future climate change projections derived from global and regional models project for the Semiarid region of 
Northeast Brazil (NEB) warmer and drier conditions, with a tendency for severe reduction of rainfall and increase in dry spells, 
and on the most extreme scenario, the region would become arid.  This situation, together with increased warming could trigger a 
soil degradation process, leading to desertification.  The Northeast Brazil region is extremely vulnerable to extremes of climate 
variability and may continue as such in the future in a warmer/drier climate.  The best example is the drought of 2012 that so far 
have had strong impacts on the regional economy and population.  Climate change could exacerbate the vulnerability of people 
living on that region in the future with severe impacts in human and natural systems. 
 
In this presentation we introduce some projections of climate change derived from Eta CPTEC-HadCM3 models under IPCC the 
CMIP3 models, and we assess tendencies for aridification, using aridity indices from the United Nations.  These indices were 
calculated at the regional level (20, 40 km lat-long) using the climate change projections derived from the Eta CPTEC-HadCM3, 
for times slices including the short, medium and long term time horizons until the ends of the XXI Century.    

Keywords: Semiarid region, climate change, aridification, vulnerability  

1. INTRODUCTION 

Although climate change is seen as a global issue, its effects are felt at local scale. The changes in the climate of the earth during 
the past few decades have become the focus of scientific and social attention. As a result climate change has become one of the 
hot topics and is considered a threat to the entire world, and research undergoing in many parts of the world is directed towards 
the adverse impacts of the climate change on the ecosystem, forests, water resources, agriculture, livelihood etc. Climate change 
threat is real and will affect all economic sectors to some degree, and the impact of climate change may be felt more severely in 
developing countries. Vulnerability and risk of the population and economic sectors to climate variability and extreme events 
seem to be increasing in South America as population increases and land use patterns change. Poor regions are 
disproportionately affected by weather related hazards, owing to their intrinsically greater vulnerability to hazards and 
comparatively low capacity for risk reduction measures. Water deficit in the soil and other components of the water balance may 
be other indicators that can be used in vulnerability assessments, especially in semiarid regions such as in Northeast Brazil. 

 
Northeast Brazil occupies 1.600.000 km² of the nation’s territory and in 62% of this area is covered by the Drought Polygon, a 
semiarid region of 940,000 km2, which extends over nine states of the Northeast and which faces a chronic shortage of water and 
rainfall levels of less than 800 mm a year. In the semiarid region, which encompasses large part of the territory of the Northeast, 
there are approximately 30 million inhabitants, or about 15% of the national population. These numbers make this area the most 
populated dry region in the world. The irregularity of rainfall is a constant obstacle to the development of agricultural activities 
and the lack of efficient systems to store water - which are almost always controlled by a minority - intensifies the negative social 
impacts.  

1.1 Drought History in Northeast Brazil 

 
Droughts have been reported in Northeast Brazil since the 16th century (Magalhães et al 1988). Based on reported impacts of 
previous droughts in Northeast Brazil, in 1777-80 almost 85% of livestock died and half of the population die due to famine; in 
1877-79 almost 200,000 people died in the city of Fortaleza-capital of the state of Ceará due to famine and as a consequence of 
diseases brought by the migrants; in 1915 more than 278,000 people died in the state of Ceará and about 75,000 people migrated 
to other regions; in 1979-81 there was a greater than 70% reduction in production of rice, beans, cotton, and prices went up by 
about 100%; in 1958, an estimated 10 million people fled from Northeast Brazil as a result of a drought (Namias, 1972; and 
Hastenrath and Heller, 1977); in 1982-83 there was a decrease of 80% in livestock; in 1998 57% of the total agricultural 
production of the region was lost and the economic damages were estimated to be 5% of the Gross Domestic Product (GDP) of 
the entire region.  The severe drought of 1998, (which was due to El Niño/warm tropical North Atlantic) stretched across 10 
states in the region, severely affecting crop production in the area and threatening the local food supply.  The 2012 severe 
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drought gripping the Northeast took its toll on more than 1,100 towns, even triggering fighting in rural areas.  According to the 
Brazilian Ministry of Integration, estimated losses of the order of US$ 6 billion are expected due to the impacts of drought on the 
agricultural sector.   
 
The history of drought in Northeast Brazil, as collected from various sources (Araujo et al 1982, Magalhães et al. 1988) and 
updated in this study includes these years: 1583, 1603, 1624, 1692, 1711, 1723-24, 1744-46, 1754, 1760, 1772, 1766-67, 1777-
80, 1784, 1790-94, 1804, 1809, 1810, 1816-17, 1824-25, 1827, 1830-33, 1845,1877-79, 1888-89, 1891, 1898, 1900, 1902-03, 
1907, 1915, 1919, 19032-33, 1936, 1941-44, 1951-53, 1958, 1970, 1979-81, 1982-83, 1992-93, 1998, 2001-02, 2010 and 2012.  
According to local newspapers from January to May 2012, the drought in 2012 had already destroyed large swaths of cropland, 
affecting hundreds of cities and towns across the region, and leaving ranchers struggling to feed and water cattle. In 158 large 
cities there are shortages of drinking water for the population in urban areas.  
 
Since the 1950’s the government started talking action against droughts including the building of reservoirs and channels and 
social programs for affected people, and since the 1970’s no more deaths due to drought were registered, even though the exodus 
from the semiarid region during droughts still continues. Kane (1997) shows that of 46 El Niño events (strong and moderate) 
during 1849–1992, only 21 were associated with droughts in northern Northeast Brazil.  After that, from the droughts of 1992, 
1998, 2002, 2010 and now 2012, only those of 1998 and 2002 occurred during El Niño years. 

1.2 Projected climate change in Northeast Brazil  

Air temperatures in Brazil have increased by about 0.6 oC during the last 40 years in Brazil, and in the Northeast region the 
observed increase in air temperatures varies between 0.8 and 1.5 oC since 1960. The first studies of vulnerability of this region to 
climate change, conducted in 2005-2007 yielded the first regional scenarios of climate change in Brazil and South America, 
which used regional models to make projections for the period 2071-2100. This was done for high and low emissions scenarios 
(A2 and B2, respectively), with a spatial lat-lon resolution of 50 km, derived from downscaling of the Met Office Hadley 
Centre’s global HadAM3P and the Eta CPTEC model (Marengo et al, 2009, 2011). Projections of changes in future rainfall 
suggest reductions of about 40-60% by 2100 relative to the present. Rainfall reductions of the order of 40-60% projected for the 
future, as well as an increase in the length of dry spells, reaching a mean of up to 30 days/year in 2071-210 in the A2 scenario 
compared to 12 days/year in the current climate. This would indicate the high risk of drought might increase in the future. 
 
This regional warming of 4.6 oC for the A2 scenario as projected by the ensemble of 3 regional models is linked to a global 
warming of about 3.3 oC by 2100 in the HadAM3P global model that provided the driving data to the models.  For the NE Brazil 
region the HadAM3P model shows a mean warming of 3.6 oC. The combined effects of these changes result in an increase in 
evaporation and a drying of the climate, and together with the projected increases in the duration of dry spells it certainly has the 
potential to affect activities that depend heavily on water (such as small scale agriculture), and human populations. 
 
Various studies on impacts and vulnerability of climate change in Brazil have been produced based on the climate change 
projections. Among these impacts studies and vulnerability assessments we can include Brazil’s Climate Change and Energy 
Security Report (Schaeffer et al. 2008), the Global Warming Report, and the New Geography of Agricultural Production in 
Brazil (Assad and Pinto 2008). Another large study in process, which also uses these regional climate projections, is entitled the 
Economics of Climate Change in Brazil (ECCB) and results from the collaboration of Brazilian institutions representing various 
productive sectors, from government to academia, instructed to evaluate the economic impacts of climate change in Brazil.   

2. ANALYSIS OF DRYNESS IN THE REGION USING THE UNEP ARIDITY INDEX IN FUTURE CLIMATES 

Some of the projected impacts in NE Brazil that one might expect at 4.6oC warming, resulting from the 40-60% reduction in 
rainfall and longer dry spells as projected by the regional models, may be summarized as follows: This region is the most 
vulnerable region to climate change in Brazil, where small scale agriculture will be affected greatly. Water resources would be 
scarce in a warmer future, social conflict and migration would be more common, unemployment rate would be high and health 
problems would increase. On the ecological side, the natural vegetation (caatinga) would be replaced by a more arid-type 
vegetation, with risk of long-term desertification.  The risk of migration and environmental refugees from this region to other 
parts of Brazil may exacerbate existing social problems outside the region. 
 

2.1 Aridity Indices 

One way to assess possible changes in climate that would lead to aridification is by using aridity indices. An aridity index (AI) is 
a numerical indicator of the degree of dryness of the climate at a given location. A number of aridity indices have been proposed; 
these indicators serve to identify, locate or delimit regions that suffer from a deficit of available water, a condition that can 
severely affect the effective use of the land for such activities as agriculture or stock-farming. 

Aridity indices are quantitative indicators of the degree of water deficiency present at a given location. A variety of aridity 
indices have been formulated, although the term aridity index specifically refers to the 1948 work of Thornthwaite. Aridity 
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indexes have been applied at continental and subcontinental levels and are most commonly related to distributions of natural 
vegetation and crops. Critical values of the indices have been derived from observed vegetation boundaries. For instance, 
Köppen's 1918 classification defines the desert-steppe boundary as the 200 mm annual isohyet in regions where there is no 
seasonality of rainfall and the mean annual temperature is 5-10°C.  The formulation of aridity indices is not straightforward due 
to the nature of aridity.  Aridity is a function of the interplay between rainfall, temperature and evaporation.  One way to define 
the extension of an arid region in Northeast Brazil has been defined by the PROCLIMA Northeast climate and hydrology 
monitoring program from INPE (www.cptec.inpe.br/proclima), that considers semiarid region as that delimited by the isoline of 
800 mm/year. 

For this study we used the UNEP index of aridity, defined as: 

 

where PET is the potential evapotranspiration and P is the average annual precipitation (UNEP, 1992). Here also,  PET and P 
must be expressed in the same units, e.g., in milimetres. In this latter case, the boundaries that define various degrees of aridity 
and the approximate areas involved are defined in Table 1 

Table 1.   UNEP aridity index and classification 

Classification Aridity Index 

Hyperarid AI < 0.05 

Arid 0.05 < AI < 0.20 

Semi-arid 0.20 < AI < 0.50 

Dry subhumid 0.50 < AI < 0.65 

2.1 Climate Change projections 

We used the climate change projections derived from the Eta CPTEC 40 km regional model nested on the HadCM3 global 
model, for the 2010-2100 period, using the 1961-90 period as the present climate.  More details on the projections and on he 
behavior of the Eta CPTEC projections can be found in Chou et al (2011) and Marengo et al (2011).  The model is forced with 
SRES A1B emissions scenario-generated CO2 concentrations to the end of the 21st century. 

Projections of changes in upper and low-level circulation and the mean sea level pressure fields over South America show a 
pattern of weakening of the tropical circulation and strengthening of the subtropical circulation, marked by intensification at the 
surface of the Chaco Low and the subtropical highs. Strong warming (4-6 °C) of continental South America increases the 
temperature gradient between continental South America and the South Atlantic. This leads to stronger sea level pressure 
gradients between continent and oceans, and to changes in moisture transport and rainfall. Large rainfall reductions are 
simulated in Amazonia and Northeast Brazil (reaching up to 40%). All changes are more intense after 2040. The Precipitation- 
Evaporation (P-E) difference in the A1B downscaled scenario suggest water deficits and river runoff reductions in the eastern 
Amazon and Sao Francisco Basin, making these regions susceptible to drier conditions and droughts in the future.  June-August  
is the season when precipitation occurs over the eastern coast of Northeast Brazil, and the simulated increase of high pressure 
suggests a reduction in the easterly waves reaching that coast, which is consistent with the reduction of precipitation there.  The 
largest differences are in 2071-2100 in both austral summer and winter. It is the combination of higher temperatures and rainfall 
reductions over tropical South America that results in P<E and brings drier conditions, drought and aridization in parts of 
Northeast Brazil (the semiarid land of Northeast Brazil). This results in less soil moisture and lower river runoff, which possibly 
lead to soil degradation and potentially onwards to desertification.  

3. CHANGES IN ARIDITY CONDITIONS 

The UNEP Aridity index AI was calculated uasing the climate change projections from the Eta CPTEC-HadCM3, for the 
present (1961-90) and the 2010-40, 2041-70 e 2071-2100 time slices (Figure 1).   
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a) 1961-90 

 
b) 2010-40 

 
c) 2041-70 

 
d) 2071-2100 

 

 
Fig. 1: Simulations of the UNEP Aridity Index for the present 1961-90, and projections for 2010-40, 2041-70 and 2071-2100 
derived from the Eta CPTEC-HadCM3 model for the A1B emission scenario. 
 
Currently, the semiarid lands of Northeast Brazil include the regions in orange (0.2<AI<0.5) in Figure 1, with an extension 
approximately 612,800 km2  (Fig. 1a).  Projections for the future show an increase in the area with orange covering by 2010-40 
an area of 758,400 km2, by 2040-70 an area of 1’134,400 km2 and by 2071-2100 an area of 1’504,000 km2.  Of course the 
uncertainties on these estimates are still high because we used only one aridity index and these estimates are based on projections 
from one climate model (Eta CPTEC-HadCM3).  However, the combination of high temperatures and dry conditions in the future 
determines an increase in areas with semiarid conditions covering large parts of the Brazilian northeast states.  By 2071-2100 
there is a nucleus of arid conditions that appear extending from Rio Grande do Norte to Northern Bahia.  

The projections for drier conditions, drought and possible aridization in parts of Northeast Brazil may have strong impacts on 
natural and human systems in the region.  These changes may result in less soil moisture and lower river runoff, and the drier 
and possibly windier conditions in the future possibly will lead to soil degradation and potentially towards to desertification.  
 

4. POLICY ORIENTED RECOMMENDATIONS AND CONCLUSIONS 

In the semiarid region in Northeast Brazil there are approximately 30 million inhabitants, being one of the densely most 
populated dry region in the world.  In present climates, the irregularity of rainfall is a constant obstacle to the development of 
agricultural activities and the lack of efficient systems to store water - which are almost always controlled by a minority - 
intensifies the negative social impacts and decrease resilience.  The history of droughts in the region show hat population has not 
yet adapted to drought hazards, and as compared to droughts from the 16th to the early 20th Centuries, the modern time droughts 
(since the 1970s’) do not kill people, but affect severely the local and regional economies, generating socioeconomic problems, 
and huge economic losses.  This was the case of the drought of 2012.  People have not yet learned how to live with drought. 

With the possibility of drier and warmer future climates in the region, one consequence for the region would be more arid 
climates, with more frequent droughts and heavy precipitation or excessive concentrated on few days that could produce erosion. 
The impact could be very negative on the economy and society. The base of support for human activities - such as agriculture, 
mining, industry, hydropower and tourism - would be heavily affected and it is likely an increase the displacement of population 
to the cities or to areas where it was possible to develop irrigated agriculture. The poor and subsistence farmers would the be 
most strongly affected. To cope with the risk of desertification due to climate change, efforts should be focused to plan and 
implement actions leading to sustainable development in the region, strengthening the adaptive capacity of society, the economy 
and the environment and contributing at the same time, with the mitigation initiatives aimed at reducing the causes of climate 
change. Environmental policies are still needed on the long-term, as well as environmental education programs. It is 
recommended to prepare maps of risks and vulnerability of semiarid climate change, integrating the different sectoral 
vulnerabilities and their causes, as a guide for planning adaptation strategies. You should establish policies for water supply and 
sanitation, especially for small communities. There is also the need to assess food security in the Northeast and to develop crops 
and farming systems adapted to semiarid in the context of climate variability and change. But just as the Semiarid is vulnerable to 
climate change, is also a region with potential that need to be further explored and incorporated into plans for adaptation and 
sustainable regional development. 
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ABSTRACT: Lack of agreement on the choice and application of indicators has been a major handicap in attempts to assess the 

status and trends of land degradation and desertification. DLDD is a complex process, which requires possible indicators among 

physical, biological, human, and socio-economic phenomena. Besides the UNCCD core indicators, here we have addressed seven 

(phenology, vegetation mapping, indicator species, long-term climatology, vegetation fragmentation, disturbance index (DI) and 

SDM) indicators of land degradation and desertification for tropical regions. The study conducted in test site of the Ganga river 

basin; a highly fertile and densely populated basin running along Himalayan range of mountains. Decadal LULC map were 

prepared using satellite images of 1975, 2005 and 2010 for two seasons to understand the phenology and spatial vegetation 

changes. Indicators species were identified for salinity, temperature and drought. Prepared vegetation type map were also used to 

calculate the fragmentation and DI map using customized SPLAM software. 101 years climatological data were used to calculate 

the decadal gradient and aridity index using arc-object. To predict the future scenario of species in fast climate change scenario, 

SDM was used for indicators species in A1B emission scenario. Major change in LULC was observed after 1985 and high 

fragmentation and DI values were observed along with Ganga river. Maxent model for SDM suggested that distribution of 

species would tend to move in direction of shorter cold seasons. Early results also showed increasing trends of aridity between 

1901-1930 with some decline between middle, and maximum changes in 1990 onwards. 

 

Keywords: Desertification indicators, remote sensing, river basin hydrology, Ganga, SDM.  

INTRODUCTION  

Drylands cover about 41% of Earth’s land surface and are inhabited by more than 2 billion people (about one-third of world 

population). Such lands are limited by soil moisture, the result of low rainfall and high evaporation, and show a gradient of 

increasing primary productivity, ranging from hyper-arid, arid, and semiarid to dry sub-humid areas. Lack of agreement on the 

choice and application of indicators has been a major handicap in attempts to assess the status and trends of land degradation and 

desertification. Dryland desert and desertification (DLDD) is a multifaceted process (Mabbutt1986, Helldén 1991, Thomas 1997, 

Lambin et al. 2001), which requires possible indicators among physical, biological, human, and socio economic phenomena. 

Besides the UNCCD core indicators, here we have addressed seven (phenology, vegetation mapping, indicator species, long-term 

climatology, vegetation fragmentation, disturbance index (DI) and species distribution) indicators of land degradation and 

desertification for tropical regions.  

With the launch of the first remote sensing satellite in 1972 named ERTS (after renamed as Landsat), a new era of 

geomorphological change studies were also started. Here in this study we have used geoinformatics technology (incorporating 

RS, GIS and GPS) coupled with field and observation data. Land degradation has been understood through long-term studies as 

the linkage of vegetation shift, identification of flagship species, land-use change, and edaphic properties along with various 

climate variability. Major emphasis has been given to the different vegetation attributes in the region with its micro and macro 



climate. In-situ observations of plant species as indicators along with vegetation types mapped in the region have been linked 

together to understand the microclimate.  

1.1 Study Area 

The study conducted in test site of the Ganga river basin; a highly fertile and densely populated basin running along Himalayan 

range of mountains. The Ganga river basin is a part of the composite Ganges-Brahmaputra-Meghna basin draining 1,086,000 

Km2 in Tibet, Nepal, India and Bangladesh. To the north, the Himalaya or lower parallel ranges beyond 

form the Ganges-Brahmaputra (Fig. 1). The river Ganga has significant economic, environmental 

and cultural value in India. It serves as one of the India‘s holy rivers, whose cultural and spiritual 

significance transcends the boundaries of the basin. Rising in the Himalayas 

and flowing in to the Bay of Bengal, the river traverses a course of more 

than 2,500 km through the plains of north and eastern India. The 

Ganga river basin–which also extends into parts of Nepal, China and 

Bangladesh – accommodates 26% of India’s landmass, 30% of its 

water resources and more than 40% of its population. The basin has a population of 

more than 500 million, making it the most populated river basin in the world. The 

important soil types occur in the basin are sand, loam, clay and their combinations such as 

sandy loam, silty clay, etc. The annual surface water potential of the basin has 

been assessed as 525 km³ in India, out of which, 250 km³ is utilizable 

water.  

 

2. METHODOLOGY 

Decadal LULC map were prepared using optical sensors of Landsat satellite for the year 1975 and 2010 while 2005 map using 

IRS-P6 LISS III sensor for two seasons to understand the phenology and spatial vegetation changes. Indicators species were 

identified for salinity, temperature and drought. Prepared vegetation type map were also used to calculate the fragmentation and 

DI map using customized SPLAM software. 101 years climatological data were used to calculate the decadal gradient and aridity 

index using arc-object. Radiation in the form of photosynthetic active radiation (PAR) and absorbed photosynthetic active 

radiation (aPAR) were used to estimate the light use efficiency (LUE) and the rate of photosynthesis, primary productivity and 

evapotranspiration. To predict the future scenario of species in fast climate change scenario, SDM was used for indicators species 

in A1B emission scenario.  

3. RESULT AND DISCUSSION 

Early results showed increasing trends of aridity between 1901-1930 with some decline between middle, and maximum changes 

in 1990 onwards.Major change in LULC was observed after 1985 and high fragmentation and DI values were observed along 

with Ganga river.  Evapotranspiration is showing higher rate of ET in eastern region mostly in mining and industrial belt of 

Jharkhand, which is later on confirmed by the resulted aridity index, which is observed more than 2 (2-3 for semi-arid zone) for 

the region. CASA model for net primary productivity (NPP) has been tested for the part of Uttar Pradesh dense forest region 

(KWS). As a thumb rule, it is observed that NPP is increasing with temperature but some deviations have also been seen. The 

results will be even better if we can run this model for entire basin with improved inputs of Light use efficiency (LUE), PAR and 

Figure 1 Study area, showing part of India including 8 states 



water stress. Microclimatic studies have shown prominent results for Uttar Pradesh. Although the region is not showing high 

degree of inclination but sharp change in temperature and rainfall was observed in different biogeographical regions, Maxent 

model (Phillips et al. 2006) for SDM suggested that distribution of species would tend to move in direction of shorter cold 

seasons. 

4. CONCLUSION 

The dynamics and importance of LULC change has broadened the climate-change issue to include land-use/land-cover processes 

as an important climate forcing. Change in phenology can give the inter-annual change of plant health with respect to fluctuation 

in different environmental parameters. This vegetation observation then can be used to understand the human interference as 

disturbance in the area with habitat fragmentation, by dividing the entire area into vegetated and non-vegetated. Reduction in the 

size and increase in the isolation among patches of native habitat, which defines the degree of disturbance in the form of road, 

settlement etc. Area with high disturbance can be related to changed energy-flow in the form of modified precipitation and 

evapotranspiration rate. Other topographic features like elevation, slope and aspect can also be used to create, which may 

influence the absorption, reflectance and emission of surface and atmospheric radiation budget.  The study takes into account the 

multi-faceted nature of land degradation via a multi-approach process at different scales of time, space and methodology. 
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ABSTRACT: During the past two decades, valuable knowledge has been generated in the Latin America and the Caribbean 

related to agriculture and climate change.  This study used a bibliometric appraisal of scientific papers to evaluate the state of the 

art on agriculture and climate change.  Scientific production on climate change and agriculture grew exponentially in the 2000´s. 

A meta-analysis of 3180 publications on climate change and agriculture in LAC, published between 1990 and 2011, revealed an 

increasing number of papers from LAC, but concentrated in a small number of countries. Brazil is at forefront (40%), followed 

by Mexico (17%), Argentina (15%) and Chile (7%). Further studies will evaluate available manuscripts and segregate by specific 

topics, but preliminarily data suggest a need to strengthen R&D in Agriculture and climate change, especially in the vulnerable 

countries. Collaboration among countries is another area requiring attention. 

Keywords: Climate Change, Agriculture, Research, Latin America, Bibliometrics. 

1. INTRODUCTION 

Climate change (CC) is impacting and will impact the agricultural production worldwide, and by this way, threats the access to 

sufficient and safe food for the populations specially in most vulnerable regions. At the same time, the agricultural sector 

contributes to emit greenhouse gases (GHG) that are coupled to the global warming effect.  

The vulnerability of the agricultural sector in Latin America and the Caribbean Region (LAC) is not only related to the 

production systems (in a large majority without irrigation use and in locations susceptible to extreme climate events). It is also a 

combination of factors affecting more widely the production, and amongst them human capital (diseases, food and water 

insecurity, low schooling), and some public failures (lack of financing in capital investment, informational problems).  

Climate change connection with agriculture need a focus of Science. In the last decade valuable knowledge and information has 

been produced in the field of agriculture and climate change, i) to assess vulnerability and impacts on food production and their 

socio-economic consequences, ii) to develop adequate adaptive strategies and build resilience of the sector and rural populations, 

and iii) to measure and to mitigate the GHG contribution in agriculture.  

Scientific capacity can be defined as the ability to generate relevant knowledge and to translate it into concrete domestic policies 

(Sagar, 2006; Huntingfor and Gash, 2005; both cited by Kandlikar and al., 2010). CC challenges research communities because 

agriculture require capacity building in order to withstand its negative impacts. So stating current capacities and identifying the 

technology gaps are crucial to build the best policies that agriculture need for appropriate adaptation and mitigation to climate 

change. That includes characterizing the current scientific capacity, the areas in which research is concentrated, its financing, the 

cooperation networks involved, and finally establishing the relation between the scientific production and policy development.  

In LAC there is not systematic information on what researchers, practitioners and decision makers are focusing their efforts. This 

information is essential to identify knowledge gaps as well as strengths, and to promote synergies and collaboration between 

different research groups and programs. In order to fill the knowledge gap, the Economic Commission for Latin America and the 

Caribbean (ECLAC) together with the Food and Agriculture Organization (FAO) initiated a study that describe the big picture of 

scientific capacity on climate change and agriculture, so to reduce as far as possible the problem of uncertainties in decision-

making and facilitate appropriate, early and time-consistent planning in policy and investment.  

This paper offers a preliminary work on the state of the art of research on agriculture and climate change in Latin America. It 

presents the results of analyzing 3186 publications on climate change and agriculture on LAC, as published between 1990 and 

2011. General statistics are provided on the major reviews, most productive countries and the collaboration among them. 

2. METODOLOGY 

The first assumption is that most scientific work on climate change and agriculture´s domain will be published in scientific 

journals. The SCOPUS database as provided by the Elsevire was used to acquire raw material for the bibliometric analysis. A 

manual check of journal abstract confirmed all relevant journals covered. 
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The study contemplates several working hypothesis, but only two of them could be answered by the current phase of the study 

presented in this paper: i) Brazil holds the largest science production on agriculture and climate change in LAC; ii) Research on 

climate change and agriculture in LAC is mainly accomplished by non-Latin American authors. 

2.1 Data collection 

This study implement a bibliometric analysis to assess the evaluation of the production in science papers during the last 20 years, 

especially about the topics studied, as well as the groups and countries with the highest science production in the region, and the 

collaboration in research activities. This bibliometric exhaustive review focused on the principal science reviews related to 

agriculture and climate change, during the period from 1990 to 2011 included, according to the evolution of international climate 

agenda. 

The SciVerse Scopus (Elsevier) database was used, which constitutes one of the largest literature bases reviewed and updated by 

expert peers. The advantage of this search platform is its large coverage, including multidisciplinary fields and a great number of 

sources (science articles, industrial publications, books, conference papers, review editorials and letters, synthesis notes). Above 

all, compared to the other platforms, Scopus database potentially provides a greater visibility for the Latin American production, 

notably because of a better representation of non-English-speaking reviews. According to the Scopus Content Coverage Guide 

(2011), 21% of titles referenced in the platform are published in languages other than English (or in both English and another 

language). The guide adds that more than half of the content does not come from North America, but represents various countries 

of Latin America, among others. 

2.1.1 Keywords definition 

The main issue in this step consists in the construction of the keywords clouds discriminating the publications according the 

topics of agriculture and climate change: the goal of the search on Scopus platform is to be exhaustive; however it has to break 

the back enough of the results universe, to make easier the manual review during the following step. To discriminate the 

publications of the study’s interest, the criteria will correspond to i) keywords related to climate change, ii) keywords from the 

agricultural field, and iii) Latin American geographical zones or names of many prioritized countries of the region. The 

implemented method implies to define some thematic clouds of keywords, encircling the topics of climate change, adaptation, 

mitigation and production management in agriculture.  

 

The selection of keywords is based on the review of relevant literature sample dealing with agricultural adaptation to climate 

change, GHG mitigation, climate change effects and vulnerability in the agricultural sector. Li et al. (2011) point out that in areas 

related to climate change, various used terms are associated to temperature, environment, precipitation, GHG and risk; this last 

term is the most recurrent in the academic production, as in the government one.  

Lastly, 18 countries have been selected as geographical criteria according to the relevance of their agricultural production, and 

associated with “Latin America” and the names of its main subregions.  To be as exhaustive and multidisciplinary as possible, the 

study has to include the publications indexed in many relevant subject areas. 

2.1.2 Data cleaning 

After the automatic search made by SCOPUS provided the initial universe of 3186 papers, a great attention was given to the 

manual review of the title, abstract and keywords of each paper selected. Indeed, an expert review is needed in order to reduce 

the ambiguities of the automatic selection. By doing so, the trial was reduced to 915 registers (see Table 1).  

Table 1: Sample construction  

Inclusion/exclusion criteria Number of articles 

Climate change keyword 443,922 

Climate change + agriculture keywords 76,111 

climate change + agriculture related + LAC keywords 3,186 

CC + Ag + LAC with at least one LAC author  1,860 

Final simple (expect criteria) 915 

All retrieved abstracts, were loaded onto an Excel database for further cleaning of papers with non a Latin-American author, 

duplicate records, publications listed as book reviews and other selection bias made by the automatic search. There was a process 

of triangulation, where one researcher reviewed the other cleaning process, so that many publications have been evaluated by two 
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researchers independently to determine whether it needed to be included or not. A meta-analysis on the topic was potentially 

feasible thanks to the large database build.  

The next step will be a systematic review of the final sample of papers using a tailor-maid questionnaire applied to each 

publication backed up composing the final sample, and extract the most usable information from them.  

3. META-ANALYSIS  

3.1 Growing scientific production on CC & Agriculture as a global trend 

Since 1990 and until then, the Intergovernmental Panel on Climate Change (IPCC) produced four assessment reports including in 

each of them an analysis of the advances made in both field of knowledge about food security and LAC respectively. Kandlikar 

et al. (2010) point out that the countries’ representativeness in the IPCC gives cause for concern. Through a quantitative analysis 

of the science papers and authors represented the IPCC reports, they notice that developed countries (North America and Europe) 

are overrepresented in each report, especially United States, contrasting with the low participation of the “non-annexe 1” 

countries. 80% of the authors of the chapter related to food are from developed countries. Latin America participates by 3.1% of 

the authors total; Argentina, Brazil, Mexico and Peru are the principal nationality of the Latin American authors.  

 

 

Figure 1. Scientific production on climate change and 

agriculture globally and in LAC. Source: SCOPUS. 

Figure 2. LAC scientific production in  agriculture and climate 

change. Number of papers by year. Source: SCOPUS. 

 

Although the global sample on climate change search by SCOPUS could overestimate the representation of the agriculture 

papers, the trend shows an increasing production on the topic globally. Figure 1 shows the increment on the scientific production 

in agriculture and climate change field (dark zone of the graph) which passed from 12% in early 1990´s to 20% of the total by 

2010.  If we consider the papers that related to LAC the scientific production it has grown considerably after 2000, but a lesser 

degree if we consider the articles that have at least one Latin American institution involved (red line in Figure 2). 

Articles with one Latin American author in the total scientific production related to the LAC region represent half of the total. 

Even further, we could hypothesized that language is a barrier for sharing knowledge and that the figures are not presenting 

properly all the scientific production in the region. Kandlikar et al. (2010) mention that an English-speaking author from a 

developing country is 2.5 times more likely to participate in the IPCC reports than a non-English-speaking.  

3.2 Brazil is leading the scientific production in  LAC  

Three countries in LAC, Brazil, Mexico and Argentina, represent almost 75% of the total investment in agricultural Research and 

Development (R&D). The gap between low-income countries and middle-income ones is becoming more marked, especially 

because of the drop in spending of some countries like Guatemala or El Salvador, which are paradoxically more dependent on the 

agricultural sector (data from ASTI base 2008-09) (Pardey and Pingali, 2010). 

Saavedra et al. in 2002 observed an increase in the production of agricultural science papers indexed in the region, and identified 

the main producers as Brazil, Mexico and Argentina. Rojas-Sola and San Antonio-Gomez confirm the leadership of these 

countries Arena et al. (2004) emphasize that Brazil accumulated 52.93% of the regional articles listed in the Science Citation 

Index, 53.56% of the cited articles and 58.92% of the received citations.  

According to our data, 8 Brazilian research institutions produce about 33% of the total publication in Agriculture in the LAC 

region, during the two decades analyzed. Only 6 Brazilian journals report 10% of the entire scientific production in agriculture in 
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LAC. In the climate change and agriculture field it was corroborated the same patter, Brazil produce 40% of the total scientific 

production of the region, followed by Mexico (17%) , Argentina (15%) and Chile  (7%). The Andean region produces 8% of the 

articles with Colombia as a main contributor, Centro America represent just 3.6% with Costa Rica at the forefront.  

Sixty percent of the global scientific production on agriculture is captured by agriculture journals. When analyzing  the scientific 

production on climate change and agriculture in Latin America 28% of it is published via agriculture journals and a 24% in 

environmental journals, showing that a multidisciplinary approach is needed when working in climate change. With the 

involvement of Latin-Americans authors the number of articles published in agriculture journals increases to 34.8%, together 

with environmental journals concentrates about the 60% of the production on CC and agriculture in LAC.  

4. POLICY ORIENTED RECOMMENDATIONS 

Based on the presented results as well as a focus group with researches, organized by ECLAC and FAO, some policy 

recommendations can be resumed as follows: 

-  Collaboration among countries is an area requiring attention for improving the incorporation of climate change in the 

agricultural agenda in the region. In countries vulnerable to climate change but with limited research capacities is vital the 

establishment of solid networks with other countries in the region. Better linkages amongst research institutes and the others 

public and private sectorsal actors which have a great experience and a lot of knowledge and abilities, will help to improve 

research lines and solutions range with a higher social impact of research and a better credibility, legitimacy and rigor. 

-  Better understanding of the current systems, in term of vulnerability and resilience, as well as former and present climate 

changes; stronger knowledge on the extreme events dynamic which impact agriculture and global changes in the sector 

(economical risks, food security, equity, migrations, others); 

-  Better support to create strong and stable research groups giving assistance to policies and programs designing;  Improvement 

of the interfaces to facilitate the communication between science, politics, decisions and policy-makers, and in particular, 

farmers; 

5. CONCLUSIONS 

At this stage of the study, we are presenting the major trends on R&D in the topic analyzed. In addition to the meta-analyses 

performed, further studies will evaluate available manuscripts and segregate by specific topics, for instance desertification. The 

evolution of these terms could describe more precisely the history of new-born science discipline. Furthermore, an extensive 

process of consultation with research organizations and governmental institutions will be conducted to link the scientific 

production with the policy intervention in the region.  
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Abstract 

Semi-arid savanna rangelands are currently under threat by overgrazing, which, in the absence of fire, can lead to dense 

woody cover and often results in the suppression of herbaceous plants. On the other hand, woodland expansion might result 

in a large increase in Carbon (C) storage in the grassland ecosystem, an important aspect for climate change mitigation 

potentials. Particularly the influence of grazing intensities on the belowground herbaceous root biomass, where large amounts 

of C can be stored, has never been tested systematically. We compared the effect of enclosures under varying woody cover in 

pastoral grazing systems of southern Ethiopia. Caged plots and transects were established to assess species composition, dry 

matter and above-and below-ground C stocks of herbaceous plants, as well as those of the total ecosystem under the different 

treatments. Herbaceous aboveground dry matter yield declined whereas woody above-and belowground C storage was higher 

with increasing woody cover. Herbaceous plants dry matter yield was significantly higher in enclosures compared to open 

grazing lands but was dependent on woody plant density and cover. Herbaceous species composition did not significantly 

vary across grazing management while root biomass and total soil organic C positively responded to higher grazing intensity. 

Older enclosures did not pronounce differences in herbaceous species composition and dry matter yield, compared to 

younger ones, which highlights the importance of rotational grazing practices. We conclude that high woody cover 

suppresses herbaceous dry matter yield but both herbaceous and woody plant productivity and C-sequestration potential can 

strongly be enhanced by managing grazing herbivores and selective wood thinning. While enclosures represent important 

management tools rotational grazing and seasonal land use should be fostered to restore herbaceous vegetation and its C 

stocks.  

Key words: Borana rangeland, bush encroachment, carbon sequestration, grazing management 

1. Introduction 
The density and cover of woody plants within savanna grasslands of southern Ethiopia has increased substantially in recent 

history (Gemado-Dalle et al. 2006). This phenomenon is often called bush encroachment. Woody species cover in the Borana 

rangeland was less than 40% in the 1980s (Coppock 1994), but has increased to 52% in the early 2000 (Gemado-Dalle et al. 

2006) and this encroachment can rapidly eliminate the dominant understory vegetation because of competition for water 

availability in naturally water constrained semi-arid and arid climates (Belsky et al. 1989). A decline in herbaceous biomass, 

grass species richness and cover are also highly related to an intensification of grazing (Oba et al. 1998, 2003). The shift from 

a grass to a shrub-dominated ecosystem is likely to affect herbaceous plant productivity and their Carbon (C) pools (Jackson 

et al. 2002). The Borana rangelands are characterized by high net primary productivity (NPP) (Cossins & Upton 1987) and in 

the 1980es, their aboveground annual primary productivity ranged between 270 and 150 tons of dry matter (DM) km-2 

(Cossins & Upton 1987). These attributes are expected to change as woody plants encroach and grazing intensifies, with 

alterations in species composition, cycling and storage of C in this ecosystem. Both above- and belowground woody plant 

biomass and C stocks are expected to increase as woody plants encroach the grassland ecosystem, resulting in greater storage 

of C in the ecosystem. Similarly, reducing grazing pressure is expected to increase herbaceous and soil C stocks. However, 

the herbaceous species composition and cover changes due to woody plant encroachment can affect forage quantity and, 

ultimately, the cattle carrying capacity of the rangelands (Gifford & Howden 2001). This shift may also affect belowground 

C allocation patterns of the herbaceous vegetation, ultimately reducing belowground C storage and perhaps offsetting gains 

in aboveground biomass C (Jackson et al. 2002, Rau et al. 2011). The effects of grazing on the herbaceous belowground root 

biomass and soil organic C stocks, however, are not yet clear (Conant & Paustian 2002). Given that southern Ethiopian 

savanna grasslands occupy a large area (about 95 000 km2) and shrub encroachment within tropical grasslands is a worldwide 

phenomenon (Sankaran et al. 2008), a better understanding of how woody vegetation, grazing pressure and their interaction 

in grasslands alters plant species composition, annual production and C stocks is essential for quantifying and balancing 

grassland ecosystem services and the global C budget (Gifford & Howden 2001). Therefore, the objective of this study was 

to investigate the influence of grazing pressure and bush encroachment on species composition, biomass and C stock in the 

Borana pastoral rangeland system. 

2. Materials and Methods 

2.1.  Study area  
The study area was located in the Borana rangelads, Yabello districts, at four sites namely, Damballabadana (420574 E, 

486448 N), Argassa (398275 E, 513974 N), Massade (410695 E, 517974 N), and Didyabello (407970 E, 546372 N), at an 

altitude ranging from 1260 to 1514 m a.s.l.  The rangelands are characterized by an arid and semi-arid climate with pockets 

of sub-humid zones and an average annual rainfall between 238 mm and 896 mm, with a high coefficient of variation ranging 

from 18% to 69% across years (Angassa & Oba, 2008). Rainfall is bimodal, with 60% of the annual rainfall occurring in 



March - May, followed by a minor peak in September - November. The area is dominated by arid and semi-arid tropical 

savanna grasses with different density and cover of trees and shrubs (Pratt & Gwynne 1977).   

2.2.  Experimental  design  
To assess the effects of shrub encroachment and grazing pressure on herbaceous vegetation above-and below ground C 

stocks, grass species composition, structure, and pools of plant and soil C contents were compared between communal 

(permanent) grazing land and enclosure (slight seasonal grazing) of similar topography and soils under four woody plant 

encroachment densities in March of 2011. Each of the woody encroachment sites reflected different chronosequence (time 

since bush encroachment started) and vegetation structure; hence, the age of encroachment and woody cover ranged from 

young (phase I) to old (phase IV).  The information on each encroachment site was generated from the land use and cover 

change map available for the Yabello district (data not shown) and focused group discussion with key informants. 

Accordingly, encroachment at Damballabadana (phase I) was characterized by small to medium shrub and perennial 

herbaceous species. The encroachment phase at Didyabello (phase II) was characterized by scattered trees and dwarf shrubs 

with limited herbaceous species cover. The Argassa site (phase III) was characterized by small to medium shrub and tree co-

dominated stands, with scarce understory, whereas Masade (phase IV) represented the oldest encroachment site with 

dominating trees and limited understory vegetation; it is also the most degraded site in the area as seen by soil degradation 

and low overall herbaceous cover. Each woody encroachment phase was stratified into “inside enclosure” and “outside 

enclosure” (communal grazing land).  Four replicates of 500 m long belt transects were laid out in each strata (communal 

open grazing vs. enclosure). Along these transects, sampling plots were established based on a belt transect method (Jeffrey 

et al. 2005).  Five 0.1 ha (10 m X 10 m) sampling plots were located at a regular 100 m interval along the straight line (linear) 

belt transect. The first sampling plot was located at 0 m and the subsequent plots were established at 100 m intervals along 

the linear transect using meter tape, GPS and compass. Accordingly, for each encroachment phase 40 plots were sampled. 

i.e., twenty plots inside and outside the enclosure, respectively. Hence, a total 40 x 4 plots = 160 plots were sampled for this 

study.  

 

2.3. Sampling 

2.3.1. Above- and belowground carbon stocks 
Peak herbaceous layer aboveground biomass was quantified by harvesting 1 m2 plots in May and December 2011, at the end 

of the long and short rainy season (n = 20 plots per grazing management, total 160 plots). Harvested material was dried at 60 

°C and weighed to the nearest 0.01 g. Woody biomass was nondestructively quantified using the species-specific allometric 

equations developed for the area (Hasen Yusuf et al. 2013 in press). The dry leaf biomass was separately estimated using 

BECVOL-model (Smit 1994). Woody plant root biomass was estimated using the root: shoot ratio index developed for South 

African savannas (Cresswell et al., 1982). Foliage and wood biomass values for each stem were summed to estimate total 

woody layer aboveground biomass within each plot. Total aboveground biomass within each plot was then quantified by 

summing the biomass of herbaceous and woody layer. Dwarf shrubs < 1m (unsuitable for dimensional measurements), dead 

woody debris, and plant litter were not covered by this study. C concentrations of the dry biomass were estimated by 

multiplying biomass estimates by 0.49 (IPCC 2006). Aboveground biomass (kg plot-1) was then converted to kg of C ha-1 

using the C concentrations of the plant materials (Rau et al. 2011). Soil sampling, analysis and soil organic C (SOC) 

calculations were done following Rau et al. (2011). Differences in OC were evaluated by treating phase of woodland 

expansion as main effect, grazing management and soil depth was a split plot design within the phase of bush encroachment, 

and the interaction of site and plots was considered a random effect. Fisher’s LSD procedure was used to determine 

significant differences between means, with the level of significance at P < 0.05. All values reported are means ± SE. 

3. Result and discussion 

3.1.  Species richness 
In total, 108 herbaceous species were recorded across all plots. Of these species, 75 (69%), 42 (39%), 54 (50%), and 42 

(38%) belonged to phase I, II, III, and IV, respectively.  Forb species dominated in areas of lower encroachment phases (data 

not shown). Total species richness declined by about 25% in heavily encroached sites (phases III and IV) compared to less 

encroached phases (I and II). In accordance, a 23 – 45% reduction in herbaceous species richness was reported for mesic 

savanna grassland invaded by Cornus drummondii shrubs (Lett & Knapp 2003). This decline in herbaceous species richness 

could be due to the strong competition for water (Belsky et al. 1989), shading effect (Lett & Knapp 2003), and competition 

for soil resources (Belsky et al. 1989). 

The grazing management had a significant effect on species richness (F = 8.28, P < 0.001) but was also influenced by 

phases of bush encroachment (F = 33.01, P < 0.0001). Herbaceous species richness was significantly higher in communal 

open grazing areas compared to enclosures at lower encroachment phases (phases I and II); however, it significantly declined 

as woody encroachment phases increased (phases III and IV). Species richness was greater in communal open grazing than 

enclosures with low woody encroachment compared to high woody encroachment indicating the consistent negative impact 

of bush encroachment on the herbaceous species richness, independently of grazing. This result showed that, at less woody 

encroached sites continuous open grazing favors herbaceous species richness, which is in agreement with Meir et al. (2000) 

who indicated that herbaceous species richness was higher in continuously grazed plots than seasonal grazed plots, 

irrespective of grazing intensity.  

3.2. Aboveground  Carbon 
Woody vegetation taller than 1 m covered 54% of our study plots. A total aboveground carbon (agC) of 5,903 kg ha-1 (min 

200 kg ha-1 – max 46,242 kg ha-1 ), was estimated from this woody vegetation height category in combination with the 

herbaceous layer C stocks. Of this total agC tree, shrub, and herbaceous C constituted 63%, 14% and 12%, respectively, in 

the overall study plots. The leaves of woody plants contained an estimated C of 12 %.  Our estimate of 1088 g m-2 (10,883 kg 

dry biomass ha- 1 
≈ 5,224 kg C ha -1) of the aboveground component of the woody-layer biomass was slightly lower than the 

1,490 g m-2 reported for the Nylsvley savanna of Southern Africa (Rutherford 1982).  Other studies (Santos 1988) reported 



values of 1,180 - 3,670 g m-2, with an average of 2,260g.m-2 in a Brazilian savanna, which is a spatially highly heterogeneous 

area (Rutherford 1982). Burrows et al. (2002) reported 530 kg C ha-1 yr-1 net increases of aboveground biomass due to woody 

encroachment in the Australian tropical savanna grasslands.  

The average agC of our phase I, II, III, and IV plots constituted 4,815 (± 387), 2,471 (± 417), 8,554 (± 1426), and 7,772 

(± 1665) kg ha-1, respectively.  The average agC stock across all phases woody encroachment in communal open grazing site 

and enclosures was 6,376 (± 1,119) and 6,051 (± 574) kg ha-1, respectively. The total average agC stock was significantly 

higher in the older compared to the younger encroachment phases (phase III ≈ phase IV > phase I > phase II; F = 8. 76, P < 

0.001), independent of grazing management.  The agC at phases III and IV was 2-3 times higher than that of phases I and II 

(data not shown). These differences in the C stock across encroachment phases were highly determined by the woody species 

composition and woody vegetation size structure. Tall trees (> 5 m) were abundant in phases III and IV.  In addition, the 

dominant shrub, Comiphora spp, covered aboout 60% of the area in the phase I  had lowest dry wood density (with ≈ 67% 

water content in fresh wood biomass) compared to the other woody species (e.g., A. senegal  ≈ 38%, A. mellifera ≈ 37%, A. 

bussei ≈ 33%) dominating phases III and IV (Hasen Yusuf et al. 2013, in press).   

We estimated that average annual herbaceous C production was  679 (± 58) kg ha-1 (1,415 kg dry matter ha-1), 

representing 12% of total vegetation agC stock, which is less than the 150 - 270 t dry matter  km-2 recorded by Cossins & 

Upton (1987) in the 1980s. Average herbaceous agC stocks in phases I, phase II, phase III and phase IV encroachments 

constitutes 1,310 (± 171), 474 (± 36), 723 (± 85), and 204 ± (26) kg C ha-1, respectively. The herbaceous (grass and forbs) 

agC stock in phase IV was more than 10 times less than that of phase I while the net gain in agC stock due to an increase in 

woody encroachment from phase I to phase IV was more than 4,000 kg C ha-1, similar to trends reported for grassland 

undergoing bush encroachment in an American tropical savanna (Asner et al. 2003; Lett et al. 2004). It is also of worth here 

to mention that heavily encroached sites were losing herbaceous cover and gaining bare ground (data not shown) which may 

lead to serious  soil erosion and affect rangeland productivity and soil C stock in the long run.  The average agC stock in 

communal grazing land and enclosures was 541 (± 56) and 816 (± 101) kg C ha -1, respectively. The herbaceous agC stocks 

were low in the communal open grazing lands compared to enclosures (F = 10.83, P < 0.01), depending on the woody 

vegetation density, cover, species composition and size structure at each encroachment phases (F= 5.01, P < 0.01) but 

differences were less strong in heavily encroached sites (phases III and IV). The progressive decline in herbaceous agC 

stocks across encroachment phases (phase I > phase III > phase II > phase IV) is indicative of the negative influence of 

woody encroachment on the herbaceous layer productivity. The difference of herbaceous C stock in the communal open 

grazing vs. enclosure was less strong in heavily encroached sites (phase IV, phase III), which indicated the herbaceous 

productivity was more affected by bush encroachment than grazing.  

3.3. Belowground carbon 
Belowground organic C (bgC) from soil and coarse herbaceous root to 40 cm soil depth was 39,206 kg ha-1. In addition, an 

average 6, 202 kg C ha-1 was estimated from woody vegetations roots. Means comparisons suggested woodland expansion 

may lead to higher amount of woody vegetation root OC in phase III and  phase IV encroachment sites (F = 8.83, P <  0.00 ), 

which mimics aboveground woody vegetation structures and biomass in the study plots. The average SOC in phase I, phase 

II, phase III, and phase IV encroachment phases were 43,171 kg ha-1, 45,703 kg ha-1, 31,477 kg ha-1 and 38,084 kg ha-1 

respectively. The decline in SOC from younger and less encroachment site to the older encroachment site could be due to an 

impact of woody encroachment on herbaceous plants above-and belowground productivity and its effect on the organic 

matter recycling in the grassland ecosystem. Woody encroachment under heavy grazing often resulted in loss of herbaceous 

cover and gain of bare ground which promoted organic matter loss in the upper soil surface (Gifford & Howden 2001; 

Jackson et al. 2002). 

Soil organic carbon (SOC) including herbaceous roots were 42,704 kg ha-1 and 36,514 kg ha-1 in communal open 

grazing and enclosures respectively. Soil organic carbon (SOC) was the main contributor to the belowground organic carbon 

(OC) pool, and was affected by the bush encroachment and grazing management. The SOC concentration (% SOC) and SOC 

content showed a general trend of reduction with increasing of woody encroachment phases (F = 29.47, P < 0.001), but 

affected by differences in grazing management. The reduction of SOC concentration and SOC content by grazing were 

stronger in less encroached sites (Phase I and Phase II) than in the heavily encroached sites (Phase III and Phase IV, 

encroachment phase X grazing management, F= 6.1, P = 007).  Exceptionally, enclosure at phase II had higher SOC 

concentration compared to the surrounding communal open grazing field. Soil OC concentration and SOC content in the first 

20 cm were significantly higher (F = 42.79, P < 0.0001) when compared with 20 – 40 cm depth irrespective of encroachment 

phases and grazing management. 

The pattern of course herbaceous root OC was inconsistent but root OC tended to be higher in the communal open 

grazing compared to enclosures and also seemed influenced by the encroachment phases (F = 4.53, P = 0.0048). Herbaceous 

species in the semi arid savanna tend to have roots concentrated in the top 20 cm of the soil.  Coarse herbaceous root C was 

about 13 times significantly higher in the top 20 cm soil than in the lower 20-40 cm depth(F = 34.93, P < 0.001). Herbaceous 

species in the semi arid savanna tended to have roots concentrated in the top 20 cm of soil.   

4. Conclusion 
Woody plant encroachment in the rangelands can have a substantial impact on the total ecosystem C stocks. As woody 

components constituted a significant proportion of the ecosystem at our study area, management by fire and woody plant 

clearing can have large impacts on the total ecosystem C stocks.  However, a shift from a more herbaceous dominated 

vegetation to high C sequestration through woody encroachment significantly decreased herbaceous productivity and, hence, 

cattle carrying capacity of the rangelands, which is of high concern to pastoralists. Grazing management also significantly 

impacted the aboveground herbaceous productivity and C stocks but a similar trend was not observed for belowground 



herbaceous root C and soil organic C stocks. The influence of long term enclosures on herbaceous species richness and 

productivity was largely dependent on woody species composition, density and cover.  

5. Policy oriented recommendation 
The sustainability of rangeland productivity under the current management, into the direction of environmental change 

towards less vegetation productivity, is critically threatened. Therefore, adoption of a sustainable rangeland management plan 

that includes moderate stocking rates and sustainable livestock distributions, for example, rotational grazing and seasonal 

land use, will promote the sustainably of both economic (livestock production) and environmental services (C sequestration). 

Introduction of higher domestic browser numbers (i.e., camel and goat feeding on woody vegetation) will enable the pastoral 

community to benefit from and adapt to the current climate and vegetation changes at least for the short time. Management of 

woody plants, through e.g., browsers or selective thinning may be just as critical as grazing management for sustainable 

livestock production. Co-management of the rangelands for environmental services (biodiversity conservation, C 

sequestration and reduction of emissions from livestock systems) through an environmental payment service scheme (PES) 

could also help the pastoralists to diversify and sustain their livelihood in the long run.  
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1 INTRODUCCIÓN

Colombia tiene un área total de 1,233,736 km2. y está atravesada de sur a norte por la cordillera de los Andes con dos ramales 
principales situados en la parte central  y oeste de su territorio presentando por consiguiente,  una gran variedad de regiones 
geográficas, climas  y vegetación. 

Actualmente se han identificado los siguientes porcentajes de desertificación según el área total de cada región geográfica: Caribe 
65% (132,218 km2), Orinoquía  y Amazonía  18% (713,348 km2), Andina 15% (305,000 km2) y  Pacifica 7% (83,170 km2).

El presente documento describe el estado de la degradación de tierras y la desertificación en Colombia,  así como la identificación 
de cómo la precipitación, temperatura máxima y mínima han impactado la producción de este bien en el periodo comprendido 
entre 1994 y 2008.

Palabras clave: 

Colombia, economía agrícola, desertificación, degradación de tierras, producción, café.

2 SITUACIÓN ACTUAL: REGIONES NATURALES DE COLOMBIA

Al analizar el caso colombiano, se toma como base el Plan de Acción Nacional de Lucha Contra la Desertificación y la Sequía 
(2004) y a nivel regional, se tiene que la región Caribe presenta el mayor índice de desertificación del país con un 65% de su 
territorio,  seguido  por  la   Orinoquía  y  Amazonía  con  un  18%  mientras  que  la  Andina  y  la  Pacífica  con  un  15% y  7% 
respectivamente tal como se indica en la Tabla 1.

Tabla 1 Desertificación en Colombia por regiones naturales

Región
Area total 

(Km²)
Area desertificada  (Km²) %

Caribe 131,944 85,608 65

Orinoquía y Amazonía 356,115 64,297 18

Andina 219,277 33,842 15

Pacífica 129,313 9,352 7

Fuente: PAN Colombia 2004.
*No incluye departamentos sin desertificación (Amazonas, Putumayo,  Vaupés, Arauca y la Isla de San Andrés y 
Providencia)

En cuanto a la región Andina, ésta presenta un nivel de desertificación total del 15% de su área total en donde los departamentos 
más afectados son Tolima (32%), Huila (30%) y Cundinamarca (27%).   Por su parte, las regiones de la Orinoquía y Amazonía 
poseen un 18% de sus tierras afectadas siendo los departamentos del Meta (39%), Vichada (30%) y Guaviare (1%) aquellos que 
presentan desertificación de sus tierras.  

Finalmente, se tiene el caso de la región Pacífica, con un 7% de su territorio afectado y en donde el departamento del Valle del 
Cauca con un 24% de su territorio muestra los mayores índices de degradación seguido de Cauca con un 7%, Nariño 7% y Chocó 
con tan solo un 0,1%.



Se tiene entonces que, la región Caribe presenta un 65% del total de sus tierras afectadas por el fenómeno de la desertificación 
mientras que regiones como la Amazonía y Orinoquía un 18%, la Andina un 15% y la Pacífica tan solo un 7%.  El caso Caribe, 
llama poderosamente la atención ya que comparado con el resto del territorio nacional, la diferencia se hace bastante notoria 
teniendo en cuenta además, que de las regiones analizadas, es aquella que presenta la segunda menor área con 131 mil Km² 
después de la región Pacífica (129 mil Km²).

En  el  caso  de  las  regiones  Orinoquía  y  Amazonía,  se  dice  que  ésta  presenta  un  18%  de  degradación  sin  embargo,  los 
departamentos realmente afectados por este fenómeno son tan solo Meta y Vichada.   

2.1 Desertificación en Colombia por departamentos

A nivel departamental se tiene que los departamentos con mayores niveles de desertificación son en su orden:

Tabla 2: Departamentos con mayores niveles de desertificación en Colombia

Departamento Area total departamento
Área con desertificación en 

km²
% con desertificación

Atlántico 3,324 3,101 93,3

La Guajira 20,506 17,943 87,5

Magdalena 23,076 17,160 74,4

Cesar 22,614 15,612 69

Sucre 10,719 6,615 61,7

     Fuente: Plan de Acción Nacional Colombia 2004.

Estos  cinco  departamentos,  se  encuentran  ubicados  en  la  Costa  Norte  de  Colombia  (Región  Caribe)  y  el  área  total  con 
desertificación alcanza los 60 mil km² equivalentes al 31% del total nacional desertificado, que ronda los 193 mil Km² lo cual se 
debe en gran medida a la composición desértica del departamento de La Guajira y las actividades ganaderas presentadas en el 
resto de departamentos en cuestión.

A nivel general, de un total 1,2 millones de Km² de territorio nacional, 193 mil de ellos se encuentran desertificados lo cual 
equivale a un 17% del total nacional. 

Gráfico 1: Area total (km²) de desertificación en Colombia                            
Fuente: elaboración propia



2.1.1 Niveles de gravedad de la desertificación por departamento 

Se presenta a continuación la situación actual de los niveles de gravedad de desertificación por departamento.  Esta se divide en 
porcentajes muy alto, alto, moderado y bajo (Ver Tabla 3).

Tabla 3: % de los niveles de gravedad de la  desertificación en Colombia por departamento

Departamento % Bajo % Moderado % Alto % Muy Alto

La Guajira 6,4 11,1 16,2 53,7

Atlántico 12,6 7,9 28,9 43,9

Sucre 10,4 1,9 11,8 37,7

Córdoba 4,9 12,1 16,3 22,5

Magdalena 19,4 23,5 9,4 22

Cesar 15,3 15,3 18,1 20,4

Tolima 8,5 6,4 7,5 9,5

Huila 6,9 3,7 13,7 5,4

Bolívar 19,3 7,8 9,9 5

Valle del Cauca 8,2 1,5 9,1 4,8

Boyacá 5,4 3,2 8,1 2,3

Norte de S/der 4,6 3,1 2,5 1,7

Cundinamarca 8,5 9,8 7,2 1,5

Cauca 0,8 0,9 4,4 1,1

Nariño 1,4 0,9 4 0,8

Santander 2,7 2,6 5,1 0,3

Antioquia 2 2 1,4 0,1

Bogotá 3,3 1,5 5,3 0

Caldas 2,9 1 1,1 0

Casanare 0 0,2 0,1 0

Chocó 0 0,1 0 0

Guainía 0 0,2 0 0

Guaviare 0,3 0 1,2 0

Meta 2,5 17,6 18,6 0

Quindío 0,4 1 0,1 0

Risaralda 0,1 0 1,5 0

Vichada 1,8 9,6 18,6 0

  Fuente: Plan de Acción Nacional Colombia. 2004.

Se tiene entonces que los departamentos de La Guajira, Atlántico, Sucre, Córdoba, Magdalena, y Cesar presentan porcentajes de 
gravedad de desertificación en la escala “Muy Alto” superiores al 20%. 

Por su parte, los departamentos de Atlántico, Meta, Vichada, Cesar, Córdoba y La Guajira son aquellos que presentan los mayores 
niveles de desertificación en la escala “Alto” con índices que oscilan entre el 29% y el 16% aproximadamente.

Los departamentos de Magdalena, Meta y Cesar presentan las mayores participaciones en lo que a desertificación moderada se 
refiere con valores entre 23% y 15% respectivamente. 



En cuanto  a  porcentajes  “Bajos”,  se  tiene  que  la  mayor  participación  de  desertificación  se  ubica  en  los  departamentos  de 
Magdalena, Bolívar, Cesar, Atlántico y Sucre. 

2.1.2 Departamentos sin índices de desertificación

Existen en la actualidad, en el territorio colombiano tan solo cinco de treinta y dos departamentos sin estadísticas e indicadores de 
presencia de desertificación. Estos son:

• Amazonas (Región de la Amazonía)

• Putumayo (Región de la Amazonía)

• Vaupés (Región de la Amazonía)

• Arauca (Región de la Orinoquía)

• Isla de San Andrés y Providencia (Región Caribe)

Llama la atención entonces, que uno de los considerados “pulmones del mundo” como lo es la Región amazónica no se haya visto 
afectado aun por este fenómeno lo cual induce a prestar especial cuidado en su preservación para el beneficio de la población en 
general.

2.1.3 Otros puntos de interés

Durante los últimos años, zonas que se caracterizaban por presentar altos niveles de vegetación y productividad agrícola tales 
como Villa de Leyva en el departamento de Boyacá, algunos sectores de la Cuenca Alta del Río Chicamocha (Santander) y la 
Sabana de Bogotá,  han presentado hoy por  hoy procesos de degradación  así  como áreas  de las  regiones Caribe,  Andina y 
Orinoquía.

2.2 Erosión en Colombia

A la fecha,  en Colombia no ha sido posible identificar el  volumen de suelos que se degradan año tras año y las entidades  
responsables varían en su información.  Se tiene a la fecha,  que la Región Caribe presenta un 94% de sus tierras erosionadas, 
seguida de la Región de la Orinoquía con un 77% y de la Región Andina con un 51%.  Sin embargo, la Región Pacífica presenta 
tan solo un 3% de sus tierras en erosión y la región de la Amazonía un 16%.

3 ANÁLISIS ECONOMÉTRICO: EFECTOS DE FACTORES CLIMÁTICOS EN LA PRODUCCIÓN DE 
CAFÉ

Se plantea para el caso específico del café, el análisis de cómo la precipitación, la temperatura máxima y mínima de los últimos 
años ha afectado la producción cafetera del periodo 1994 a 2008 siendo el modelo a analizar el siguiente:

PROD= β0+ β1 PREC+ β2 TMIN+ β3 TMAX+ ϵ
En donde:

PROD: Producción de sacos de café entre 1994 y 2008.



PREC : Niveles de precipitación en los departamentos productores de café entre 1960 y 2008 en mm.

TMIN: Temperatura Mínima (°C) observada en los departamentos productores de café entre 1960 y 2008

TMAX: Temperatura Máxima observada (°C) observada en los departamentos productores de café entre 1960 y 2008.

Empleando regresiones lineales por el método de Mínimos Cuadrados Ordinarios se obtiene lo siguiente:

Resumen del Modelo

Model R R Square Adjusted R Square

Std. Error of the 

Estimate

1 .786a .617 .474 138.039

a. Predictors: (Constant), TMAX, TMIN, PREC

Coefficientsa

Model

Unstandardized Coefficients

Standardized 

Coefficients

t Sig.B Std. Error Beta

(Constant) 13054.287 3972.729 3.286 .011

PREC -2.167 1.503 -.690 -1.441 .187

TMIN 152.324 219.550 .246 .694 .507

TMAX -534.742 170.178 -1.139 -3.142 .014

a. Dependent Variable: PROD

De acuerdo a los anteriores resultados, es posible afirmar que:

1.  La asociación lineal entre  la  Producción y la temperatura  mínima,  la temperatura máxima y la  precipitación es del  62% 
teniendo entonces, un nivel de confiabilidad suficiente para explicar el modelo.  En otras palabras, el 62% de los cambios en la  
producción se explican por medio de las variables temperatura y precipitación.

2. El efecto ocasionado sobre la producción se explica por medio de los valores de los coeficientes estimados así: un cambio en la  
precipitación en una unidad,  lleva a que la  producción se  reduzca en un 69%,  así  mismo la producción variará  un 25% al 
presentarse un cambio de una unidad en los niveles de temperatura mínima. Finalmente,  una variación en una unidad en la 
temperatura máxima, genera un cambio en la producción del 113%.

3. De acuerdo a las fenologías del producto en cuestión y su alta sensibilidad a los cambios climáticos, se confirma que leves 
variaciones en los niveles de precipitación y temperaturas conllevan a grandes cambios en los niveles productivos tal como lo 
demuestran los históricos de producción. 



4 CONCLUSIONES

Del análisis expuesto sobre la situación de la degradación de tierras y desertificación en Colombia se puede concluir entonces lo 
siguiente:

1. La Región  Caribe  del  país  presenta  los  mayores  niveles  de  degradación  de tierras  en donde  departamentos  como 

Atlántico, La Guajira y Magdalena presentan más del 70% de su territorio con síntomas de desertificación.

2. Dentro de los departamentos con niveles de desertificación “Muy Alto” se ubican los departamentos de La Guajira, 

Atlántico y Sucre con más del 35% de sus tierras en esta situación.

3. Departamentos  como  Risaralda,  Guaviare,  Quindío,  Casanare,  Guainía  y  Chocó  presentan  niveles  de  degradación 

menores a un 2% siendo éstas las zonas (dentro de las afectadas) con menor impacto.

4. Los departamentos que mayores áreas desertificadas aportan al país son en su orden, Meta con más de 30 mil Km², 

Vichada con cerca de 29,8 Km² y La Guajira con 17,9 Km².  Por su parte los departamentos de Risaralda y Quindío no 
alcanzan a tener más de 60 Km² de su territorio con problemas de degradación.

5. El 10% de la capital del país (Bogotá), presenta indicios de desertificación y el 27% del territorio del departamento de 

Cundinamarca al cual pertenece, sufre de este fenómeno.

6. Según  datos  de  IDEAM (2001),  el  94% de  la  Región  Caribe  presentaba  índice  de  erosión  en  donde  el  37% era 

considerada Muy Alta, un 15% Alta, un 20% Moderada y un 22% Baja y Muy Baja.

7. La Región Pacífica según IDEAM (2001) tan solo presentaba un 3% de sus tierras erosionadas mientras que según el  

PAN Colombia 2004, éstas eran de un 7%.

8. El Gobierno Nacional ha planteado y presentado una serie de indicadores en su Plan de Acción Nacional (2004) sin 

embargo, no existen a la fecha datos actualizados ni reales de la medición en la lucha contra la desertificación. 
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ABSTRACT: The paper shows two methods of assessment of economic losses due land degradation. The first one is based on the 

comparison of the differences between agricultural production value and total productivity factors in degraded and non-degraded 

areas. The difference between the agricultural outputs in the two areas is taken as the economic loss. The method has been 

applied in Argentina, Peru and Paraguay and IN Central American countries, and shows the impact of the economic losses in the 

Agricultural Product. The second method is particularly applied when empirical data and agricultural statistics are available. The 

method uses the Universal Equation of Soils Losses (UESL) and it was applied to eleven Latin American countries. It is based on 

some historical figures estimated for soils and water losses and it assess some figures presented by some authors and taken as 

reference in the context of the UNCCD. The first method is based on productivity and agricultural output and the second one is 

based on soil and water availability losses, but the results of both methods are convergent. The convergence is particularly 

identified in the impact they represent in the GDP. The small discrepancies are probably due to the estimation of degraded areas 

since the data used in both cases are from different periods. The main conclusion is that both methods could be used in different 

situations for those countries or regions where data are available as well as those areas where no empirical data are available. 

 

Key words: economic valuation, desertification costs, two methods, convergence 

1. INTRODUCTION 

Este artículo tiene por objetivo mostrar y analizar dos metodologías destinadas a medir los costos de inacción de la 

desertificación y degradación de tierras en países de América Latina y Caribe. A través de los resultados obtenidos se pretende 

mostrar la convergencia de montos de valores obtenidos.  

Antecedentes 
La estimación de los costos económicos de la desertificación y degradación de las tierras a nivel global, regional y local ha 

pasado a ser un tema prioritario en la agenda internacional de lucha contra este flagelo. En el año 2005 la Organización de 

Cooperación y Desarrollo Económicos (OCDE), en una reunión internacional sobre el tema de las tierras secas, puso de relieve la 

necesidad de conocer los costos de la inacción para así fundamentar los procesos de asignación de recursos a la lucha contra la 

desertificación.  

 

En esa misma línea, la UNCCD ha organizado la II Conferencia Científica a realizar a comienzos del 2013 en Fortaleza, Brasil, la 

cual estará dedicada precisamente a este tema. 

 

Aunque el análisis económico de la degradación de las tierras tiene una larga historia (Bunce, 1942; Ciriacy-Wantrup, 1968), la 

construcción y la utilización de modelos formales constituyen esfuerzos relativamente nuevos. Los primeros trabajos en este 

sentido corresponden a la elaboración de modelos a nivel de finca basados en las decisiones de los agricultores respecto de la 

asignación de recursos. 

 

Se han desarrollado varios métodos y técnicas para establecer el valor global del medio ambiente, calculando valores de uso y no 

uso, valores actuales y futuros, lo cual implica formular modelos complejos y muchos datos de campo. Todos estos métodos 

proporcionan una valoración no perfecta o solo parcial de los recursos naturales del medio ambiente.  

 

En el caso de los valores de uso éstos se estiman a través de la disminución de la productividad de la tierra de acuerdo a la data 

recogida en los estudios. Una forma indirecta consiste en estimar los costos de reposición lo que implica a su vez estimar la 

pérdida de nutrientes.  Aunque teóricamente la valoración no contingente puede aparecer conveniente, no se han logrado buenos 

resultados ni examinando el valor de las tierras de cultivo y de pastoreo, ni el de las tierras áridas de baja cobertura forestal 

(Willinger, 1996, citado por M. Requier -Desjardins, en The economic costs of desertification: a first survey of some cases in 

Africa, 2006) 
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Usualmente las estimaciones de pérdidas económicas debidas a la desertificación son resultado de la modelación del 

comportamiento de los suelos, del funcionamiento del clima y de los sistemas agrícolas principales. También se basan en el uso 

de mapas existentes que definen los usos del suelo y su nivel de degradación. Los resultados son la cantidad de pérdida de suelo, 

disminución de nutrientes, disminución de la productividad de cereales y de los pastizales así como la cantidad de madera 

perdida. La pérdida de superficie agrícola constituye otra manera de medir la cantidad de producción perdida. Estas pérdidas se 

convierten en estimaciones monetarias para lo cual se utilizan los precios de mercado a nivel de productor se utilizan, a veces a 

nivel de los productores o bien los precios internacionales. 

Algunos resultados obtenidos mediante diferentes metodologías 
Analizando las pérdidas por erosión uno de los primeros trabajos que se pueden mencionar son los de Ribaudo (Ribaudo y otros, 

1989), y Pimentel (Pimentel y otros, 1995). Ribaudo estimó en 3.500 millones de dólares el valor de los daños por erosión hídrica 

en los Estados Unidos en 1981, mientras que según los estudios de Pimentel, el valor anual de la erosión de los suelos en la 

agricultura de los Estados Unidos llegaría a 44.000 millones de dólares; de esta cifra 17.000 millones de dólares se atribuyen a 

erosión extrapredial.  

 

Un método combinado consistente en medir las pérdidas de tierras por esrosión y los costos de reposición de los nutrientes 

extraídos del suelo, se aplicó en Malí. Por un lado se aplicó  la Ecuación Universal de Pérdida de Suelos (USLE, por sus siglas en 

inglés) y para cuantificar la pérdida media por hectárea de cultivo de los suelos (Bishop, 1989, citado por Bojö, 1996), se 

utilizaron coeficientes de pérdidas elaborados para Níger. De este modo se pudo pasar de pérdidas de suelo a pérdidas de 

nutrientes. Los resultados fueron extrapolados a nivel nacional para obtener las pérdidas totales de nutrientes, las que 

posteriormente fueron valoradas en términos monetarios. Los resultados obtenidos revelan un rango bastante amplio de pérdidas 

que van desde 2,6 millones hasta 11 millones de dólares anuales.   

 

De acuerdo con algunos expertos, las estimaciones resultan muy elevadas para las regiones secas debido a que las lluvias son 

poco frecuentes, pero intensas, lo que contribuye significativamente a disminuir la productividad del suelo y, por consiguiente, 

incide en la desertificación y degradación de las tierras (Craswell y otros, 2004; Pagiola y otros, 2004). De otro lado cabe señalar 

que en Malí la mayor parte de las tierras está cubierta por pasturas secas y estas, por definición, no son consideradas en la USLE, 

lo cual lleva a subestimar las pérdidas. 

 

En 1986, este mismo método aplicado en Zimbabwe situó las pérdidas anuales en alrededor de 117 millones de dólares. Estos 

resultados corresponden a la pérdida de nutrientes de los dos principales tipos de suelo en el país y los cuatro principales sistemas 

de producción agrícola, a los que se asignaron diferentes tasas de erosión (Stocking, 1986, citado por Bojö, 1996).  

 

En investigaciones realizadas posteriormente se ha asociado la pérdida de nutrientes a la disminución de los rendimientos. En un 

estudio sobre Etiopía se considera la variación de rendimientos de los dos principales cultivos, trigo y maíz, y se establece el 

valor de dichas pérdidas por hectárea (Sertsu, 1999, citado por Berry y Olson, 2003).  

 

El enfoque de otros modelos ha apuntado a establecer las relaciones entre agua, suelos y producción agrícola para así estimar los 

costos de la degradación de las tierras. En un modelo desarrollado para Etiopía por la Organización de las Naciones Unidas para 

la Alimentación y la Agricultura (FAO), con el fin de estimar las variaciones de rendimiento se consideran las demandas de agua 

de los cultivos, los valores mensuales de pluviosidad, la capacidad de retención de agua del suelo y la evapotranspiración (Faw, 

1986, citado por Bojö, 1996). En Zimbabwe, con otro enfoque, se aplicaron modelos de crecimiento de las plantas a nivel de 

distrito con vistas a medir el efecto de la erosión sobre el rendimiento de seis cultivos distintos (Grohs, 1994, citado por Bojö, 

1996). 

 

En una investigación realizada por el Banco Mundial en 1990 y utilizando diversos métodos, se estima que el costo de la 

desertificación y degradación de las tierras en los países en desarrollo se sitúa entre un 1% y un 4% de su PIB global. De acuerdo 

con otras estimaciones, los rangos de variación son más amplios, desde un 8% en Costa Rica (TSC/WRI, 1991), hasta un 17% en 

Nigeria y un 9% en Burkina Faso (Barbier y Bishop, 1995). 

 

Los modelos de erosión de los suelos se han ido volviendo más sofisticados y en la actualidad incluyen simultáneamente los 

efectos de la lluvia y el viento en la erosión del suelo y también variables como la profundidad del suelo, la pérdida de materia 

orgánica y de agua y los organismos del suelo, entre otros, para obtener la tasa de disminución de los rendimientos de los cultivos 

o forrajeras (Pimentel y otros, 1995). 

 

Para sustentar el componente de erosión, varios modelos parciales suelen ir acompañados de enfoques más finos y completos del 

crecimiento y desarrollo de las plantas (por ejemplo, en Malawi, Banco Mundial, 1992, citado por Bojö, 1996). Mediante la 

cartografía de la erosión y el uso de la tierra en todo el país sobre la base del Sistema de Información Geográfica (SIG), es 

posible extrapolar los resultados obtenidos a nivel local a niveles territoriales superiores.  
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La mayoría de estos modelos solo considera los efectos de la desertificación y la degradación de las tierras sobre los cultivos y 

excluye aquellos que ejercen sobre la producción forestal menoscabada por estos procesos. Son pocos los estudios publicados a 

este respecto y los que existen se limitan, por lo general, a considerar el valor de mercado de la producción forestal distinta de la 

leña. Plantean una dificultad considerable es este sentido las diferentes definiciones de bosque y superficie forestal, lo que hace 

que las estimaciones puedan variar hasta un 100% (Berry, 2003a). 

 

En el marco del programa Evaluación de Ecosistemas del Milenio (EM) se aplicó un enfoque que considera los servicios de los 

ecosistemas en las zonas áridas, entre los cuales figuran el suministro de alimentos y madera, la regulación de la biodiversidad, 

los ciclos de nutrientes, la calidad del aire y el clima, la salud humana, la desintoxicación, los aspectos culturales y los servicios 

turísticos (Evaluación de Ecosistemas del Milenio, 2003).  

 

H. E. Dregne y Nan-Ting Chou en un artículo titulado “ Global Desertification Dimensions and Costs” establecieron la existencia 

de dos tipos de costos involucrados en la degradación de la tierra. El primero corresponde a la pérdida de ingresos como resultado 
de la degradación de la tierra y el segundo al costo de controlar y reparar los daños al suelo. 

Los costos asociados con el acceso directo (en el sitio) efecto de la desertificación en la producción agrícola y la ganadería son el 

foco de este informe. Estos efectos se muestran en una menor productividad de los pastizales y tierras de cultivo. Indirectos 

(fuera del sitio) los costos pueden ser mayores que los costos directos, pero no se discuten aquí, debido a la ausencia casi total de 
información 

A pesar de las variaciones de valor debido a precios diferentes en los distintos países, subsidios e impuestos en distintos en cada 

uno de ellos, se estableció una cifra correspondiente al monto de los ingresos percibidos en regadío, de secano y pastizales 

afectados por procesos de degradación al menos moderada, la que corresponde aproximadamente un 40 por ciento de pérdida en 

la productividad. Esto representa $US 250 por hectárea y por año para tierras de riego, $US 38 para las tierras de cultivo de 

secano, y $ 7 para pastizales.  Estas cifras corresponden a estimaciones basadas en datos la mayor parte de los Estados Unidos y 

Australia (Aveyard 1988, Bureau of Reclamation, 1983; Campbell 1990; Dixon et al, 1989;. Heady y Bartolomé 1977; 
LeHouérou 1989; de las Naciones Unidas 1980). 

Las dos metodologías analizadas 
 

Medición de los costos por pérdidas de erosión, agua y biodiversidad 

 

Heitor Matallo presentó en el 2006 una estimación del costo de la desertificación y degradación de las tierras para un grupo de 

países latinoamericanos y caribeños. La metodología utilizada se basó en la determinación de pérdidas de tierra por concepto de 

erosión, de agua y de biodiversidad. Los países examinados y la situación de cada uno de ello, se resume en el cuadro siguiente; 

 

Países seleccionados de A. Latina y Caribe: Área total, área desertificada y población que vive en ellas. Año 2005, cifras en miles 

 
País Área (Miles Has) 

 
Población (Miles) 

 

 Total  En proceso de  

Desertificación 

Total En áreas en proceso de 

desertificación 

Argentina 279,2 195426,7 36223,9 10867,2 

Brasil  

 

851,4 66554,3 169799,2 15748,8 

Colombia 114,2 19351,0 44000,0 20900,0 

Costa Rica (datos 

2003) 

5,1 51,7 4089,6 0,0 

Ecuador 
25,6 7060,4 12156,6 1000,0 

El Salvador 2,1 363,0 6329,1 650,4 

México 195,9 58689,2 104213,5 0,0 

Panamá (datos 

2003) 

7,6 1876,9 2839,1 662,2 

Paraguay 40,7 1000,0 5163,2 0,0 

Rep. Dominicana 4,8 3290,8 8562,5 5908,2 
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Venezuela 91,6 9883,1 23232,6 6119,1 

Total  1635,8 363547,1 419809,3 52055,9 

 Fuente: Matallo, H., 2012  
 

Como se ve, el área afectada por la degradada en sus distintos niveles en los países mencionados es de 3.635.470 Km2, 22% del 

total de los países considerados. La población afectada en estos mismos países (con excepción de México y Uruguay) es estimada 

en más de 52 millones de personas, o 12,4%. 

 

Por los datos disponibles, no podemos establecer en detalle los niveles de afectación de la degradación y tampoco sabemos 

cuanto es el impacto económico en los países y en las poblaciones. Pero es muy importante para la formulación de políticas, así 

como para los programas de combate a la pobreza, que se puedan estimar económicamente estos impactos.  

 

En un ejercicio hecho para la región nordeste de Brasil1, fue posible desarrollar algunas hipótesis para la obtención de una 

estimación de los costos de la desertificación y es con base en esto que vamos a hacer lo mismo para los países mencionados. 

 

Como se sabe, la erosión de los suelos es un fenómeno natural, pero en las áreas bajo actividades agropecuarias, especialmente en 

aquellas con uso intensivo y manejo inadecuado de los suelos, la erosión se intensifica, cambiando el paisaje y profundizando la 

degradación de otros recursos como son el agua y los bosques.  

La Ecuación Universal de las Perdidas de Suelos (USLE) es un modelo cuantitativo empírico para predecir la cantidad de pérdida 

de suelos durante un largo período en circunstancias específicas, tales como las precipitaciones, la textura del suelo, la parcela 

agrícola y el sistema de ordenamiento de la tierra y los cultivos. Esta fórmula empírica predice las pérdidas anuales de suelo solo 

en lo que respecta a la erosión superficial y en cárcavas. Aún que la ecuación tenga sus limitaciones, nos va a servir para que 
tengamos una idea de la dimensión económica de la desertificación en una situación de falta de datos específicos. 

La hipótesis desarrollada se basa en que la erosión es probablemente el mayor problema para la continuidad sostenible del 

manejo del uso de la tierra y las tasas de erosión pueden ser muy diferentes por las características de los suelos, por el tipo de 

manejo y los diferentes cultivos.  

El riesgo de erosión puede ser expresado cualitativamente (muy alto, alto, moderado, bajo), o cuantitativamente (toneladas por 

hectárea por año). La literatura específica postula los siguientes valores generales y teóricos de pérdida de suelos: 

 

Tasas de erosión Pérdidas (t/ha/año) 

Muy alto > 20 
Alto 10-20 

Mediano 5-10 

Bajo 2-5 
Muy bajo 0-2 

Estos valores no toman en consideración los tipos de suelos o los sistemas productivos utilizados y por esta razón son valores 

teóricos. Por lo general, las situaciones concretas suelen ser mucho más complejas y graves2. Pero, con estos valores ya es posible 

estimar económicamente las pérdidas de suelos y, por consecuencia, la disponibilidad de agua, pues se supone que los suelos 

desnudos posibilitan una mayor escorrentía y arrastre de sedimentos. Esto significa que los reservorios de agua y los cauces de 

los ríos se van a afectar en su capacidad de retención del agua, lo que implica en una reducción de la disponibilidad efectiva de 
este recurso. 

Para calcular las pérdidas, vamos asumir como hipótesis teórica que las áreas afectadas reportadas por los países tienen un grado 

apenas mediano de afectación (una estimación bastante conservadora), con una pérdida de 7,5 ton/ha/año. Esto significa una 

pérdida para la región de 357.247.078 has x 7,5 ton/ha/año, lo que equivale a 2.726.603.084 toneladas de suelos por año (2.7 mil 

millones de toneladas/año).  

 

                                                 
1 Matallo,H.& Vasconcelos,R. Matallo, H. & Vasconcelos, R. Estimativa de Perdas Econômicas provocadas pelo processo de desertificação na 

Região do Semi-Arido do NE, in Matallo, H. & Schenkel, C. (1999) Desertificação, Unesco, Brasília, Brasil. 

 
2 Como se ve en el estudio de Matallo & Vasconcelos, op.cit. 
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En términos de los costos financieros de estas pérdidas, como se sabe, no  disponemos de datos para evaluarlas con precisión. 

Podemos, sin embargo, asumir como hipótesis que su valor tiene relación con los costos para recuperar la fertilidad de las tierras 

perdidas por erosión y, por lo tanto, estos costos tienen relación con el  valor de la tierra (tipos de suelos, productividad media de 

la  región, etc.).  

 

El Programa de las Naciones Unidas para el Medio Ambiente, dentro de los parámetros mencionados anteriormente para a 

África,  evalúa que las pérdidas económicas anuales son de US$ 7,00/ha para las áreas de pastoreo, US$ 50,00/ha para la 

agricultura de secano y US$ 250,00/ha para la agricultura  de riego.  

 

Como no sabemos cual es la composición de las áreas afectas en términos de pastoreo, agricultura de riego o agricultura de 

secano, vamos a considerar un costo promedio de recuperación de una hectárea, como equivalente a US$ 10,00. Para esta muy 

modesta hipótesis, los costos de recuperación en las estimaciones anteriores serían de US$ 27.266.030.840 

 

Pero hay más. En continuidad a nuestras hipótesis, podemos considerar que cada tonelada de suelo erosionada contribuye a la 

disminución de la capacidad de almacenamiento y retención de agua en la  proporción de 20%, esto es, por cada tonelada de 

suelo hay una pérdida equivalente de 0,2 m3 en disponibilidad de agua, sea por aumento de la escorrentía y/o por el azolve de los 

cauces de los ríos o otros reservorios. En este caso, el  total de pérdida de agua sería de 519.200.616 m3 por año. Consideraremos 

que el  costo promedio de cada m3 de agua es de US$ 0,50 (estimación también muy conservadora), por lo que totalizaría otros 

US$ 259.600.308. 

 

 

 

País Áreas en 

proceso de 

Desertificación 

Pérdida de 

suelos 

(Ton/año)  

Costo pérdidas 

suelos (USD 

10.00/ha/año)  

Pérdida de 

agua 

Costo pérdidas 

de água 

Costo 

total 

(Milones has) (Millones To) (Millones USD) (Millones m3)  (Millones 

USD) 

(Millones 

USD) 

Argentina 
195.4 1465.7 14657.0 293.1 146.6 14803.6 

Brasil  
66.6 499.2 4991.6 99.8 49.9 5041.5 

Colombia 
19.4 145.1 1451.3 2.9 1.5 1452.8 

Costa Rica 
0.1 0.4 3.9 0.1 0.0 3.9 

Ecuador 
7.1 53.0 529.5 10.6 5.3 534.8 

El Salvador 
0.4 2.7 27.2 0.5 0.3 27.2 

México 
58.7 440.2 4401.7 88.0 44.0 4445.7 

Panamá  
1.9 14.1 140.8 2.8 1.4 142.2 

Paraguay 
1.0 7.5 75.0 1.5 0.8 75.8 

Rep.Dominicana 
3.3 24.7 246.8 4.9 2.5 249.3 

Venezuela 
9.9 74.1 741.2 14.8 7.4 748.6 

Total  
363.5 2726.6 27266.0 519.2 259.6 27525.4 

 

 

Si agregamos los valores de los impactos en los  recursos hídricos a los impactos de las  pérdidas físicas de suelos, obtenemos 

valores alrededor de US$ 27.525.631.148 (27.5 mil millones de dólares). Este sería el costo de la desertificación en los países 

considerados que, como ya mencionamos, son estimaciones muy modestas.   

 

Para una valoración más realista, habría que agregar los costos referentes a la pérdida de bosques y biodiversidad y los costos 

para recuperar en términos del trabajo requerido.  Creemos que esto se puede incrementar en 60%, lo que puede alcanzar los 

USD 44.041.009.836 por año para los 11 países.  

 

La tabla abajo muestra las pérdidas totales, incluyendo las estimaciones de pérdida de biodiversidad, así como la relación con el 

Producto Interno Bruto de los países a precios de 2004. El caso más impresionante es el de Argentina, en donde las pérdidas en 

2004 representaran más de 15% del PIB3.  

 

 

                                                 
3 Por cierto hay una explicación para este muy alto índice, que tiene que ver con la crisis argentina de 2002 a 2004, lo que ha provocado una reducción 
importante del PIB. 
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 PIB (Mill. USD) PIB agr 
(Mill USD) 

Perdidas totals 
(MillUSD) 

Perdidas/PIB Agr 
(%) 

Argentina 183 195.9 14289.28 2368.60 16.6 

Brasil 882 044.0 41456.07 8066.00 19.5 

Colombia 146 566.5 10845.92 2324.00 21.4 

Costa Rica 19 964.9 1597.19 626.00 39.2 

Ecuador 36 942.4 2475.14 855.70 34.6 

El Salvador 17 093.8 1692.29 43.60 2.6 

México 846 094.1 27075.01 7113.10 26.3 

Panamá 15 464.7 943.35 227.50 24.1 

Paraguay 8 734.7 1537.30 121.20 7.9 

República  Dominicana 33 542.3 2180.25 398.80 18.3 

Venezuela  145 513.5 5384.00 1197.80 22.2 

 

 

 

Medición de los costos de la desertificación con modelos neoricardianos  

C. Morales y un equipo de trabajo integrado por varios especialistas4 realizaron estimaciones mediante la utilización de modelos 

neoricardianos especificados para medir las variaciones de rendimientos en áreas afectadas por la desertificación y degradación 

de las tierras y áreas no afectadas por estos procesos. Las funciones de producción empleadas, incluyeron variables climáticas a 

fin de estimar los posibles impactos de las variaciones del clima en el futuro.  

   

Estas funciones corresponden a un conjunto seleccionado de los principales cultivos en cada país, a partir de criterios como 

contribución el producto sectorial y al empleo e importancia para la seguridad alimentaria, entre otros. De este modo, mediante la 

estimación de los rendimientos, se calcula el VBP y, por diferencia entre estos valores en áreas no degradadas y degradadas, las 

pérdidas por concepto de degradación. Para controlar la incidencia de otras variables se ha comprobado con los especialistas 

nacionales que las áreas degradadas sean homogéneas en cuanto a tipo de unidades productivas afectadas por tal proceso.  

 

Debe advertirse que al no considerar las posibles modificaciones de los precios, los modelos de tipo ricardiano pueden sesgar las 

estimaciones del bienestar (Cline, 1996; Mendelsohn y otros, 1994), ya que el supuesto de precios fijos implica normalmente 

sobreestimar los beneficios y reducir los efectos negativos (Kabubo-Mariara y Karanja, 2007; Maddison, Manley y 

Kurukulasuriya, 2007).  

 

Un aspecto importante es que para la especificación de las variables climáticas se ha considerado la fenología de cada uno de los 

cultivos seleccionados, esto es, sus requerimientos específicos de agua y temperatura en cada fase relevante de crecimiento de las 

plantas.  

 

Al seleccionar los modelos se respetó el criterio de que las características y restricciones biológicas en relación con las variables 

climáticas debían presentar los mejores resultados ante las pruebas a las que fueron sometidas y que se detallan más adelante. Los 

modelos seleccionados son, entonces, los que representan en mejor forma lo ocurrido en el período para el que se dispone de 

información histórica. Esto se puede apreciar en los gráficos que se acompañan y que muestran los rendimientos históricos y los 

valores estimados para cada modelo seleccionado. 

 

Para obtener los rendimientos futuros en años de corte seleccionados, en los modelos  se consideraron aumentos de las 

temperaturas y cambios de los regímenes de precipitaciones acordes con estos aumentos en cada zona de cultivo específica. 

 

De este modo se tienen finalmente las estimaciones de los rendimientos y, a partir de ellas, de los Valores Bruto de Producción 

(VBP)  de las áreas afectadas por procesos de degradación y de las no degradadas, de la línea de base y las proyecciones para 

años de corte seleccionados. La estimación de los valores de la línea de base corresponde al primer objetivo del proyecto, que era 

tener una aproximación inicial al valor actual o costo de la degradación de las tierras. El segundo era la consideración de la 

incidencia de las variables climáticas en escenarios futuros.  

 

El método empleado ha sido el de mínimos cuadrados ordinarios. En el cuadro 6 se muestran los criterios y pruebas aplicados 

para seleccionar los modelos. A las que allí se indican se han agregado pruebas complementarias.  

 

                                                 
4 Zoraida Araníbar, Guillermo Dascal, Rodrigo Morera  
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CRITERIOS Y PRUEBAS PARA ESTABLECER LA VALIDEZ DE LAS ESTIMACIONES 

 

Criterios Pruebas 

Modelo coherente con los datos Coeficiente de determinación 
Autocorrelación 

Heteroscedasticidad 

Modelo admisible con los datos Normalidad 
Cambio estructural  

Estabilidad de parámetros 

Teoría económica Consistencia de los valores de los coeficientes 

Biología de los cultivos seleccionados Fenología 

Fuente: Elaboración propia, adaptado de presentación de Luis Miguel Galindo en el Banco Central de Costa Rica, Departamento de 
Investigación Económica, 2008 

 

Otro criterio para definir las pruebas aplicables puede responder a las partes sistémicas y aleatorias de los modelos. De acuerdo 

con esto sería necesario analizar los siguientes aspectos:  

 

a) Análisis de la parte sistemática de un modelo  

i) Multicolinealidad  

 ii) Especificación  

 iii) Estabilidad estructural  

 

b) Análisis de la parte aleatoria de un modelo  

i) Autocorrelación  

ii)Heterocedasticidad  

 

 

Se especificó un gran número de modelos para cada país y cada producto, para áreas afectadas y no afectadas por la 

desertificación/degradación de las tierras. De estos se seleccionaron los que cumplían mejor y simultáneamente todos los 

requisitos derivados de las distintas pruebas antes mencionadas, siempre y cuando fueran consistentes, además, con la biología de 

los cultivos seleccionados y analizados.  

 

 
País Línea de base Incremento de 

1,5°C 

Incremento de 3°C 

América del Sur    

Bolivia  15,5 26,8 50,1 

Ecuador 7,6   

Chile 14,0   

Paraguay 6,6 17,6 28,7 

Perú 5,4 13,0 10,1 

Perú, Región Piura 7,7 8,2 10,6 

Centroamérica     

Panamá 12,4 14,1 15,2 

Costa Rica 8,7 10,2 11,4 

Nicaragua 17,7 18,6 19,9 

Honduras 40,5 44,3 45,5 

El Salvador 9,6 7,2 8,6 

Guatemala 24,3 26,3 27,3 

Belice 12,8 20,7 22,2 

Total Centroamérica 12,4 14,1 15,2 

 
Conclusiones 

Los resultados obtenidos muestran que las pérdidas por desertificación y degradación de las tierras varían mucho de país a país y 

que en general aparecen más elevadas si se estiman con el método de las pérdidas por erosión y biodiversidad que con los 

modelos neo ricardianos. A pesar de ello se puede destacar el hecho de que en el caso del Paraguay las cifras son muy similares 

medidas con cualquiera de las dos metodologías.  

 

De todas formas lo importante a nuestro juicio es visibilizar magnitudes de costos que de acuerdo a los resultados obtenidos, son 

lo suficientemente elevadas independientemente del método de cálculo. Como se puede ver se trata de proporciones muy  
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ABSTRACT: Rangelands represent one of the largest land-use footprints in the world and cover about 60 percent of the 4.3 
million km2 of the Hindu Kush Himalayan region. In spite of their global, regional and local ecosystems service significance, the 
rangelands in HKH continue to be most neglected or under-recognized. A key factor causing rangeland desertification is 
mismanagement of rangeland resources through combination of overstocking, improper grazing, conversion of rangelands into 
unsustainable croplands.  A case study was conducted in Ruoergai rangelands in the Tibetan Plateau of China. It used to be a 
marshland till 1960s, but massive human-induced drainage of wetland in 1970s changed the situation. Overstocking has led to 
ruin sod developed over hundreds to thousands of years that covers ancient sandy sediment. When the human intervention 
interacted with currently accelerating climate change impacts, the wetland ecosystem was disrupted. The situation got worse by 
overlapping with the national policy of privatizing livestock on communal rangeland to boost pastoral production. The disruption 
of ecosystem has led to reduced productivity, and desertification became an uneasily reversible trend. Currently, some 47,000ha 
of Ruoergai County is sandy desert type, with an alarming annual conversion rate of 11.8%. Some of the efforts made by the 
government in last two decades have worked at different extent, but there are not yet any systematically effective rangeland 
management mechanisms for the area. In this context, International Centre for Integrated Mountain Development (ICIMOD) 
supported an integrated desertification controlling mechanism which integrates local people’s active re-vegetation efforts and 
adequate scientific supports, with focus on climate change adaptation strategies and the payment of ecosystem services. Through 
this project, facilitate integrated wise use of collective intelligence and available resources to enhance ecosystem services and 
local livelihoods; build up the capacity of local communities in combating desertification to adapt to the changing social-
economic and climatic environment.  

Keywords: Climate change, Community, Desertification, Rangelands, Rehabilitation,  
 

1. INTRODUCTION 
 

Rangelands are the largest land use in the Hindu Kush-Himalayan (HKH) region and provide enormous ecosystem services for 
people living upstream and downstream as well (Miller 1997). These diverse and heterogeneous ecosystems are strategic in 
nature being backbone of the pastoral livelihoods, hotspots and habitats of biodiversity, vast watersheds with integrated interface 
& important role of ecological buffering with other ecosystems like forests, wetlands etc. Thus efficient and multiple use of 
rangeland resources is critical to strengthen the resilience of prevailing socio-ecological systems by enhancing the adaptive 
capacity of the struggling mountain communities in terms of diversified livelihoods under the impacts of climatic and non-
climatic drivers of change. Regardless of their vast extent in the HKH region, the rangelands are the most under acknowledged 
resource. Even though these rangelands are very rich in biodiversity, both endemic and introduced, these ecosystems reveal the 
abusive misuse picture today. Many negative impacts of climate change such as global warming are because of the ecological 
crises threatening on the vast mountain stretched rangelands. These eco-crises are breaking down the pastoralism and at the 
sometime also disturbing the natural highland-lowland interactive system which in turn upsetting highly productive agricultural 
production systems in vast plains. 

It is likely that no other region in Asia will suffer as much from changing climate and looming energy crisis as the high altitude 
cold areas mainly rangelands of HKH region, where living conditions are harsh and many people vulnerable and marginalized 
because of subsistence capacity (Sharma 2009). The upper belt of HKH region lies at an altitude of over 3000m above main sea 
level where the climate is very cold. Livelihood opportunities are limited and demand for energy is high, especially for heating 
and cooking. Herders cannot survive the winters without fuel. There is reportedly heavy pressure on bushes and scrubs due to 
over exploitation, overgrazing and uprooting. The current pattern of uncontrolled economic development and growing population 
in these flimsy habitats are adding fuel to fire. The way future development strategies marked by implementation of mega 
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projects imminently requiring use of heavy machinery leading to wild damage of the very sensitive geological structures are 
growing at national, regional and international levels; it shows that the most ignored rangeland ecosystems would face stresses of 
larger extent. Rangeland areas of Afghanistan, China, India, Nepal and Pakistan portray an awful picture of ecology.As 
rangelands comprise the largest area, their ongoing negligence, lack of appropriate policies and mismanagement is bound to 
make the local poor further vulnerable under the progressive change phenomenon of climate and other drivers. Repair and 
management of the rangeland ecosystems in the HKH should be considered crucial for restoring fragile ecological balance. For 
this, we have chosen the Ruoergai County as the natural and human interventions are severely impacting the county and are in 
various stages of degradation (Schumann et al., 2008). 
 
Rueorgai County is said to be the largest high altitude alpine peatland (Chai et al., 1965; Sun et al., 1987) in the world which is 
located in the upstream area of the Yellow River. Marsh meadow vegetation provides habitat for various endemic and 
endangered Himalayan floras and faunas (Scott, 1993). The site is also referred to as the water tower of China, as it serves the 
important water supply area of upper Yangtze River and Yellow River. It contributes to local climate regulation, water and soil 
conservation, and aids in reducing green house effects. The hills sweep round the hidden valley in the eastern area, and the vast 
grassland with herds of cattle composes beautiful scenery in the west, which dubbed as the "infrequent oasis on the Sichuan 
Northwest Plateau". Because of its unique ecosystem, panoramic plateau landscape, and colorful Tibetan cultural heritage with 
great aesthetic value, the county is a very good place for tourism. 
 
However, the Ruoergai rangeland resources are being increasingly impacted by natural and human interventions which are 
causing land degradation (Schumann et al., 2008). The main causes of degradation are year of overgrazing and drainage of 
peatlands to create grazing land, extraction of peat for domestic and other fuel use. Grasslands are also degraded and 
desertification caused by changing river flows leading to sedimentation and intensified due to overgrazing by yaks and sheep, 
taking away the vegetation cover, climate change global warming and irregularities in the precipitation pattern. Desertification is, 
as well as the overgrazing. This degradation has been apparently considered the main reason for ecological, livelihood and social 
impacts on the county and even the whole pastoral region of Tibet.  
 
Since 2000, Chinese government has started and carried out a series of ecological protective construction projects that include 
National Natural Grassland Grazing Ban, Grassland Ecological Protection Subsidy Award, "Human-Grass-Livestock" Upgrade 
Supporting Facilities, Herbage Seed Production Base, Prairie Fire Prevention Infrastructure Construction, High-qualified Grass 
Planting and Grass Base for Disaster Resisting, Rodents and Insects Destruction, Sandification Preventing and controlling, 
Wetland Management and so on. These efforts made by the government in last two decades have worked at different extent, but 
there are not yet any systematically effective rangeland management mechanisms for the area. In this context, International 
Centre for Integrated Mountain Development (ICIMOD) supported an integrated desertification controlling mechanism which 
integrates local people’s active re-vegetation efforts and adequate scientific supports, with focus on climate change adaptation 
strategies and the payment of ecosystem services. Through this project, facilitate integrated wise use of collective intelligence 
and available resources to enhance ecosystem services and local livelihoods; build up the capacity of local communities in 
combating desertification to adapt to the changing social-economic and climatic environment.  

2. METHODOLOGY  

Our restoration work was done by using different approaches, such as gully control, fencing and reseeding of grassland for 
livestock and desertification control, to reduce and improve the pressure on wetlands and grasslands. Rangeland rehabilitation 
was done through co-management approach where stakeholder’s involvement was promoted. The local people were extensively 
involved in:  a) Producing forage in animal greenhouse b) Mowing forage in swamp c) Forage production in cold desert area d) 
Forage production from forage-crop rotation system e) Straw processing for forage f) Lick block of nutrition g) Establishing 
forage reserve system h) Improving the quality of livestock production i) Developing other industry to mitigate dependence of 
livestock  

 
 

 
 



3. PROJECT APPROACHES 

Applying various project approaches to the complex task of restoring degraded rangelands of Rueorgai enabled us to ensure that 
we deliver our project on time and on budget. There were some basic processes and techniques, alongside project approaches 
tools; that we used. The project approaches we used are discussed below: 

3.1 Fencing 
Fences around rehabilitated rangelands were built to prevent damages from human activities and livestock. These rangelands 
which are to be fenced were chosen collectively by all concerned herder households. Barbed wire was used for building these 
fences and the concave between the ground and the fence wire were blocked by using additional soil. If the width of a column is 
10 meters, then a pillar was placed in the middle to stabilize it.   

 
 
 
 
 
 
 
 
 
 
                                  
 

Figure 1: Fencing for rehabilitation of degraded rangeland  
 
 

3.2 Cultivating grass  

 
First of all, the species of the grass were selected and the timing for the plantation was decided. For severely deserted area, the 
two specious of grass of “Yig” and “Tsenak ma” were cultivated jointly at a rate of 50% each. For less deserted area, the two 
specious of grass of “Yig” and “Tsenak ma” were cultivated together at rates of 30% and 70% respectively. To plant the grasses, 
hoe furrows were  made over the land, sown seeds and covered them with additional soils. If seeds were sown directly over 
deserted surface of rangelands, we ensured that the seeds reached soil underground by additional manual effort. When seeds were 
sown directly, heads of sheep and yaks were made to move around the surface so that the seeds were deep down to underground 
level. In the absence of precipitation within one week time after the seeds were sown, water was channeled manually. 

 

 

 

 

 

 

 Figure 2: Growing grass over deserted rangeland  

 
3.3 Turfing  
The rangelands where desertification was serious, the areas were made to cover with the help of turfs. The approach taken in 
these areas was that appropriate space was reserved between the turfs paved and seeds were finally sown in there and as well as 



over the surface. Large pieces of turfs were paved in strip lines as a shield against strong wind and nutrients needed were 
provided through manures for the grasses to grow successfully.  

 

 

 

 

 

 

 

Figure 3: Handling the turfs 

3.4   Applying fertilizers 
Livestock consume the biomass growing in rangelands a part of which is used to manure croplands. Plant biomass for use as 
mulch and bedding material extracted from rangeland components also ends up as manure in the croplands. Much of the 
manuring of the cropland areas is thus done by the nutrients contained in the biomass produced in the rangelands. The manures 
were mainly composed of sheep and yak dung. Less fertilizer was applied where grasses have grown to a height around 20 
centimeters. The amount of fertilizers was increased in nutrient-poor areas. In dry season within one week time after fertilizers 
were applied, water was channeled manually to avoid burning of the growing seeds by the manure. 
 

 
 
Figure 4:  Fertilizing rehabilitated rangeland with natural manure   

4 RECOMMENDATIONS 
 
- Clear rangeland entitlements and responsibilities 
- Promote community participation to combat degradation and desertification 
- Encourage adaptive grazing management 
- Improve rangeland productivity 
- Identify alternative energy and livelihood options 
- Education, training and research on rangeland management 
- Co- management of rangelands for multiple purposes 

 

5 CONCLUSIONS 
As a result of  the work done to combat desertification on the Ruoergai County, an area of 1367 acres of rangelands, which were 
going through severe desertification, have been rehabilitated and protected by growing different appropriate grass species, 



applying natural organic manure (mixture of yak and sheep dungs), fencing and monitoring by the local community  for the 
rehabilitation of the area, local herders and local school children of different levels took  lead. Local herders voluntarily 
participated in discussions and making plans for sustaining the project results in the future  as they were encouraged and 
motivated after witnessing the results of their own work. Local herders also gained practical skills and experience on rangeland 
anti-desertification. This approach has not only facilitated in the rehabilitation of the degraded rangelands and their environments 
but also generated a greater awareness of integrated and participatory approaches among a variety of actors, from local 
communities to school children.  

This project created an excellent learning platform not only for technical needs but for implementation arrangements, networking 
and follow up requirements, immediate constraints, capacity and sensitivity at various levels, and developed parallel partnerships 
by involving the local communities. To date, the primary achievement has been of a more intangible nature; a change in attitude 
and management style among the local communities. This kind of proper mindset for sharing their areas can be a long and 
tedious change to bring about in local communities. As this has happened now, the subsequent steps in future strategies are 
required to fall into place for efficient and multiple rangeland resource use to improve the resilience and adaptive capacity of 
mountain communities already in the line of change.  
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ABSTRACT: This paper presents preliminary results of three case studies conducted in the Brazilian semi-arid region in 

2011 and 2012. It compares data collected from 890 interviews held with smallholder farmers related to their perception of 

and adaptation to climate variability. Their responses are compared with historical series of precipitation data. The three case 

studies have been selected through a combination of socioeconomic and climatic characteristics, aiming at best representing 

the micro-regional vulnerabilities to climatic change. From this comparison, the goal of the paper is to identify the principle 

vulnerabilities and adaptive capacity to climate change of the rural communities under analysis. More amply, the study will 

reflect on the larger problematic related to the sustainability of smallholder farming in Brazil’s semi-arid region in the 

context of climate change vis-à-vis the efficiency of climate change-oriented public policies. 

Keywords: Brazilian semi-arid, adaptation, vulnerability, climatic change, smallholder farming 

1. INTRODUCTION 

Historically, the scientific and political debates on climate change focused on mitigation actions, while adaptation 

(adjustments to deal with and prevent climate impacts) played a marginal role within the agenda (Pielke et al, 2007). The 

uncertainty about the impacts of climate change on natural and human systems, as well as the lack of scientific knowledge to 

support adaptation actions have been identified as some of the reasons for this delay (Adger et al, 2009). This trend began to 

change in the early part of this current millennium, when climate adaption as a complementary strategy began to emerge in 

the political and scientific agenda (Schipper, 2006).  

In the last two decades a similar trend is observed in Brazil. The country featured one of the highest greenhouse gas (GHG) 

emissions worldwide, mainly due to deforestation of the Amazon and Cerrado shrublands. The Brazilian government 

focused on mitigation actions, which along with other factors, resulted in a substantial decrease in deforestation rates in the 

Amazon since 2004. Adaptation is still, however, a marginal topic on the national agenda.  

Middle-income countries like Brazil are relatively under-represented in the climate change agenda when compared to high 

and low income countries (Berrang-Ford et al, 2011). Furthermore, the majority of the research is being produced by 

research centers in developed countries, mainly in EUA, UK and Canada (Janssen et al, 2006; Lahsen et al, 2010). In 2009, 

the Brazilian government created the Rede Clima aiming to foster scientific production to support policy planning and 

governmental decision-making. Thirteen thematic sub-networks were established, each one dedicated to a specific topic 

among climate modeling, mitigation and adaptation.  

The sub-network dealing with Climate Change and Regional Development, in which the present work was produced, has the 

following broad research goals: contribute to the adaptation climate agenda in middle-income countries and produce 

scientific knowledge relevant to adaptive decision-making processes. More specifically, the sub-network’s research aims to 

understand how smallholder farmers are affected and respond to climate variability and climate change. The focus on 

smallholder farming is important because this sector is highly sensitive to climate stimuli, has low capacity to deal with and 

prevent impacts and is an important source of food production in Brazil. In the country, there are approximately 4 million 

smallholder farms, involving more than 12 million people and producing most of basic items of Brazilian food consumption; 

such as cassava, corn, beans and milk (IBGE, 2006).  Furthermore, the research analyses the farmers’ perceptions on climate 

variability and change, as well as assess the links between adaptation at different spatial scales/decision-making levels and 

sustainable regional development.  
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2. ADAPTATION RESEARCH AND CONCEPTUAL FRAMEWORK 

Since the late 1970s, a part of the environmental risk and global environmental change research communities have been 

dedicating efforts to understand how human systems are affected by natural hazards and how they can respond to present 

and future adverse effects. It is only since the last decade of the past century that research on climate change adaptation has 

boomed (Janssen et al, 2006). This trend followed the creation of IPCC (Intergovernmental Panel on Climate Change) in 

1988 and the establishment of UNFCCC (United Nations Framework Convention on Climate Change) in 1992.  

During the development of an adaptation agenda, a great effort has initially been placed on the theoretical framework, 

scenario-impact studies and vulnerability assessment, while adaption actions on the ground have received little attention 

(Arnell, 2010; Bergan-Ford et al, 2011). This scenario has been changing in the early part of this current millennium, when 

topics related to how socio-ecological systems respond to climate risks and impacts became a hot issue, such as: adaptive 

governance (Eakin & Lemos, 2010); social barriers to adaptation (Adger et al, 2009 and Jones & Boyd, 2011); decision-

making process (Di Falco et al, 2011); climate perception (Chaudhary & Bawa, 2011; Sánches-Cortés & Chavero, 2011); 

and the links between adaptation and sustainable development (Howden et al, 2007 and Pielke et al, 2007).  

Adaptation research has been addressed by two main approaches: vulnerability approach and resilience approach (Ford et al, 

2010). The present work adopts the vulnerability approach. The conceptual framework is based on three aspects; defining 

vulnerability as a function of sensitivity, exposure and adaptive capacity. Exposure characterizes the climate stimulus itself: 

nature, magnitude, frequency, intensity, etc. (Smit et al, 1999).  Sensitivity refers to the system’s propensity of being 

affected when exposed to a certain stimulus (O’Brien et al, 2006). Finally, adaptive capacity is related to the system’s 

capacity to plan, to deal with and to make adjustment in order to avoid or respond to disturbances. This depends on, but is 

not limited to: access to financial resources, information, and social/institutional capital related to the availability of adaptive 

strategies and means to access such strategies (Smit & Wandel, 2006; Eakin & Lemos, 2010; Engle, 2011).  

 

Fig. 1 Case Studies in the Brazilian Semi-arid 

3. THREE CASE STUDIES IN THE BRAZILIAN SEMI-ARID 

In Brazil, the total area susceptible to desertification corresponds roughly to 1.34 million km², which would directly affect 

approximately 36 million people (BRASIL, 2002). Of this amount, 180 thousand km² are already in the process of 

desertification varying in degree from severe to very severe. These areas are mainly concentrated in the states of the 

Northeast Region of Brazil, which has 55% of its territory diagnosed with varying degrees of environmental deterioration, as 

well as concentrates much of the poverty and misery in the country. 

The three case studies have been chosen among the pilot areas identified by the Brazilian Ministry of Environment (MMA), 

under the category "high risk to desertification". The intense degradation was attributed mainly to anthropogenic factors 

caused, in general, by replacing the natural vegetation; caatinga (semiarid thorn forest and shrubland) by agricultural 



practices, livestock and removal of wood for firewood and charcoal production. The three case studies are: the Gilbués 

region located in the south of the state of Piauí; the Seridó region in the south of the state of Rio Grande do Norte; and the 

Juazeiro region in the northwest of the state of Bahia (see map 1).  

In each core region, 4 municipalities (on average 20 villages) have been selected through a combination of socioeconomic 

and climatic characteristics, aiming at best representing the micro-regional vulnerabilities to climatic change. A total of 890 

interviews were conducted via questionnaires with smallholder farmers in these regions between July of 2011 and June of 

2012. The data collected from the three case studies are currently under analysis.  

4. PRELIMINARY RESULTS: A FOCUS ON VULNERABILITY OF PRODUCTION SYSTEMS 

The local perception of climatic events -used as an indicator of exposure- is congruent with the climatic data collected by our 

team. The perception of a change in the precipitation regimes is generalized, though one region (Seridó) is currently 

experiencing a period of increase in rainfalls while the two others presented similar exposure to lack of rains and access to 

water. Smallholders also recounted unanimously displacement (beginning and end of the rainy season), weaker intensity, and 

unpredictability of the rainy season.  

Smallholder farmers present quite a long memory (on average 20 years) of climatic events. Droughts are likelier to be 

remembered, and the remembrance of the gravity of the event seems to be more linked to the personal experience of 

animal/human loss than to the general loss of crops. In the case of similar climatic event, this memory may enlarge the 

coping strategies that the farmers might use.  

Rainfed agriculture is predominant in our sample (80%). Along with high exposure to rain conditions, smallholders present 

an inability in planning their crops, mainly because of the lack of trustable forecasts. Half of the farmers interviewed “do the 

same thing every year” and wait for the first rains to seed. Indeed, no real anticipation is allowed for, as the producers don’t 

have any access to reliable climatic information: meteorological forecasts on television are the main source for 80% of them. 

Furthermore, about half declared that they don’t believe in TV forecasts and try to compensate for the lack of information 

with traditional knowledge, by observing natural signs to anticipate rain behavior. About 15% reported “not to know” how to 

anticipate or do different and lamented about the lack of technical assistance (table 1). In a context of widespread, very low 

level of education (table 1), even the minority who tries to plan its crops, eventually is subjected to the climatic events. 

Nevertheless, several forms of adaptations have been observed locally. As Berrang-Ford et al. (2011) observed for middle 

and low income countries, adaptation in the Brazilian semiarid is primarily responsive to climatic variability. The main 

behavior identified is a high flexibility in the sowing period and, for some, an immediate adaptation of the crops (though no 

adaptation at all is much more frequent). Some strategies to cope with animal feeding have been reported; responsive (i.e. 

buy or make a mixture of cassava, corn and cactus; migration of the cattle) and middle-term proactive (cactus plantation, 

especially in Bahia). Surprisingly enough, very few strategies of storing fodder have been observed.  

Autonomous, middle-term adaptation led to the abandonment of the most fragile cultures (mainly rice, cassava and corn – 

table 1) and, in parallel, to a diversification of the production. Organized access and storage of water for agriculture and 

breeding remains under private initiative. 

Table 1: Results of the three local surveys 

 

Gilbués Seridó Bahia 

Perceive change in rainy season 88,70% 80,90% 86% 

Perceive change in temperatures 89,70% 85,90% 84% 

Illiterate or poor level of education 73,90% 72,60% 85% 

Receive at least one social benefit 95% 92,60% 90% 

No technical assistance 95% 62,20% 69% 

Had to abandon a crop 54,10% 44,70% 8% 

5. POLICY ORIENTED RECOMMENDATIONS  

Based on such results, we propose three recommendations to decrease the climate sensitivity of the socio-ecological systems 

under study by addressing access to markets, to weather information and technical assistance.  

In so far as the climatic conditions remain within the “coping range” (Smit & Wandel, 2006), the autonomous forms of 

adaptations developed by the smallholder farmers are sufficient to guarantee coexistence with the Semi-arid region. 

However, in many cases, they don’t allow for market insertion or to gain quality of life, which is the real goal expressed by 

smallholders. In this sense, although climate is reckoned as the more important barrier to production, it is blamed along with 

access to water, land degradation, lack of technical assistance and access to credit. In this regard, we recommend that 

programs such as the Program of Food Acquisition (O Programa de Aquisição de Alimentos, PAA) should be strengthened 

and expanded.  



Smallholder farming in the three case studies present a large dependence on rainfed agriculture, as well as lack of access to 

reliable weather forecasts that are adapted, on a spatial and temporal scale to be useful to them in planning of their crops.   

Strategies should be elaborated by the three levels of the Brazilian State to improve access to such information to 

smallholders in the semi-arid.  

Another critical aspect to building strategies for the adaptation of smallholder farmers is related to access to technical 

assistance. In all of the three case studies, but especially in the Gilbués case, smallholders indicated the deficiency in the 

infrastructure and delivery of rural, technical assistance.  Local institutions, such as EMATER (Empresa de Assistência 

Ténica e Extensão Rural), must be prioritized and strengthened so they facilitate the transfer of knowledge, technology, and 

alternative solutions to smallholders. 

6. CONCLUSIONS 

Existing public policies mainly focus on reducing vulnerability to droughts, by ensuring water storage for human 

consumption, but agriculture and animal breeding remains highly vulnerable to rains conditions and especially to extreme 

abundance of rains. Some social public policies indirectly contribute to a reduced sensitivity of the smallholders surveyed 

and allowed for an increased adaptive capacity. Indeed, current rural subsistence relies on a mixture of agricultural income 

with urban wages and social benefits (table 1). The latter are reported as the main “adjustment variables” for production in 

the case of climatic disturbance, ensuring for food security when agriculture fails. 

Indeed, during the last 30 years living conditions in the rural areas of Brazil have improved (i.e. health, schools, housing, 

energy, access to credit, water storage) due to various public policies and enlarged cultural references. However, many local 

institutions have underlined that the least to change have been the conditions of agricultural production of the smallholders.  
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RESUME : Au Sénégal, la dégradation des terres est un phénomène très ancien, déjà identifié pendant la période colonial. La
portée des efforts entrepris par le gouvernement du Sénégal et par la société civile est souvent limitée du fait de contraintes
d’ordres institutionnel, politique, juridique, scientifique ou technique. Cette communication a pour but de partager les résu ltats
d’une étude sur les outils de gestion durable des terres au Sénégal, réalisée dans le cadre du projet “Land Degradation and
Assessment in Drylands” (LADA). Cette initiative conjointe PNUE-FAO-FEM (2006-2010) a été exécutée au Sénégal par le
Centre de Suivi Ecologique (CSE) et a dégagé des orientations intéressantes en termes de mesures politiques et de renforcement
de capacités. La méthodologie utilisée est une combinaison de plusieurs approches proposant, entre autres, des outils pour la
cartographie participative de la dégradation/gestion durable des terres. L’étude comporte deux niveaux d’évaluation : l’évaluation
nationale incluant la cartographie des systèmes de production et des dégradations/mesures de gestion durable des terres, et
l’évaluation locale de la dégradation des terres et de ses impacts sur les écosystèmes et les conditions de vie des populations. Elle
passe aussi en revue les techniques de lutte contre la désertification et la dégradation des terres au Sénégal. En conclusion, l’étude
met en exergue la nécessité d’avoir une approche holistique et intégrée, comme celle proposée par le LADA. D’un coût
avantageux, l’approche LADA permet de caractériser la dégradation des terres et ses causes directes et indirectes, mais aussi
d’identifier les conséquences sur les écosystèmes et sur les conditions de vie des populations. Le cadre d’analyse utilisé permet
également de passer en revue les facteurs clés que sont le contexte institutionnel et les choix politiques, ainsi que leurs impacts
sur le succès ou l’échec des interventions.

Mots clés: gestion durable des terres, dégradation des terres, outils, politiques, Sénégal.

1. INTRODUCTION

La dégradation des terres est un problème planétaire, mais les impacts sont plus graves pour les zones sèches des pays africains
déjà confrontés aux effets des changements climatiques. L’incidence, en Afrique, des dégradations liées à l’érosion s’est traduite
par une baisse des rendements de l’ordre de 2 à 40% avec une moyenne de 8,2% pour le continent (Den Biggelaar et al., 2004).
Scherr et Yadav (1997) estiment que s’il n’était pas mis un frein à l'érosion accélérée, les diminutions de rendement vers 2020
seraient de 16,5% pour tout le continent et de 14,5% pour l'Afrique subsaharienne.

Il ressort de l’analyse environnementale nationale sur le Sénégal (SN-CEA, ex 08) que la dégradation touche près de deux tiers
des terres arables du pays (Banque Mondiale, 2009). Des estimations approximatives donnent à penser que le coût économique
annuel de la dégradation des sols au Sénégal pourrait atteindre l’équivalent de 1 % du PIB. La dégradation des terres est un
phénomène très ancien dans le pays, identifié depuis l’époque coloniale. Les pressions majeures, liées aux politiques agricoles de
l’époque, provenaient alors de la monoculture de l'arachide qui a occasionné durant deux siècles d’importants déboisements dans
une zone géographique régulièrement agrandie appelée "Bassin arachidier". L’urbanisation et l’exploitation des ressources
ligneuses pour l’alimentation des chemins de fer en bois (traverses de voies et combustion) ont également accentué cette
pression. Les sols ainsi dénudés sont alors exposés, à l’érosion éolienne et à l’érosion hydrique, avec de lourdes conséquences sur
la productivité.

Pour faire face au défi posé par la dégradation des terres, le Gouvernement sénégalais a fait évoluer ses politiques et programmes
au niveau national, tout en participant activement à la définition et à la mise en œuvre de politiques sous-régionales et régionales.
Le Sénégal a également adhéré aux accords multilatéraux sur l’environnement, joignant ses efforts à ceux initiés au niveau global
pour faire face à ces dégradations. Par ailleurs, l’Etat sénégalais s’est associé à beaucoup d’initiatives mondiales visant à
promouvoir la gestion durable des terres, comme ce fut le cas avec le projet LADA. La présente étude présente une analyse
contextuelle des politiques et programmes régionales et nationales en lien avec la Gestion Durable des Terres au Sénégal (GDT).
Elle partage aussi les résultats récents du projet LADA qui a piloté des outils d’évaluation de la dégradation des terres et qui a
identifié des mesures probantes de GDT à l’échelle nationale et locale. Le papier propose comme conclusion quelques
orientations en matière de politique et de renforcement des capacités pour promouvoir la GDT au Sénégal.
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2. ANALYSE DES POLITIQUES ET PROGRAMMES

2.1. Contexte régional

Après les premiers chocs de sécheresse intervenus à partir de 1968 dans la bande sahélienne, tandis que les économies des pays
durement frappés, comme le Sénégal, se déstructuraient dans un contexte de détérioration des termes des échanges
internationaux, les populations ont connu de graves périodes de disette marquées par la décimation du bétail, le peu ou l’absence
de récoltes et le tarissement de plusieurs sources d’approvisionnement en eau.

Cette situation amènera le Sénégal, à se joindre à différentes initiatives sous-régionales, régionales ou mondiales visant à lutter
contre la sécheresse et la désertification. Ce fut le cas  notamment pour le Comité inter-états de Lutte contre la Sécheresse dans le
Sahel (CILSS), mis en place par neuf (9) Etats sahéliens1 pour servir de structure de coordination sous régionale. L’initiative
régionale la plus récente et dans laquelle le Sénégal a joué un rôle de premier plan est l’initiative de la Grande Muraille Verte
(GMV), conçu comme un instrument de lutte contre la désertification et pour la restauration et le développement des zones arides
et semi-arides dans les onze (11) pays2 impliqués. Entre temps, le Sénégal a participé aux différents processus qui ont conduit à
l’adoption de la ‘‘Convention des Nations Unies pour lutter contre la Désertification dans les Pays gravement touchés par la
Sécheresse et/ou la Désertification, en particulier, en Afrique – CNULCD’’ et qui offre un cadre juridique mondial de la lutte contre la
dégradation des terres.

Globalement, au niveau régional, la principale entrave reste le particularisme étatique. Les institutions sous-régionales et
régionales cherchent à impulser l’harmonisation et la coordination des politiques, en particulier les politiques communes en
matière de sécurité alimentaire ou de protection environnementale, à partir de rencontres de coordination et d’harmonisation. Ces
initiatives n’aboutissent souvent qu’à des consensus de juxtapositions et rarement à l’adoption d’évidences scientifiques, chaque
institution restant plutôt inféodée à ses partenaires techniques et financiers.

2.2. Contexte national

2.2.1. Cadre institutionnel

La mise en œuvre et la coordination des politiques de gestion durable des terres au Sénégal relève de plusieurs départements
ministériels et implique différentes catégories d’acteurs, étatiques et non étatiques. Les mandats de ces différents acteurs se
chevauchent souvent, alors que les synergies sont rares. A titre d’exemple, la Direction des Eaux et Forêts, Chasse et de la
Conservation des Sols (DEFCCS) qui relève du Ministère de l’Environnement et de la protection de la nature (MEPN) est
responsable de la conservation des sols, alors que les recherches sont conduites par l’Institut Sénégalais de Recherche Agricole
(ISRA) et l’Institut national de Pédologie (INP) qui, eux, relèvent du Ministère de l’Agriculture. La Direction de l’Agriculture,
chargée de la mise en œuvre des politiques de développement agricole, relève également du Ministère de l’Agriculture, pendant
que le Ministère en charge de l’Environnement coordonne la lutte contre la désertification. L’affectation des terres, elle, est du
ressort des collectivités locales et de certains services centraux comme l’Agence nationale de l’Aménagement du Territoire
(ANAT) qui est rattaché au Ministère en charge de l’aménagement du territoire.

A son accession à l’indépendance, l’Etat sénégalais a également pris conscience que la formation et la recherche jouent un rôle
important au titre d’instruments d’acquisition de connaissances, de production et d’adaptation d’innovations technologiques,
organisationnelles et d’outils d’aide à la décision pour la relance de la productivité. C’est pourquoi, en plus de ce processus de
construction institutionnelle, il a manifesté très tôt sa volonté de promouvoir la recherche scientifique et technique, même si les
stratégies de mises en œuvre ont parfois manqué de continuité et de consistance (ISRA et al, 2005).

De façon générale, en pratique, chaque institution travaille souvent en vase clos, préoccupé par l’atteinte de ses propres ob jectifs
de développement et la plupart des efforts ont pâti, entre autres, d’une absence de réelles synergies à tous les niveaux et de
l’insuffisance des mesures d'accompagnement nécessaires (formation, assistance technique, statistiques fiables sur la dégradation des
terres, cartographie...) pour permettre aux différents acteurs d'assumer pleinement leurs responsabilités. Tout cela, dans un contexte de
précarité des ressources financières devant leur permettre de mener à bien leurs missions.

A côté des institutions gouvernementales, les ONG contribuent également de façon substantielle aux efforts de gestion durable
des ressources en terre. C’est le cas notamment avec le réseau Environnement du CONGAD (Conseil des ONG d’Appui au
Développement) qui s’active dans le domaine de l’environnement avec une forte composante « plaidoyer » pour que la
désertification et la dégradation des terres puissent être reconnues comme fenêtre opérationnelle du FEM national. Les ONG sont
également très présentes auprès des communautés dans la promotion des mesures de gestion durable des terres.

Les interventions des institutions chargées de promouvoir la gestion durable des ressources naturelles s’inscrivent dans un cadre
juridique et leurs missions sont définies dans différents codes sectoriels qui sont présentés dans la prochaine section.

1 Cap-Vert, Burkina Faso, Gambie, Guinée-Bissau, Mali, Mauritanie, Niger, Sénégal et Tchad
2 Sénégal, Mauritanie, Mali, Burkina, Niger, Nigeria, Tchad, Soudan, Erythrée, Ethiopie, Djibouti
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2.2.2. Cadre législatif et réglementaire

Le dispositif juridique et réglementaire relatif à la gestion des ressources naturelles est structuré avant tout par la façon dont les
arrangements fonciers sont gérés. Le foncier occupe une place centrale dans les activités agricoles et dans la gestion des
ressources naturelles (Faye, 2003). La tenure foncière détermine dans une large mesure le niveau d’efforts que l’utilisateur est
prêt à investir pour la gestion durable des terres. L’état des ressources en terre est donc fortement lié au cadre législatif et
réglementaire qui régit le foncier. Ce cadre a connu une longue évolution, passant progressivement d’un esprit protectionniste et
répressif à une approche plus participationniste.

Au lendemain de l’indépendance, le nouvel Etat du Sénégal entreprend une réforme foncière avec la loi sur le domaine national
(1964) qui se voulait l'instrument d'un développement économique et social centré sur trois stratégies : l'interventionnisme de
l'Etat, l'agro-business et le développement à la base. Environ 95% des terres étaient ainsi nationalisées à travers cette loi sensée
garantir aux populations rurales l’accès à la terre qui est désormais un patrimoine commun sur lequel les particuliers peuven t
avoir un droit d’usage par affectation. Selon Ngaïdo (2002), c’est là le fondement des nombreuses critiques faites à cette loi car,
la précarité de la situation de l’affectataire ne l’encourage pas à consentir des investissements importants. C’est peut être cela qui
explique, depuis plus d’une décennie, la volonté de l’Etat de réformer cette loi.

L’impact de  la crise économique de la période 1970-1980 a amené le Sénégal à mettre en œuvre des mesures d'ajustement
structurel de 1985 à 1994, avec comme point d’orgue la dévaluation du Franc CFA. Progressivement, le Gouvernement
sénégalais a aussi  mis fin aux grandes subventions pour les engrais et autres intrants en 1984 et 1985 (GRAY K, 2005). Les
mesures définies par la suite dans la Lettre de Politique de Développement Agricole (LPDA) et dans le Programme d’Ajustement
structurel du Secteur agricole (PASA) n’ont pas eu l’effet escompté dans la promotion des mesures de gestion durable des terres.
Dès lors, de nouvelles orientations ont été prises sous forme d’une loi d'orientation agro-sylvo-pastorale (2004) mettant en œuvre
une nouvelle vision à long terme (20 ans) prolongée par le Programme national d’Investissements agricoles (PNIA 2011-2015).
Elles visent la création d’un environnement attractif et incitatif pour la transformation de l’agriculture familiale en appuyant la
promotion de l’exploitation agricole en vue d’un passage de systèmes extensifs de production à des systèmes intensifiés,
diversifiés, durables.

Afin de renforcer la participation des communautés locales dans la définition et la mise en œuvre des politiques de
développement à la base, l’Etat du Sénégal a adopté en 1996 les textes sur la décentralisation, avec notamment la Loi n° 96–07
du 22 mars 1996 qui transfère certaines compétences aux collectivités locales, dont l’environnement et de gestion des ressources
naturelles.

Malgré tout, dans les faits, les utilisateurs de la terre en milieu rural se réfèrent plus souvent aux règles coutumières qu’au droit
positif quand il s’agit de l’accès à la terre (Bako-Arifari, 1997). Malheureusement, le cadre juridique moderne n’a pas toujours su
valoriser les mécanismes développés dans la gestion foncière traditionnelle pour promouvoir la gestion durable des terres.

Dans les sociétés traditionnelles, essentiellement agraires, la gestion foncière relevait généralement des « maîtres de la terre »3 qui sont
les descendants des premiers défricheurs. Ce système présentait l’avantage d’assurer, surtout sur les terres agricoles, un droit de regard
et une protection collective et/ou familiale (MEPN, 1998). Les règles en vigueur, non écrites, mais connues et acceptées de tous,
visaient avant tout à protéger le milieu naturel. Ainsi en milieu joola (région naturelle de Casamance), 2 ou 3 nouveaux pieds devaient
être plantés pour chaque arbre coupé. De même, dans l’ancienne province du Baol (actuelle Région de Diourbel), l’abattage d’un pied
de kadd (Acacia albida) était passible de la peine de mort ; la contribution de cette espèce à la fertilité des sols n’est plus à démontrer
aujourd’hui. D’où l’intérêt des Conventions Locales qui s’inspirent souvent des règles coutumières et qui sont le fruit de consensus
locaux.

2.2.3. Plans, programmes et politiques sectorielles

Dès 1995, le Sénégal a entamé un processus participatif et décentralisé de préparation de sa stratégie nationale en matière de gestion
des ressources naturelles et de l'environnement. Les activités entreprises dans le cadre du Plan National d’Action pour l’Environnement
(PNAE) ont permis de procéder, entre autres, à la synthèse des stratégies d'intervention sectorielle en vue d'une meilleure connaissance
des différents champs d'expression des politiques de gestion des ressources naturelles et de l'environnement. En 1996, l’Etat adopte un
Plan d’Action foncier (PAF),  document de base en vue d’une réforme de la loi sur le domaine national. Selon ce PAF, pour sortir
du statu quo, la privatisation pourrait favoriser l’émergence d’acteurs économiques, résidents ou non, indépendants des
institutions locales.

Conformément à ses engagements internationaux dans le cadre de la Convention des Nations Unies sur la lutte contre la
Désertification, le Sénégal a élaboré en 1998 un Programme d’Action National, à travers une planification très participative et
itérative. Mais ce document n’a pas connu beaucoup d’activités de mise en œuvre, en dehors du Projet agroforestier de Diourbel, du
PROGERT (Projet de Gestion et de Restauration des Terres dégradées dans le Bassin arachidier), d’initiatives d’ONG comme GREEN
Sénégal, etc. Les stratégies envisagées n’ont pas débouché sur des programmes d’actions et n’ont pas été suffisamment pertinentes

3 Ces « maîtres de la terre » portent dans toutes les contrées une appellation particulière : « jom leydi » chez les halpulaar, « lamaan » chez les wolofs,
« yaal lang » chez les sereer, « anifanao » en milieu joola.
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pour intéresser les partenaires techniques et financiers, ni suffisamment pratiques pour une mise en œuvre à la portée des services
techniques, des collectivités locales et des ONG et associations.

Depuis l’année 2010, le Sénégal cherche par ailleurs à asseoir une meilleure coordination des interventions dans la mise en œuvre
de sa nouvelle approche stratégique concertée dans le domaine de la gestion durable des terres et de son financement. Cela
devrait prendre la forme d’un Cadre national d’Investissement stratégique en gestion durable des Terres (CNIS/GDT).

3. CONTRIBUTION DU PROJET LADA

Le manque de données fiables sur les types, les étendues, les tendances et les coûts de la dégradation des terres rend difficile
l’évaluation et la production des rapports d’avancement dans la mise en œuvre/atteinte des objectifs de la CNULCD par les
Parties. C’est ce qui a conduit la FAO, le PNUE et le FEM à développer le projet intitulé « Evaluation de la Dégradation des
Terres dans les zones arides (LADA4) pour aider Parties à la convention à évaluer et à suivre l’état des terres, à identifier les
causes/pressions et à mieux comprendre les forces motrices et les impacts ; mais aussi à développer les réponses appropriées.

Au Sénégal, l’évaluation de l’état des terres a été faite à l’échelle nationale et à l’échelle locale. Par ailleurs, il a été procédé à la
documentation des meilleures pratiques de gestion durable des terres.

L’évaluation nationale a mis l’accent sur la situation actuelle, avec une perspective historique sur les dix dernières années . Elle a
été faite en utilisant l’outil QM5 développé par le Panorama Mondial des Approches et Technologies de Conservation (WOCAT).
L’approche utilisée est basée sur la perception des services techniques locaux, des producteurs et de personnes ressources locales.
L’unité d’évaluation est le système de production qui détermine dans une large mesure le niveau de dégradation ou de gestion
durable des terres. L’approche utilisée pour la cartographie des systèmes de production est le FCAM (Framework for
Characterization And Mapping of agricultural land use). Elle a permis l’identification des systèmes de production prédominants
au Sénégal, ainsi que leur cartographie (Figure 1).

Figure 1 : Carte des systèmes de production (2008)

L’évaluation nationale a couvert tout le territoire national et a permis l’identification des principaux types de dégradations, de
leurs étendues, de leurs degrés, de leurs taux, de leurs causes et de leurs impacts sur les services des écosystèmes. Elle a aussi
permis d’identifier les principales mesures de gestion durable mises en œuvre, leur étendue, leur efficacité et de leurs impacts sur
les services des écosystèmes.
La démarche utilisée pour l’évaluation locale est une approche intégrée développée par l’équipe du projet LADA au niveau de la
FAO en partenariat avec les pays pilotes, l’université d’East Anglia (Angleterre), et plusieurs experts internationaux. Elle
comprend 3 niveaux d’échantillonnage :

- 3 aires géographiques d’évaluation (GAA) : 2 « hot spots »6 (le département de Nioro du Rip et la zone sylvopastorale)
et un « bright spot »7 (la zone des Niayes).

- 2 à 3 zones d’études dans chaque GAA
- 6 à 9 placettes dans chaque zone d’étude

4 LADA était un projet de 4 ans (2007-2010), impliquant 6 pays pilotes dont le Sénégal
5 Questionnaire pour la cartographie de la dégradation des terres.
6 Le « hot spot » est une zone marquée par une tendance à la dégradation des terres.
7 Le « bright spot » est une zone où la tendance générale est à l’amélioration de l’état des ressources en terre
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Les données collectées ont été exploitées et analysées en utilisant le cadre d’analyse FPEIR (Forces motrices, Pressions, Eta ts,
Impacts et Réponses) pour faire le lien entre toutes les parties de l’évaluation et orienter la synthèse et l’analyse. Certaines
composantes du cadre d’analyse des services des écosystèmes (SE) et de l’approche des moyens de subsistance durables ont aussi
été utilisées pour la prise en compte et la catégorisation des impacts de la DT/GDT.
Toutes ces investigations ont permis une compréhension intégrée :

- des causes des dégradations et de leurs impacts biophysiques et socioéconomiques ;

- des mesures de gestion qui préviennent la dégradation des terres ; et

- des mesures institutionnelles, économiques et politiques les plus importantes à mettre en place pour promouvoir
l’adoption des  pratiques de gestion durable des terres.

Selon les résultats de l’évaluation nationale, environ 34% (Figure 2) des terres du Sénégal sont dégradées et ces dégradations
prennent des formes variées : dégradations biologiques, dégradations chimiques, dégradations physiques, érosions éoliennes,
érosions hydriques, dégradations des ressources en eau.

Figure 2 : Dégradation des terres en proportion de la superficie du pays (%)

Ces dégradations sont plus étendues dans le nord et le centre-ouest du pays, ainsi que dans certaines poches au sud (Figure 3).

Figure 3 : Etendue des dégradations en proportion des systèmes de production (2009)

Seuls les 5,6% présentent une forte intensité de dégradation, un peu moins de 24% restant modérées et 4,5% étant faibles.

Toutefois, sur environ 26% de la superficie du pays, les terres ont affiché une tendance à l’augmentation des dégradations au
cours de la décennie 1999-2009.

C’est dans le système axé sur le pastoralisme extensif transhumant que la situation est la plus alarmante. Cela s’explique par
l’épineuse question de la gestion des parcours et la faible monétarisation des sociétés pastorales qui ne favorise pas le déstockage.
L’émondage abusif cède la place, en années de mauvaise pluviométrie, aux coupes abusives, d’autant que la zone sylvopastorale
est aussi sollicitée pour le bois de chauffe en direction des centres urbains.

Les améliorations les plus notables ont été observées dans le système axé sur l’agriculture pluviale et dans le système
agropastoral où les producteurs, prenant de plus en plus conscience de la complémentarité des systèmes de productions
(foresterie, agriculture et pastoralisme), sont plus réceptifs aux mesures de gestion durable des terres. Ces orientations soutenues
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par les nouvelles politiques en direction du développement rural ont bénéficié, depuis quelques saisons, d’une bonne
pluviométrie.

L’indice relatif de dégradation8 montre que le type de dégradation le plus important est de loin constitué par les dégradations
biologiques, suivies par les dégradations physiques et les dégradations chimiques (Figure 4). Globalement, ceci a été également
confirmé par les résultats de l’évaluation locale.

Figure 4 : Indice relatif de dégradation par catégorie et par rapport au niveau national

Les principales causes directes sont liées à la gestion des sols9, à la gestion des cultures, le surpâturage, la déforestation, mais
aussi les causes naturelles comme la morphopédologie, le faible taux d'infiltration, la pluviométrie et l’hydrographie.

Les quatre premiers facteurs indirects de dégradation des terres sont par ordre d’importance la pauvreté, la pression
démographique, la gouvernance et l’éducation.

Les dégradations biologiques se manifestent par : la réduction de la couverture végétale, les effets néfastes des incendies,
l’augmentation des parasites/maladies, la réduction de la biomasse, la perte d’habitats et le déclin  de la qualité et de la
composition des espèces. La manifestation la plus forte est la réduction de la couverture végétale qui représente à elle seule plus
de ¾  des dégradations biologiques.

Parmi les dégradations chimiques, la baisse de fertilité et la réduction de la teneur en matière organique est la forme la plus
répandue, représentant plus de 84% de toutes les dégradations chimiques.

L’ampleur de la baisse de fertilité s’explique, entre autres, par le recul des bonnes pratiques de gestion de la fertilité des sols
(jachère, fumure, paillage, rotations culturales) combiné à l’abandon ou la réduction drastique des programmes de subventions
mis en place par le Gouvernement au lendemain des indépendances et qui facilitaient aux paysans l’accès aux intrants agricoles
(semences et engrais). L’utilisation des engrais minéraux a ainsi connu une chute vertigineuse alors que la satisfaction des
besoins en matière organique des exploitations agricoles demeure un problème qui interpelle encore la recherche (Badiane et al,
2000).

La salinisation, très présente dans le Delta et les estuaires, est due aux effets combinés de la diminution des pluies et de
l'augmentation de l'évaporation, mais aussi au mauvais drainage des importantes quantités de pesticides et d’engrais utilisées,
notamment dans les aménagements hydro-agricoles.

Globalement, le service écosystèmique le plus affecté est le service de prélèvement. C’est encore plus net dans le système axé sur
l’agriculture irriguée et cela s’explique par le fait que plus que tout autre, ce système est tourné vers la production, avec des
niveaux d’investissements sans équivalent dans les autres systèmes de production.

Les résultats de l’évaluation locale ont aussi montré que c’est sur la production et le  revenu net que les impacts se sont faits le
plus sentir (Figure 5), avec cependant des différences de situation notables selon les zones du pays.

8 Cet indice est calculé en multipliant le degré de la dégradation par la superficie dégradée (ha) et en pondérant par la superficie du pays (ha) : DI
= Degré * Superficie dégradée / Superficie totale.
9 La culture des sols impropres, l’absence ou l’insuffisance de mesures de conservation des sols, la pratique du travail du sol, etc.



7

Figure 5 : Impacts des dégradations

Bien que leur impact sur le revenu soit très important, en particulier dans la zone des Niayes, il faut noter que les dégradations ne
sont pas les seuls facteurs en cause, selon les résultats de l’évaluation locale. Il y a parfois la mauvaise organisation des filières
qui occasionne un problème de débouchés et amène les producteurs à accepter les prix fixés par les intermédiaires. Les difficultés
d’accès aux intrants, les attaques des ravageurs et les problèmes phytosanitaires ont aussi des impacts négatifs sur la production et
le revenu (CSE, 2009).

Il faut également relever l’importance des impacts sur les fonctions écologiques (fonctions de soutien et fonctions de régulation)
dans le système axé sur l’agriculture pluviale et dans le système axé sur les cultures de décrues. C’est que dans ces 2 systèmes,
beaucoup plus que dans le système agropastoral, ces fonctions sont déterminantes pour les capacités productives des terres. Les
producteurs sont aussi affectés par la pauvreté et la réduction des subventions étatiques pour les intrants que ceux dans le système
agropastoral, mais ils disposent de possibilités limitées pour compenser cela par le même niveau d’apport de fumures, du fait de
l’importance moindre des effectifs de bétail.

Les résultats de l’évaluation nationale révèlent que près de 50% des terres sénégalaises font l’objet de mesures de conservation.
Ces mesures relèvent pour l’essentiel de quatre (4) grandes catégories : mesures végétatives, mesures de gestion, mesures
agronomiques, mesures structurales. Cela est confirmé par les résultats de l’évaluation locale qui ont aussi montré qu’il s’agit
essentiellement de la Régénération naturelle assistée (RNA), de l’agroforesterie, de la réalisation de haies vives, de l’amendement
organique, de la jachère, de l’assolement, du compostage, du reboisement et de la rotation culturale mil/arachide.

Parmi celles-ci, ce sont les mesures végétatives qui sont les plus importantes en proportion, selon les résultats de l’évaluation
nationale..

Globalement, l’efficacité de ces mesures de conservation reste faible à modérée dans la plus grande partie du pays. C’est qu’en
dépit des interventions nombreuses et répétées, l’on a du mal à inverser durablement la tendance à la dégradation du fait de la
faiblesse des ressources financières, de l’absence de continuité dans certaines interventions liées à des projets de courte durée, de
l’abandon progressif des bonnes pratiques traditionnelles, etc.

4. RECOMMANDATIONS D’ORDRE POLITIQUE
La dégradation des terres est une source de préoccupation pour l’Etat et les producteurs sénégalais qui essaient d’y faire face
depuis plusieurs décennies. L’importance des ressources en terres, pour la frange la plus importante de la population et pour l’un
des secteurs clés de l’économie, fait que l’amélioration du capital naturel est devenue une priorité qui transparaît dans les
principaux documents de planification du développement économique et social.

C’est tout l’intérêt des outils développés par le projet LADA. En effet, l’analyse des résultats obtenus a permis de mesurer, à
travers l’examen des causes directes et indirectes, toute l’importance du contexte institutionnel et des choix politiques dans le
succès ou l’échec des interventions en matière de gestion durable des terres. Pour corriger les faiblesses décelées, il faudrait
procéder à :

- la mise en cohérence de l’architecture institutionnelle actuelle, notamment en mettant un terme à la duplication de
services ayant des missions quasi-similaires, comme c’est le cas entre les services traditionnels et les agences. Cela
permettra de mieux valoriser les ressources disponibles et d’inscrire les interventions dans la durée ;
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- la définition d’un cadre de synergie des partenariats : il s’agit de trouver les moyens de systématiser et d’harmoniser les
approches des services techniques ;

- l’intensification de la recherche et du développement technique et technologique relatifs à la gestion des terres, avec
comme point de départ la valorisation, dans les différents programmes, des outils et approches développés par le projet
LADA ;

- une meilleure valorisation des connaissances locales et des pratiques traditionnelles (exemple des forêts sacrées) ;

- l’amélioration de la diffusion de l'information par le biais de systèmes d'information en réseau, accessibles aux
producteurs ;

- la mise en place d’un cadre rationnalisé pour les investissements destinés à soutenir la productivité des sols, tenant
compte de l’accessibilité pour les exploitants à faible revenu ;

- le parachèvement de la réforme foncière, afin de sécuriser la tenure foncière et d’inciter les utilisateurs à s’investir
davantage dans les mesures de conservation ;

Toutes les stratégies devraient intégrer la dimension lutte contre la pauvreté car, quelles que soient les prédispositions en matière
de GDT, c’est parfois la nécessité de satisfaire les besoins élémentaires qui poussent les utilisateurs des ressources en terres à
adopter de mauvaises pratiques. Une réponse efficace à la dégradation des terres, dans un tel contexte, exige l'amélioration des
conditions d’appui et d’encadrement des producteurs afin de leur permettre de sécuriser leurs productions, notamment grâce à un
meilleur accès aux connaissances et aux facteurs de production.

5. CONCLUSION

Le manque d’outils permettant une évaluation intégrée et répétée de l’état des terres, avec un coût raisonnable, a été pendant
longtemps une contrainte difficile à surmonter. C’est tout l’intérêt des outils développés par le projet LADA.

L’étude a ressorti la nécessité de développer une approche intégrée et holistique, comme celle proposée par le LADA. D’un coût
avantageux, l’approche LADA permet de caractériser la dégradation des terres et ses causes directes et indirectes, mais aussi
d’identifier les conséquences sur les écosystèmes et sur les conditions de vie des populations. Le cadre d’analyse utilisé permet
également de passer en revue les facteurs clés que sont le contexte institutionnel et les choix politiques, ainsi que leurs impacts
sur le succès ou l’échec des interventions.
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ABSTRACT: For more than 20 years, German Development Cooperation (GIZ/KfW) has been fighting desertification in the 

South of Niger. More than 400,000 ha of private and communal lands have been treated with a range of different soil and water 

conservation and restoration (SWC/R) techniques and adjacent communities trained to put them to use. The programme has been 

implemented with intensive participation of the population, who contributed a major part of the work. Today the programme has 

become one of the largest SWC/R-programmes of German Development Cooperation worldwide.  

Long-term measurements of yields and biomass in farmers’ fields showed sustainable grain yield increases of around 200 kg/ha 

and straw yield increases of around 500 kg/ha. Herbaceous biomass production measured on formerly completely degraded 

laterite plateaus increased by 600 to 700 kg/ha after treatment. Calculations of costs and benefits indicate positive annual returns 

for most techniques. However, treatment of fields has been economically more viable than treatment of unfertile communal 

plateaus due to lower investment costs, higher productivity of fields and reduced management complexity. Under economic 

aspects, applying soil and water conservation/restoration measures at the landscape scale should, therefore, preferably focus on 

fields while large-scale treatment of communal plateaus should be undertaken if important side-benefits are likely to be achieved, 

such as protecting underlying fields, irrigation areas or settlements or specific production of high value crops (i.e. Arabic gum). 

Within fields, SWC/R techniques need to be combined with agronomic measures e.g. use of manure in order to produce optimum 

economic returns. In semi-arid areas, climate-change induced reduction of rainfall may change the function of sylvo-pastoral 

land-use to water harvesting areas for water provision to underlying fields. 

Keywords: soil and water conservation, yield increase, cost-benefit, watershed management, food security. 

1. INTRODUCTION 

The combination of natural and man-made influence has led to severe land degradation in the Sahel since the 1960ies. Climate 

change has caused higher temperatures and declining, less reliable rainfall patterns with severe droughts during the 70ies and 

80ies. A population growth rate of 2 to 3% exacerbates pressure on farm land, pastures and forests. The natural vegetation cover 

has gradually been reduced through deforestation, overgrazing and reduced fallowing, leaving soils unprotected to water and 

wind erosion. High runoff and soil loss rates in combination with insufficient organic matter inputs reduce soil fertility and 

favour the formation of gullies. In addition, ground water levels have dropped accelerating the decline of woody vegetation and 

the drying up of wells. Sealed soils prevent vegetation growth and completely drop out of production, which in turn increases 

pressure on the remaining agricultural land.  

Since 1986, German Development Cooperation (GIZ, KfW) has been supporting the populations of four departments north of the 

capital of Niamey, Niger, in its fight against desertification. Private fields as well as communal grazing and forest areas have 

been treated with a range of different soil and water conservation and restoration (SWC/R) techniques. Management regulations 

for restored communal lands have been developed with a view to defining more sustainable use patterns for pastures and trees. In 

terms of geographic coverage, the programme is one of the largest SWC/R programmes of German Development Cooperation 

worldwide. It has been implemented with the intensive participation of the population, who voluntarily provides all manual 
labour as own contribution. The programme contributes significantly to food security. 

2. APPROACH AND TECHNIQUES 

The programme has developed a rolling approach to work with villages. The first year serves for organizing the villagers, for 

planning and training. Intensive implementation takes place from the second through to the fifth year. In years five and six, 
management responsibility is progressively transferred to the villages and proramme support ends after year six.  

In order to receive support for the improved management of their private and communal lands, villages have to submit a request 

to the programme.. Based on participatory diagnostics of a village, the programme approves or declines its support. The 

population commits to providing free manual labour, local materials and to ensuring the maintenance of all investments. The 
programme provides training, basic tools, transport and tractor-ploughing of plateaus.  

In the first year, the villagers establish their development committee with several sub-committees i.e. for treatment of fields, 

reforestation and management of communal areas. In a participatory land-use planning process, the different landscape units of 

the village territory are identified and suitable conservation measures defined according to three units i.e. fields (mainly situated 
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Figure 1: Typical toposequence and applied SWC measures 

on the foot hills), slopes and plateaus (figure 1). The annual activities are decided on by each village in a bottom-up planning 

process. First pilot activities with SWC/R measures are carried out and used for training of villagers. Extension agents of the 

programme are based in the villages to train and support the population (1 agent per 4-5 villages). By 2010, the programme had 
worked in 24 out of 29 municipalities in the four departments, covering 343 villages. 

SWC/R measures are applied according to the different land units and soils of topo-sequences within a village area. The fields are 

typically situated on the lower slopes and hill foots. They are treated mostly with simple stonebunds consisting of three stones. 

On very sandy soils, grass strips are used. Permeable rock dykes are used to treat gullies in the fields. Furthermore, farmers are 
advised to use straw mulch and compost in the fields and planting pits to restore soils. 

Slopes and plateaus are used for extensive grazing. The grass and woody vegetation of the plateaus is used for grazing, fire wood 

and collection of fruits and medicinal products. Slopes are treated in parts with hillside trenches, permeable rock dykes and 

stonebunds. Tractors with Nardi-Vallerani ploughs treat the shallow, poor and stony soils (laterite crusts) of the plateaus 

establishing trenches of 4 to 6 m long and 0,5 m wide. Between strips of nardi trenches, the soil is ripped to a depth of 10 cm. 

Nardi trenches are planted with trees (planting or direct seeding). Grass is seeded on the ripped strips between the nardi trenches. 

Areas on plateaus that are not accessible by tractors are treated with manually constructed half-moons. In total, more than 
400,000 ha have been treated with different techniques by 2010. 

In order to monitor costs and benefits of different techniques, yields of millet grain and straw have been continuously monitored 

since 1996 on around 50 fields with treatments and compared to adjacent untreated fields in order to avoid reductions in meas-

urement validity due to differences in rainfall. In each field, measurements were taken on three plots of 10 x 10 m (above, below 

and in the middle of stonebunds). On plateaus, 200 m transects were established. Herbaceous and woody vegetation were meas-
ured on 30 to 40 transects. Costs and benefits were analysed based on yield and biomass measurements between 1998 and 2003.  

3. Results 

Grain yields in farmers’ fields were more than doubled by using stonebunds, which are mostly combined with the application of 

compost and/or mulching. Surplus grain yield was around 200 kg/ha (table 1). Increases in straw yield amounted to about 525 

kg/ha or a factor of 1.6. After 15 years of measurements, no decline in surplus yield had occurred showing the long-term 
sustainability of the effects.  

Plateaus constitute a difficult environment for vegetation growth due to their shallow, stony soils. Yields of herbaceous biomass 

were limited to between 600 and 700 kg/ha for most years (table 2). Production of wood, as measured in a number of sites, 

generally amounted to around 1 stere per year. It is interesting to note that the additional straw production in the fields (525 

kg/ha) represents around 80% of the additional herbaceous biomass production of the plateaus (645-680 kg/ha). 
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Table 1: Mean grain yield of millet on fields with and without stonebunds 

Indicator 

Mean grain 

for period 

1996 to 

2003 

Mean grain 

for period 

2006 to 

2010 

Mean straw 

for period 

2009 and 

2010 

(1) Grain yield of untreated control plot (kg/ha) 203 157  

(2) Grain yield of treated field (kg/ha) 412 369  

(3) Straw yield of untreated control plot (kg/ha)   942 

(4) Straw yield of treated field (kg/ha)   1.467 

(5) Surplus production (kg/ha) 209 212 525 

(6) Multiplication factor [(1) / (2) and (4) / (3)] x2.0 x2.4 x1.6 
(Source: Poeyry/Particip 2010 ; Poeyry 2011 ; Particip 2005) 

Table 2: Herbaceous biomass yield (kg/ha) on untreated and treated plateaus 

Indicator 

Mean for 

period 1998 

to 2003 

2009 

Untreated sites (kg/ha) 57 - 

Treated sites (kg/ha) 645 680*1 
*1 average of seven sites in Ouallam 

(Source: Poeyry 2011 ; Particip 2005) 

The results of the treatments on different plateaus depended strongly on the quality of management by the local village develop-

ment committee i.e. the level of application of initial grazing bans, the limitation of grazing intensity and consistent tree man-

agement. Results of two independent qualitative assessments indicate that about 20% of the sites were well maintained, around 

50% were of medium quality and 30% were weakly managed (table 3).  

Table 3: Qualitative assessment of plateau sites 

Study by: Number of as-

sessed sites 

Assessment of site quality 

Good Medium Degraded 

Koné (2011) 19 21% 47% 32% 

Kusserow (2010) 18 16% 56% 28% 
(Source : Poeyry, 2011) 

4. COST AND ECONOMIC VIABILITY 

The initial investment costs for the treatment of plateaus have generally been higher than those for treatments carried out in the 

fields (table 4) due to the significant deployment of manual labour (construction of trenches, half-moons) and heavy machinery 

(tractor, plough). Mechanical treatment (nardi trenches) has been more cost-effective than manual treatment and allows for 
restoration of large areas (~ 1ha/h for nardi plus ripping), which could not be achieved with manual labour alone.  

In fields, the establishment of half-moons is expensive due to the high labour requirements. In comparison to other techniques, 

stonebunds are low cost even if trucks are used for transport. Their costs can still be significantly reduced if donkey carts are 

used. Donkey carts are a viable option if stones are found within a 1 km radius. Their introduction offers additional advantages 

for transporting manure, harvest produce and water. Planting holes are slightly more expensive than stonebunds. Their advantage 

is that they can be used without any external input and if no stones are available in close proximity. Their high labour re-

quirements also limit the area that can be treated.  

Most of the treatment costs are taken over by the local population who provides manual labour and local materials (seeds, 

manure) free of cost.  

Table 4: Initial investment costs and contribution from the population (based on analysis of data 1999-2004) 

Treatment of fields Unit investment cost 

(FCFA/ha) 

Contribution of 

population (%) 

Stonebunds (truck) 20.072 38 % 

Stonebunds (donkey cart) 10.800 70 % 

Half-moons*1 58.600 99 % 

Planting holes*2 29.800 99 % 

Treatment of plateaus   

Half-moons + tree plantation*3 147.577 91 % 

Manual trenches*4 110.777 88 % 

Nardi trenches + ripping + grass 

and trees*5 

78.952 54 % 

*1 
300 units/ha plus initial application of 5t/ha of manure, 

*2 
10.000 holes/ha, 

*3 
625 units/ha, 

*4 
625 units/ha, 

*5 
400 units/ha and 800 trees 
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The annual investment and recurrent costs and benefits are presented in table 5. Total annual costs include the annual deprecia-

tion (initial investment divided by the lifetime of the infrastructure) and the annual recurrent costs (labour and input costs for 

agricultural production, maintenance, replanting of trees etc.). The total production value was calculated from grain and straw 

production of millet (fields) and herbaceous and wood production on plateaus.  

Table 5: Annual benefit of different treatments (data 1999-2004) 

Treatments of fields Life 

time (yr) 

Total annual 

cost1  

(FCFA/ha) 

Surplus grain 

(kg/ha/yr) 

Surplus straw 

(kg/ha/yr) 

Value surplus 

grain + straw2 

(FCFA) 

Annual 

benefit 

(FCFA) 

(1) (2) (3) (4) (5) (6) = (4)*100 + (5) * 
20 

(7) = (6) – (3) 

Stonebunds (truck) 15 10.846 86 396 16.512 5.666 

Stonebunds (donkey cart) 15 5.240 86 396 16.512 11.272 

Stonebunds (truck) + manure  15 13.406 225 1.035 43.200 29.794 

Agricultural half-moons + manure 5 27.520 136 626 26.112 -1.408 

Planting holes + manure 2 16.500 236 1.086 45.312 28.812 

Treatments of plateaus   Biomass 

(kg/ha) 

Wood 

(steres/ha) 

  

Forestry half-moons + tree plantation 15 17.954 539 1,00 15.780 -2.174 

Manual trenches 15 15.501 556 1,30 17.620 2.119 

Nardi trenches + ripping + grass 

seeding 

15 15.094 588 1,00 16.760 1.666 

(Source: Particip, 2005) 
1 Annual cost includes depreciation of the investment (investment costs divided by life time) plus annualy recurrent costs for labour, 

maintenance, agricultural operations and inputs (1 labour day = 800 FCFA, tractor plus plough 19.300 FCFA/h, truck – 472 FCFA/km). 1 

€ ~ 650 FCFA, 1 US$ ~ 500 FCFA 
2 Price of millet: 100 FCFA/kg, straw and biomass: 20 FCFA/kg, wood: 5.000 FCFA/stere 

The results show that only small annual returns are derived from the treatment of plateaus when compared to the returns derived 

from the treatment of fields. This is due to the high initial investment and annual recurrent costs in relation to the comparatively 

low productivity of plateaus. Half-moons with planted trees (forestry half-moons) or used for millet production (agricultural half-
moons) are not economically viable.  

Treatment of fields generally results in positive returns except for half-moons. In order to generate high returns, infrastructure 

and agronomic measures have to be combined (i.e. stonebunds + manure). Planting holes combined with manure application, for 

instance, ensure high returns and can be established by the population without significant external investment. Labour input re-

quirements, however, are rather high in relation to the comparatively short lifetime of the measure (2 years), limiting their 
applicability to smaller areas only.  

5. CONCLUSIONS 

Treatment of fields with simple stonebunds and planting holes in combination with some fertilization are low cost, economically 

viable options suited to approximately doubling grain and straw yields thereby improving food security for the population and 

fodder availability for its livestock. With an investment between 10.000 and 30.000 FCFA (~ 20 to 60 $US) per hectare, around 

200 kg additional grain can be produced, which approximately equals the annual grain requirements of one person. 

Large-scale treatment of sterile plateaus offers lower economic returns in terms of fodder and wood production. The management 

of such treated communal areas has proven to be more complex and only partially successful. The major part of the herbaceous 

biomass produced on plateaus can also be produced in the fields as straw. In the same vein, wood production can be substituted 

by agroforestry techniques in the fields. Under economic aspects, investments in soil- and water conservation should therefore 
rather focus on the treatment of fields.  

Treatment of communal plateaus should address specific objectives beyond general watershed treatment, biomass and wood 

production. Only additional benefits from protecting underlying fields or irrigation schemes from gullying and sedimentation, 

plantation of woody species with additional value beyond fire wood (e.g. Acacia senegal for arabic gum, trees for medicinal use, 

fruit species, timber) and/or special biodiversity objectives may justify the investment. In areas with decreasing rainfall, plateaus 

may gain importance as water harvesting areas for low-lying fields, which would require techniques to collect and channel the 
water from the plateaus to the fields.  
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ABSTRACT 
 This study is an attempt to solutions to the questions raised by a comparison of the economic value of protected 
land with those from other forms of land use (agriculture, breeding). The main objective is to analyze, from total economic 
effectiveness point of view (i.e., by integrating the ecological costs and advantages), the rationality of the option to preserve 
the dry forest ecosystem of Northern Cameroon and Senegal to the detriment of the other possible alternatives of land uses. 
The safe minimum standard approach with a dynamic scenario in a time frame of 25 years was conducted in similar agro 
ecological regions of Cameroon and Senegal. Although without all the nonmarket benefits included, land conservation is the 
second best management option after agriculture. The study also estimated social cost or trade-offs value associated with the 
adoption and or change in the long run (25 years) management options of these fragile ecosystems. There is a challenging 
issue related to the distribution of the supporting cost regarding different scales and different involved stakeholders. The 
convergence of the results obtained in the two countries is confirming the robustness and the usefulness of scenario 
assessment as a tool for guiding policy making in the sustainable management of fragile ecosystem under high social demand 
and great pressures. 

 
Key words: ecosystem services; opportunity cost; biodiversity. 

I. INTRODUCTION  

Improved land-use planning at the national level should be undertaken as an important step in the Biodiversity conservation 
process. People need to use natural resources, so ways must be found to use those resources in the least destructive manner. 
Biodiversity conservation planners need to consider the interactions between population needs and natural resources 
conservation.  

Since the world debate on environmental problems in June 1992 in Rio de Janeiro (Krystyna, 2002), the ecological and 
economic consequences of the destruction of tropical biodiversity were better elaborated.  Consequently, concerns caused by 
them challenge the international conscience on the validity of the introduction of a rational exploitation of environmental 
resources.  Within this framework, Cameroon and Senegal amongst others countries, did not hesitate to adhere to the 
convention of London over the conservation of fauna and flora held in 1993.   

GRADWOHL and GREENBERG (2) notice that since the advent of agriculture, forest land had not ceased being converted 
into pastures and cultivable land.  The plant and animal species associated to these forests would have started to disappear 
because of the reduction of forest cover and, in certain cases, because the rest of the forests no longer offer any habitat 
equivalent to the precedent.  Other spaces, having lost their original vegetations, would have succumbed to erosions and 
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turning into a desert (case of the Sahel).  Even in places where the regeneration of vegetation would have taken place, 
possibly followed by a sustainable exploitation system, it would have produced major ecological changes.  

The North Province of Cameroon represents a key zone in terms of conservation of the large wild life, for it 
harbours, on one hand sufficiently significant populations of large mammals and on the other hand, it contains an exceptional 
network of three national parks and twenty-seven hunting zones.  However, many threats weigh on its protected surfaces and 
mortgage their future.  In the light of the threats that weigh on the sustainability of the protected surfaces, one can cite rural 
colonization practiced in the soudanian Savannah zone by populations of poor and dry areas in the extreme North Cameroon 
in search of cultivable ground (MINEF, 1998; MINEF, 1994).  The other threat but not the least is the permanent research of 
pastures by many stockbreeders who inhabit the area and results in many incursions into the leased zones of hunting.   

In the Djoudj national park in Senegal, land is used mainly for wildlife-based tourism and forest land is used mainly for 
gathering non-timber forest products. In contrast, land not set aside for the park is used for settlement, agriculture and 
livestock. Therefore there is a challenge to use the net returns from agricultural and livestock production to estimate the 
“trade-offs values related to each couple of the park management option.  

In the both studies areas of the two countries, the use of land brings into play several groups of agents with conflictual 
objectives (administrative of the leased zones, autochthons, aliens, ecologists).  This constitutes a significant constraint for 
the villagers inhabiting the peripheral zone. This constraint is particularly awkward for the autochthons who formerly 
exploited their rights of traditionally used land currently forming part of the protected surfaces.   

If it is generally accepted that the conservation of the protected area is a desirable objective, it remains seldom 
practiced in the world, because it does not compete financially with other modes of management (5).  

Understanding the economics of ecosystems and biodiversity can inform decisions about what and how much to conserve in 
a world of conflicting choices and competing demands for resources (Pushpam et al., 2011). And this concern is well 
applicable to the both protected areas of northern Cameroon and Senegal. 

 What is then the economic profitability of land in the soudanian savanah area of northern Cameroon and the dry 
forest areas of Djoudj in Senegal?  What are the global advantages of conservation?  What are the social costs associated to 
each policy?  Among the various management options practiced in these protected areas, which is the best alternative of 
exploitation in terms of cost-advantage analysis?  Does the choice operated by governments result in economic effectiveness 
or not?  These are the concerns of this study. 

2  METHODOLOGICAL FRAMEWORK 

2.1 The method of Minimal Standard Safety (MSS)  

The method of the Minimal Standards Safety is appropriate in the analysis of natural resources conservation 
problems, and particularly, also, in cases of renewable natural resources.   

This appears in certain national legislations regarding environmental issues in the European Union as well (Darling 
et al., 1993). According to the report of OECD (PNGE, 1996) on project evaluation and policies, the NMS technique is based 
on principles that are a priori favorable in respect of the environment. Its model draws its base from the principle of minimax, 
which proclaims that it is the society’s responsibility to adopt strategic behaviors, which consist of achieving prudent 
management, by minimizing the degree of errors. Moreover, the use of MMS criterion requires the calculation of a safety 
margin to prevent from the irreversible damages of resources.   

The implementation of MMS technique is made up of three stages.  Initially, it is necessary to estimate the net 
advantages of conservation, referred to as Bc, and the net advantages of operation, labeled Be.  The second stage of the 
process consists of considering the social cost (CS) of the site’s conservation by the formula:  CS = Be - Bc.  The last stage 
relates to the decision-making process, depending on whether the social cost is negative or not.  Indeed, if the social cost of 
conservation is negative (CS < 0), it means that the economic operators of today and those of future generations would gain 
to preserve the site.  On the other hand, if the social cost of conservation is positive (CS > 0), it demonstrates that the 
economic operators of today endure costs, in other words, financial burdens, in preserving the site.  In this last case, it is 
necessary to see whether or not the social cost is acceptable by the economic agents of today, in order to prevent the 
irreversible damage of natural resources.  The ‘Willingness to pay’ (WTP), makes it possible to determine a safety margin 
(ms).  Thus, if CS < ms, one will say that the social cost is acceptable by the society, consequently implying the protection of 
resources.  On the other hand, if CS > ms, one will be able to conclude that the social cost is too much for the community; as 
a result, the resources will be downgraded through usage/operation.  

The theory of conservation, as defined in a dynamic context, offers an appropriate framework for decision makers to establish 
a link tying the resultant consequences to decisions taken today. If, for example, decision maker chooses to run the site, 
humanity will deal with two states of nature:  the advantages of conservation versus its disadvantages.  Thus, if conservation 
proved to be beneficial, society would lose the net advantage Bc of conservation.  On the other hand, if advantages of 
conservation are none existent, then, there would not be any loss.  In addition, if the decision maker chooses conservation, 
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society would also have to make a decision vis-a-vis the above-mentioned two states of nature. Is conservation beneficial or 
not?  If the society identifies with the first state, and advantages of operation estimated at Be exist, then the corresponding 
loss is:  Be - Bc. On the other hand, if the society decides to hypothetically follow the state of nature wherein conservation is 
not beneficial, this regrettable choice is represented by Be.  Ultimately, maximum losses associated with each option are:  the 
net advantages of conservation Bc, corresponding to the decision maker’s choice to operate, and the net advantages of 
operating, Be, indicating the decision to preserve the sites.  The matrix below traces the pitfalls accompanying each decision.  

 

Table I:  Matrix of drawbacks related to the decision to operate or preserve. 

OPTIONS Conservation is profitable Conservation is not 

profitable 

Maximum looses 

OPERATE (E) Bc 0 Bc 

CONSERVE (C) Be - Bc Be Be 

   

Table 2: Management scenario related to possible environmental policy  

  Recreational activities 

  Very favorable  Favorable  un favorable  

 Very Optimistic  State I  State  II  State III  

Preservation policy Optimistic  State IV  State V  State VI  

 Pessimistic  State VII  State VIII  State IX  

 

Thus, state I correspond to the sum of the net advantages of the two components:  recreational activities and 
protection according to respective and very favorable scenarios (U = 10%) and very optimist (G = 10%).  On the other hand 
the state of nature IX, corresponds to the sum of the advantages resulting from the recreation and protection according to the 
respective scenarios:  unfavorable (U = 0%) and pessimist (G = 0%).  The interpretation of the other States is done in a 
similar way.  One will apply actualization to these variables while varying the up-dating rate inside the interval [ 3,4 ] 
(OCDE, 1995).   

3. Evaluation of social cost associated with each alternative land use 

The social cost associated with each alternative land use is obtained by finding the difference between the net present values 
(NPV) of each choice for each pair. As a result, the social cost represents the opportunity cost of each choice.  The social cost 
is nil when the most profitable alternative is selected, because it is equal to the difference of (NPV) in the contrary case.   
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Table 3: Matrix of social costs or “Trade-offs values” (in CFA F / year / ha) obtained in the two separated regions of northern 
Senegal and north Cameroon 

Couples  of alternatives management options Couples of associated social cost  or 

“trade-offs” values (FCFA / Year / ha ) 

Cameroon Senegal 

Conservation / Agricultural management (563 853    ;          0) (260 283 ;       0) 

Conservation / traditional livestock  (0            ;   524 433) (0     ;     15 230) 

traditional livestock rearing / Agricultural operation (0        ;    1 088 286) (0    ;      275 513) 

 

 4. ANALYSIS AND DISCUSSION 

Our analysis was done from profits matrices and regrets matrices, as it is the case in OECD (PNGE).  The profits matrix 
describes the consequences associated with the various choices in each possible State of nature.  A regret matrix, as for it, 
exposes the opportunity costs (regrets) of each choice.   

The social cost associated with each alternative is obtained as the difference between the net present values (NPV) of each 
couple of choice. Thus, the social cost is the opportunity cost associated with each choice. The social cost is zero if the most 
cost-effective alternative has been chosen; it is equal to the difference of the NPV otherwise. Table 4 reading teaches us that 
the decision to choose the conservation (state I) alternative to that of the Agriculture lead a social cost of 243 575 FCFA or 
500 USD per hectare and per year. And as a result the choice of farming implies a social cost zero. On the other hand, the 
choice of conservation (state I) instead of traditional livestock allows realizing a gain of 15 230 FCFA or more precisely to 
avoid a social cost of the same amount. The highest social cost (275513 FCFA) is found when the choice is traditional 
livestock instead of farming. 
 

5. POLICY ORIETNTED IMPLICATION 

• An economic evaluation of non-woody floristic resource such as straw, medicinal herbs and harvesting product is 
highly recommended for better policy making. 

•  The design of relevant environmental and poverty related policy should be highlighted by the results of economic 
assessment which could potentially highlight the contribution of dry forest ecosystems and their services in a well 
being of rural neighboring communities of protected areas. 

•  A permanent and broad sensitizing program on the concepts of optional, existential and patrimonial values of 
environmental resources, at the local and national level is also advised. It is necessary to promote the practice of 
certain activities such as bee keeping and the cultivation of butter zones in the protected areas and others, in order 
to better integrate rural populations into conservation endeavors.  

 

6. CONCLUSION 

The conservation of protected lands seems to be the second form of land valorization after agriculture and before 
traditional extensive breeding.  With a net present value close moving from 275, 000 FCFA to 550, 000 F CFA per year, and 
per hectare, land conservation seems to be one of the best alternatives of land use in dry forest areas (North Cameroon and 
Northern Senegal).  However, it ought to be duly noted that the economic value of conservation resulting from recreational 
activities is still very low, at less than 20, 000 F CFA/ha for 15 years in Cameroon, which represents less than 10 % of their 
total economic value.  This result suggests the tremendous existing potential to ameliorate the direct profitability of land 
conservation. 

  

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


 

7. Selected Bibliography 

1.  KRYSTYNA SWIDERSKA (2002): Implementing the Rio Conventions: Implications for the South; World Summit 
on Sustainable Development, International Institute for Environment and Development (IIED)  

3. (MINEF, 1998) MINEF (1996), réglementations portant sur les droits et taxes des permis sportifs de chasse.  
4. KECK, A., N. SHARMA, et G. FEDER (1994): "Population Growth, Shifting Cultivation and  Unsustainable Agricultural 
Development. A case study in Madagascar", Technical Paper n 234, World Bank, Washington, D.C. 

11.  DARLING, A.H., C. GOMEZ et M.E. NIKLITSCHEK (1993): "The Question of a Public Sewerage System in the Caribbean: 
A Case Study", in MUNASINGHE, M., ed., Environmental Economics and Natural Resource Management in 
Developing Countries, CIDIE (World Bank): Washington, D.C., pp.103-117. 

12. (PNGE, 1996) PNGE (1996), Programme national de gestion de l, environnement: rapport sectoriel, Ministère 
camerounais de l’environnement et des forets, 216p 

13. KENNEDY, J.O.S. (1986): Dynamic Programming. Applications to Agriculture and Natural Resources, Elsevier applied 
science publishers: London 
14. OCDE (1995): Évaluation Économique des Politiques et Projets Environnementaux. Un Guide Pratique, OCDE: Paris. 

19. PEARCE, D.W. et J.J. WARFORD (1993): World Without End. Economics, Environment, and  sustainable Development, 
Oxford University Press: Oxford. 

20. TISDELL, C.A. (1991): Economics of Environmental Conservation: Economics for Environmental and Ecological 
Management, Elsevier: Amsterdam-Oxford-New York-Tokyo. 

 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


IN MEASURING TRADE-OFFS VALUES OF THE POLICY 
MANAGEMENT OPTION: CASE STUDY OF DRY FOREST LAND OF 
THE NATIONAL PARK OF DJOUDJ IN SENEGAL 

By 

 
                        Njankoua Wandji D13, Pushpam Kumar1, Abdou Dione2, Makiko Yashiro1 & Mbothe Beth1.       

 

 
1 Ecosystems Services Economic Unit, Division of Environmental Policy Implementation, UNEP. Email: 

njankoua.wandji@cunep.org : wndieunedort@yahoo.fr 
2   Direction of national parks and protected areas, Senegal. E-mail: laydione@yahoo.fr 

3  MDG-F funded Project for the improvement and valuation of forest ecosystem services in Senegal, P. O. Box 
1831 Dakar, DEFCS, Ministry of Environment and for sustainable Development, Senegal.  

Extended abstract prepared for an oral presentation at the 2nd scientific conference on “Economic assessment of 
desertification, sustainable land management and resilience of arid, semi-arid and dry sub-humid areas”. To be 
held from 4-7 February 2013 in Fortaleza, Brazil. 
 

 
ABSTRACT 
 This study made an attempt to account for the contribution of forest ecosystem services to the economic wellbeing 
of neighboring households of the national park of Djoudj in northern Senegal. The study also focused on the comparison of 
the economic value of the conservation of the protected area with other alternatives of land used (Agriculture and extensive 
livestock). A sample of 67 household heads was obtained by a two level stratified method. Additional 80 heads of households 
and tourists was retained in the town of Saint Louis for the estimation of the willingness to pay for the preservation of the 
park.  The study established values for a number of major products and services from the protected area. Rural communities 
were found to derive a total value of 131287 CFA (averagely 275 US dollars) per household every year in the form of 
different services related to the presence of the park through ecotourism, fishing, firewood, and jobs indirectly created by the 
Park. Using a safe minimal standard approach within a timeframe of 25 years, this study also estimates the opportunity costs 
of biodiversity conservation in the Djoudj national park area from the potential net returns of agricultural and livestock 
production. The opportunity cost of maintaining Djoudj national park is substantial, amounting to 6256 CFA or 13 
USD/ha/year and ranking in second position after agriculture (225 178 CFA or 460 USD /ha/year and before livestock which 
provides 2182 CFA or 5USD/ha/year and which is about a third value of that of conservation management option. 

Key words: ecosystem services; opportunity cost; biodiversity. 

I. INTRODUCTION  

The conservation and sustainable use of biological diversity and the eradication of extreme poverty are two of the main 
global challenges of our time (Augustin Berghöfer et al. 2008, Braetz, S., 1992). It has been recognized by the international 
community that these two challenges are intimately connected, and require a coordinated response. The protection of 
biodiversity is essential in the fight to reduce poverty and achieve sustainable development. 70% of the world’s poor live in 
rural areas and depend directly on biodiversity for their survival and well-being. (Dasgupta, P. , 2003,). The importance of 
the ecosystem of the national park of Djoudj as a critical source of dry season feeding for the migratory birds’ population has 
long been noted by several research work. It provides a range of wetland habitats which prove very popular with migrating 
birds, many of which have just crossed the Sahara. A wide range of wildlife also inhabits the park, which is designated a 
World Heritage site.  
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However, many threats weigh on this protected surface and mortgage its future.  In the light of the threats that weigh on the 
sustainability of the protected surface, one can cite the permanent research of pastures by many stockbreeders who inhabit the 
area and results in many incursions into the park.   

Protected areas (PAs) are a flexible management tool aimed primarily at achieving nature conservation; they also provide a 
range of associated economic, social, cultural and spiritual benefits. Most countries have PAs with associated policies, 
legislation and staff and their benefits are widely appreciated. Many local authorities have PAs managed by other agencies 
within their jurisdiction but retain some responsibility for these places; in addition, local governments are increasingly setting 
up PAs themselves, to meet regional conservation objectives and to provide ecosystem services; some also see them as 
sources of revenue (Dixon, J.A., and P.B. Sherman. 1990) PAs also create challenges for local policy makers. While there is 
widespread agreement that it is important to protect these areas, tensions arise over policies that restrict access to natural 
resources for local communities. The social and economic cost of maintaining PAs has caused local conflicts around the 
world (Dowie 2009). 
Augustin Berghöfer pointed out that “Although most PAs are not managed by local authorities in a legal sense, they are de 
facto important areas for local policy makers because they can have significant positive and negative effects on local 
communities”. In many situations, the way in which a PA is implemented determines whether it is a problem or an asset for 
local development. Implementation comprises issues such as coordination with the surrounding lands, the rules in use and the 
organization of management. A focus on ecosystem services and an interest in how PAs are implemented and managed helps 
policy makers to assess whether local benefits can be enhanced – or the costs to local communities can be lowered (McNeely, 
J.A., ed. 1993, ). 

In the Djoudj national park, land is used mainly for wildlife-based tourism and forest land is used mainly for gathering non-
timber forest products. In contrast, land not set aside for the park is used for settlement, agriculture and livestock. Therefore 
there is a challenge to use the net returns from agricultural and livestock production to estimate the “trade-offs values related 
to each couple of the park management option. Understanding the economics of ecosystems and biodiversity can inform 
decisions about what and how much to conserve in a world of conflicting choices and competing demands for resources 
(Pushpam et al., 2011).  

In developing countries generally, study of the relationship between rural households and environmental change is beset by 
inadequate physical and economic data (Dasgupta 1993, Duraiappah 1998). This problem is particularly acute in rural Africa 
(William Cavendish 1999) 
Quantitative studies of Sahelian desertification (Pearce 1992), of West African forest mosaics (Fairhead and Leach 1996), 
and of tree resources in Kenya (English et al 1994, Holmgren et al 1994, Patel et al 1995) have shown the assumption of 
systematic environmental degradation is wrong. 
Do natural resources make a significant contribution to the real income earned by the poor in the short, medium or long term? 
Are the risks faced by the poor affected by a decline in the quality or quantity natural resources? How do we monitor the 
impacts of natural resource degradation on poor people’s income and variability in income? From a policy perspective, it is 
important to understand how environmental quality and natural resources affect the well being of the poor. It is also 
important to know if resource degradation is a significant factor among the variety of constraints faced by the poor. (Priya 
Shyamsundar, 2002) 
 

What is then the opportunity cost of the park management option of the forest ecosystem area of Djoudj in Senegal?  What 
are the global advantages of conservation?  What are the social costs associated to each policy option?  Among the various 
management options available, which is the best alternative of exploitation in terms of cost-advantage analysis?  Does the 
choice operated by the government result in economic effectiveness or not?  These are the concerns of this study.  

 

2. METHODOLOGICAL CONSIDERATIONS 

In recent years many studies have examined how people value biodiversity (Numes and van den Bergh, 2001, 
Christie et al, 2004, 2007; in Kumar, TEEB 2010). In a search of the Environmental valuation Research Inventory (EVRI) 
database of valuation studies, Christie et al 2008, in Pushpam 2010) have found that out of the 195 studies conducted in 
developing countries, only 18 per cent were in Africa and no studies were found of valuation in the poorest ‘transition 
economies’ (Pushpam, TEEB 2010). 

In contrast to the extensive research into the values, costs and benefits of biodiversity conservation, their opportunity costs 
have received much less attention although they are acknowledged to be important (Dixon and Sherman, 1990; Pearce et al., 
1993; Panayotou, 1994). Yet the economic case for conservation could be compromised if these opportunity costs are not 
fully considered when calculating total economic values. (Norton-Griffiths et al. 1995) 
The general scarcity of studies pointing to the benefits and costs of biodiversity conservation, especially at regional and local 
levels, contributes to the non-allocation of sufficient resources for conservation and to the observed budget shortfalls. Only a 
very limited number of studies have assessed simultaneously the benefits and costs of protecting (The economics of 
ecosystem and biodiversity, 2008) 
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In the case of ecosystems of the Djoudj national park, the use of provisioning services brings into play several 
groups of agents’ conflictual objectives (administrative of the leased zones, autochtones, aliens, ecologists).  This constitutes 
a significant constraint for the villagers inhabiting the peripheral zone. This constraint is particularly awkward for the 
autochthones’ who formerly exploited their rights of traditionally used land currently forming part of the protected surfaces.   

Biodiversity conservation is a matter of development, and the essential characteristic of state lands set aside in parks, reserves 
and forests for biodiversity conservation is that the land remains undeveloped. This carries an opportunity cost, in that the 
values of other economic activities are forgone. In the Djoudj national park, land is used mainly for wildlife-based tourism 
and forest land is used mainly for forestry and for gathering non-timber forest products. In contrast, land not set aside for the 
park is used for settlement, agriculture and livestock. We therefore use the net returns from agricultural and livestock 
production to estimate the opportunity costs of choosing the park management option.  
Several research studies have already highlighted the economic arguments supporting biodiversity conservation in national 
parks, reserves and forests (Dixon and Sherman, 1990; McNeely et al., 1990; Panayotou, 1990; Pearce, 1990; Braetz, 1992; 
Brown and Wyckoff-Baird, 1992; McNeely, 1993; Pearce et al., 1993). 
In contrast to the extensive research into the values, costs and benefits of biodiversity conservation, their opportunity costs 
have received much less attention although they are acknowledged to be important (Dixon and Sherman, 1990; Pearce et al., 
1993; Panayotou, 1994, Norton-Griffiths et al, 1995). Yet the economic case for conservation could be compromised if these 
opportunity costs are not fully considered when calculating total economic values. This paper as others relevant studies 
(Norton-Griffiths et al, 1995) Norton-Griffiths et al, 1995) also examines opportunity costs at the level of national park of 
Djoudj and compares opportunity costs to the net benefits of conservation activities. 

 

2.1  METHODOLOGICAL FRAMEWORK 

Economic assessments of ecosystems should be set within the context of alternate scenarios – recognizing that both the 
values of ecosystem services and the costs of actions can be best measured as a function of changes between alternative 
options (Pushpam et al., 2010). Comparing the outputs under several scenarios will inform decision makers of the gains and 
losses of alternative possible futures and different associated policy packages. The importance of using scenarios in 
ecosystem service assessments is beginning to be realized as it is increasingly clear that early assessments presented a static 
picture in a rapidly changing world. The necessity of considering counter-factual evidence is now being demanded by 
conservation research (Ferraro and Pattanayak, 2006).  

In order to estimate the economic value of different management alternatives, we have used the approach of safe minimum 
standards (SMS). The method of safe minimum standards (SMS) is appropriate in the analysis of problems of conservation of 
natural resources and particularly of renewable resources prone to irreversible damage.  What the safe minimum standards 
approach does is to reverse the onus of proof, away from assuming that development is justified unless the costs to the 
environment are shown to be very high, to a presumption that conservation is the right option unless its opportunity costs are 
very high. But determining what is meant by “intolerable costs” is not easy. The level of “tolerance” might be determined by 
political process, by reference to some notional benchmark-perhaps a percentage of GNP, or by a more extreme indicator –
e.g. the forgone development causes severe hardship or poverty. 

Table 1: Management scenario related to possible environmental policy  

  Recreational activities 

  Very favorable  Favorable  un favorable  

 Very Optimistic  State I  State  II  State III  

Preservation policy Optimistic  State IV  State V  State VI  

 Pessimistic  State VII  State VIII  State IX  

 

Thus, state I correspond to the sum of the net advantages of the two components:  recreational activities and 
protection according to respective and very favorable scenarios (U = 10%) and very optimist (G = 10%).  On the other hand 
the state of nature IX, corresponds to the sum of the advantages resulting from the recreation and protection according to the 
respective scenarios:  unfavorable (U = 0%) and pessimist (G = 0%).  The interpretation of the other States is done in a 
similar way.  One will apply actualization to these variables while varying the up-dating rate inside the interval [ 3,4 ] 
(OCDE, 1995).   
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Table 1: Earnings from the services offered by the Park to the neighboring communities (in CFA F/Household/year) 

  Layer 1  Layer  2  Mean earning  

Direct use value  fishing  5 447 1 250 3 822 
Pastures  42 829 45 375 43 815 
Ecotourism  16 029 0 8 295 
Anticrach  26 163 7 750 19 035 
Firewood  9 290 2 625 6 710 

Indirect use value  Employment  28 529 0 14 764 

Sub Total of use value  128 287 57 000 96 441 

Non use value (WTP)   

 

Revenue from the conservation of forest ecosystem services is estimated at 128 287 F CFA (averagely USD 250) 
/household/year representing 5 % of the household annual revenue in the closest communities to the park. This value is 
almost less than 50% as far as the community is far from the park.  

Table 3: Matrix of social costs or “Trade-offs values” (in CFA F / year / ha) 

Couples  of alternatives management Policy Couples of associated social cost  or 
 “trade-offs” values (CFA) 

Conservation (state I) / Agriculture (243 575 ;      0) 

Conservation (state I) stockbreeding (0     ;     31 938) 

Conservation (state V) / Agriculture (260 283 ;       0) 

Conservation (state V) stockbreeding (0     ;     15 230) 
Conservation (state IX) / Agriculture (268 096 ;       0) 

Conservation (state IX)  / stockbreeding (0     ;       7417) 
stockbreeding/ Agriculture (275 513 ;       0) 

 

 3. ANALYSIS AND DISCUSSION 

Our analysis was done from profits matrices and regrets matrices, as it is the case in OECD (PNGE).  The profits matrix 
describes the consequences associated with the various choices in each possible State of nature.  A regret matrix, as for it, 
exposes the opportunity costs (regrets) of each choice.   

The social cost associated with each alternative is obtained as the difference between the net present values (NPV) of each 
couple of choice. Thus, the social cost is the opportunity cost associated with each choice. The social cost is zero if the most 
cost-effective alternative has been chosen; it is equal to the difference of the NPV otherwise. Table 4 reading teaches us that 
the decision to choose the conservation (state I) alternative to that of the Agriculture lead a social cost of 243 575 FCFA or 
500 USD per hectare and per year. And as a result the choice of farming implies a social cost zero. On the other hand, the 
choice of conservation (state I) instead of traditional livestock allows realizing a gain of 15 230 FCFA or more precisely to 
avoid a social cost of the same amount. The highest social cost (275513 FCFA) is found when the choice is traditional 
livestock instead of farming. 
 

4. POLICY ORIETNTED IMPLICATION 

• Protected areas often limit certain ecosystem services, such as crop production, in order to enhance wildlife habitat 
and a range of regulating services, such as erosion control. While this makes sense for the wider landscape, it may 
have negative implications at the local level. 

http://www.pdfcomplete.com/cms/hppl/tabid/108/Default.aspx?r=q8b3uige22


• Stakeholders often are not aware that environmental stewardship is in their economic interest. In fact, the return on 
investment in PAs is often high. On a global scale, it has been estimated that every dollar invested in PAs produces 
close to US$ 100 in ecosystem services (Balmford et al. 2002). Although such figures are necessarily highly 
approximate, they give an impression of the magnitude of the return for investing in, and successfully managing, 
these areas (TEEB in National Policy, Chapter 8). 

• Therefore, those who experience restrictions need alternative subsistence solutions –or sufficient monetary 
compensation. Local governments and NGOs can seek to facilitate agreements between stakeholders; their 
knowledge of local costs and their links to higher policy levels allows them to make agreements with distant 
stakeholders that can benefit local ones. (TEEB, Ecosystem and protected areas)  

• Besides having good information dissemination, it is crucial to also have effective exchanges and communication 
among the stakeholder agencies and individuals who are involved with neighboring areas of park management, 
such as cattle raisers, farmers, local scientists and experts from government organizations, academic institutions 
and the private agencies, NGOs and the international agencies.  

• Presently, there is lack of the mechanism to involve all these multi-stakeholders and this poses a major challenge 
for effective management of the Djoudj national park ecosystems towards poverty reduction. Development of such 
a mechanism is urgently needed in Djoudj national park surrounding area where poverty has long been an 
intractable social-economic problem for sustainable development.  

5. CONCLUSION 

The value of ecosystem services is not well incorporated in decision making in Senegal. The goods and services generated by 
natural resources are generally neglected in national statistics, so development agencies and national/local governments have 
often undervalued the potential role of ecosystem services to poverty reduction and economic growth. Public awareness 
campaign and wider debate across different stakeholders should be conducted to promote the value of ecosystem services. 
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Introduction 

One of the focal areas of the Global Environment Facility’s Small grants Programme (GEFSGP) is land 

degradation, particularly as it influences desertification and deforestation. The GEF SGP is one of the 

programmes that help developing countries implement and understand the UNCCD convention and its 

10-year strategic plan and framework (2008-2018) at the community level. The land degradation focal 

area has focused on supporting activities that create and demonstrate good practices on adaptive 

community-based land management, using indigenous knowledge and appropriate current practices to 

address the degradation and destruction of agricultural lands, rangelands, and forests landscapes. 

 

Over the last 20 years, the GEF SGP has supported over 14,500 community based projects in more than 

125 countries. Within this extensive portfolio, the land degradation focal area accounts for 16% with 

more than 2,000 projects with an investment of over US$ 60 million in grants and US$ 65 million in co-

financing. Most of these projects use an integrated approach and usually produce multiple global 

environmental benefits, including the protection and sustainable use of biodiversity, climate change 

mitigation and adaptation, the protection of international waters and the reduction of persistent organic 

pollutants and other chemicals. These community-based practices benefit from indigenous knowledge and 

have generated lessons and best practices that can be replicated across all rangelands, ecosystems and 

landscapes. This paper presents findings on selected sustainable land management practices at the local 

level which have been up scaled at local and nationally and has also provided policy impacts. Efforts and 

challenges to rehabilitate, upscale and to provide implications for policies support are also highlighted.  

 

Innovative projects 

 

Addressing sustainable land management issues require an integrated and comprehensive approach that 

takes into account the management practices, status of productivity of the land area, types and kinds of 

crops on the land itself. Further, how the cropping intensity and patterns are organized is influenced by 

customary practices and the specific local ecosystems health. For a balanced land degradation neutral 

ecosystem, management of water resources, managing for self sustaining provision of goods and services 

from land resources, providing sufficient food resources while removing pressures on over-dependence 

on natural resources by communities, reduction of impacts of climate change as a result of local and 

regional climate variability are key areas that an impactful at local levels. GEF SGP projects, at the local 

scales have variably addressed these sets of issues through an integrated strategy which has borrowed 

experiences and expertise from different GEF focal areas that have objectives for conserving biodiversity, 

sustaining and protecting forest resources, and managing as well as mitigating impacts of climate change. 
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Below is a short summary of selected successful examples from the GEF SGP land degradation portfolio 

that respond to the four key thematic priorities of the UNCCD and which have been replicated across 

scale and continue to provide policy impacts. These are discussed within the general areas of 

interventions leading to:  i) water scarcity and draught, ii) food security, iii) forestry, and iv) Climate 

Change impacts management.   

 

Management of water scarcity and draught  

 

One of the main problems of communities in arid or semiarid lands is the lack of water for household 

consumption, agricultural practices and husbandry, and the long distances communities need to travel to 

reach potable water. Due to these constraints, many flocks of animals in rangelands reside on pastures 

near the drinking points exerting very high grazing pressures on the habitat that leads to overgrazing, an 

important factor driving land degradation. Thus, low costs water harvesting strategies is a key point for 

sustaining land resources in those communities. For example, grazing pressure over fragile ecosystems 

can be decreased by making available low cost drinking water sources, allowing grazing flocks to spread 

over a greater grazing surface area, hence reducing the concentration of livestock in the range.  

 

In Ethiopia, using this age old range management strategy, using locally adaptable strategies has allowed 

the GEF SGP projects to achieved significant results through community based and targeted soil and 

water conservation activities leading to the rehabilitation of 42 ha of degraded lands. Within the project 

area under reference, 25.4 km of hillside terraces, 1,150 trenches and check dams with 1,000m
3
 storage 

capacity, as well as 1,407m
3
 of drainage and cut off drains were constructed using locally and innovative 

materials to divert water into farmlands. In addition, the community erected a nursery for raising 

seedlings and planted locally tested and proven multipurpose agroforestry trees and crops using locally 

prepared compost.  To direct storm flow water from overland sources, a total of 7.5 km soil bunds 

reinforced with stones was constructed on total 6.5 hectare pierces of farm lands for selected households. 

As a result of these interventions, degraded agricultural lands were rehabilitated and fertile soil and water 

retained that allowed communities to secure higher incomes and food resources from an otherwise waste 

lands. The construction of primary gravity based irrigation canals using the locally innovative soils bunds 

benefited and continues to provide food security to approximately 98 landholders. These practices are 

impacting national policy and are advocated for replication by government. 

 

In a similar project in Yemen, the GEF SGP supported a project in a wide area mainly used by pastoralists 

who live in a small settlement of 166 families and 1,100 inhabitants. Through the project, the 

communities constructed 34 traditional rainwater harvesting cisterns called “Kariefs” with a total water 

holding capacity of 6,350m
3
. During the rainy season, these cisterns fill up with rainwater to be used 

throughout the dry season, and community members were trained to be able to build cisterns for future 

use in other locations. Immediate benefits of the project included increasing water security for the local 

communities, as well as improved resource management and reduced pressure on the environment. 

Revitalization of traditional practices in rainwater harvesting has also substantially reduced domestic 

animal seasonal migration in search of water, avoiding traction erosion. The socio-economic benefits of 

the project include improved water supply for the community as well as reduced expenses in transporting 

water from other regions to the water deficient community. 

 

Management of land resources for food security 

 

Communities located in dryland regions are highly affected by climate change impacts on soil conditions 

and water availability for growing subsistence food, as well as agricultural practices that jeopardize the 

sustainability of natural resources. Food security and conservation of local ecosystems are essential and 

prerequisite to the successful well being and sustainability of livelihoods of the local communities. Given 
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these linkages, it follows that innovative practices in sustainable land management have direct bearing in 

increasing food security in the long term. 

 

Desertification and land degradation are a real threat in Mongolia, where 90 percent of the territory can be 

regarded as vulnerable to desertification drivers and processes. For this reason, the “Esunbalt” community 

based organization started a project to stop soil erosion, pasture depletion and the destruction of the Haraa 

river willow trees, through the establishment of a community garden and other activities such as the 

establishments of  wind protection-- provided by planted tree belts-- and a nursery to raise seedlings for 

providing further needs of planting other belts to protect the land from wind and water erosions, 

ameliorate environment and to provide aesthetic values.  

 

The results of this  project which started in 2005 and where over 4,000 trees were planted, four years 

later, a harvest of 1.8 tons of sea buckthorn, 300 kg of black currant and some quantities of other berries 

have been produced for community consumption. In addition, and more importantly, land degradation and 

soil erosion were halted and the land is fully considered recovered. Other proceeds from the same land 

area includes: beekeeping activities initiated in 2009, where communities managed to harvest 200 kg of 

honey from 15 bee colonies in 2010. As a result of these land based diversification of sources of income 

to an area where hitherto bee keeping was not practiced, the annual income of every member of the 

community improved to at least 2.5 times higher than before and families are gradually getting out 

poverty and are now able to invest in their children education and health.  Given this initial success, in 

2008, the community acquired 20 hectares of land to upscale and replicate the good practice within an 

area of 10 hectares that has become a community protected area. As of 2011, the community owns 2,500 

sea buckthorn bushes, approximately 1,000 other berries bushes, 1,500 decorative trees, 2 wells, and 3 

greenhouses, all diversifying sources of income and improving the living conditions of communities.  

 

The impacts of this project has continue to be replicated by 4 neighbouring communities , 11 individuals 

households and small companies in the Bayangol soum area alone. In addition, the project has influence 

policy at the soum level (an administrative unit under the province) with the demonstrated and sustained 

results of the project which has led the local government to become the first “green village” in the 

country. One of the most important factors in the project is that the community, previously composed 

mostly of herders, was able to change their unsustainable practices, generate food security and reverse the 

negative effects of land degradation and erosion. 

 

Sustainable forestry management based interventions 

 

In terms of forestry practices and its influence on land management, the GEF SGP is supporting 

experiences that relates to the watershed conservation, management of non-timber forest resources aimed 

at income generation and food security, and carbon sequestration.  

  

Since 1992, the GEF small Grants Programme has supported over 2,900 projects related to the protection 

and restoration of forests. Given that SGP is a firm believer of the importance of strengthening the efforts 

at grassroots to conserve and sustainably manage forests, the programme has supported community-based 

projects that have protected over 13,000,000 hectares of forests from human and non human impacts, and 

has helped communities restore over 1,700,000 hectares of degraded forest in all SGP country programs. 

An illustrative project of the SGP is briefly described below as an example of many other replicable 

projects within the programme. 

In Ecuador, GEF SGP was able to reforest more than 20 hectares of communitarian territory from an 

onsite established nursery of predominantly threatened native species, for revitalizing traditional medicine 

and food sources. For this to happen, the main activities of the project included inter alia: conservation of 
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existing endemic species, reforestation of deforested sites, awareness-building of communities and  youth 

education, documentation of traditional forest based land management practice coupled with revitalization 

of traditional plants and food crops, building a local handicrafts market and improving the value of the  

handicrafts.  

 

In addition to the activities, the following actions that had policy implications also took place as part of 

the project: development of a management and protection plan of the communitarian territory; inclusion 

of procedures and rules for the opening of new Chacras (Kichwa name for small family farms), protection 

of grazing ranges for domestic animal and proper management of water resources, and the production of 

guidelines for touristic areas. As a result of these interventions which were put in place, the community 

was able to reduce pressures over the Natural Reserve Runashito that comprises more than 3,000 hectares 

of Tropical Forest in the Napo province and the documentation of traditional knowledge and customary 

uses of natural resources in the area. Despite the fact that indigenous communities in the Amazon are in 

close connection with nature, the youth have lost this knowledge under the influence of occidental 

cultural practices. Thus, it was very important to reinforce the importance of conservation and 

biodiversity in the area by incorporating this information in classroom materials and school course work 

at the local schools thereby guaranteed continued replication and inculcating policy impacts within future 

policy makers. It was also important to make clear that conservation and sustainable management go hand 

in hand with the sustainable use of resources for food, shelter and sustainable production of medicine and 

handicrafts. In reforestation activities, it is important to use species that grow fast, have commercial 

values and can provide shelter uses for the community. 

 

Climate change based forest interventions 

 

Projects in Sustainable Land Management practices have demonstrated relevant experiences in 

management of water resources, temporary carbon capture and storage, provided enabling environment 

for biodiversity conservation and supported in enhancing food security within communities. Given the 

multifocal approach of the GEF SGP interventions, projects in the land degradation focal area are also 

useful in demonstrating how impacts and the effects of climate change at the community level can be 

holistically addressed. For example, in Indonesia, the Muluy community implemented a project to install 

clean energy electricity from a micro-hydroelectric plant with an overall objective to ensure sustainable 

and community-based conservation of the Gunung Lumut forest. The community installed a micro-hydro 

plant, along the Muluy River, which produces 9,000 watts of electricity, of which only 8,000 watts are 

usable after transmission losses as a result of transmitting the power for over 4 km to the villages. As a 

result of this project, the Muluy communities are able to secure the customary based rights by the 

authorities to manage 8,000 hectares of the land area; of which 5,000 hectares have been reserved as 

forest land and the 3,000 set aside for housing, community-based woodlot plantation and rice-fields. With 

this micro-hydro as the primary project, the Muluy community has been able to maintain the water flow 

of Muluy River and therefore no exploitation of forest resources and other degrading activities are 

allowed in the forest. In addition, the project has strengthens the bargaining position of the local 

communities to defend their customary-protected forests against unwanted commercial and unsustainable 

use. This project has triggered the interest and support from various stakeholders, including the local 

government of the Paser District which bestowed around USD 11,000 for the Muluy people to help them 

with additional infrastructure needed to make the micro-hydro plant run more efficiently. The local 

government also expressed their intention to create similar projects by replicating this example across 

scale in other areas of the Paser District borrowing experiences from this pioneer project. 

 

3. Implications for policy support from the examples of projects described 

 

The selected examples of innovative projects and practices presented provide a synopsis of evidence-

based experiences in sustainable land degradation from different countries. Some of the examples have 
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highlighted policy pointers and others have actually influence policy making processes at local and 

national levels. Many of the GEF SGP projects in the focal area of land degradation provides unique 

management styles, innovative ways of doing business, learning from traditional knowledge and provides 

pragmatic contributions that can be replicated and up scaled. Like any other development initiatives, the 

adoption of good experiences and lessons coming out of the initiatives are also confronted by policy, 

institutional, technological and regulatory barriers to their complete assimilation into everyday life.  

 

Specifically, some of the policy barriers identified from these collections of projects include the limited 

size and location based information and data needed for future replications. Challenges and results, as can 

be arguably agreed to, are particular to the described communities and projects, but these are not 

independent or just isolated cases but fortify possibilities of wide scale replication in similar 

environments.  

 

In conclusion, through the country driven process, communities have remained innovators, thrifty and 

conscious in managing their land based resources for themselves and posterities. The practices that are 

described briefly prove that small communities can develop effective land management processes and 

actions that embrace the need for improving livelihoods and moving towards land degradation neutral 

ecosystems. This can be approached directly or indirectly through a number of land based initiatives such 

as reforestation, soil and water conservation practices, use of hard and soft adaptation strategies and 

measures. What seems to be the key needs for development partners is to help community understand the 

underlying land degradation drivers and to help communities devise way and systems for managing, 

adapting to and preventing the negative effects of communities practices from exacerbating loss of 

productive capacities of land. The key drivers of resilience of communities come from the need to survive 

and to secure long term livelihoods. The investments in traditional knowledge, volunteerism lifestyles, 

learning by doing, banking on the youth energies are the social capitals in which these are based. 
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1. INTRODUCTION 

Perceived financial incentives for farmers to adopt sustainable approaches to land use are constrained by competing demands on 

scarce financial and labour resources, and by relatively short time horizons for earning returns on marginal improvements. This 

paper examines how farmer participatory SLM interventions were initiated in the west of South African to support the objectives 

of the farmers and enhance land use practices based upon local knowledge, culture and traditions whilst drawing on external 

sources of technology and enabling innovation.  

Participatory Action Research has shown that from the perspectives of the land users and development agents, low-cost 

interventions have enhanced sustainability. Interventions have been situated within a wider interactive learning process that has 

created opportunities for peer assessment and evaluation of the technologies and their contribution to sustainability of the family 

farming enterprise. Land use practices have evolved through iterative learning cycles and have created conditions in which 

greater resilience of the farming systems has been achieved. By contextualising extreme climatic events within the learning 

process as opportunities for learning, further stimulus has been provided for enhancing sustainability.  

2. PARTICIPATORY ACTION RESEARCH IN A RESOURCE-POOR AGRICULTURAL COMMUNITY 

2.1 Introduction to the area 

The Suid Bokkeveld is a remote rural area situated on an incised plateau to the north of the Cederberg Mountains, in the Northern 

Cape Province of South Africa. The area lies south of the village Nieuwoudtville (31° 23’S, 19° 07’E) covering an area of 

approximately 1,600 km2. Bordering the Suid Bokkeveld to the west are the magnificent sandstone cliff faces of the western 

edge of the Great Karoo Plateau, and the immediately adjacent highlands are covered in Fynbos vegetation. To the east overlying 

strata of shales and dolerites support the notably different vegetation of the Succulent Karoo. The area thus lies within the 

transition zone of the ecologically significant Fynbos and Succulent Karroo biomes (Cowling, Richardson et al. 1997). 

The Fynbos Biome, comprising 71 337 km2 of the extreme south-western and southern parts of Southern Africa coincides 

spatially with the Cape Floristic Region, which is recognised as one of the world’s major floristic kingdoms (Cowling, 

Richardson et al. 1997). The biome comprises approximately 7 300 species, of which more than 80% are endemic. The Succulent 

Karoo biome, occupying western arid South Africa and Namibia, comprises more than 5 000 species, of which more than 50 % 

are endemic (Milton, Yeaton et al. 1997). 

Amongst the Fynbos plant species that occur on the coarse-grained, nutrient poor soils derived from Table Mountain Sandstone is 

the internationally renowned Aspalathus linearis or rooibos. The locally occurring sub-species of Aspalathus linearis is 

particularly drought-resistant and has been utilised since pre-history for the production of rooibos tea  (Louw 2006).  Since the 

1960ies, the Nortier variety of Aspalathus linearis has been cultivated on these soils to produce tonnages of rooibos tea far in 

excess of the production of the wild populations. Apart from rooibos, most other plants in this biome are of little value to the 

farmer, as they are of low nutritional value to livestock and produce no other commercially viable products. On the other hand, 
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the fine-grained Karroo shales sustain drought-resilient plants of the Succulent Karroo vegetation type which, despite appearing 

sparse, scant and unappetising, nevertheless provide high quality grazing for farmers able to utilise the vast areas needed to 

support commercially viable flocks. In the higher rainfall areas of the district, crops of winter grains (primarily wheat) are also 

produced. 

Biodiversity richness (approximately 1,350 species in the Nieuwoudtville area) and the occurrence of rare and endangered plant 

species have earned the Bokkeveld Plateau recognition as a global biodiversity hotspot with high levels of endemism of 

geophytes in particular (Manning and Goldblatt 2007).  

The Suid Bokkeveld lies within the semi-arid winter rainfall region of the western interior of South Africa. The area receives 

most of its rainfall between April and September, with a peak in rainfall usually occurring during May -August. In the 

southernmost parts of the Suid Bokkeveld, where the small-scale farms that are the focus of this case study are situated, a steep 

north-south and west-east rainfall gradient of 350 - 150 mm per annum reflects the altitude and rain shadow impacts of the 

landscape on precipitation from cold fronts arriving from the South Atlantic in the winter season. These rains are supplemented 

by less predictable summer rains from tropical air masses that circulate over the sub-continent, usually reaching the arid west 

only late in the summer. The summer rains contribute an average of 10% of the annual precipitation. Periodic droughts impact 

most severely on the farmers in the lower rainfall areas. Direct impacts of prolonged drought conditions from 2003 to 2006 

resulted in dramatic declines in agricultural production, mortality of crops and livestock and the drying up of most water sources 

(Louw 2006). 

 

Fig. 1: The location of the Suid Bokkeveld in the Northern Cape Province of South Africa 

2.2 Poverty, the core problem   

In the course of the first participatory workshop for members of the Suid Bokkeveld community, held at Sonderwaterkraal in 

1999, all four homogeneous sub-groups of participants (women, youth, landowners and male farmworkers) identified poverty as 

the central problem that they wished to address in the course of an envisaged development process. Land degradation was 

identified as both a cause and an effect of poverty. In this initial analysis, what participants had foremost in their minds was 

material poverty. However, a number of other problems were identified that could also be described as poverties. 

Max Neff (1991) argues that the needs for Subsistence, Protection, Affection, Understanding, Participation, Idleness, Creation, 

Identity and Freedom are common to all people, and remain constant through time and in different social, economic, religious, 

gender, historical and other contexts. However, the ways in which humans have sought to satisfy them have always been 

individually, culturally, historically and socially unique.  
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In the approach adopted by the Environmental Monitoring Group to promote sustainable land management in the Suid 

Bokkeveld, a conceptualisation of poverty was applied that is broader than material poverty, and embraces the multiple poverties 

experienced by people when they find themselves unable to satisfy any of their basic needs. This reinterpretation of the concept 

of poverty goes beyond the strictly economistic. 

The roots of the poverties experienced by the modern Suid Bokkeveld community lie in the destruction of indigenous cultures, 

languages, belief systems and livelihood systems, and the deprivation of freedom that occurred in the colonial and apartheid eras. 

Externally imposed conditions prevented ‘Coloured’ people living and working on white owned farms from adequately meeting 

any of their basic needs. In our interactions with members of the Suid Bokkeveld community and further analysis of the situation, 

a picture of ‘multiple poverties’ emerged. Drawing on the typology of human needs described by Max Neef, our analysis 

indicates that the poverties imposed and experienced included:   

Subsistence: Inadequate housing, clothing and nutrition; inadequate wages; inadequate social benefits for the disabled and 

elderly. 

Protection:  Lack of personal security associated with evictions and personal violence by those in power; limited legal and 

human rights; police brutality; inadequate public health services, and unaffordable private health services. 

Affection: Deep seated and largely unresolvable conflicts; alienation from ‘whites’; alcohol-induced violence and alienation. 

Understanding: Lack of access to formal education (especially high school and beyond), no access to adult education, illiteracy, 

limited access to other media or other information. 

Participation: Physical isolation on farms, lack of access to affordable transport, past illegality of participation by farm workers 

in trades unions, exclusion from political processes, lack of meaningful social interaction with ‘whites’. 

Idleness: Excessively long working hours, lack of recreational activities on farms, lack of access to public recreational facilities 

Creation: Limited resources, opportunities or recognition for creativity. 

Identity: Alienation from ancestral roots and cultures; a ‘negative’, racist identity imposed by the dominant culture, wide-spread 

exclusion on the basis of skin colour, common use of derogatory racist labels. 

Freedom: Limited physical freedoms, censorship, racist policing, discriminatory justice, limitations of freedoms of association..  

The crux of human scale development theory is that individual poverties are likely to generate pathologies, which create 

dynamics which result in dysfunctional humans and societies. A number of pathologies are readily identified in the community, 

including the alcohol syndrome, which diminishes or removes people’s ability to adequately satisfy any one of their needs, whilst 

providing temporary but illusory satisfaction to all   

2.3 A vision of a better future 

In the course of a community-wide consultative meeting held in Melkkraal on 7 March 1999, participants 

collectively agreed upon a set of common principles to guide our future interactions. These principles and the 

underlying values have guided the relationships ever since, even though the process has evolved from one envisaged 

‘project’ into a long term, interwoven set of processes and relationships. Adey (2007) notes that these principles 

illustrate the participatory and transparent nature of the process. The agreed principles were: 

− Involvement in any project activity should include contribution and benefit. 

− People’s vision, enthusiasm and contribution should be mobilised before benefits are achieved. 

− The least advantaged should benefit the most. 

− The project should benefit the local community, and the wider community. 

− Everybody undertakes to work together in the spirit of mutual respect. 

− There should be transparency regarding all project documentation. 

This early recognition of the importance of vision was translated a few weeks later into a ‘vision for development’, 

articulated in the course of the first community workshop, and subsequently into the mission statement of the 

Heiveld Co-operative.  

2.4 Local resources to fuel development 
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Members of the local community identified a range of local resources that could be used to achieve their vision, 

including physical and intellectual resources. Although some additional financial resources were subsequently 

mobilised, these ‘local’ resources provided the greater part of the approach itself, and the material for its 

implementation. This has translated into heightened self-sufficiency and into a deal of pride that people have been 

able to generate solutions to their problems with their own local resources. 

2.5 A note on methodology 

Kemmis and McTaggart (2000) explore the ‘field of participatory action research’ and observe that the evolution of 

PAR owes most to the ‘press of contexts’ in which it practiced. The PAR approach allows the practitioner to be a 

researcher, and argues that research conducted within, and not just on practice can yield evidence and insights that 

assist in the critical transformation of practice. Kemmis and McTaggart (ibid) note that ‘the process of participatory 

action research is only poorly described as a mechanical sequence of steps, it is generally thought to involve a spiral 

of self-reflective cycles’. We conceptualise this cycle as a number of parallel or sequential cycles, which are 

followed by teams of ‘co-researchers’. The main sequential elements in our practice are: 

− observe and reflect (on the current situation, its challenges and opportunities and options for 

improving it) 

− plan a change (to achieve improvement) 

− act, and observe the process and consequences of the change, 

− reflect on these processes and consequences, and then 

− replan (in the light of what has been observed and learned), 

− act and observe, 

− reflect, and so on……. 

 

By mutual agreement, the interaction between development facilitators, academics and members of the local 

community has taken place in this framework of participatory action research. The foundations were initially laid in 

the course of the first community meeting held on 7th March 1999. Community members and representatives of 

EMG and Indigo agreed to work together in a spirit of mutual respect in a transparent process that would enable 

people’s vision, enthusiasm and contribution to lead to collective action to benefit the local community. This broad 

agreement was subsequently elaborated in the course of discussions and interactions, and it was agreed that 

processes of learning and more formal research would respect all participants as knowledge owners and knowledge 

generators. 
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In the Suid Bokkeveld process, the interpretation of the ethical aspect of co-responsibility for outcomes has been 

that the PAR approach to co-learning and change should be: 

• Participatory: it actively involves all relevant and willing players (especially those who are usually 

disregarded) as active researchers and change agents, does not relegate some parties to the role of objects of the 

research of others and does not impose external views of what change is desirable or not. 

• Action: it is about acting to improve the situation (and not just observing it) 

• Research: it is research process in which knowledge is developed, abilities to solve problems are 

enhanced and theory is critically reviewed in an on-going process of action and reflection. 

3. PARTICIPATORY SUSTAINABLE LAND MANAGEMENT 

3.1 Knowledge sharing and drawing on local knowledge 

In the initial interactions between farmers and NGO staff about the problems that needed to be addressed, and the 

most appropriate technologies to apply to these, it was clear that wind erosion and consequent damage to rooibos 

plants was a major concern, leading to large areas of deflation, crop losses and eventual desertification.  

Some local materials were available that could be applied using modified local techniques to establish shelter belts 

between strips of cultivated land, and to mulch sol surfaces in deflated areas. These ideas were collectively 

generated by farmers in the area, and adapted to individual circumstances. Donor funds were applied in a formula 

that saw 75% of the cost borne by the donor agency, and 25% by the farm family. This formula has proven to be 

acceptable to farmers over the succeeding decade, and has become the norm that is flowed when developing projects 

to promote sustainable land management. 

Further enthusiasm and stimulus were provided by a visit to degraded, sandy areas in the Kalahari where trials 

undertaken by Dr André van Rooyen had demonstrated degrees of success. Knowledge was shared on this occasion, 

and on a subsequent visit by Dr van Rooyen to the Suid Bokkeveld. Over the succeeding years, these approach of 

leaving or creating shelter belts in the rooibos lands has led to the development of production systems where 

virtually no soil is lost, no wind damage is inflicted on rooibos crops and rainwater is all retained in the soil.   

 

Fig. 3: Shelter belts on the farm Matarachope in the Suid Bokkeveld, Northern Cape Province of South Africa. 

3.2 Benefits and costs 

The primary benefits of the process can best be measured in terms of an improvement in people’s ability to meet their own 

human needs, which may be analysed as follows:  
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Subsistence: Enhanced incomes and low level cost increases have enabled people to construct or maintain more adequate 

housing, and to be able to afford better quality clothing and nutrition. 

Protection:  Enhanced collaboration within this scattered and far-flung community has enhanced people’s sense of personal 

security. 

Affection: Community-based engagement in learning processes has strengthened bonds of friendship and camaraderie.  

Understanding: Farmers have learned much about effective soil management that goes beyond the bounds of the UNCCD. 

Participation: The approach followed has brought together groups in interactive processes, typically led by farmres themselves. 

Idleness: Better incomes and more sustainable production translates into more recreation. 

Creation: Farmers have applied their own creativity in the design of their interventions. 

Identity: Application of local technologies and development of new technologies has enhanced people’s sense of identity and 

pride. . 

Freedom: The freedom to choose and with whom to collaborate have been enhanced by the process. 

The financial costs of the investment made in enhancing the sustainability of the management of land in the Suid Bokkeveld over 

the past 10 years have amounted to a total of under $45,000, and have (directly through investment and indirectly through 

example) secured approximately 90 ha of land at a cost of $500 per hectare. The benefit of this intervention has been to raise 

average returns from rooibos production over a ten year cropping cycle from $200 to $920 gross per annum. 

The major benefits are counted in terms of the ability of members of the farming community to maintain their rooibos lands in 

the long terms. These gains have been achieved through processes that have combined to create the circumstances in which 

members of farm families meet all of their human needs. 

4. POLICY ORIENTED RECOMMENDATIONS 

Interventions designed and supported to promote SLM in resource-poor rural communities should recognise the central role 

played by agency on the part of affected persons and communities. Well-intentioned but poorly designed or implemented 

interventions that undermine people’s ability and will to take action to address the situation should be avoided at all costs.  

Resource flows to support communities affected by unsustainable soil and water management should assist but not replace or 

subsume local efforts, and should not create dependencies and undermine the agency of individuals and communities to take 

effective action. 

Sound and proven learning methodology should be consistently applied within a flexible learning approach to enhance the ability 

of farmers to manage soil and water resources sustainably, and can also contribute to achieving other goals such as enhanced 

governance and stewardship regarding the management of biodiversity 

5. CONCLUSIONS 

The circumstances faced by every human community are as unique as our fingerprints, whereas all share some common aspects. 

Any understanding of the responses of land users to the climate challenge must take this into consideration. We have explored 

some elements of approaches that could be followed in climate-impacted farming communities, but do not have a ‘recipe’ for 

successful adaptation. The chemistry of each situation will differ, as will the tastes of the ‘chefs’ who are responsible for putting 

the specific ingredients together and the temperature at which the ‘cooking’ takes place. 

Tschakert and Dietrich (Tschakert and Dietrich 2010) point out that a key question arising from current research is ‘how to 

facilitate learning, information exchange, reflection, innovation, and anticipation’ Consistent application of a learning 

methodology can enhance the ability of farmers to adapt to address current problems and anticipated change, and can also 

contribute to achieving other goals such as enhanced governance and stewardship regarding the management of biodiversity. 

Learning processes of producers and scientists led to enhanced awareness of the importance of the conservation of wild rooibos 

populations and habitats for long-term livelihood strategies in an uncertain world of rapid environmental and market changes 

(Arendse 2010b).  

An analytical framework such as Human Scale Development that enables ‘outsiders’ to understand common human needs and 

gain insight into the choices that people make to satisfy them will  enable facilitators to design interventions and processes to 

enhance adaptive and anticipatory capacity that are likely to be embraced by people, and lead to further positive outcomes.   

Access to assets and power relations play a key role in determining the ability of individuals and households to respond to risks, 

opportunities and disasters. In the normal course of events, interventions by the state or development agencies are unlikely to 

fundamentally change either the asset base or power relations. However, in our experience incremental changes relating to risk 

sharing, gender relations and institution building can have a significant impact, and help people to avoid ‘traps’ that would 

otherwise prevent them from successfully adapting to climate risk. Explicit values, transparency, common goals and open 
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channels of communication all contribute to creating and building trust, without which no shared undertaking is likely to achieve 

what the participants desire.   

The experience of the Heiveld Co-operative points to ‘the crucial role that iterative reflection and learning plays in nurturing a 

learning, flexible and adaptive organisation that is so much needed to withstand the shocks and stresses that exposure to markets, 

environmental stress, and a host of others’ (Arendse 2010a). Effective local institutions that are owned and governed by people at 

risk from climatic variability have a vital role to play in enhancing anticipatory capacity, mediating with other role-players on 

behalf of the affected community, mobilising resources, accessing markets, providing services and creating platforms for 

reflection and learning. 
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ABSTRACT: The present paper analyzes the degradation of the vegetation formations in the centre of Benin. It evaluates the 
factors and implications of the regression of the vegetal ecosystems. The regression of the vegetation areas has been 
analyzed using remote sensing multispectral and multidate data, Landsat TM 1986, ETM 2000 and NigeriaSat1 of 2006. A 
field investigation with questionnaires using a stratified sampling technique was carried on 430 actors in order to assess the 
socio-economic factors of the vegetation degradation. The contingency analysis was carried out to know the cost of the 
vegetation regression when a tree is cut down, in each district of the centre of Benin. The vegetation areas changes at an 
annual rate of -4.3 %, with the regression of dense vegetation formations and the expansion of farmlands, settlements and 
savannahs between 1986 and 2006. It has been noted the emerging of new economic activities such as wood exploitation and 
commercialization, charcoal production, activities that are seriously havocking natural resources in the area. The 
contingency analysis reveals that the cutting down of trees is easy for timber producers and other actors. Those actors 
consent to pay a cost of about 12 USD to be allowed to continue cutting down trees for their businesses in Bassila and about 
295 USD in Ketou district. This means people face less opposition to damage forests in Bassila than Ketou. Protective 
actions are required in Bassila district to preserve the sustainability of the forest ecosystems. 

Keywords: Vegetation, Satellite images, Benin, Degradation

1. INTRODUCTION

En Afrique en g�n�ral, et au B�nin en particulier, la dynamique de l’occupation et de l’utilisation des terres reste une r�alit� 
de l’heure dans les processus de la dynamique environnementale sous l’effet de l’extension des espaces agricoles. Selon 
Agbahungba et Depommier (1989), 3% de la superficie totale du B�nin est utilis�e chaque ann�e � des fins agricoles. Dans le 
m�me ordre d’id�es, selon Mama et Houndagba (1991) repris par MECCAGPDPE-PNUD (2000) et Orekan (2007), environ 
100 000 ha de l’espace couvert par la v�g�tation sont d�truits au profit des emblavures agricoles chaque ann�e.  De m�me, il 
a �t� estim� par la FAO qu’une perte d’environ 70 000 ha serait enregistr�e dans la p�riode allant de 1990 � 2000 soit une 
perte annuelle de 2,3% de la couverture foresti�re du B�nin (FAO, 2000).  Un autre rapport de la FAO avait r�v�l� que de 
1990 � 1995, le B�nin a perdu 298.000 ha de sa couverture foresti�re (0,53 % de la superficie totale du pays) ce qui 
correspond � une disparition moyenne d’environ 60.000 ha de for�t par an (FAO, 1999).  Ces diff�rentes statistiques 
convergent sur le fait qu’il y a une r�gression inqui�tante des surfaces foresti�res au B�nin. Si cette tendance est partag�e par 
la plupart des chercheurs ayant �tudi� la question � l’�chelle nationale, il importe de retenir sur le plan scientifique que la 
plupart des �tudes ont avanc� des statistiques indicatives ou g�n�rales, sans insister sur les sp�cificit�s de chaque partie du 
pays. Dans la partie centrale du pays, les perturbations enregistr�es dans l’occupation et l’utilisation des terres, s’inscrivent 
dans un contexte national caract�ris� de fa�on g�n�rale par une �volution r�gressive des espaces forestiers, une pression de 
plus en plus forte sur les ressources marqu�e �a et l� par des mouvements de populations en qu�te de terres fertiles
favorables au d�veloppement agricole.  Des �tudes ont montr� que la partie centrale du pays constitue une des zones 
d’accueil de ces populations avec pour cons�quences, des perturbations sur l’�quilibre �cologique du milieu (Adjinda & 
Hounton, 1997 ; Mama, 2002, Orekan, 2007 ; Oloukoi, 2012).

Le pr�sent article vise � analyser la d�gradation de la v�g�tation au Centre du B�nin en �valuant les facteurs et les 
implications socio-�conomiques et environnementales de la r�gression des formations v�g�tales.

2. DEMARCHE METHODOLOGIQUE

Des images satellitales sur une p�riode de trois ann�es sont acquises pour l’�tude de la dynamique de l’occupation des terres. 
Il s’agit des donn�es  de Landsat TM (Thematic Mapper) de 1986, des donn�es de Landsat ETM+ (Enhance Thematic 
Mapper) de 2000 et enfin de NigeriaSat1, de novembre 2006. Les images TM et ETM du satellite Landsat, ont une 
r�solution spatiale de 28,5m.  Quant au satellite NigeriaSat1 mis sur orbite en 2003, son capteur g�n�re des images � une 
r�solution spatiale de 32 m. Les diff�rentes sc�nes Landsat ETM et TM utilis�es sont les sc�nes P192R054, P192R055 et 
P191R055, chaque sc�ne ayant une dimension de 170 km x 180 km. Quant � Nigeriasat1, la sc�ne de colonne 16151 et de 
ligne 9902 a �t� utilis�e et couvre 500 km x 600 km. L’interpr�tation visuelle et la classification supervis�e de ces images 
ont permis d’identifier des d�tails terrestres sur la base d’une cl� d’interpr�tation  et surtout la valeur radiom�trique des 
pixels de l’image. Ces d�tails sont : Les for�ts, les savanes, les champs et jach�res, les agglom�rations, les sols nus et roches 
expos�es, les plans d’eau. La d�gradation des formations v�g�tales a �t� �valu�e par le taux de changement moyen annuel. 
Ce taux est g�n�r� a partir de la formule propos�e par Puyravaud (2003) et utilis�e par Oloukoi et al. (2007) dans une �tude 
de mod�lisation de la dynamique de l’occupation des terres au sud du D�partement des Collines au B�nin, et Schulz et al 
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(2010) dans une �tude de la dynamique de l’occupation du sol au centre du Chili.  La variable consid�r�e ici est la superficie 
(S) de chaque formation v�g�tale. Les superficies ont �t� g�n�r�es directement dans l’environnement de ArcGIS 9.2 gr�ce 
aux fonctions d’analyse spatiale. Ainsi, pour S1 et S2, correspondant respectivement � la superficie d’une cat�gorie de 
formation v�g�tale en ann�e t1 et en ann�e t2, le taux d’expansion spatiale moyen annuel T, est �valu� � partir de la formule 
suivante: 

)/ln())/(1( 1212 SSttT  , avec t le nombre d’ann�es d’�volution ; ln le logarithme n�p�rien.

En dehors des images satellitales, des donn�es socio-�conomiques provenant d’une enqu�te socio-�conomique ont �t� 
exploit�es aussi. Ces donn�es sont obtenues � partir d’une enqu�te par questionnaires structur�s conduite dans dix (10) 
Communes dont une dans le D�partements du Borgou (Sud de la Commune de Tchaourou), six dans le D�partement des 
Collines (Sav�, Ou�ss�, Savalou, Bant�, Glazou�, Dassa-Zoum�), une dans la Donga (Sud de la Commune de Bassila), une 
dans le Plateau (Nord de la Commune de K�tou) et une dans le Zou (Nord de la Commune de Djidja). La taille de 
l’�chantillon consid�r� pour cette investigation est estim�e � 430 m�nages. Les principaux crit�res sont essentiellement la 
taille du village ou du hameau ou campement, la disponibilit� des producteurs et d’autres acteurs vis�s. Les communes dont 
les villages ont �t� retenus pour les investigations sont en effet reconnues comme des lieux de forte pression sur les 
ressources foresti�res (Ogouwale, 2006 ; Yabi, 2007 ; Mama, 2002, Adjinda et al, 1997). Un questionnaire est administr� � 
chaque acteur (producteurs, �leveurs, chasseurs, exploitants forestiers etc.), et des entretiens informels (avec des personnes 
�g�es, autorit�s communales, exploitants forestiers, autorit�s traditionnelles ou Baal�, forestiers) ont �t� �galement r�alis�s. 

Les diff�rents entretiens ont permis d’avoir une id�e approfondie sur l’utilisation et la gestion locale des ressources 
naturelles du milieu. 

Dans l’esprit d’une �valuation �conomique approximative du co�t de l’abattage des arbres, le consentement des acteurs de 
ces activit�s a �t� requis. Cette analyse par contingence s’est bas�e sur le montant que ces acteurs sont pr�ts � recevoir pour 
ne plus couper un arbre (Consentement � recevoir), et aussi le montant qu’ils sont pr�ts � payer pour continuer la coupure et 
l’abattage des arbres.

3. RESULTATS

3.1. Dynamique des formations vÄgÄtales et facteurs socio-Äconomiques

La dynamique de l’occupation des terres �volue diff�remment selon les endroits du Centre du B�nin. La similarit� est 
l’extension des espaces b�tis, des champs et jach�res, des savanes, et la r�duction des superficies des formations v�g�tales 
denses (figure 1). De fa�on g�n�rale, la moyenne des taux de changement de l’occupation des terres est de -4,33 %. Les 
unit�s de l’occupation des terres ont fortement r�gress� entre 2000 et 2006 par rapport � la p�riode 1986 et 2000. Deux 
grands processus de transformation sont remarqu�s : la savanisation � outrance et l’anthropisation. Il importe de retenir que 
l’occupation des terres a subi de profondes modifications depuis 1986. Les formations v�g�tales denses notamment les for�ts 
denses, les for�ts claires et les for�ts galeries, ont fortement �t� d�grad�es au profit des formations comme les espaces 
agricoles, les savanes et les agglom�rations. Ces d�gradations des formations v�g�tales denses sont dues au syst�me 
d’agriculture itin�rante sur br�lis avec la culture d’igname, consommatrice d’espace vierge, en t�te de friche, mais aussi � de 
nouvelles activit�s autrefois rel�gu�es au second rang, et qui sont entrain d’absorber un nombre important de pratiquants 
dans le Centre du B�nin. Il s’agit de l’exploitation et du commerce du bois et la production du charbon de bois. 
L’exploitation foresti�re par l’abattage de grands arbres pour la production du bois d’œuvre  et du charbon de bois, est 
l’œuvre d’acteurs locaux et migrants avec parfois la complicit� des autorit�s locales. 

Selon les perceptions locales, cette activit� est plus d�velopp�e dans la Commune de Bassila. Un acteur de cette fili�re sous
le couvert de l’anonymat a reconnu que cette Commune vit de l’exploitation foresti�re � 95% et qu’environ au moins 
quatorze camions de st�res sont charg�s par jour � raison de 650.000 FCFA au moins par chargement soit une recette 
journali�re de plus de neuf millions de Francs CFA (9.000.000) pour les acteurs de cette activit�. Les exploitants investissent 
la for�t class�e des Monts Kouff� et secondairement la for�t de Bassila et les esp�ces d’arbres les plus exploit�es sont 
Afezelia africana (devenu rare selon les acteurs de cette fili�re), Pterocarpus erinaceus, Isoberlinia doka et Anogeissus 
leiocarpa. Les chargements sont souvent envoy�s au Togo de fa�on informelle sans d�douanement; mais la mairie pr�l�ve 
une taxe de 30.000 FCFA par chargement, soit environ 420.000 FCFA par jour. 

3.2. Consentement des acteurs par rapport Å la gestion des ressources du milieu 

Le CAR (Consentement � Recevoir) repr�sente le montant que l’acteur est pr�t � recevoir afin de cesser de couper un arbre. 
Le CAP (Consentement � Payer) repr�sente le montant qu’il d�sire verser afin qu’on lui permette de couper un arbre et de 
poursuivre ses activit�s d’exploitation foresti�re. Comme on peut le constater sur le tableau 1, ces valeurs varient d’une 
Commune � une autre. Le CAR repr�sente le co�t environnemental de l’abattage d’un arbre. L’�cart repr�sente le surplus de 
montant qu’un troisi�me acteur (par exemple l’Etat) pourra injecter soit en faveur des acteurs (agriculteurs ou exploitants 
forestiers) afin de les amener � ne plus couper les arbres, soit en faveur des forestiers afin de leur permettre d’assurer la
r�g�n�ration de l’arbre abattu par l’agriculteur. 
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Figure 1 : Evolution spatiale des formations v�g�tales entre 1986 et 2006 au Centre du B�nin

Tableau 1: Consentement � Recevoir (CAR) et Consentement � Payer (CAP) pour l’abattage d’un arbre (co�t en Francs CFA)

Commune
CAR CAP

ECART
Moyenne Ecart-Type Minimum Maximum Moyenne Ecart-Type Minimum Maximum

Glazou� 50148,65 166543,7 1000 1000000 1484,474 1961,301 110 10000 48664,176

Sav� 44893,94 171915,2 0 1000000 12570,59 51100,62 0 300000 32323,35

Savalou 58106,9 185105,7 100 1000000 13096,77 35230,7 100 200000 45010,13
Dassa-
Zoum� 131027 317205,4 1000 1000000 853,8462 1039,192 50 5000 130173,154

Bant� 22068,18 33326,41 1000 100000 7490,909 12701,4 300 50000 14577,271

Ou�ss� 89750 338565,2 0 2000000 5683,824 5579,572 0 20000 84066,176
Tchaourou

(Sud) 20916,67 29333,38 1000 100000 7545,455 7504,847 1000 20000 13371,215

K�tou
(Nord) 147500 235566,7 10000 500000 129500 247021,6 2000 500000 18000

Djidja
(Nord) 9172,222 6607,376 100 20000 1540,588 2528,6 40 10000 7631,634

Bassila
(Sud) 6142,857 4845,223 1000 15000 12100 17025,8 1000 50000 -5957,143

Source : Enqu�te de terrain, Octobre – Novembre 2009

La valeur du CAR la plus �lev�e est observ�e dans la Commune de K�tou alors que la plus faible valeur est observ�e dans la 
Commune de Bassila. L’on pourrait dire donc qu’abattre un arbre � Bassila dans la perception des enqu�t�s co�te moins cher 
� l’environnement. Lorsqu’on proc�de � une analyse � fond, il est suppos� que l’abattage de l’arbre � Bassila ne pr�sente 
aucune contrainte pour l’exploitant forestier.  Si un pied d’arbre co�te environ 6142 FCFA � Bassila, montant largement 
inferieur � ceux des autres Communes de la zone d’�tude, l’on peut  supposer que pour couper un arbre, l’exploitant forestier
ne rencontre pas trop de difficult� ou d’opposition. Aussi, peut-�tre, rares sont ceux qui paient des taxes, rares sont ceux qui 
ont r�guli�rement le permis de coupe, si bien que beaucoup d’exploitants �chappent au contr�le des agents forestiers. Cela 
pourrait se justifier aussi par le fait que Bassila dispose assez de r�serves en bois �nergie, faisant partie du sous-bassin 3 qui 
approvisionne Cotonou et Porto-Novo en bois �nergie. Selon les travaux sur le bois �nergie dans le cadre de l’Inventaire 
Forestier National (Sepulchre et al., 2007) le sous-bassin 3 va au-del� de 250 km de Cotonou, et atteint les D�partements de 
la Donga, le Nord des Collines et le Sud du Borgou. Depuis le bitumage de la route Savalou-Djougou, cet axe a pris plus 
d’importance en mati�re d’exploitation foresti�re. L’exploitation s’intensifie � Bant�, � Bassila ou presque tout le monde 
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s’investit dans les activit�s de commercialisation du bois d’œuvre, du bois-�nergie ou du charbon de bois (Odjoubere, 2010). 
Cet engouement des fois exag�r� de la population � l’exploitation foresti�re est le r�sultat de la pr�sence dans la Commune 
de Bassila, de grandes r�serves foresti�res du pays comme les for�ts class�es des Monts Kouff�, de Wari Maro et de 
l’Ou�m� Sup�rieur.

4. CONCLUSION

Le pr�sent article � analyser le rythme d’�volution de la d�gradation des formations v�g�tales au centre du Benin. Les 
facteurs et les implications socio-�conomiques de cette d�gradation sont �voqu�s. Il a �t� observ� une disparition progressive 
des formations v�g�tales denses au profit des champs et jach�res et clairi�res. Les facteurs majeurs sont l’agriculture 
itin�rante sur brulis par l’extension des emblavures agricoles, la coupe intempestive et non contr�l�e des arbres par les 
populations pour des besoins en �nergie domestique par la production et la commercialisation du bois et du charbon de bois. 
La commune la plus expos�e est celle de Bassila o� de l’analyse du contentement � recevoir et du consentement � payer, les 
populations abattent les arbres sans opposition et sont pr�tes � payer moins pour la pr�servation des ressources. Il importe 
que des actions de sensibilisation pour le reboisement syst�matique soient intensifi�es afin de garantir la durabilit� des 
ressources naturelles.
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 Wetlands are becoming increasingly recognized as important natural resources in developing 
countries because of their ability to fulfil a range of environmental functions and produce a number of 
products that are socially and economically beneficial to local communities (Dugan, 1990; Silvius et 
al., 2000). Wetlands make important contributions to the rural communities in dry lands of sub-Sahara 
Africa through their ecological functioning and the variety of economic products they provide.  Some 
of the small valley head wetlands and the edges of larger wetlands have been drained for dry season 
cultivation which has provided an important “hungry” season crop. 
 
It is well known that wetlands act as sponges during dry periods; they regulate run-offs, recharge 
groundwater resources and purify water supplies. Wetlands capacity to store water means they are able 
to support livelihood strategies, such as fishing, pastoralism and agriculture, as well as providing craft 
materials, clean drinking water and medicinal plants. People’s long association with wetlands means 
that indigenous systems of wetland management and utilization are to be found throughout the 
developing world (.A.B. Dixon and A.P. Wood, 2007). 
 
Ways of achieving wetlands agricultural development have been done through local experimentation 
and in several cases; this has allowed cultivation of parts of wetlands year after year with no major 
attention on the ecological character of the wetlands. 
 
In recent years, much attention has been focused on the need for the ‘wise use of wetlands’ in the 
context of an increase in wetland exploitation and development, fuelled by socio-economic, political 
and environmental change. In many parts of Africa in particular, agricultural use of wetlands has 
increased as more and more people have been forced to seek new livelihood strategies, as a result of 
environmental degradation of other farmlands and population pressure (.A.B. Dixon and A.P. Wood, 
2007). 
 
The purpose of this paper is to boost the reflection further. Is it enough to "associate, involve" people 
to ensure that they adhere to the concept of wise use of wetlands in dry areas? In other words,  is it to 
convince people to internalize the wise use concept, or get them to own the principles of sustainable 
wetland exploitation? 
 
So far are States willing to make a greater devolution of wetlands resource management? What is the 
extent to which local authorities (elected or appointed) have demonstrated a better capacity to manage 
wetland resources than central governments? What are the best mechanisms to resolve conflicts over 
access to wetlands natural resources? What legal frameworks have been put in place to ensure the 
sustainability of interventions? Wetlands co-management: is it a panacea? 
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ABSTRACT: Feng Shui is an oriental system of geomancy that was widely practiced in ancient agricultural 

communities in Far East Asia. Contemporary interpretations of Feng Shui are mixed, ranging from a superstitious 

belief system to a plausible landscape design principle. Despite recent growing interests from cultural studies, 

architects, and landscape ecology, relatively little attention has been paid to its implication on sustainable land 

management. This study aims to identify land management components in Korean Feng Shui (hereafter Fung Su) 

from the perspective of a nonlinear dynamic system theory of landform evolution, and to derive any applicable rules 

for modern land management practices. We found Fung Su has a unique set of multi-scale approaches to classify the 

hierarchical nature of environmental processes related to landscape characteristics. The most important aspect of 

Fung Su, however, is to capture three-dimensional forms of landscapes to characterize unique combinations of 

landform forming processes, also called Hyung Kuk. This procedure shows a close resemblance to the identification 

of scale-free, self-organized landforms in current geomorphological studies. When such Hyung Kuk landforms are 

identified, human interventions are mostly limited to enhance evolutionary pathways of self-organization. Such 

activities are called Bi bo (making up for the weak points) that include digging a small reservoir, planting trees, 

filling up ground etc. We conclude that Fung Su offers a unique conceptual framework to classify landscapes, to 

characterize three-dimensional landform processes, and to manage landscapes in a holistic manner. This principle 

can easily be transferable to other environmental conditions with minor modifications. 

Keywords: Feng Shui, Fung Su, Self-organization, Traditional Knowledge, SLM, Complexity 

 

1. INTRODUCTION 

Feng Shui (風水 in Chinese) is an oriental system of geomancy that has been widely practiced in China and other 

Asian countries. It is defined as "the unique and highly systemized ancient Chinese art of selecting auspicious sites 

and arranging harmonious structures such as graves, houses, and cities on them by evaluation the surrounding 

landscape and cosmological directions (Yoon, 2006)". The selection and urban layouts of major historical cities in 

Asia (e.g. Beijing, Seoul, and Kyoto) were all based on the principles of Feng Shui. Even today, Feng Shui is often 

utilized to select sites for graves and houses in both rural and urban areas. Modern interpretation of Feng Shui is 

controversial, varying widely from superstition and pseudo-science to a harmonious way of living with nature 

(Neeham, 1962; Yoon, 2006). It was banned or suppressed, e.g. the establishment of the Chosun Dynasty (1392-1897) 

and the founding of the people's republic of China in 1949, but it is still striving and even gaining popularity in 

recent years both in Asia and the Western world. 

Feng Shui literally means 'wind and water,’ and the word itself first appeared in Gou Pu (郭璞)'s Burial Book (葬書) 

during the third century AD in China. However, many argue that the concepts and logics of Feng Shui were already 

well established throughout Asia before the emergence of the Burial Book. In Korea, the principle of Feng Shui was 

imported from China during the fourth century, and was combined with the existing geomancy to evolve into 

autogenous geographical thoughts (Choi, 1984). Rugged terrains with strong climatic seasonality and devastating 

typhoons have certainly been the major threats for agricultural productions in this region. It can be easily assumed 

that specific methods were developed to avoid disastrous results from such harsh climatic and geomorphological 

conditions. This is the reason that Feng Shui is considered to be a series of accumulated land management 

knowledge (Choi, 1984; Lee et al., 2012). 

Numerous works have been done to interpret various aspects of Feng Shui from the perspectives of cultural studies, 

anthropology, architecture, urban planning, and environmental philosophy. Surprisingly little attention, however, has 

been paid on its relation to sustainable land management. This study aims to identify land management components 

in Korean Feng Shui from the perspective of a nonlinear dynamic system theory of landform evolution, and to 

derive any applicable rules for modern land management practices. The term Fung Su is used instead of the widely 

recognized Chinese term Feng Shui, because the interpretations and arguments made in this research are mainly 

based on studies conducted in Korea. There are two different schools of thought in Feng Shui, which are called the 

http://en.wiktionary.org/wiki/%E8%91%AC
http://en.wiktionary.org/wiki/%E8%91%AC
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Compass School and the Form School. The Compass School analyses the directional aspects of a given site based on 

methaphysical speculations of cosmology and the Yin/Yang principles (Yoon, 2006; Mak and Ng, 2009). On the 

other hand, the Form School analyses the physical form of a site with consideration of its surrounding environment. 

This school first observes the landforms and decides the best location for specific land use such as gravesites, houses 

and cities. The Fung Su of Korea is predominantly influenced by the Form School (Choi, 1984).  

 

2. FUNG SU MODEL 

Fung Su is a comprehensive set of models consisting of ten individual theoretical components (Choi, 1984; Choi, 

2004). It includes not only the natural dimension but also the human and astronomical dimensions (Figure 1). This 

study avoids detailed accounts of all these components, and mainly focuses on the natural dimension. However, it is 

worth noting that Fung Su puts a strong emphasis on the role and responsibility of an individual who owns an 

auspicious site for himself as well as his ancestors and decedents. Donggigameung-ron emphasizes the linkage of 

ancestors and decedents, which brings up the original definition of sustainable development proposed by the 

Brundtland report ("development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs."). The Sojugilhyoong-ron interprets that the luck and spirit of an auspicious 

site can be manifested only when the owner possesses the appropriate fate or ability to occupy that site.   

 

 
Fig. 1: The main logics and methods of Fung Su (Souce: modified from Choi (2004), and Choi (2004)) 

 

The seven theoretical components for the natural dimension can be divided into three groups (Fig. 1). Gan Ryong, 

Jang Pung, Duk Su, Jeong Hyul, and Jwa Hyang are methods of observing and analyzing environmental factors in 

order to identify the flow and distribution of Gi (Qi in Chinese, 氣) over the landscape. Gi can roughly be translated 

as the vitality or spirit of land. These five methods are hierarchically connected with each other and practiced in a 

sequence to find the best auspicious site for a given purpose. Gan Ryong literally means observing dragon. In 

traditional Korean geographical thoughts, mountains are often called dragons, emphasizing the connectedness of 

mountain ranges. A good dragon should be well-connected from the peak of the ancestor-mountain and its shape 

should be well-balanced. Jang Pung, which means storing wind, is a procedure to identify local climatic patterns 

and determine the best site for climatically comfortable places. Duk su (gaining water) is a way to locate calm and 

smooth water courses lying to the south of the cave (Hyul, 穴) and bright court (Myung Dang, 明堂) (Fig. 2). Jeong 

Hyul is the process of locating a cave in which Gi is accumulated, which is the goal of Fung Su practices. The bright 

court is a relatively flat space in front of the cave. After finding the cave, the next step is to set a direction for the 

given purposes. In East Asia where chilly northwesterly winds prevail during the winter, due south is the most 
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preferable direction. However, the influence from the Compass School is also apparent in setting the final direction 

of building an artificial structure (Choi, 1984).  

All these individual steps have comprehensive manuals, but the final selection of the ideal site is never derived from 

one individual environmental condition. Instead, the whole landscape is captured as a three-dimensional entity. To 

capture such a three-dimensional form of landscape, mythical or figurative naming is commonly used, which is 

called Hyung Kuk. Some examples are the shape of a floating boat, the form of two generals sitting opposite, or the 

shape of a gold turtle entering into water. This kind of naming is often associated with obliged actions or specific 

land management rules. As an example, making a well to obtain water in Pyeongyang (the capital of North Korea) 

was banned in ancient times because it has ‘floating boat’ Hyung Kuk. People believed that digging a well made the 

land, or the ‘boat’, sink (Yoon, 2006). This mythical nomenclature of landscape is often a source of criticism 

towards Fung Su. However, many Hyung Kuks and associated land management rules can easily be interpreted by 

modern scientific knowledge, and can be used as effective means to capture landforms that have unique emergent 

properties (Park, 2012). As an example, Pyeongyang was built on depositional point bars along the Daedong River, 

where withdrawing water from wells has a risk to induce ground subsidence. 

 

 

Fig. 2: The ideal condition of Fung Su Hyun Kuk and its environmental benefits (modified from Yoon(2006); Mak 

and Ng (2011); Park (2012)) 

 

The ideal Hyung Kuk is diagrammed in Fig. 2, and its equivalent actual landscape can be found in Fig. 4. The ideal 

landform condition for a cave and bright court is a place that is surrounded by hills shaped like a horseshoe or an 

armchair (Yoon, 2011). Hills on three sides with an open front side protect the site from the wind. The hill on the 

left side of a cave and bright court is the azure dragon; on the right side is the white tiger, with the black tortoise in 

the back. Another requirement is for a watercourse to be situated in front of the bright court. From the perspective of 

land management practices, the environmental benefits of this kind of landforms are apparent. The mountains 

behind the cave and bright court are the source of water and forest materials for inhabitants, and also serve as a 

barrier for a chilly northwesterly wind. Azure dragon and white tiger also work as natural boundaries that guide 

water and material flows into the bright court. The narrow watercourse leaving the bright court prevents the 

excessive removal of water and soil materials, and at the same time maintains the level of the groundwater table 

(Lee et al., 2012). The proportion of the ideal Fung Su Hyun Kuk is less than 5% of the total land surface in Korea 

(Park, 2009), but it hosted more than 60% of traditional villages in the Chosun dynasty (Jung, 2008).  
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3. LANDFORM EVOLUTION PROCESSES OF IDEAL HYUNG KUK 

Park (2009) classified plain landforms of the Korean peninsula into five different categories, and proposed a 

generalized model to explain their forming processes. The characteristic of each plain type is decided by base level 

changes that have been caused by tectonic uplift, sea-level changes, and the topological relationship of rock types. In 

this model, the formation of the ideal Hyung Kuk is one of Korea’s landform development pathways (Figure 3). 

When the base level is lowered by either the uplift of landmasses or sea-level changes, accelerated river denudation 

encroached into side slopes. Then, when the mouth of a water course is narrow enough to prevent free drainage, a 

plain surrounded by remnants of previous land surface is formed. The enclosed plain is the bright court, and the 

surrounding hills are the azure dragon and white tiger. When such a tight river mouth does not exist or is eroded by 

the channel towards the local base level, then a valley system with scattered flat areas around the channel is formed. 

The difference between these two pathways comes from geomorphological contingency, such as bedrock 

heterogeneity. Park (2012) argues that such ideal Hyug Kuk is formed as a result of self-organization processes of 

landform evolution. He also states that Hyung Kuk shows a clear indication of scale-free fractal dimensions ranging 

from a small valley side drainage basin to the Seoul metropolitan area.  

 
Fig. 3: The schematic development of ideal Fung Su Hyung Ku in Korea (Source: Park (2009)) 

 

Unlike common beliefs that Fung Su has a passive attitude toward environmental processes, there are also strong 

elements of modifying and manipulating landforms to make them suitable for inhabitants. A perfect Fung Su Hyung 

Kuk without any shortcomings is extremely rare. Consequently, people developed the concept of Bi Bo in order to 

compensate or remedy minor defects of the landforms. Choi (1984) and Yoon (2011) describe various methods of Bi 

Bo, including building hills, building symbolic artifacts, changing the direction of water flow, and assigning  

geomantically appropriate names to places. Bi Bo was especially important in modifying the environment of Korea 

during the Koryo (918-1392) and Chosun (1392-1910) dynasties.  

Figure 4 presents two examples that shows the typical Bi Bo practices. The white arrows show the artificial forest, 

which is called Bibosup (Bibo forest). In both villages, trees were planted either to replenish the weak dragon or to 

tighten the watercourse. The azure dragon of Boryong-ri was much weaker compared to the strong white tiger, and 

the local people planted trees to balance the dragon and the tiger. It is also worth noting that the village name, 

Boryong-ri, literally means 'helping dragon'. On the other hand, the black arrows indicate artificial ponds built at the 

mouth of the water course that is also protected by a Bibosup. The pond aims to prevent the free drainage of water 

from the bright court, while also maintaining the level of the water table. There are many different varieties of Bi Bo 

practices, but one point in common is the idea that humans help nature build a perfect auspicious site (Choi, 2004). 

In modern geomorphological terminology, this can be interpreted to enhance the long-term evolution processes for a 

self-organized landforms.     
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Fig. 4: Examples of the ideal Fung Su Hyung Kuk and the practices of Bi Bo in forms of community forests and 

reservoir (photo: Korean Forest Research Institute (A)  and author (B)).   

 

4. POLICY ORIENTED RECOMMENDATIONS 

Even though further research is required to interpret Fung Su for sustainable land management principles, a few 

implications can be inferred from Hyun Kuk and Bi Bo practices. Firstly, its landscape-based perspective on land 

management should be adopted and encouraged by policymakers for developing sustainable land management 

strategies. Since water and material flows over the landscape are connected with each other, single patches of land 

should not be considered independently. The hierarchical consideration of landscape elements is certainly the first 

step to achieve such a goal. Secondly, the targeted landscape should be considered as an entity that has emergent 

properties from combined environmental components. This approach shows a close connection with the importance 

of self-organization processes in modern nonlinear dynamic system theories. Such self-organization provides a 

holistic conceptual framework to bridge long-term landform evolution and short-term landscape processes 

(Malanson et al., 1997; Turcotte, 2007). Thirdly, any human intervention should be focused to enhance existing and 

ongoing landscape processes. Blind adoption of even a successful technique developed from different environmental 

settings may have a risk of bringing in disastrous impacts as it may intervene with the self-organization. Since any 

minor modifications of ongoing processes may result in an unexpected output, detailed investigation on the direction 

of self-organizing processes should be preceded for targeting sustainable land management. Finally, more efforts 

and funds should be allocated to discover and enhance local knowledge for sustainable land management. Local 

knowledge is associated with long-term experience, but is often considered inferior and superstitious by the view of 

the prevailing science. An entirely new institution and framework is necessary to encourage local knowledge for 

sustainable land management.  

 

5. CONCLUSIONS 

Fung Su is a comprehensive set of models consisting of ten components. Even though there are strong elements of 

mystical and superstitious geomantic systems, Fung Su has a unique set of multi-scale approaches to classify the 

hierarchical nature of environmental processes related to landscape characteristics. The most important aspect of 

Fung Su, however, is to capture three-dimensional forms of landscapes to characterize unique combinations of 

landform forming processes. This procedure shows a close resemblance to the identification of scale-free, self-

organized landforms in current geomorphological studies. When such self-organised scale-free landforms are 

identified, human interventions are mostly limited to enhance evolutionary pathways of self-organization. Such 

activities are called Bi Bo (making up for the weak points) that include digging a small reservoir, planting trees, 

filling up ground etc. We conclude that Fung Su offers a unique conceptual framework to classify landscapes, to 

characterize three-dimensional landform processes, and to manage landscapes in a holistic manner. This principle 

can easily be transferable to other environmental conditions with minor modifications. 
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ABSTRACT: Studying traditional knowledge is a field of renewed interest in investigations spanning several disciplinary 
areas.  Although exploration of this knowledge has experienced a development that has oscillated between their valuation and 
their depreciation as an object of study, international recommendations for heritage conservation, desertification combat, among 
others, promote not only their being taken into account at the time of decision making, but also the adding of value to 
intervention strategies. This is because it was seen that actions carried out in territories affected by desertification processes have 
been guided by criteria derived from the technical field rather than by the understanding of the logic of production and 
reproduction that traditional technologies contain. This situation has led to conceive extreme paradoxes like the destruction of 
devices that act as nature conservation strategies.  

Hence, we ask: What do these artifacts mean to the communities that produce, use and maintain them? What are the benefits 
these communities get from them?  

In an attempt to answer these questions, this work addresses the role that traditional technological devices play in constructing 
landscape in drylands and explores their potential use for a more sustainable management of territories affected by desertification 
processes. From a case study, and using qualitative methodologies and in situ surveys, we identify the technologies and devices 
that are part of the traditional knowledge associated with access to water, with special emphasis on “jagüel” wells and landscapes 
emerging from these practices. Next, we move forward in the assessment of their potential use in strategies for heritage 
conservation in land management. Finally, the conclusions put forth some theoretical-conceptual considerations, and raise new 
questions in light of the resilience capacity of these systems in the new scenarios. 

KEYWORDS: traditional knowledges, access to water, social reproduction.  

1. INTRODUCTION 
The work is framed in processes of constructing dryland landscapes, guided by the transformation and use of natural resources. In 
these landscapes, the strategies for appropriation and control of such resources induce to conflicts derived from clashes between 
interests over their use by local populations and conservation interests embodied by the provincial State and some scientific-
technological institutions. Mediating between resource supply and use, traditional technologies allow water access to goat 
producers in search of social reproduction in rainfed drylands of northern Mendoza. Because in spaces characterized by water 
restriction, water behaves as mother resource, since it territorializes space, models the landscape and allows for social 
reproduction (Torres 2008, Montaña et al. 2005).  

Within the set of traditional technologies meant for water catchment and use, here it has been considered important to analyze 
“jagüel” wells or watering points.  These are devices that, as the water heritage of drylands, denote values of singularity and 
exceptionality and therefore constitute part of the identity signals that characterize the territories where they are inserted. These 
wells, while being a guarantee of water access, articulate a set of devices, organizational and symbolic materials, so it is expected 
that they should play a central role in terms of social reproduction. Some of them have been threatened by divergent interests in 
nature conservation strategies. Hence, it is the objective of this study to describe jagüel wells and analyze their role in the social 
reproduction of the inhabitants of rainfed drylands. This goal is developed through use of a qualitative methodology, with 
intensive use of techniques involving in-depth reviews and participatory observation, applied between 2010 and 2012. It is 
further supported by a Geographic Information System, SIGDeser, of IADIZA.   
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The work area is located in the department of Lavalle, on the northern end of the rainfed drylands in Mendoza province. It is an 
arid plain, 10,007 km2 in extent, affected by critical desertification processes (Roig et al. 1991), with mean rainfall hardly 
reaching 100 mm a year. In this space, the population is settled in small villages on the banks of the Mendoza and Desaguadero 
rivers or on the margins of the lakes which these rivers eventually feed into. In inner areas, away from these watercourses, about 
a hundred of production units are established in a dispersed pattern, albeit related to the paleo-channels left by the Mendoza river 
when it shifted its course between the XVII and XVIII centuries (Abraham 1989). The 3,213 inhabitants of the area (INDEC 
2001) result in a population density of 0.3% people/km2 (Torres et al. 2003).  

The primary economic activity is goat breeding, which is developed in the frame of a subsistence sedentary pastoral economy. Its 
main social actors are the “puesteros” (smallholders), a local category that can be understood by analogy to the notion of breeder 
(Bendini et al 2005). According to Nori (et al 2008), pastoral production systems seek to achieve an optimal balance in the 
equation between pastures + livestock + people in environmental conditions of change and uncertainty. They develop, overall, in 
areas with scarce resources and extreme climate conditions that limit the possibilities for developing alternative land uses and 
production systems. 

The area supports about 80.000 head of goats (CNA 2002), with average herds of 110 head per production unit (Torres 2010) that 
feed on native woodland plants. The income of domestic units is made up of the selling of lactating goats (winter and summer) 
and manure (autumn-winter); adding the production of honey, handicrafts and, in some areas, the harvesting of reed, plus weak 
inserts in the tourist market and off-farm activities. In some cases, the production goes to the extra-local market from which cash 
income is derived, and in other cases, it ensures meeting the consumption needs of domestic groups.  Finally, the panorama is 
completed by an ample presence of direct subsidies to alleviate poverty.  

If in Mendoza water is a strategic resource and irrigation has been the driver of territory management (Montaña et al 2005), in 
rainfed drylands it is also the axis underlying social reproduction. Thus, technologies for water access and use become integrated 
to the production units, as are houses and corrals because, like these, they are crucial to the ends of production and social 
reproduction (Torres and Pastor 2010).  

Habitually, it is pointed out that the major cause of degradation of the area’s natural resources is the levels of overgrazing 
introduced by producers, given the “inappropriate livestock practices” they use (Abraham, 2000): they have large number of 
head, they lack perimeter fences in the fields to allow paddock rotation and management, and they do not develop grazing 
practices.  

From these assessments, we propose interventions that, based on concepts derived from the Rural Territorial Development (RTD) 
approach, aim to modernize traditional local practices and render them efficient. The case of jagüel wells is no exception to these 
realities. While these technological devices are highly valued by local communities, the valuation they receive from extra-
territorial contexts decontextualizes their meaning and their production system as well as the needs of domestic units for social 
reproduction. 

 

2. DESERTIFICATION AND CONFLICTS: CONSERVATION VS. DEVELOPMENT 
The province of Mendoza has 16 protected nature areas, which account for 8.5% of its total land area. Among them is the 
Cultural Nature Reserve “Bosques Telteca”, located in the study area, which is representative of the Monte eco-region (Berlanga, 
DRNR: 2011). 

In virtue of the regulations in force, protected areas must have a Management Plant that facilitates management tasks. The 
Direction of Renewable Natural Resources, a provincial administrative agency for Protected Nature Areas, has begun developing 
a Management Plan for Telteca. To this end, they have reached consensus with diverse actors and institutions, the “basic 
prohibitions to which the entire protected area will be subjected and, inside it, the different sectors in which it has been zoned”, as 
established by applicable law.    

At present, and since 2007, Telteca is the only protected area in Mendoza which holds the rank of “cultural and nature reserve”. 
This rank “includes those areas where there are indigenous communities interested in preserving their own cultural background, 
the land and the living resources they possess. In them there is a close dependence of man on the natural environment, either in 
terms of food, shelter or other material necessities for their subsistence” (Article 35, Law 6045/93). 

Located in this Reserve, and within its core area, is one of the largest and probable one of the oldest jagüel wells in the area (late 
XIX century). The core area is of such condition because it harbors wildlife species in danger of extinction (Harpyhaliaetus 
coronatus). On occasion of discussing the management plan for this area, one of the proposals was to close the jagüel well to 
prevent goats from drinking and thus avoid ecosystem disturbance.   

The debate arising from the proposal for Telteca is not new; notwithstanding, it manifests particularities associated to the local 
context that call to wonder what goods should be subjected to protection, in an area that declares itself to be natural and cultural. 
At least in theory, the actions directed to reach agreement on a management plan are inspired in international recommendations 
that openly acknowledge the right of local populations to participate in the administration of the resources of the protected area. 
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3. “JAGÜEL” WELLS OR WATERING POINTS 
Prior studies indicate that the process to guarantee water access induces to display a wide array of devices that result from the 
articulation of techniques, knowledge and social relations (Torres and Pastor 2010). Within a broader repertoire of devices for 
water access and use, jagüel wells or watering points potentiate such articulations. They allow livestock to have water, which is 
in turn vital to the social reproduction of social groups; they mobilize social networks of reciprocity and summarize techniques 
and knowledge linked to changing conditions –not only environmental but also of decisions that affect the environmental context 
and the availability or unavailability of resources- and from there reinforce the territory’s resilience capacities.  

Jagüel wells denote the presence of groundwater and are a type of well whose differential characteristic is that they are not meant 
for water extraction but, on the contrary, have been conceived to access to and use groundwater at those sites where it is naturally 
stored.  

So far, 16 jagüel wells have been surveyed in the area, 14 of which are in operation. The other 2 have practically disappeared 
because of the collapse of lateral contention walls and lack of maintenance necessary for their proper functioning. The field data 
report that all 16 wells surveyed composed the universe of existing jagüel wells. Thus, even though the possibility of detecting 
some more operating wells is not ruled out, this number is considered to be very close to their actual total number.   

Within this universe, at least two typologies can be recognized in association with two sets of variables: one related to the 
location with respect to the channels along which the Mendoza river used to run or is now running; the other one related to the 
regulation of ownership and use of these infrastructures.  

What have been called paleo-channel jagüel wells are wells located on the old beds of the Mendoza river, quite far away from 
those that the river sporadically runs these days, and in direct and close relation to the production units that use their water. This 
water is from the water table, which in these cases occurs at depths between 6 and 10 m. These wells are ramps dug into the 
ground, about 25 to 30 m long. In general, they are located on sites with sandier, little compact soil, combined with clays, that 
manage to retain water at a shallow depth. It is precisely these soil features that demand continuous management of the system in 
order to get water, because the lack of it causes obstruction of the waterhole. 

 
Fig. 1: Paleo-channel jagüel well  
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The second typology identified thus far is that of channel jagüel wells. Of variable size, these are built on eventual channels of 
surface waters and provide access to water beneath the river bed, which is at a shallow depth –approximately 1.5 m-. The location 
of these wells is eccentric with respect to the production units that use them, that is, on lands outside the private grounds of the 
production unit. Although they have common features with the paleo-channel jagüel wells, they are smaller and less complex, not 
only because of the well itself but because they do not have the set of supplementary elements characteristic of the former. 
Channel jagüel wells are shallow excavations on the lateral areas of the temporary riverbed. The perimeter of these excavations is 
a ramp that facilitates access to the waterhole, but from its entire perimeter. Like the other paleo-channel jagüel wells, they are 
fenced, some around the pool of water, others controlling a larger portion of ground.  Despite being located near the premises of 
the production unit, in this case the wells are not part of its private grounds, although their use is actually part of it. 

 
Fig. 2: Channel jagüel well 

 

Both types of jagüel wells have an impact on landscape, reaching different degrees of visibility derived from the size and 
complexity of the device. Although these wells are sizable elements, the water table’s proximity to or remoteness from the 
ground surface determines the volume of soil removal required for their construction. Thus, a paleo-channel jagüel well requires 
the removal, with pick and shovel and eventually with the help of a horse, of approximately 280 m3 of earth material –equivalent 
to the load of 46 trucks-, whereas a channel jagüel well only needs the removal of 20% of that volume. 

In 13 cases, jagüel wells were built by relatives of their current users, most of them by the end of the XIX century and beginning 
of the XX century. Along with the San José and Lagunas del Rosario de Guanacache chapels, and a few buildings in a few 
production units, these would be the oldest constructions that still survive, not only in the area but also in the province of 
Mendoza.   

According to Narotzky (2004) the combination of resources + human beings + knowledge and working tools plus technologies, 
for these are articulated with social differentiation processes, condition the access of the various groups to the devices that 
facilitate transformation of natural resources into products for consumption or exchange. In the light of this contribution, jagüel 
wells can be assigned within this category, insofar as they combine a definite materiality with social organization processes that 
allow work and knowledge, related both to their articulation with the production process and to their use, maintenance and 
(re)creation; in complete association with the environmental particularities typical of the area. And here appears the other 
characterization variable, related to the regulation of both the ownership and use of the jagüel well, irrespective of the typology 
adopted by the device. A jagüel well whose production unit is extinct becomes the property of the community, which is therefore 
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the one to set the rules for its use.  In this case, it is agreed that there must be a distance of 500 m between the jagüel well and the 
other premises of the production unit. This restriction would be clearly defining the areas of protection and use of the land, both 
private and communal. 

In all the cases analyzed, access to water from the jagüel well is fundamental to the development of economic activities and its 
construction appears associated with the maturity of its operation. In 15 recorded and analyzed cases, these are developing or 
consolidated units, and some of them are even in a stage of losing their members. Finally, in the active jagüel wells surveyed, 
where goat inventory data were obtained (from 9 of them), it was observed that inventories exceed 110 head, surveyed in units 
with no jagüel wells (Torres 2010). In these cases, the average rises to 284 head of goats, in addition to the stock of sheep and 
horses, and to other goats that producers receive from their neighbours, especially from those who helped them in the initial or 
maintenance stages and can access the waterhole in the event of a worsening of restrictions.   

 

4. CONCLUSIONS 
The submitted data indicate that jagüel wells, as a technological device emerging from traditional knowledge, are vital to the 
reproduction of domestic units. Even though they greatly demand for constant workforce, they ensure water allocations to 
livestock and function as articulation of social reproduction of domestic groups. These wells are technological systems of high 
environmental, social and technical value that combine resources, people, knowledge and work. Under these conditions of 
asymmetry with respect to decision-making centers, these groups interact with a highly restrictive environment.    

Unlike other systems for water access (bucket wells, boreholes; Pastor 2005) watering points allow producers some autonomy. 
This is because, on the one hand, they allow them to maintain a certain independence from both scarce precipitation and surface 
watercourses that have been jeopardized by their intensive use in the highest portion of the watershed. On the other hand, these 
wells allow producers to administer the available workforce at the production unit level. Contrarily to the daily demands for 
water extraction proposed by other types of wells, jagüel wells supply the resource even if their occupants move away. They also 
allow organizing the workforce available at the production unit or even summon it in case of need, harnessing the ties that bind 
them to relatives and neighbors. Complementarily, this work aid then reverts to returns of aid, in the form of water and pastures, 
situations which, intertwined with one another, act in favor of reducing vulnerabilities in a wider group of production units, all of 
them constrained by analogous limitations of context. 

This is about traditional, living, constantly updated knowledge, inextricably tied to social reproduction. Moreover, considering 
the decreasing trend of the workforce available per production unit and the need for water that remains constant, the 
conservation, reuse and innovation that these devices combine, updates not only the validity of jagüel wells and their associated 
technology to obtain water, but also the conditions of sustainability of traditional technological devices as related to the resilience 
capacities of these communities and their traditional knowledge.  

Given the central role they play, jagüel wells, as the result of traditional knowledge and technologies, form a territory heritage 
system clearly identified as a common asset.  Conservation interests should re-think those actions directed to promote their 
closure, not only because the producers understand them as key devices for the development of goat production, but also because 
they also sum up some of the knowledge that both the UNCCD and UICN believe needs to be protected. Nevertheless, unlike the 
protection of nature, traditionally associated with the “non-use” of natural resources, in this case we face a non-use of the cultural 
resources linked to the area, whose technologies must perhaps be protected following the opposite way, namely through their 
active use and maintenance.  

 

5. RECOMMENDATIONS AND SUGGESTIONS 
Finally, we can point out 5 recommendations 

 1- Deepening in traditional knowledges in general. Encourage and promote the realization of inventories. 

2- Recognize traditional technologies and their social and symbolic issues that not only articulates it but also give sense as 
cultural heritage 

3- Identify the strengths of this knowledge, assessed on their tangible and intangible dimensions 

4- Identify the points perceived as weaknesses by communities as opportunities to improve the eco-efficiency and sustainability 
of traditional technologies 

5- Promote an actively conservation improving the use of traditional knowledge of the communities cultural heritage. 
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ABSTRACT: The funding measure 'Sustainable Land Management' of the German Federal Ministry of Research and Education 
(BMBF) supports twelve collaborative regional scientific projects in different ecosystems. The projects are designed for a five 
years period (mainly started in 2011) and try to find applied solutions for problems caused by non-sustainable land management 
practices. Stakeholder participation and partnerships with local scientific institutions are required parts of each project. Several 
projects explicitly deal with arid or semi-arid ecosystems. 

Keywords: land management, sustainable use, applied research, stakeholder involvement 

1. INTRODUCTION 
Natural landscapes and ecosystems as well as areas under agricultural use are under increasing pressure from growing demands 
for food production, for the production of biofuels and from changing climate conditions (Butchart et al.2010). This pressure can 
result in conflicts about decreasing resources like fresh water, arable land, forest products or services provided by intact 
ecosystems. The management of land in order to solve conflicting interests therefore becomes an ever more demanding tasks, 
especially if resources and ecosystem services are to be managed in a sustainable way in a long term perspective. 

As a consequence, research projects that try to develop solutions for sustainable land management have to be multidisciplinary 
from the beginning, including natural and social science, and have to foresee an intense stakeholder participation in order to 
create outcomes which are applicable under local circumstances. 

2. THE FUNDING MEASUREFOR RESEARCH ON SUSTAINABLE LAND MANAGEMENT 
The funding measure “Sustainable Land Management” of the German Federal Ministry of Research and Education (BMBF) is 
based on multidisciplinary approaches and stakeholder involvement from the very beginning. It was launched in November 2010 
and comprises of twelve five-years regional projects in 13 countries around the world.There is also a coordinating project, Global 
Assessment of Land Use Dynamics, Greenhouse Gas Emissions and Ecosystem Services (GLUES), that aims to develop scientific 
methodologies and synthesis with respect to all projects in the funding measure. It will both improve the transferability of results 
and the assessment of cross-border effects (Eppink et al. 2012).All twelve projects are performed in close cooperation with 
research partners in the respective countries and try to address drivers of  land use change, such as population growth, 
developments of economic markets and climate change. Several projects explicitly deal with arid or semi-arid ecosystems. 

2.1 SuMaRiO 
The central question of the Sino-German research project SuMaRiO (Sustainable management of river oases along the Tarim 
River / China) is how to manage land use in a way that ecosystem services and economic benefits are maintained in best balance 
for a sustainable development. This mainly concerns irrigation agriculture and utilization of the natural ecosystems, and water 
use in a very water-scarce region, with changing water availability due to climate change.. The overall goal of the project in 
Northwest China is to support oasis management along the Tarim River under conditions of climatic and societal changes by:  

developing methods for analysing ecosystem functions/ecosystem services (ESS/F), and integrating them into land and water 
management of river oases and riparian forests;  

involving stakeholders in the research process to integrate their knowledge and problem perceptions into the scientific process;  

developing tools (decision support system) with Chinese decision makers that demonstrate the ecological and socio-economic 
consequences of their decisions in a changing world. 

2.2 SuLaMa 
SuLaMa (Participatory research to support sustainable land management on the Mahafaly Plateau in South-Western Madagascar) 
focuses on the development and application of stakeholder-based solutions to replace non-sustainable land use practices under the 
scenario of global change (a growing human population, the impact of climate change) and prospective land transformation 
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programs associated with mining and export oriented agriculture. Using a participatory approach, a management plan for a 
sustainable land use will be developed, which is environmentally sound, socially acceptable, and economically viable. The 
objectives to be achieved by the project are:  

Development of robust methods for the qualitative and quantitative analysis and evaluation of ecosystem functions and services 
and for determining the resilience of the given ecosystems: 

 Functions and services of ecosystem components are identified and assessed for their importance in natural and 
anthropogenic systems (plants, animals, interactions, processes);  

 A robust standard indicator system for ecosystem health (water conditions, soil conditions, diseases, vegetation 
structure, and biodiversity) is developed and implemented with local stakeholders.  

Functional and quantitative studies dealing with the dependence of ecosystem functions and services on biodiversity, climate 
change and land management: Interactions and effects of existing and promising alternative forms of land use and production on 
ESS/F are assessed, and the most suitable to maintain natural ESS/F in an anthropogenic landscape and under different scenarios 
of global change are identified and promoted. 

Analysis of cumulative effects in terms of space and time and recording of transregional secondary and substitution effects: 
Based on the implementation of a hierarchical assessment system, spatial and time series analysis techniques including modeling 
approaches will be developed that facilitate the evaluation of existing relationships and dependencies of ESS/F and land use and 
allow for upscaling of the project findings beyond the area of the test site. 

Trade-offs and synergies between land management that takes special account of ESS/F and other goals of land use (e.g. food 
production, climate and biodiversity protection, etc.): 

 Small scale irrigation projects using both surface and subterranean water resources and intensification of vegetable 
gardening through better integration of animal husbandry and agriculture combined with the use of biocharcoal 
(BioChar) and tannins are tested under field conditions; 

 Local and regional human resource and institutional capacities are developed and accessible for promoting alternative 
livelihoods and production practices that are favorable to ESS/F restoration and maintenance; 

 A landscape management plan for the Mahafaly Plateau is completed and implemented based on an understanding of 
past and present tendencies and future models of land use that integrate traditional knowledge and customs of local 
communities. 

Development of socio-economic tools for consideration of ESS/F in land management: 

 Evaluation of ESS/F through payment schemes and elaboration of alternative income sources (local labeling); 

Participative measures for a concerted integration of proposed land management and practices as well as knowledge transfer are 
determined. 

2.3 INNOVATE 
The core objective of the project INNOVATE (Interplay between the multiple uses of water reservoirs via innovative coupling of 
substance cycles in aquatic and terrestrial ecosystems) is designing an innovative coupling of substance cycles, evaluated on 
macro, meso and local scales, and embedded in societal structures. The project covers the São Francisco River catchment up to 
the Itaparica dam, with empirical research in the surroundings of the Itaparica reservoir under smallholder conditions. Main 
lessons will be depicted, which are potentially transferrable to other watersheds. Measures to reduce the nutrient content of the 
reservoir will be tested and assessed economically. The Green Liver System will be further developed to purify contaminated 
lake water. The impact of see sediment and biochar application on soil fertility and crop yields in mixed smallholder systems will 
be evaluated. Changes of biodiversity and C sequestration accruing from management alterations will be monitored. Land use 
and hydrology will be modeled, accounting for climate change. Governance options for a sustainable aquatic and terrestrial 
management will be developed, based on constellation analysis. 

2.3 KULUNDA 
KULUNDA deals with the problem of Russian steppe ecosystems which run the risk to turn into global dust bowls under 
changing climate conditions.The main goal of the interdisciplinary project is to mitigate degradation and desertification 
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processes, to stabilize and in the long run, to enhance carbon sequestration in soils. Likewise,  it aims to increase crop yield by 
development and implementation of sustainable land management practices for agricultural used areas and by that to contribute 
to the rural and regional development. The gained knowledge and the results of the KULUNDA project will largely contribute to 
the research on climate change, sustainable land management and rural and regional development.The project is organized in 
four work tasks which will focus on: 

 Analyzing the effects of agricultural management practices on soil properties and other ecosystem properties with 
regard to climate conditions, 

 Development and implementation of adopted land use practices and steppe restoration measures,  
 Analyzing the effects of a natural and social framework on land use decisions, 
 Development and implementation of a stakeholder driven planning and consulting platform which allows the 

application of sustainable land use strategies. 

3. POLICY ORIENTED RECOMMENDATIONS 
All projects explicitly referred to in this extended abstract aim at providing decision support for actors on different decision 
making levels, including local users of biodiversity (such as  small scale farmers), local decision makers (such as local 
administrations or farmers cooperatives), as well assub-regional and regional political decision makers (such as regional 
governments or councils). The projects try to develop science based applicable solutions for problems arising from non-
sustainable use in order to prevent further desertification, degradation or overexploitation of resources in arid or semi-arid 
environments. With their research the projects try to foster the implementation of the strategic plan of the Convention on 
Biological Diversity, including the Aichi targets, as well as the aims of the United Nations Convention to Combat Desertification 
with the aim to secure human wellbeing by sustainable land management. 

4. REFERENCES 
Butchart, S.H.M et al. (2010). Global biodiversity: indicators of recent declines, Science, 328, 1164-1168. 
Eppink, Florian; Werntze, Andreas; Maes, Stephan; Popp, Alexander; Seppelt, Ralf (2012). GAIA, 21/1(2012), 55-63. 
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RESUMEN 

A partir del Proyecto Evaluación de la Degradación de Tierras en Zonas Secas (LADA, 2003-2011), el cual ha diagnosticado 

detalladamente el problema de la desertificación en Argentina, en donde la Secretaría de Ambiente y Desarrollo Sustentable 

(SAyDS), el Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET) y su Instituto vinculado a la temática 

(IADIZA), el Instituto Nacional de Tecnología Agropecuaria (INTA) y Universidades Nacionales, han diseñado y creado el 

Observatorio Nacional de Degradación de Tierras y Desertificación. La estructura del Observatorio consiste en un Comité 

Directivo, el cuál esta presidido por la SAyDS, y una Comisión Asesora, órgano asesor y consultivo. El Observatorio fue 

creado en Diciembre de 2011 para fortalecer la toma de decisiones en el manejo de la tierra. Los principales objetivos de este 

son la consolidación de la evaluación y el monitoreo de los factores biofísicos y socioeconómicos que hacen a la degradación 

de tierras y desertificación, como así también la implementación de prácticas para la mitigación, adaptación, prevención o 

restauración. Asimismo, el Observatorio tiene la responsabilidad de recopilar, estandarizar y generar información a diferentes 

escalas, publicándolas a través de su página web, con indicadores y mapas basados en la información actualizada y sintetizada 

a partir del uso de fuentes de información confiables y rigurosas. El Observatorio es un ejemplo exitoso de la articulación 

generada entre el sector político y el científico/tecnológico en Argentina, en donde el primer resultado fue el de presentar los 

dos indicadores de impacto establecidos en el marco de la UNCCD: Estado de la Cobertura Terrestre y Porcentaje de la 

Población que vive por debajo de la línea de pobreza.  

 

Palabras clave: Observatorio, Degradación de Tierras y Desertificación, Tomadores de decisión, Interinstitucionalidad 

 

ABSTRACT 

On the basis of the Land Degradation Assessment in Drylands (LADA, 2003-2011) project, that successfully addressed the 

problem of land degradation in Argentina, the Secretariat of Environment and Sustainable Development (SAyDS), the 

National Scientific and Technical Research Council and its institute with involvement in the theme (IADIZA), the National 

Institute of Agricultural Technology (INTA) and National Universities designed and realized the NationalObservatory on 

Land Degradation and Desertification. The structure of the Observatory consists of a Steering Committee presided by the 

SAyDS and an Advisory Council, which is a consultative and advisory body. The Observatory was created in December 2011 

to support decision-making in land management. Further purposes are the consolidation of permanent bio-physical and socio-

economic monitoring and assessment of land degradation and desertification, as well as encouragement of mitigation, 

adaptation, prevention and restoration practices. Therefore the Observatory is in charge of collecting, standardizing and 

generating information at different scales and offers a WebPage with synthetic indicators and maps based on updated 

information from rigorous and reliable sources. The Observatory is a successful example of partnership building between the 

political and scientific technological sectors in Argentina, whose first tasks were to provide the two impact indicators 

demanded by the UNCCD: Land Cover Status and Proportion of population living below the poverty line.  

 

Key words: Observatory, Land degradation and desertification, Decision-making, Partnership building 
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1. INTRODUCCIÒN 

Según los datos obtenidos a partir del desarrollo del Proyecto Evaluación de la Degradación de Tierras en Zonas Secas 

(LADA, por sus siglas en inglés), de los 1.520.279 Km2 evaluados en Argentina, correspondientes a las tierras secas del país, 

el 81,5% de dicha superficie se encuentra afectada por diversos procesos y grados de desertificación y degradación de tierras, 

generando un descenso de su productividad, y a veces una pérdida irreversible de la biodiversidad y de la capacidad 

productiva.  

Múltiples esfuerzos se han realizado a escala mundial, regional y nacional para conocer la extensión, tendencia y costo de la 

degradación de tierras. Entre ellos, el proyecto LADA, ha implantado un marco de trabajo para evaluar la degradación de las 

tierras a diferentes escalas, de forma tal de que pueda proporcionar una línea de base y asistir en la realización de mejores 

informes e inversiones prioritarias (metas). 

Este proyecto, durante casi 8 años de presencia en Argentina,  ha generado las bases para un sistema nacional de monitoreo y 

evaluación de la desertificación a escala nacional y local, generando una metodología estandarizada de evaluación, y una 

primera lectura de la situación de degradación de las tierras secas en el país. Asimismo, ha fortalecido las capacidades 

instaladas en diferentes instituciones gubernamentales, académicas, científicas y técnicas del país, consolidando un equipo 

interinstitucional  e interdisciplinario que pretende, en base a las metodologías y la información generada a partir del proyecto 

LADA, diseñar e instalar un sistema permanente de monitoreo de la degradación de tierras, incluyendo los procesos sociales y 

económicos relacionados, y las practicas de mitigación, adaptación, prevención y rehabilitación recomendadas para cada 

situación. 

Por lo mencionado precedentemente, se creó y puso en marcha el Observatorio Nacional de la Degradación de Tierras y 

Desertificación, con el fin de generar las bases para proporcionar información a los tomadores de decisiones, a partir de la 

evaluación de los procesos que conducen a la desertificación y degradación de tierras, los que requieren de información 

continua, estandarizada y extendida en el tiempo. 

 

2. DISEÑO DEL OBSERVATORIO 

2.1 Objetivos 

El Observatorio Nacional de la Degradación de Tierras y Desertificación tiene como objetivo principal, proveer información 

relativa al estado, las tendencias y riesgos de la degradación de tierras y la desertificación con el fin de elaborar 

recomendaciones referidas a la prevención, control y mitigación, para mejorar la toma de decisiones en torno a la gestión 

ambiental a nivel público y privado. 

Asimismo, cuenta con los siguientes objetivos específicos, los cuales son los principales lineamientos para su funcionamiento. 

� Generar mecanismos para el intercambio de información entre las instituciones que conforman el observatorio y 

diseñar herramientas de acceso a la misma para diferentes usuarios. 

� Definir indicadores para el monitoreo de la degradación de tierras y la desertificación, priorizando los adoptados por 

la Convención de las Naciones Unidas de Lucha contra la Desertificación.  

� Promover la generación y difusión del conocimiento sobre la degradación de tierras y la desertificación en diferentes 

ámbitos. 

� Fortalecer las capacidades referidas a la evaluación y monitoreo de la degradación, así como a la identificación e 

implementación de buenas prácticas. 

� Responder a las necesidades de información de los Organismos nacionales  y provinciales de Gestión de los 

Recursos Naturales. 

� Elaborar recomendaciones sobre prácticas de prevención y mitigación de la degradación y rehabilitación de tierras 

degradadas. 

� Articular con otras experiencias similares en el ámbito nacional e internacional. 

 

2.2 Estructura  

El Observatorio es un espacio virtual de miembros internos (Comisión Directiva, Comisión Asesora) y externos, que proveen 

al Observatorio de diferentes datos y conocimientos, y a su vez son los usuarios de este. Constituye una red interinstitucional 

compuesto por organizaciones de todo el país y en la cual la Comisión Directiva forma el centro de la misma (fig. 1).  

La Comisión Directiva es el órgano superior del Observatorio. Está presidido por la Dirección de Conservación del Suelo y 

Lucha contra la Desertificación de la Secretaría de Ambiente y Desarrollo Sustentable de la Nación e integrado por el Consejo 

Nacional de Investigaciones Científicas y Técnicas (CONICET) – Sede Central;  Instituto Argentino de Investigaciones de las 

Zonas Áridas (IADIZA-CONICET); el Instituto Nacional de Tecnología Agropecuaria (INTA); y la  Facultad de Agronomía 

Universidad de Buenos Aires (FAUBA). Su principal rol es direccionar, orientar y definir las líneas de acción.  



 3 

En cuanto a la Comisión Asesora, esta es el órgano consultivo y de asesoramiento técnico/científico del Observatorio.  Está 

conformado por representantes de instituciones clave se han distinguido por su vinculación a la temática, interactuando con la 

Comisión Directiva para la generación de propuestas y el desarrollo de los proyectos que se ejecuten en conjunto. Asimismo, 

son proveedores de datos y usuarios del Observatorio. 

Los responsables de los Sitios Piloto son representantes de los miembros internos del Observatorio. Generan datos a escala 

local con la capacidad para extrapolar los resultados a nivel regional. 

Las Comisiones ad hoc están conformadas tanto por miembros de la Comisión Directiva, como de la Comisión Asesora, que 

cuenten con el perfil técnico/científico que pueda dar respuesta a las demandas que surjan por parte de los usuarios del 

Observatorio, con el fin de cumplir con los objetivos propios de éste. 

 

Figura 1: Esquema de la estructura del Observatorio Nacional de la Degradación de Tierras y Desertificación 

 

2.3 Página Web 

La página Web tiene la funcionalidad de organizar, almacenar y publicar la información generada a nivel local y regional por 

los Sitios Piloto (inicialmente de aquellos que se generaron a partir del Proyecto LADA, para luego incorporar nuevos sitios) y 

proporcionada a nivel nacional por diferentes miembros del Observatorio, con el fin de facilitar el acceso a la misma, y 

permitir el intercambio de datos y su análisis, para diversos tipos de usuarios. Asimismo, contribuye a un mejor 

funcionamiento del Observatorio como una verdadera red interinstitucional, y facilita la comprensión de aquellos temas 

vinculados a la degradación de las tierras y desertificación para todo el público. El diseño de la página prevé diferentes niveles 

de acceso a la información con uno preferencial para los miembros internos.   

El Observatorio, y por consiguiente su página Web, se sustenta en un sistema de indicadores, mapas interactivos con un 

repositorio de datos geoespaciales en línea y Sitios Piloto como generadores de datos (fig. 1). Es una plataforma de 

intercambio de información actual, bibliográfica, ideas y experiencias relacionadas con la desertificación y la degradación de 

tierras, diseñada para tener la capacidad de convertirse en una herramienta de gestión participativa.  

Cuenta con el servicio de agenda, noticias de prensa, documentación, enlaces, glosario, abreviaciones, unidades de medidas y 

respuestas generadas a las preguntas frecuentes. 

 

3. IMPLEMENTACIÓN Y PRIMEROS RESULTADOS 

3.1 Sistema de Indicadores 

Los indicadores tienen la capacidad de facilitar información oportuna, precisa y confiable en espacio y tiempo sobre los 

diferentes aspectos de la degradación de las tierras (Abraham, Tomasini & Maccagno, 2003; Abraham & Beekman, 2006;  

Manteiga, 2000; Therburg,  D' Inca & López, 2005). Pueden convertirse en una herramienta importante para mejorar la toma 

de decisión a nivel nacional, regional y local y para la difusión de  información científica y técnica a diferentes grupos de 

usuarios (PNUMA, 2003).  Además permiten el monitoreo de medidas aplicadas.  

Los observatorios virtuales garantizan el acceso público a la información y una adecuada visualización de los indicadores. Por 

tal motivo se confecciona un sistema de indicadores con acceso al mismo por temática o cobertura geográfica. Se ordena los 

indicadores en tres grandes temáticas: indicadores biofísicos, socioeconómicos y de gestión. Una vez elegido el indicador de 

interés en la página Web, se visualiza una ficha de divulgación con una descripción corta del indicador, además de la 

representación del mismo a través de gráficos y/o mapas. Para conocer los detalles del indicador en cuestión se llega a través 
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de un link a una ficha metodológica estandarizada. La tabla de datos de la información está disponible en todos los casos. Se 

confecciona el sistema de Indicadores en base a lo propuesto por Quiroga Martínez (2009).  

Los primeros indicadores desarrollados son los dos indicadores de impacto obligatorio de ser presentado por los países Parte 

afectadas por Desertificación, Degradación del Suelo y Sequía (DDTS) ante la Convención de Naciones Unidas de Lucha 

contra la Desertificación (UNCCD) para 2012: “Porcentaje de población que vive debajo de la línea de pobreza” y “Estado de 

la Cobertura de la Tierra”. El primer indicador fue parcialmente informado, en primer lugar, debido a que en nuestro país, el 

indicador utilizado para estimar la pobreza es obtenido a través de la Encuesta Permanente de Hogares (EPH), la cual esta  

estratificada y realizada para grandes conglomerados urbanos (no hay encuesta en poblaciones pequeñas o áreas rurales), por 

ello resulta imposible  realizar una inferencia para las áreas afectadas por desertificación. Si bien se reconoce que la media 

nacional, puede no ser indicativa de lo que ocurre en las zonas áridas del país, se informó este valor, al no contar con otro 

parámetro para informar en tiempo y forma.  

A modo de ejemplo se muestra la ficha metodológica del Indicador “Porcentaje de la Cobertura de la Tierra” (Ver Tabla 1).  

Tabla 1: Ficha metodológica técnica para el Indicador “Porcentaje de la Cobertura de la Tierra”.   

Nombre del 

Indicador 
Porcentaje de la Cobertura de la Tierra 

Grandes Temas Modelo FPEIR 
Marco Ordenador 

Subsistema biofísico  Impacto 

Descripción corta  El indicador refleja la dimensión (bio) física de la superficie de la Tierra.  

Relevancia y 

objetivos 

El indicador da una pauta de la capacidad de la tierra para sostener las actividades humanas. Asimismo indica la 

degradación de tierras en términos de pérdida de la productividad del ecosistema.  

El objetivo es la medición y el monitoreo de los cambios en la cubierta terrestre. Los cambios en la cobertura 

terrestre son un resultado importante de la degradación de tierras a largo plazo. Asimismo, los tipos de coberturas 

terrestres específicos difieren en su grado de susceptibilidad a la degradación. Por este motivo, la evaluación de la 

cubierta terrestre puede ayudar a (a) la identificación de las zonas que se puedan ver potencialmente afectadas por la 

degradación y (b) los impactos de la degradación, es decir, el cambio en la cubierta terrestre. 

Alcances Limitaciones 
¿Que mide el 

indicador? Mide las superficies de los diferentes tipos de cubiertas 

terrestres.  
No mide los cambios en la cobertura terrestre. 

Fórmula Unidad de Medida Fórmula y Unidad 

de Medida  No aplica Se expresa en valores relativos (%). 

Cobertura geográfica Escala  
Dimensión espacial 

Nacional  1:500.000 

Fecha inicio toma de datos Última actualización Periodicidad en la recolección de datos Dimensión 

temporal 2007 2007 Eventual 

Metodología para 

la recolección de 

los datos 

Primera etapa: Diseño de la leyenda jeráriqua según “Land Cover Classification System” (LCCS) propuesto por FAO 

hasta tercer nivel con un total de 57 categorías.  

Segunda etapa: Elaboración de cartografía digital mediante la interpretación de imágenes satelitales, datos de campo 

e información secundaria. Interpretación de imágenes: Clasificación visual e interpretación de series temporales de 

índices de Vegetación  EVI (Enhance Vegetation Index) (Imágenes: LANDSAT TM, MODIS-TERRA (MOD13Q1). 

LA Unidad Mínima Mapeable es de 600 ha (Excepto lagos y áreas urbanas 300 ha) y el Ancho Mínimo Mapeable de 

1000 m. Se trabajo en una escala de 1:250.000 y se presentó en 1:500.000. 

Tercera etapa: Verificación a través de Google Earth.  

Presentación  Mapa   Tabla  Gráfico 

Disponibilidad de 

los datos 
Parcialmente disponible  

Variables que 

componen el 

indicador 

No aplica 

Relevancia para la 

toma de decisiones 

El indicador puede dar pautas sobre la ubicación de áreas prioritarias para la conservación, la investigación, para 

medidas de recuperación o usos restringidos (buenas prácticas). 

Tendencias y 

desafios 

No se realizó estudios temporales para toda la superficie nacional a una escala que sirva para la toma de decisiones. 

El desafío está en la elaboración de series temporales de la cobertura de la tierra y su interpretación. 

Marco legislativo o 

normativo  
No aplica 

Valor de referencia  No aplica 

Vínculo con 

iniciativas 

regionales o 

mundiales 

Es uno de los dos indicadores de impacto obligatorio de ser presentado por los paises Parte afectadas por 

Desertificación, Degradación del Suelo y Sequía (DDTS) ante la UNCCD, tras la decisión 17/COP 9. 

Información 

complementaria 
http://inta.gob.ar/documentos/cobertura-del-suelo-de-la-republica-argentina.-ano-2006-2007-lccs-fao/ 
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Fuente de 

información 

Ligier, D., Volante, J.N. (coord.) (2009): Cobertura del suelo de la República Argentina. Sistema LCCS-FAO.- 

Programa Nacional de Ecorregiones, INTA. 

http://inta.gob.ar/documentos/cobertura-del-suelo-de-la-republica-argentina.-ano-2006-2007-lccs-fao/ 

Documentación 

relacionada con el 

indicador 

►Britos, A.H., Barchuk, A.H. (2008): Cambios en la cobertura y en el uso de la tierra en dos sitios del Chaco Árido 

del noroeste de Córdoba, Argentina.- AGRISCIENTIA Vol.XXV (2), 97-110.  pdf  

►Clark, M.L., Mitchell Aide, T., Ricardo Grau, H., Riner, G. (2010): A scalable approach to mapping annual land 

cover at 250 m using MODIS time series data: A case study in the Dry Chaco ecoregion of South America.- Remote 

Sensing of Environment 114, 2816–2832  pdf  

►Morales Poclava, M., Lizarraga, L., Elena, H., Noé, Y., Mosciaro, J., Vale, L.,Paoli, H., Volante,J. (2007): 

Cobertura de Suelo en el Noroeste Argentino (NOA) mediante Land Cover Classification System (LCCS-FAO). pdf. 

 

 

3.2  Mapas interactivos y repositorio de datos geoespaciales 
 

La función de los observatorios en general, y especialmente aquellos con implicancia en el territorio, es la interacción entre 

instituciones, los investigadores y el público en general, para la evaluación y monitoreo de los objetivos planteados. Uno de 

los componentes principales para el logró de dichos objetivos es el uso de herramientas informáticas que permitan la 

visibilización de la información geoespacial, con un fácil acceso y de lectura interactiva.  

 

 
Figura 2: Estructura implementada para el funcionamiento del Servidor de Información Geoespacial 

 

La figura dos muestra dos partes fundamentales del Observatorio, la página web propiamente dicha, y el servidor de mapas 

GeoServer. Este último tiene gran versatilidad para la información geoespacial, permitiendo al usuario, desde esta página, 

visualizar información cartográfica temática de manera interactiva. Así mismo, GeoServer contiene la información 

geoespacial en formato vectorial y raster, y que además permite vincular esa información con programas SIG desde 

computadoras personales, mediante protocolos de conexión en línea como wms, wcs, wfs. 

Una página web que permite el servicio de mapas interactivos y de acceso a la información general y geoespacial, relaciona 

un soporte físico computacional y de programas que requieren una importante estructura y sólida organización informática. 

De ello depende el correcto funcionamiento del producto visible. 

 

3.3 Sitios Piloto 

La desertificación y la degradación de tierras son el producto de complejas interacciones de factores naturales (clima, suelo, 

cobertura vegetal, etc.) y factores humanos (sociales, económicos, culturales, etc.). Para comprender estas interacciones, para 

validar buenas prácticas y/o para evaluar el impacto real de las políticas específicas es necesario una escala de observación de 

mayor detalle. Es con esta finalidad que ya desde el proyecto LADA se identificaron un pequeño número de sitios Piloto en 

los cuales se inició una evaluación integral que abarca tanto factores biofísicos como socio-económicos. En estos Sitios se 

siguió la propuesta metodológica del Sustainable Livelihood Framework, o los “Cinco Capitales” (humano, social, físico, 

financiero y natural). 

Los sitios elegidos son representativos de regiones áridas de Argentina: Puna (Departamentos de Cochinoca y Yavi); Valles 

áridos del NOA (Santa Maria); Desiertos de Cuyo (Lavalle) y Patagonia (Sitios Jacobacci y Cushamen). El Observatorio se ha 

propuesto mantener los sitios del LADA, e iniciar el monitoreo de un set de las variables e indicadores evaluados. Asimismo, 

se plantea incorporar nuevos sitios buscando ampliar la representatividad de los mismos en las diversas regiones del país. Los 

Sitios Piloto proveerán al Observatorio del set de variables e indicadores definidos y estandarizados (Tabla de Datos Básicos). 
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Se espera que los sitios piloto permitan profundizar el conocimiento de las interacciones entre los factores que componen la 

desertificación, en el terreno. 

 

4. RECOMENDACIONES 

Entre las lecciones aprendidas en Argentina se destaca la valorización de los esfuerzos realizados en proyectos y programas  

interinstitucionales. Un Observatorio es la herramienta apropiada para asegurar el mantenimiento temporal de dichas 

iniciativas, en donde la gestión se nutre de la investigación, conjugando el rol del sector científico/técnico con el político, en el 

marco de los Programas de Acción Nacional de Lucha contra la Desertificación. 

La experiencia obtenida a partir de esta nueva iniciativa generada en Argentina está disponible para que todos aquellos que 

buscan generar un espacio de intercambio y articulación entre los sectores encargados de tomar decisiones y aquellos cuyas 

tareas se centran en la investigación y desarrollo de nuevas herramientas, esperando que se replique dicha experiencia en otros 

países de la Región. 

En función a lo mencionado precedentemente, avanzar hacia la creación de un Observatorio Regional de la Degradación de 

Tierras y Desertificación, para la región de América Latina y Caribe, sería una meta a proponer en los ámbitos tanto políticos 

como científicos en el mediano plazo, como herramienta para la evaluación de la implementación de la convención en la 

Región. 

 

5. CONCLUSIONES  

Los proyectos orientados al desarrollo de sistemas de monitoreo de la degradación de tierras que se ejecuten en los países con 

fondos externos pueden ser excelentes oportunidades para dar inicio a los procesos institucionales, al desarrollo de 

metodologías y marcos conceptuales, y a la generación de una masa crítica de especialistas en la temática, que son las bases 

para la construcción de un Observatorio. 

Los indicadores son las herramientas básicas para el monitoreo de los procesos de degradación de tierras, posibilitando la 

evaluación de las tendencias y generando las bases para la planificación de los escenarios posibles de intervención. 

A pesar de la significativa tecnología e información proveniente de sensores remotos y fuentes secundarias de información, la 

toma de datos a campo es fundamental para la comprensión de los procesos de degradación de tierras y sus interacciones, 

contribuyendo con la explicación de los modelos de escala nacional o global. 

La articulación entre los sectores generadores de información y los tomadores de decisión es primordial,tanto para orientar el 

uso eficiente de los recursos asignados a la investigación, hacia áreas de importancia desde el punto de vista de las 

necesidades de intervención, como así también para garantizar que la implementación de planes y programas se realice en 

base a información certera y actualizada, generando verdaderos beneficios sociales y ambientales. 
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Ingenious water management practices for climate change adaptation in 

Sri Lanka 
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ABSTRACT: Sri Lanka, being a tropical island with a poor majority depending on weather-reliant livelihoods, is highly 

vulnerable to impacts of climate change. Surface runoff water receiving from monsoon rains in dry zone of Sri Lanka can 

be harvested and used immediately to agriculture irrigation or can be stored for later use to minimize the climate change 

impacts. Sri Lankan ancient surface water harvesting tank cascade systems were experienced very long time in the dry 

zone of Sri Lanka. Each system in the cascade is connected to the next tank through canal. Cascade system consisted with 

4 to 10 or more small tanks and all tanks are located along the main inland valley or side valleys. Some of these tank 

cascade village irrigation areas also continue to remain as poorest areas of the country. Therefore, there is a real need to 

harness the beneficial aspects of cascading systems for combating the droughts as well as for alleviating poverty. On the 

basis of the Sri Lankan ancient tank cascade systems form and appearance, it is likely that cascading system would have 

operated as an ideal rainwater harvesting technology. The research study was conducted to identify foreseeable adverse 

impacts of climate change is the exacerbation of extreme climatic events such as droughts and floods in the cascade 

system of Sri Lanka.  

Keywords: cascade, river basin, runoff, rainfall 

1. INRODUCTION 

Adaptation to climate is not a new phenomenon. indeed throughout human history, societies have adapted to natural 

climate variability by altering settlement and agricultural patterns and other facets of their economies and lifestyles. 

Human-induced climate change lends a complex new dimension to this age-old challenge. The Ingenious farmers used 

water related climate knowledge when start cultivation in anticipation of a harvest. After sometime after, the farmers are 

developed increasingly sophisticated empirical knowledge about the climate-crop interactions that they constantly refined 

to suit management. This empirical knowledge is now being supplemented or even replaced by an avalanche of scientific 

data and information. Although it appears intuitively obvious that better and more detailed information about climate 

should lead to better decisions in agriculture and natural resource management, the evidence is scarce.  

Sri Lanka has a history of over two thousand years of hydraulic irrigation development (Brohier, 1934).  Sri Lankan 

water resources are distribution mainly influenced by the regional climatic pattern and island’s topography characterized 

by the central highlands and surrounding lowlands extending to coast. North-West and South-East parts of the island 

receive annual rainfall of 900mm with 70% of that is received during October to February of the year. 

Small tank surface storage systems provided the livelihood for human settlement and existence in these areas. Tanks with 

command areas less than 80 ha are referred as minor tanks or village tanks in Sri Lanka (Agrarian Service Act of Sri 

Lanka).  These small tanks were constructed in ancient times, mostly during the medieval period, and were the canters of 

ancient village settlement. A general distribution pattern of the tank system across the dry zone of the country could be 

obtained from the map developed by Cook (1935) which is represented in the figure 1.  

A cascade is defined here as “a connected series of tanks (irrigation reservoirs) organized within a micro-catchment of the 

Dry Zone landscape, storing, conveying and utilizing water from an ephemeral rivulet” and is considered as “one of the 

traditional land water management systems which has obviously been developed on the basis of catchment ecosystems” 

(Maddumabandara 1989). The irrigation reservoirs can either exist independently or be connected to a chain of tanks 

within a cascade.  

2. SMALL TANKS IN THE DRY ZONE OF SRI LANKA  

Though the exact period in which the construction of irrigation reservoirs started is not known, there are historical 

references that they have been in existence since earliest historical times (Tennakoon1995). It is sometimes argued that 

the art of reservoir construction was known by the people in the country even before the arrival of Prince Vijaya, who is 

believed to be the founder of Sinhalese nation: the naga (cobra) symbol that appeared in the ancient irrigation reservoirs 

have given rise to a belief that the reservoir construction was practiced by naga tribes, the prehistoric inhabitants of Sri 

Lanka living in the country by the time of the arrival of Aryans. But some argue that there are no historical references to 

support these views and point out that tank irrigation was introduced in the country in the 6th Century BC by the Aryan 

settlers (Dikshit 1986). The Mahavamsa, a historical chronicle of Sri Lanka, refers to the construction of a small tank, 

Basavakkulama in Anuradhapura by King Panduvasadeva, an Aryan king who ruled the country in 5th Century BC. 
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Figure1. Distribution pattern of the tank system across the dry zone of the  

Sri Lanka: Cook (1935) 

 

In the ancient Sinhalese kingdom, the tank was the centre of the social system. Shearing resources equally and the equity 

of ownership were the most striking features of their culture, which led to build up a peaceful and sustainable rural 

society. All the maintainers of the tank and cascade system were managed by the village organizations. Pre-colonial era 

community own minor irrigation system were operation managed by the rural community through the Rajakariya System.  

During the colonial government period management of tank system was handover to Irrigation Department of Sri Lanka 

in 1869s.  The development of tank irrigation systems was a crucial element in the social organization and cultural 

traditions in the dry zone of the Sri Lanka. During the post independence period village irrigation systems were 

constructed by their proprietors without aid from the government and maintained by them (Groenfeldt et al. 1987). 

During this period Velvidanes (water headmen) were responsible for the management of irrigation systems. The 

Velvidane system continued even after independence. However, responsibility for maintaining minor irrigation systems 

was taken over by the Ministry of Agriculture and Food. In 1958 the Department of Agrarian Services was established 

with the introduction of paddy land act and with this reform the age-old Velvidane system was replaced by the 

Cultivation Committees. It is pointed out that the objectives of these reforms could not be achieved due to problems such 

as degradation of leadership, discipline and maintenance. More reforms in the organizations came in the 1960s with the 

introduction of cultivation officers involved in the management activities in small tanks. The post 1970 period was 

characterized by the intrusion of politics in rural villages of Sri Lanka as noted by many social anthropologists and 

sociologists: “The post-1970 era in rural Sri Lanka witnessed increased party political intervention in local village 

organizations. 

The tank cascade system is a chain or a series of small tanks (reservoirs) that are built at successive locations with a 

common water source. In the small valleys, earthen bunds were made to create reservoirs of varying size, which increase 

in size as one moves down the stream of the valley, interrupting the surface water flows. The upper tank of the cascade 

system is mainly feed from upper catchment and precipitation. Then conveyance channels which flow through paddy 

fields distribute the water downstream. The farmers take water from one tank to irrigate land that lies in the same valley, 

the irrigation system return flows are captured in the next downstream tank. In addition to the excess water flowing from 

one tank in the cascade return flow in also captured in the next tank downstream.  

Tank cascade system mainly consists with several components. Each and every component is considered as an essential 

of the ecosystem and has its own function to sustain the system. The system of tanks, paddy fields and canals are so much 

integrated and interwoven with the natural environment that is now difficult even to identify tank systems as man made 

structures. Tanks consist of some remarkable engineering structures to control; the water flows such as earthen dam, 

sluice gates, spillways and value pit.  Water discharging from the upper tank or catchment and the paddy fields flows 

through the filter (Taulla or Perahana) area in to the lower tank, Filler area is covered with many kinds of hydrophytes 

including reeds and water loving tress such as Terminallia Arjuna, Madhuca longifilia and Vitex Leucoxylon.  
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Several different types of tank were constructed with in cascade and some of the tanks were not used for irrigation but all 

the tanks have been play in the practice of irrigation agriculture and sustainability of the cascade. Traditionally forest tank 

was constructed in the jungle above the village. That tank, however, was not used to irrigate the cultivated land and its 

express purpose was to provide water to wild animals and maintain the groundwater availability with in the area. The 

mountain tank, which was built to provide water for 'chena' or slash-and-burn agriculture - a vernacular form of farming 

now frowned upon (if not actually discouraged) by the authorities. The erosion control tank or 'pota wetiye' was designed 

to any silt was deposited in it before entering the main water storage tanks. Several erosion control tanks were associated 

with each village irrigation system. All were built in such a way that they could easily be de-silted. This may be the 

equivalent of “Sabo” Dams in Japan. The storage tank, of which, traditionally, there were two - one being used whilst the 

other was being repaired. For that reason, such tanks were known as 'twin tanks'. The village tank, of which there was one 

for each village that depended upon a particular irrigation system. The traditional cascade systems functioned well as it 

was locally controlled by the village community. However, with the changes in administrative structure after foreign rule 

and thereafter, management of tanks came under the government agencies. As a result of climate change the majority of 

their population in Sri Lanka will face water shortage for economical activities during last period. Reconstruction and of 

the tank cascade system and maintain ecosystem surrounding of ancient hydraulic posses large potential in adapting to 

expected environmental change.  

3. CONCLUSIONS  

On the basis of their form and appearance, the cascading systems would have operated as ideal rainwater harvesting 

technology, a soil moisture and groundwater availability maintaining technology, a soil erosion control, siltation control 

technology, a technology that ensured the maintained   ecological balance of the area. The possible areas of the further 

development of cascade system, the mainly identify the general recognition of the cascade concept in rural development 

planning. The study revealed that improvement and stabilize of cascade systems may prove beneficial to minimize 

climate change impacts and drought proneness or flood proneness in view of its time-tested buffering capacity. 
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ABSTRACT 

Land intensification and droughts have caused tremendous land degradation problems in Inner Mongolia. With climate change, 

economic development and increasing demands for natural resources, traditional land use in Inner Mongolia (region West 

Ujimqin Banner, prefecture Xilin Gol) is undergoing a period of transition towards more economically oriented land use. Local 

decision makers are increasingly asking for science-based decision support tools that help to design and implement sustainable 

land use strategies and to identify their effects. The objective of this study is to conduct an impact assessment of alternative land 

use scenarios in the drought-stricken case study of Inner Mongolia. Yet, most research has focused on specific questions related 

to grassland management and land degradation while neglecting an integrated view of sustainable development concerns. The 

‘Framework of Participatory Impact Assessment’ (FoPIA) approach has been selected for this study to conduct an impact 

assessment that takes the economic, social, environmental and institutional dimensions into account. A regional stakeholder 

workshop was conducted to identify the regional land use problems, sustainability issues and relevant policy fields. By 

November 2012, the results of the workshop are in the evaluation phase and will be presented during the conference. In this 

regard, water scarcity and low economic development were identified two main development obstacles. The sustainability 

preferences identified were attached to employment and the maintenance of soil and water resources; followed by the 

provisioning of biotic resources, infrastructure, food supply and cultural aspects, respectively. In a next step, expert knowledge 

will be used to assess the impacts of alternative land use scenarios on the identified sustainability issues. Results of the 

assessment will be reflected against the available scientific literature and presented back to stakeholders with the aim to mutually 

elaborate sustainability oriented land use strategies.  

Keywords: impact assessment, land use changes, sustainable development, stakeholder-participation, science-policy interface. 

1. INTRODUCTION 

In the last two decades, sustainable development has become an important instrument, guiding national and international policy 

processes towards the long term stability of human livelihood. This concept comprises the balance of the three pillars economy, 

social aspects and environment. Relating sustainable development to policy making calls for assessment of the policy impacts (a) 

during the design of the policy (ex-ante assessment) and (b) during its implementation phase (ex-post assessment) (e.g. as set out 

by the European Union for its policies; SEC(2009)92). More and more countries officially assess the impact of their policies, e.g. 

the member states of the European Union (Achtnicht et al., 2012). Further, scientists design specific quantitative and qualitative 

tools in focused research projects applicable in the impact assessment procedure (Podhora et al. submitted). The complexity and 

multifunctionality of land use thereby plays a key role when identifying policy impacts and causes specific challenges in the 

assessment (Helming et al., 2011a). Policy makers are increasingly tasked with designing and implementing land use policies 

towards sustainable development, but information on the complex interdependencies among human activities and the 

environment and possible, unknown future developments is often missing. Therefore, innovative research methods are needed to 

support the development of sustainable strategies while harmonising the economic, social, and environmental dimensions of 

sustainability (Wiggering et al., 2006).  

A topic that is internationally highly relevant in terms of sustainable development is the protection of grassland, which in recent 

decades has faced and constantly faces the challenge of increasing degradation worldwide (Tilman et al., 2001). In China, 

grassland is the primary agricultural land use and covers approximately 41% of the territory. With more than 6700 plant species, 

it is one of the richest countries in grassland biodiversity (Nan, 2005). However, so far research concentrated on specific elements 

of and did not yet analyse the effects on land use changes of several or specific policies in the grassland area of Inner Mongolia. 

This study aims to close this research gap. The paper outlines the design of the study. First results are currently evaluated and will 

be presented during the UNCCD conference. 
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2. AREA DESCRIPTION 

West Ujimqin Banner is located in the Xilin Gol Perfecture (Inner Mongolia), approximately 800 km North of Beijing in the 

Inner Mongolia Plateau (Figure 1). It is a semiarid area of 20.3 million ha in a temperate monsoon climate region (Kawada et al., 

2011; Li and Huntsinger, 2011). Xilin Gol is one of the four main grassland-dominated prefectures (appr. 85%) where farmers 

partly also cultivate cropland agriculture (appr. 4%). Livestock herds are mainly cattle, sheep beef and mutton (Nan, 2005; 

Hoffmann et al., 2011). 

1.1 Structural challenges in the area 

Structural changes that have been implemented in order to improve the quay of grassland use and thus also economic options for 

herders are considered critical to sustainable development in Inner Mongolia. Grassland ecosystems and traditional pastoralism 

are experiencing a period of transition towards market-oriented economic development while at the same time facing socio-

ecological as well as economic challenges. Two central challenges are closely entwined. First, the region faces the results of the 

grassland property reform (“livestock contract programme”) which was gradually implemented during the past 30 years. The aim 

of the reform was to create fair and market-related property rights to balance contribution and removal related to livestock 

production. Individual property rights were given to groups of and individual households (Li and Huntsinger, 2011) that were 

encouraged to invest in their property to support sustainable production in the area. As a result, livestock production strongly 

increased. 

Figure 1: Location of the Xilin Gol prefecture/ Inner Mongolia in China (compiled with data from National Geomatics Centre of 

China, shapefile data modified in 2008).  

 

 
In contrast to this governmentally introduced system stand the socio-ecological community structures of the region that were 

traditionally based on a cooperative share of land ownership and mutual support (“collective era”) (Li and Huntsinger, 2011). 

This net included a regional joint share of land and fields, livestock care, and e.g. a supra-regional free use of land (“otor”) to 

buffer herd loss in frequent extreme weather conditions such as drought and dzuds. For the area of Gaucha B (Xilin Gol 

prefecture, Inner Mongolia), for example, a central impact of the contract policy is a destabilization of the traditional social net. 

The shift to private property rights of land through governmental policy limits the previously joint, flexible and free use of land 

based on mutual trust and the free and stable flow of information. The new property system aggravates the mutual support in 
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general herd variety and herd care through herd-specific feed on grassland and special owner expertise. In situations of extreme 

weather, e.g. new land owners now often require a charge for land for “otor”. New property fences lengthen the way to reach 

these areas or require technical transport, further devitalizing and minimizing already weak herds. Both aspects cause relevant 

economic losses (Li and Huntsinger, 2011). 

 1.2 Current environmental challenges in the area 

The region is highly impacted by land degradation due to human over-activity, mainly in the agricultural change to arable and 

cropland as a result to increasing population growth and overgrazing (Kawada et al., 2011; Hoffmann et al., 2011). “Degradation 

of existing grassland is the number one problem facing agricultural production, rural development and environmental 

improvement in China. About 90% of total usable grassland in the country has been degraded to various extents” (Nan, 2005), 

which negatively effects herder livelihood (Li and Huntsinger, 2011). Additional degradation of cropland is often a result of 

“unsound farming practices and is now a major source of sandstorms blowing over the whole of northern China” (Nan, 2005). 

Many croplands are later abandoned (Kawada et al., 2011). As a result, livestock production and environmental protection are 

severely hit due to the reduced quality of biomass. In contrast, grassland with a healthy plant coverage has less water runoff (50-

70% less), soil wash (80-90% less) and sand storms (50% less) than degraded areas (Nan, 2005). In sum, cropland can be 

regarded as “potential hot spots for hazardous wind erosion and dust emission” and should receive comprehensive strategies for 

soil protection (Hoffmann et al., 2011). 

1.3 Governmental measures to meet the environmental challenges in the area 

The Chinese government has made “huge efforts at all levels to control grassland degradation” (Nan, 2005) on the one side and to 

improve the industrial development of the region on the other. Relevant drivers concerning the improvement of grassland are the 

limitation of the grazing period and of the amount of animals per area. At the same time, the government fostered a strong 

increase of the mining industry in Inner Mongolia, which causes an additional and mainly recent impact on land use management 

due to a limitation of the herder’s area including an economic decrease for herder’s as well as grassland quality due to an increase 

in sand distribution during windy periods. Additionally, the government provides subsidies for the technical education and 

livelihood of herders who are moving to the cities. Here, the interaction among the different policy foci – grassland 

management/protection on the one side and industrial development on the other side – but also of the five year development plans 

becomes obvious.  

2. RESEARCH OBJECTIVE AND METHODOLOGY 

China as has been selected mainly due to its conceptually close interaction between scientists and policy makers and the close 

interlinkage of grassland degradation with all three dimensions of sustainable development. The area of West Ujimqin Banner 

was selected because it is an area where the pressure on policy decision for sustainable land management is extremely high due to 

the land degradation problems, the high impacts of past property right changes on local livelihood conditions, the high pressure 

of external driving forces including vast expansion of mining industry, and rural depopulation. In addition, close personal 

connection of Chinese partner scientists to the area served as a door opener for contacting the policy makers and governmental 

representatives.   

2.1 Research objective and existing scientific gaps 

The research aims of this study are:  

1. To assess the impact that land use changes in West Ujimqin Banner (Xilin Gol/ Inner Mongolia) have on sustainable 

development in the region; 

2. To identify how local needs are reflected in national and local policy making and in national and international research; 

and  

3. To develop and apply an integrated assessment framework building upon a mix of quantitative and qualitative analysis 

and  further developing the participatory tool of FoPIA (Framework for Participatory Impact Assessment).  

Existing research has put a relevant focus on Xilin Gol, thereby mainly addressing the following topics (results based on a first 

ISI literature review): 

• Arsen  

• Climate 

• Degradation / Desertification 

• Ethnics / Nomads  

• Energy  

• Farming (Yield, Income etc.) 

• Grassland / Biodiversity 

• Infrastructure 

• Land use 
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• Policy 

• Social topics  

• Sustainability 

• Wind erosion /Sand storms 

This analysis showed that there exists a research gap in terms of assessing the impacts of policies on land use based on a 

scientifically developed impact assessment tool such as FoPIA reflected in the light of national and international research.  

2.2 Methodology: FoPIA tool and land use functions (LUF) 

FoPIA (Framework for Participatory Impact Assessment) was developed in the SENSOR project (Sustainability Impact 

Assessment: Tools for Environmental, Social and Economic Effects of Multifunctional Land Use in European Regions) (Morris 

et al., 2011; Helming et al., 2011b) and since then tested in numerous application cases in China, India, Kenya, Indonesia, 

Tunisia (König et al., in press; König et al.; 2012; König et al., 2010). FoPIA as a stakeholder-based method will be substantiated 

by quantitative means.  FoPIA provides the overall framework for the scenario impact assessment. Previous applications 

recommended that an improved interaction with scientific research results apart from the actual FoPIA workshop may support the 

credibility and scientific validation of the impact assessment results.  

FoPIA will be applied in the study as follows:  

• Preparation phase (problem definition, scenario development, ranking land use functions and indicator specification via 

stakeholder consultation  

• Impact assessment – part 1: expert based scenario IA with bilateral consultation of key international experts working in 

the area of Xilin Gol on the relevant topics listed above to validate workshop results   

• Impact assessment – part 2:  

• End use workshop: evaluation / interpretation of IA results, stakeholder / end-user participation in concluding 

workshop  

In July 2012, a first workshop with governmental representatives took place in West Ujimqin Banner. The main objectives of the 

workshop were to:  

• Identify the main land use functions of the area and their characteristics typically for the region; 

• Identify the main policy drivers for land use changes including non-policy drivers as a counterpart; and 

• Confirm and update research results that could be gathered in a previous literature review.  

Workshop participants (governmental representatives):  

• 1 coordination manager from governmental office (West Ujimqin Banner)  

• 2 representatives from grassland management 

• 1 representative from animal agency 

• 1 representative from forestry agency 

• 1 representative from hydrology agency 

• 1 representative from meteorological agency  

• 3 village heads. 

In order to capture the full scope and complexity of sustainable development, FoPIA relates to the concept of land use functions 

(LUFs). LUFs are defined as ‘goods and services’, provided by different land uses that summarise the most relevant economic, 

social and environmental aspects of a certain region (Pérez-Soba et al., 2008), in our study West Ujimqin Banner. LUFs build 

upon the concept of Ecosystem Services but consider land use to be the main pressure for sustainability in rural areas, that can 

only be achieved if economic, social and environmental aspects are equally considered at the same level of investigation 

(Schößer et al., 2010). In this study, the following generic set of ten social, economic and environmental LUFs (based on Pérez-

Soba et al., 2008) was used for the workshop discussion:  

• Jobs 
• Ecosystem processes 

• Biotic resources  

• Infrastructure 

• Food provision 

• Abiotic 

• Production 

• Culture 

• Landscape/ scenery 

• Recreation and landscape 

LUFs were also developed in the SENSOR project mentioned above.   

The workshop participants had an open discussion during the workshop following a three step approach. Firstly, they filled in 

local aspects of the LUFs. Secondly, they secretly ranked the LUFS according to the top three land use functions relevant for the 

region (first function mentioned 3 points, second 2 points, third one point). Thirdly, the participants identified key policies 

provoking land use changes, following a ranking of the top three policies.  
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3. RESULTS AND DISCUSSION 

By November 2012, detailed results of the workshop are currently in the evaluation phase and will be presented orally at the 

conference.  

In the workshop, the participants defined ten LUFs according to the specific characteristics of the area of West Ujimqin Banner 

(Table 1). They thereby extended the existing ten functions in order to best meet local characteristics. 

They showed that the socioeconomic (jobs) and environmental dimensions (ecosystem services/ biotic resources) had a clear 

lead. In specific, they identified water scarcity and low economic development as main development obstacles. The sustainability 

preferences identified were attached to employment and the maintenance of soil and water resources; followed by the 

provisioning of biotic resources, infrastructure, food supply and cultural aspects, respectively. 

Further, the workshop discussion proved it difficult to separate “recreation” from “landscape”, since landscape is one of the 

central attractions for recreation and tourism in West Ujimqin Banner. Thus the LUF was re-defined and thereby extended to 

“recreation and landscape”.   

 

Table 1: Ranking and definition of regional LUFs and associated indicators in West Ujimqin Banner 

Rank LUF Possible indicator 

1a Jobs  e.g. grazing, tourism  

1b Ecosystem processes  e.g. soil erosion control/ soil conservation, water reservation/ conservation 

2 Biotic resources  e.g. bushes (Caragana), birds (lark, swan eagle &duck) 

3a Infrastructure  e.g. railway, man-made grassland (replanting of grassland)  

3b Food provision e.g. edible wild herbs (vegetables) 

4a Abiotic resources e.g. nature reserve, mining products  

4b Production  e.g. forest products (animals, mushrooms with small production) 

5 Culture  e.g. cultural events, touristic sites   

6 Landscape/ scenery  e.g. nature reserve, yurts 

7 Recreation and landscape  e.g. horse riding  

 

It will be a central task of our future research to identify to what extend the specific definition of the LUFs is limited to the area 

of West Ujimqin Banner or to what extend can also be transferred to other banners and prefectures in Inner Mongolia. Further, in 

the forthcoming scientific discussion of the workshop results, we will pay close attention to the interlinkages among the LUFs in 

order to learn how impacting one LUF may cause positive and/or negative effects on other LUFs. It is especially important to 

reflect the local results in the light of scientific expertise in order to develop a profound understanding of the impacts towards a 

sustainable development. 

4. CONCLUSION 

In order to assess the impact of policy induced land use changes on Sustainable Development, the local characteristics (attitudes / 

preferences / norms) have to be taken into account through stakeholder participation and expert consultations Expert knowledge 

derived from local stakeholders (e.g., local authorities of land administration) as well as scientific interdisciplinary expertise 

should be taken into account in a complementary way, enabling an integrated assessment of the benefits and limitations 

(potentials and risks) towards sustainable development.  
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ABSTRACT: Land degradation has become a growing concern with the current increase in demand for arable land. Sustainable 
land management and land restoration practices are required in order to meet the demands to provide food and other services. 
Adoption of improved practices has however not been widespread partly due to a lack of clarity on the true economic value and 
setting of proper financial incentives. This article focuses on the economic costs of land degradation as a prelude to two on-going 
initiatives involving the United Nations Convention to Combat Desertification (UNCCD). We review how ecosystem services 
derived from land have been economically valued to date. Economic valuation has mostly focused on the use value of 
provisioning services and cultural services, with limited valuation of non-use value of cultural services. Also, no unique valuation 
method has been applied following methodological developments, varying study objectives and data availability constraints. 
These factors impair coherent and consistent estimation of the total economic value of land degradation across countries. We 
identify a need to develop harmonised valuation methods to estimate total economic value under strong data and capacity 
constraints. We propose two alternative frameworks for harmonised total economic valuation of land degradation at country-level 
to guide further research in making environmental valuation more relevant and practical under strong data and capacity 
constraints. 

Keywords: land restoration, economic valuation, ecosystem services, limited data, limited capacity. 

 

1. I�TRODUCTIO� 

This article aims to identify general ideas and frameworks for including environmental considerations in policy-making. This 
serves as a prelude to two on-going initiatives which aim to further increase awareness of the potential for socially desirable 
action to restore land in critical areas and to prevent further land degradation. 

The purpose of this article is to review existing information, identify the gaps and propose frameworks with tools to be used by 
national governments to enable a better economic valuation of land as a key natural resource. We aim to identify potential 
alternative frameworks for economic valuation of land services that could be easily implemented in practice at country level 
under limited data availability and human and institutional capacity. The two alternative frameworks proposed in this article have 
been identified so as to provide a guide to policy-makers for inclusion of land valuation into policy-making. The article attempts 
to move beyond existing studies on the valuation of land degradation that have focused on the direct use value of provisioning 
services, and more specifically on the loss of agricultural productive capacity (Requier-Desjardins 2006), by including non-use 
values explicitly. We also call for a harmonised approach to land valuation. 

This article describes the economic framework considered for valuation of land services, briefly reviews case studies to identify 
the valuation methodologies used for each type of ecosystem services provided, and methods for deriving the total economic 
value from these individual service values. Some limitations of the framework for valuing land degradation are described and we 
then propose two practical alternatives for economic valuation of the costs of land degradation. We conclude with a discussion on 
the need for increased harmonisation in the valuation methods and their application where data and capacity are limited and the 
need to link this with capacity building. 
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2. ESTIMATI�G A TOTAL ECO�OMIC VALUE OF LA�D DEGRADATIO�: VALUATIO� 

FRAMEWORK 

In this review, we adopt a total economic value approach as the basis for a cost-benefit analysis of land restoration at country-
level. The costs and benefits of restoration depend implicitly on the level of land degradation because the cost-benefit analysis 
requires a baseline scenario for assessment of the social acceptability of changes. We focus on the benefit-side of the analysis 
with the estimation of the potential benefits of land restoration currently foregone because of land degradation. 

Total economic value is conceptually defined as the sum of the use and non-use values of a good or service (see for instance 
Nkonya, Gerber et al. 2011). Use value can be further decomposed into direct and indirect use values, and non-use value into 
option and existence or bequest values. Option value is the value given by society on keeping options open. Existence value is 
given to goods that are not used but simply to acknowledge that their existence has a value, and bequest value relates to the value 
given to the transfer of a given good to future generations. To derive the total economic value of land, we allocate a value to 
services derived from land. The costs of land degradation are measured as the loss of ecosystem services (or opportunity costs) as 
implicitly compared to a fully restored land. These opportunity costs constitute a measure of the benefits foregone when land is 
degraded i.e. the extra benefits that would be derived if land were fully restored. For mutually exclusive ecosystem services, the 
total economic value is the (socially weighted) sum of the total economic values of each of these services. 

The following ecosystem services have been identified by the Millennium Ecosystem Assessment (Millennium Ecosystem 
Assessment 2005): provisioning services (food, timber and fresh water), regulating services (pollution), cultural services 
(aesthetic and spiritual values) and supporting services (soil formation, nutrient cycling). To derive a total economic value, these 
services are assumed mutually exclusive i.e. there is no joint production between services. Dominati et al. (2010) outlined that 
supporting services are not services as such but rather processes underlying the provision of ecosystem services, and therefore 
cannot be valued as such. In theory summing up the economic values of provisioning, regulating and cultural services should 
give the total economic value of land. In practice however, the specific context of the study will guide which services are to be 
considered for economic valuation to effectively avoid double-counting. 

3. ESTIMATI�G A TOTAL ECO�OMIC VALUE OF LA�D DEGRADATIO�: MEASURI�G VALUE 

Provisioning services from land include food and fodder, fresh water supply, fibre and fuel (timber, wool), biochemicals, natural 
medicines and pharmaceuticals, genetic resources (breeding), ornamental resources (shells, flowers), housing and urban 
development. These provisioning services are typically valued based on direct use value and option (non-use) value derived from 
possible future usage. 

Regulating services encompass pollution regulation for air and water, climate regulation with carbon sequestration, natural 
hazard protection (e.g., storms, floods and landslides). Most of these services can be valued by replacement costs, the costs of 
cleaning up pollution or the damage costs incurred because of an extreme event. These values for land degradation mostly fall 
under indirect use and option values. These services typically include off-site impacts of land degradation whose benefits or costs 
are borne by third parties (externalities). The main regulating service considered in the academic literature has been carbon 
sequestration (climate regulation) partly because of the prominence of the climate change debate and partly because the costs of 
cleaning-up pollution and extreme events can be more directly measured. 

Values for cultural services include aesthetic values, values derived from recreation and tourism, cultural heritage (e.g. 
indigenous knowledge) or spiritual values (e.g. religious values given to ecosystems). These values typically encompass direct 
use values, option values and/or non-use values. Aesthetic values, values derived from recreation and tourism have so far been 
the main values of interest in the academic literature but with little application in developing countries. Aesthetic, recreational 
and tourism values are mostly derived using revealed preference methods such as hedonic pricing and the travel cost method, or 
stated preference methods such as contingent valuation and choice modelling. The value of cultural heritage and the spiritual 
values for land and their associated ecosystems have not yet been subject to a specific estimation in the economic literature. 
Ngugi et al. (2011, p.170) specify that the people they interviewed did not want to place a value on the forest used for cultural 
purposes and rituals but rather stated that the community sages would be better placed for this type of valuation. 

Supporting services refer however more to processes rather than actual services (as outlined by Dominati, Patterson et al. 2010). 
Consequently these “services” would be best measured through the valuation of the ecosystem services described previously 
rather than on their own, to avoid double counting. 

All the above services are assumed to be independently produced following the Millennium Ecosystem Assessment framework 
and has been applied in a few studies (Birch, Newton et al. 2010, Crossman, Connor et al. 2010, Gascoigne, Hoag et al. 2011). 
However, a number of studies have considered the above ecosystem services as jointly produced. One frequent problem with 
valuation of several goods and services jointly provided is that the sum of individual service values is greater than the value of 
services provided as a bundle (referred to as part-whole bias). This is a problem for deriving a valid total economic value of land 
across services provided (McFadden 1994, Bateman, Munro et al. 1997, Carson, Flores et al. 1998, Hanley, Schläpfer et al. 
2003). Also, summing up normalised values of ecosystem services might fail to include the value of externalities. Alternatively, 
we could use a valuation method that takes these trade-offs into account and estimates values for both individual features and 
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overall services. Choice modelling allows the capture of tradeoffs between different ecosystem services and could be adopted to 
value these services as a bundle as well as individually (Hanley, Wright et al. 1998). 

Benefit transfer is one of the most interesting areas for development and integration of environmental valuation into policy-
making. Benefit transfer has developed in relation to values related to demand for (rather than supply of) ecosystem services. 
Benefit transfer sometimes simply consists in an extrapolation of the economic values obtained by other valuation methods. This 
method explicitly consists of transferring values across time, space, population and in some occasions across ecosystem goods 
(Rolfe and Windle 2008) from a site that has been monetarily valued to a site that has not yet been monetarily valued. Meta-
regression models have also been used to transfer values by controlling for some of the main factors of variation such as income 
levels (Moeltner, Boyle et al. 2007). In practice however, the required adjustment factors for benefit transfer depend on the 
change in scale considered. Adjustments might be required for benefit transfer between different countries (Lindhjem and Navrud 
2008) but not necessarily between the national and the regional scales (Rolfe and Windle 2008). 

4. POLICY ORIE�TED RECOMME�DATIO�S: VALUI�G ECOSYSTEMS SERVICES I� PRACTICE 

4.1 Limitations of the adopted framework for valuation of land degradation 

From the previous sections, we can identify some key limitations in the derivation of a total economic value for land degradation. 
The different approaches detailed above depend on how the economic value is socially defined by stakeholders or policy-makers, 
so most of the limitations detailed below stem from this definition of the true economic value. First, studies do not always 
measure the same type of economic value (use value and/or non-use value) depending on the methodology used and specific 
study objectives. Second, the range of ecosystem services included for economic valuation also vary between studies, with most 
studies focusing on one type of ecosystem service for economic valuation. Third, a given service can be valued very differently. 
The application of a given methodology is constrained by data availability and the specific case study context. The application of 
a given methodology is also constrained by the limited human capacity for undertaking valuation (as outlined in India by Kumar 
2011). Fourth, benefit transfer and aggregation of values across different ecosystem services is far from being as easy to 
implement in practice as theoretically suggested. Because the units are so diverse, not all values are expressed in unit terms to 
allow easy aggregation and scaling up. Progress has however been made with recent developments in spatial data capacities and 
meta-analyses. Also, economic values are typically subject to decreasing returns to scale, with the economic value of restoring a 
small area higher per hectare than for a larger area. Scaling up of unit economic values thus might not always lead to reliable 
aggregate estimates. Fifth, the estimates also depend on the type of people surveyed (experts, residents or tourists) and their 
distance to the good or service valued (Hanley, Schläpfer et al. 2003, Chaudhry, Singh et al. 2007, Vouligny, Domon et al. 2009). 
Chaudhry et al. (2007) also outlined the need to supplement valuation methods of stated preferences such as contingent valuation 
by participant observation and unstructured interviews to derive reasonable non-market estimates in developing countries with a 
high proportion of ‘black market’ or unrecorded activities and corruption. 

4.2 Alternatives for total economic valuation of a range of land services under limited data and capacity 

Taking these limitations into account, we can identify two potential pragmatic ways for policy-makers to estimate the total 
economic value of land services at national level. Benefit transfer will become more attractive as more valuation studies are 
undertaken at more local levels and could then constitute a third alternative. 

The first approach consists in estimating the value of ecosystem services separately then aggregating them. This alternative is 
based on using as much secondary information as possible. The value of provision services could be estimated using productivity 
loss models (e.g. Antle, Diagana et al. 2010). The value of regulating services could be approximated by averaging public 
expenses for extreme events such as droughts, landslides, one-off chemical contaminations over the time period (and scale) of 
interest. In addition, models of carbon storage depending on climate and land uses that have been developed in the literature 
should also be relatively easy to apply in practice. The value for cultural services could be derived based on the value of (rural) 
tourism. Social weights reflecting society’s preferences between ecosystem services would then need to be estimated by 
surveying a representative sample of people. These weights would be applied to the individual service economic values to 
compute the Total Economic Value. 

The second approach would consist in applying choice modelling to all types of services at the same time. This approach would 
allow a consideration of the trade-offs between provision services (agricultural production) with regulating (carbon storage) and 
cultural services (aesthetics). It would involve primary data collection and development of specific skills. This is specifically true 
in a developing country context where cultural and language settings can vary greatly, where respondents have lower literacy 
levels and are less familiar with market research surveys (Mangham, Hanson et al. 2009). The following factors have been 
stressed as critical for success of stated preference methods (Mangham, Hanson et al. 2009, Mekonnen, Yesuf et al. 2010): 
primary data collection to establish the survey context, pre-testing of the questionnaire and its timing, and the use of images for 
illiterate respondents. Further examples and recommendations for applications of choice experiments in developing countries can 
be found in a dedicated book edited by Bennett and Birol (Bennett and Birol 2010). 

The choice between these two proposed alternatives depends on the level of joint production between ecosystem services (or 
degree of independence), already easily available data, and available capacities for non-market valuation studies. More 
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specifically, it will depend on how costly data collection is, mainly for valuation of cultural services and derivation of the social 
weights (Alternative 1), compared to the cost of undertaking nation-wide choice modelling for all services (Alternative 2). 
Contingent valuation and choice modelling are inherently data consuming methods. It might be worth to adapt these methods to 
limited data contexts. Also, if local data on economic value is available, it might be useful to look into methods for scaling up 
these values at the national level using benefit transfer, for instance through the use of Geographical Information Systems. 
Perhaps more importantly, who is considered for the society of reference is also one of the critical points here. For national 
estimation of land degradation values, should national preferences or international preferences be represented? In developing 
countries, cultural services are notoriously considered of interest to developed countries rather than to the country providing them 
especially if (rural) tourism is limited. Should preferences of tourists or potential future tourists outside of the country be 
accounted for too? Further research and case studies would be needed to provide answers to these questions and obtain relevant 
and reliable values of land degradation. 

5. CO�CLUSIO�S 

The goal of this paper was to identify frameworks for environmental valuation of land services that can be used by policy-makers 
to address land issues through government policies and interdisciplinary work. Economics provides a common “measuring rod” 
for valuing contributions from ecosystem services derived from land from a society’s point of view. This environmental valuation 
of land services would help assess the potential benefits from land restoration and be included in a cost-benefit analysis of land 
restoration. This cost-benefit analysis relies on a comparison between the total economic value of land degradation and the cost 
of restoration to assess whether it would be worth implementing policies to foster adoption of sustainable land management 
practices.  This cost-benefit analysis would fit within the 6–step methodology for valuation project implementation proposed by 
Noel and Soussan (2012). In this article, we focused on the benefit-side of the cost-benefit analysis of land restoration and 
proposed two alternative frameworks for valuation of potential land benefits across ecosystem services. 

The valuation of land degradation has, so far, been mostly limited in the literature to the value of provisioning services based on 
losses in agricultural productivity. This is especially true in developing countries. What would be useful is to adapt the contingent 
valuation or choice modelling methods to limited data environment to estimate the value of cultural services. This approach 
would be suitable for national level estimation of the total economic value of land degradation to the country’s nationals or 
tourists visiting the country. Capturing the non-use economic value of cultural services to other countries might however be more 
difficult to quantify. 

We need international consensus on how to harmonise economic valuation methods at the national level if we are to derive 
comparable and reliable estimates of land degradation costs. This harmonisation of valuation methods or approaches could help 
make land values between countries and case studies more comparable and more easily transferable. It could also increase cross-
country discussions on best practices for environmental valuations in practice and help embed valuation further into decision-
making. Researchers still need to find ways to adapt the non-market valuation methods to limited data environments as these are 
so far very data intensive. The subsequent cost-benefit analysis could then be used to derive potential policy instruments to 
encourage socially desirable land restoration at the national level. An example of policy instrument would be payments for 
ecosystem services which represent a form of transfer of funds from beneficiaries of land services to the providers. 

The two alternative frameworks proposed here are general enough to be adopted at lower-scale levels, with the level of detail for 
each individual valuation method to be determined from the local context. In addition to potential policy instruments, there is also 
a need to develop governance, knowledge management and capacity building through national networks. This might be fostered 
by better integrating research and policy making (Ferraro, Lawlor et al. 2012), by building a knowledge-sharing platform and an 
iterative network approach to pilot new valuation methods (Thomas, Akhtar-Schuster et al. 2012). We hope that this article will 
stimulate further work on refining existing methodologies that can help fill in the identified information gaps as well as allow for 
suitable implementation in countries with limited data collection capacities. This further work would be critical for the two on-
going UNCCD initiatives to be successful in raising awareness on the potential for land restoration. 
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ABSTRACT: A Participatory Grazing Management Plan (PGMP) for 7,540 acres of rangeland was prepared of village Dhurnal 

located in salt range of Pakistan, with the joint effort of local community organization (CO) and Forest Department (FD). The 

management of existing rangelands was improved through compartmentalization of rangeland to streamline rotational grazing 

system by using the information available on the productive potential of the rangeland. The local CO was empowered under an 

agreement signed with the FD to use the rangeland in accordance with the carrying capacity instead of auctioning the land area to 

private parties for management purposes. Furthermore, implementation of grazing schedule was jointly monitored by the 

representatives of CO and the FD. Range rehabilitation was demonstrated on 400 acres. The carrying capacity of rehabilitated 

rangeland increased to 2.3 acres/AU/year as compared to 22 acres/AU/year on the non-rehabilitated area. The total rehabilitation 

cost of 400 acres was Pak Rs. 3.378 million in which the contribution of CO was Pak Rs. 0.336 million. The CO expects to earn 

Pak Rs. 5.25 million from sale of 1750 sheep units to be supported on additional feed produced from 400 acres. The second part 

of the PGMP suggests measures for resource mobilization to reduce the span of rangeland rehabilitation process. The PGMP 

intends to encourage private sector to rehabilitate rangeland of Dhurnal through Horti-Pastoral (Olive+grass) model, Silvo-

Pastoral (fodder trees+grass) model, introduction of ranching system or any other innovative mode that does not jeopardize the 

recorded rights of the local communities. 

Keywords: Rangelands, Grazing Management Plan, Rangeland Rehabilitation. 

1. INTRODUCTION 

Pakistan occupies a land area of over 880,000 square km on the South Asian Sub-continent. The country has temperate climatic 

conditions with eighty percent of the land categorized as arid and semi-arid, about 12 percent is dry sub-humid, and the 

remaining 8 percent is humid. Out of 79.6 million ha in the country, only about 20 million are suitable for agriculture (16 million 

for irrigated farming and 4 million for rain fed, or Barani, agriculture). About 4.2 million ha are forested, while a sizeable chunk 

(28 million ha) are rangelands. The services provided by natural ecosystems are the foundation for the rural economy, supporting 

agriculture, livestock, forestry, water supply and non-renewable energy. About two-thirds of Pakistan’s total population depends 

on dry land areas for their livelihoods, largely through agro-pastoral activities. Estimates suggest that about 55 percent of the 

rural population live on fragile lands that are prone to desertification, drought and floods. 

 

1.1 Study Site: 

The village is located on an off-shoot from Talagang-Mianwali road at about 35 km from Talagang city. The area has undulating 

topography with elevation ranging between 421 to 706 metres above sea level. The climate is sub-tropical in nature with average 

temperature during summer ranging between 29oC and 36oC, whereas, winter temperature between 7oC and 15oC. The annual 

average rainfall is 584 mm and mostly received during winter season. Almost 50% of the flat land area of the village is fine silty 

and used for rainfed agriculture whereas the remaining land mass is used for grazing purpose. The village has a total land area of 

21,897 acres, out of that 12,704 acres is cultivable, 1193 acres is uncultivable, 7,000 acres is reserved for grazing purposes and a 

mini water dam exists on the 1000 acres of communal land. Almost 50% of the total cultivable land area is under severe soil 

erosion or highly undulating, hence, productive agriculture is quite difficult. The mainstay of the community is either on 

Government/Private jobs outside the village and on rearing livestock. The grazing capacity of the rangeland area located in the 

village has decreased due to overgrazing. The replenishment of grass is dependent upon rainfall. More than 60 percent of annual 

rainfall is received in monsoon and 50% of the water is lost due to surface runoff causing soil erosion and loss of nutrients from 

the top soil. Continued trampling effect of livestock has hardened the soil that has decreased the natural germination of the 

palatable grasses. Quantity of unpalatable species has increased in the composition of range vegetation. Therefore, rehabilitation 

of rangeland area through soil working and reseeding with palatable grasses is basic need of the community to ensure livelihood 

through livestock rearing. Furthermore, the management of rangelands through controlled grazing is also essential for sustaining 

the available range resource. The integration of scientific knowledge about range vegetation and livestock with the socio-

economic factors will ensure sustainability of the land resources. 

mailto:omerraja07@live.com
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1.2 Previous Rangeland Activities: 

 

The rangeland rehabilitation is a continuous process. The grass roots loose productive vitality after sustaining grazing pressure of 

about 4-5 years and eventually rehabilitation process through reseeding is required. Due to paucity of funds the rehabilitation 

process is normally carried out after 10 to 15 years. In fewer parts of the rangeland, rehabilitation was carried out 3-5 years ago. 

However, management of grazing in the rehabilitated areas by preparing management plan and its implementation in association 

with the local CBO was a new experience. 

 

2. PREPARATION OF GRAZING MANAGEMENT PLAN 

 

Standing biomass of range resource was measured by Punjab Forestry Research Institute, Faisalabad at the end of first monsoon 

season. Participatory Grazing Management Plan was prepared jointly by the community and Forest Department. 

Compartmentalization of rangeland was done to streamline rotational grazing system. The total area of 7,450 acres was divided 

into 65 compartments of varying sized on the basis of natural features like dykes, ravines, ridges, etc. The local herders were 

familiar with these features. The areas to be regulated for grazing on rotational basis from 2010 to 2013 were decided on the basis 

of existing range resource condition and recent rangeland improvement measures executed in the area (Fig: 1 to 3). The CBO was 

fully involved in developing the grazing plan for the whole rangeland area. Subsequently, implementation on the plan was 

initiated jointly by the PFD and the CBO. Grass cutting and grazing permits were jointly issued by the Community Based 

Organization (CBO) and Forest Department, on the basis of carrying capacity, to the local inhabitants. The activity was jointly 

monitored by the Punjab Forest Department and the local CBO. Joint patrolling of the rangeland was initiated to ensure that the 

areas closed for grazing was not grazed by the livestock. The usual process of auctioning the resource to the private parties was 

not done in accordance with an agreement signed between CBO and Forest Department. The implementation of grazing schedule 

was jointly executed by the representatives of CBO and the Forest Department. 

 

 

   

   

 

3. RANGELAND REHABILITATION: 

Range rehabilitation was demonstrated on 400 acres (Fig 4). It included soil working with tractor to prepare land for grass seed. 

The seed of Cenchrus ciliarus grass was broadcasted manually. Contour bunds were made at different locations to conserve 

water in the reseeded area and also prevent soil erosion. The Sustainable Land Management Project (SLMP) of Government of 

Pakistan in collaboration with the Provincial Forest Department initiated the process of rangeland rehabilitation. The main 

beneficiary of the activity was local CBO, hence they contributed in the form of labour during the rehabilitation process. The 

quantity of palatable grasses increased in the area for consumption of livestock. The implementation of grazing management plan 

will ensure the maintenance of the rangeland resource for optimum utilization. 

 

Fig 1: GMP for 2010-11 Fig 2: GMP for 2011-12 Fig 3: GMP for 2012-13 
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Fig 4: Reseeding Area in Village Dhurnal 

 
 

3.1 Benefits to community 
a. Socio-economic benefits 

A sizable majority of households are dependent upon livestock rearing in the village of Dhurnal. The villagers have recorded 

rights in the rangeland reserved for grazing. The rangeland was auctioned to private parties to regulate grazing. Normally 

such parties reluctantly allowed the local inhabitants to use the rangeland and no interest was taken in the rehabilitation 

process. The initiative taken by the SLMP to link demonstration of rangeland rehabilitation with preparation of grazing 

management plan and its implementation with the support of local CBO was beneficial not only in increasing range 

vegetation but also involving the community in the management process. In the history of the requisite rangeland the local 

community participated in the rehabilitation process in the form of labour as a token representation of their contribution. In 

accordance with the grazing management plan the system of issuance of permits for grazing purposes was revived, however, 

the consent of local CBO was ensured while issuing grazing permits. Due to rehabilitation of rangeland feed for livestock 

increased substantially. Furthermore, the involvement of the community in the management process increased social 

acceptability.  

 

b. Income generation expected by the activity, with time frame 

At the end of the first monsoon season a comparison was drawn between rehabilitated and non rehabilitated rangeland areas. 

The standing biomass of grass was assessed of both these areas. It was recorded that the rehabilitated area had 10 times more 

feed as compared to non-rehabilitated area as under: 

 

Table 1: Benefits to the community after one season 

Factors Measured Non-Reseed  Reseed  

Fresh Weight 600 Kg per acre 5644 Kg per acres 

Estimation of Dry Weight 300 Kg per acre 2822 Kg per acres 

Estimation of Dry Weight Utilized 150 Kg per acre 1411 Kg per acre 

Estimation of Number of Animal Units that can graze 

per acre per year 
22 acre per AU per year 2.3 acre per AU per year 

Estimated number of animals that can graze on 400 

acres 

18 AU per year or 

180 sheep unit per year or 

108 goat unit per year 

175 AU per year or 

1750 sheep unit per year or 

1050 goat unit per year 

Estimated benefit from sale of sheep units Rs. 0.540 million annually Rs. 5.25 million annually 
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c. Environmental benefits 

The increase in ground cover resulted in preventing soil erosion. The increase in porosity of the soil increased percolation of 

water hence water run-off was reduced. The loss of soil nutrients from the top soil reduced. The increase in vegetation cover 

will impact carbon sequestration in the area. 

 

d. Benefits with respect to Desertification and Land Degradation 

i. Biodiversity Conservation 

The increase in vegetation cover in the area increased the activity of the micro-organisms in the soil and quantity of 

humus increased. Due to the grazing activity of the domestic livestock addition of organic matter increased. The birds 

that feed on micro-organism also increased in the area. 

 

ii. Climate Change Adaptation 

The grazing management plan prepared in consultation with the local community will ensure utilization of the range 

resource in accordance with the quantity of the resource available each year. The production of range resource is 

dependent upon the quantity of rainfall received specially during monsoon season. The flexibility in altering utilization 

was included to ensure that it was linked to the climatic changes taking place each year. 

 

e. Any other benefits 

Due to the increase in the quantity of livestock the activity of livestock merchants/middlemen also increased that 

created economic opportunities for the local community. 

4. POLICY ORIENTED RECOMMENDATIONS 

 

4.1 Replicability of the Activity (whether the activity was adopted/ replicated somewhere else) 

The rehabilitation of rangelands is a continuous process and it is being replicated in different part of the province. The 

involvement of local communities in the management of rangelands by preparing grazing management plans was considered as a 

viable option. In many parts of the world yearly agreement is being concluded with the nomadic graziers of, formally or 

informally to ensure equal distribution of livestock in the area on a larger scale without jeopardizing the rights of local 

community. If management plan exists for any area then the agreement can be concluded on scientific grounds. 

 

4.2. Way forward (how to take up this activity on a wider scale) 

The land mass of rangelands across the world is quite large and involvement of local communities in the management will have 

to be supplemented with financial resources as well. The possibility of involving private sector in rehabilitating rangeland 

resource and managing it for livestock rearing with the involvement of local communities is required to be explored. The 

mechanism for cost and benefit sharing between the parties concerned in such a venture has to be analysed. A part of the grazing 

management plan suggests measures for resource mobilization to reduce the span of rangeland rehabilitation process over a 

longer duration. It has been proposed that private sector may be encouraged to rehabilitate rangelands through Horti-Pastoral 

(Olive+grass) model, Silvo-Pastoral (fodder trees+grass) model, introduction of ranching system or any other innovative mode 

that does not jeopardize the recorded rights of the local communities. 

5. CONCLUSIONS 

The main benefit of the activity was the development of a grazing management plan for the whole rangeland. The success of the 

plan was possible only due to the participation of the local right holders in the plan preparation and in future management of the 

rangeland. The integration of scientific knowledge about range vegetation and livestock with the socio-economic factors will 

ensure sustainability of the land resources. Although the inhabitants of different hamlets residing on the boundary of the requisite 

rangeland desired maximum open access or free grazing on the area adjoining their hamlet, however, the community was 

convinced that the utilization of the area will be in accordance with the production of the rangeland resource each year. The 

demonstration effect created by the rangeland rehabilitation of selective area was a useful tool to convince that maximum benefit 

can only be obtained by restoring the economic potential of the existing rangelands. 
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1. INTRODUCTION 

Remote sensing is a useful method for studying vegetation changes in arid and semi-arid ecosystems (Schmidt and Karnieli, 
2000). Vegetation can be monitored by spatial and/or temporal analysis and its trend in dynamic pattern can be related to 
anthropological or meteorological factor. For example, rainfall exerts strong influence on the condition of vegetation cover 
(Damizadeh et al., 2001). Indeed, there is a close relationship between the phenology variability and the hydrological cycle 
(Prince et al., 1998; Tucker et al., 2005; Diallo et al., 2005). 

This study is based on early research in arid and semi-arid environments in Africa and on climate change in Madagascar. On one 
hand, environmental changes in Africa are most directly related to rainfall (Richard and Poccard, 1998, Vanacker et al., 2005, 
Camberlin et al., 2007). Several previous studies have produced a strong positive relationship between vegetation indexes such as 
NDVI (Normalized Difference Vegetation Index) and rainfall in dry regions all over the world. Most of the studies voted for 
precipitation as a strong indicator of vegetation. On the other hand, in Madagascar, during the last hundred years, rainfall has 
been highly variable. The level of warming is greater in the South than in the North (Tadross et al., 2008). In the Anosy region in 
southeastern of Madagascar, from 1961 to 2005, a decrease in daily rainfall (especially in winter) has been observed. The rainy 
season has shortened and the average daily rainfall frequencies have decreased (WWF, 2010). 

In this research, chlorophyll activity or greenness is measured using the NDVI based on remotely sensed Landsat images with 
30m spatial resolution. Six images in three times series were used from 1984 to 2009 capturing three types of forests such as 
humid rain forest, dry forest and transitional forest. Three images were taken during the dry season and three during the wet 
season in order to consider changes in photosynthesis level linked with seasonal and inter-annual changes in precipitation (Weiss 
et al., 2004). 
 

2. MATERIALS AND METHODS 

2.1. Study area 
The study was conducted in the forest ecosystems situated in southeastern Madagascar (figure 1). Rainfall decreases rapidly from 
east to west, with 1527 mm of annual rainfall in Fort-Dauphin against less than 547 mm in Amboasary Atsimo (Hervieu, 1960). 
The distance between the eastern slopes of the Anosy mountains to the coast is relatively short. These mountains block the 
movement of rain-bearing clouds from the east (Paulian et al., 1973). 
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As a consequence, the west side receives much less precipitation. At 60km as the crow flies from the coast, there is a transition 
(Donque, 1972). The change in precipitation is much steeper than that described by Donque, but because of a lack of rainfall 
stations in the transition area, it is impossible to be precise (Paulian et al., 1973. Donque 1975, Goodman et al. 1997). Therefore, 
in the West, the wet and hot season stretches from November to March (five months) and the dry season begins in April and ends 
in October (seven months). The East area is characterized by a perhumid season from November to July (nine months) and a wet 
season from August to October (three months). 

 

 

 

 
Model obtained from the superposition of the image captured in November 2009 with SRTM data 

(Shuttle Radar Topography Mission) 
 

Fig. 1. Location of the study area (yellow field polygon) in the Region of Anosy, Madagascar. 

Three types of forests can be distinguished in the region. In the east is humid rain forest or evergreen rain forest, with ecological 
conditions similar to all the eastern forest of Madagascar: high canopy and high biodiversity. In the west is the dry forest, 
dominated by Didiereaceae highly adapted to drought and whose leaves are usually deciduous during the dry season. The 
transitional forest localized between humid rain forest and dry forest with an intermediate character. 
 

2.2. Satellite data processing 

The satellite images used in this study were acquired at different dates for different seasons for phenological changes analysis 
(Table1). Images correction procedure followed three steps: radiometric correction, atmospheric correction, and geographic 
correction. 
Table 1: Characteristics of the three times series images 
 

Period  Platform Image identification Available Bands Acquisition date Season 
TM L5158077_07719841125 1 ; 2 ; 3 ; 4 ; 5 ; 6 ; 7 11/25/1984 Humid 1 
TM p158r77_5t910724 1 ; 2 ; 3 ; 4 ; 5 ; 6 ; 7 07/24/1991 Dry  
ETM+ LE72158077_07720010913 1 ; 2 ; 3 ; 4 ; 5 ; 61 ; 62 ; 7 ; 8 09/13/2001 Dry 2 
ETM+ LE72158077_07720020119 1 ; 2 ; 3 ; 4 ; 5 ; 61 ; 62 ; 7 ; 8 01/19/2002 Humid 
TM L5158077_07720090607 1 ; 2 ; 3 ; 4 ; 5 ; 6 ; 7 06/07/2009 Dry 3 
TM L5158077_07720091128 1 ; 2 ; 3 ;4 ;5 ;6 ;7 11/28/2009 Humid 

TM: Thematic Mapper ; ETM: Enhanced Thematic Mapper 

A land use map is needed to achieve a consistent definition of the different forest classes. Two images of 2009, one on wet and 
one on dry season with no clouds were chosen. Semi-supervised classification (pixel spectral characteristics oriented) was carried 
out on those images, a combination of two types of classifications: unsupervised classification, which is a computer generated 
process, and supervised classification which depends on human judgment. 

Besides spectral characteristics, the images have been also processed with an indirect measure of vegetation growth through the 
calculation of vegetation indices (Hess et al., 1996). NDVI or Normalized Difference Vegetation Index is among those. NDVI is 
determined by the degree of absorption by chlorophyll in the red wavelengths, which is proportional to leaf wavelength density, 
and by the reflectance of near infrared radiation which is proportional to green leaf density (Tuckers et al. 1985). This index is 
physiologically a measure of the photosynthetic capacity of the canopy and bulk stomatal or canopy resistance to water vapor 
transfer (Sellers, 1985; Tuckers and Sellers, 1986). 
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This relationship can help to determine the sensitivity of various vegetation forms to climate variability and to establish the 
climatological limits in which NDVI is a useful indicator of vegetation growth (Nicholson et al., 1990). NDVI is defined as the 
ratio of the terms (NIR-Red) and (NIR+Red), where NIR is the spectral response in Near infrared band (0,73 - 1,1µm) and red is 
the spectral response in red band (0,55 - 0,68µm) (Tarpley et al., 1984). The channel of the red, with a wavelength of 0,58µm 
0,68µm can be found in the absorption band of chlorophyll, while the NIR channel, between 0,725 and 1,1 m, is located in the 
band of high reflectance. The channel characteristics correspond closely to the characteristic properties of the leaves which make 
NDVI an indicator of the biomass of the plant. Each pixel of the image has its own NDVI value. The dimension of the pixel fits 
to the resolution of the image which is for LANDSAT 30m. Every type of land use has its own NDVI. Forest, soils, sands, water 
bodies have a certain range of NDVI values. For water bodies (rivers or lakes), NDVI is virtually zero or even negative (Myneni 
et al., 1995). Our study is specially focused on the forest NDVI. Clipping NDVI images by the vector file obtained during the 
classification can significantly distort the average NDVI for each class because each one contains water bodies, soils and sands. 
Therefore, a random sample per pixel in a square of 120 m side (16 pixels) was performed. 90 squares were sampled (1440 
pixels). The mean of the NDVI values in each class of forests and per period was calculated. Those mean values were used for 
the relationship analysis with rainfall values. 

For validation, the Kolmogorov Smirnov test on all values of NDVI was used to differentiate the classes defined by the previous 
classification. The NDVI images were classified into two categories: those taken during the wet season and those taken during 
the dry season. The differentiation of the classes was performed for each season. Since there are six pictures and the number of 
pixels sampled was 1440/class/image, 4320 NDVI values were manipulated during this validation. 

 

2.3. Rainfall data processing 

Two groups of rainfall stations were selected: one on the west side of the Anosy Mountains and one on the east, the western 
stations were Behara, Amboasary Atsimo and Ambovombe (figure 2). The eastern station is situated in Fort-Dauphin. Behara 
station best represents the west zone, but due to a lack of data, stations in Amboasary Atsimo and in Ambovombe had to be 
included. The data came from the national meteorological service and the SAP (Système d’Alerte Précoce) program of European 
Association for Development and Health. 

 
Fig. 2. Location of the rainfall stations 

 

2.4. Regression analysis 

In order to test the strength of the linear association between rainfall and NDVI, Pearson’s correlation coefficients were 
computed for the two variables for each class with different time lags as done by Hermann et al. 2005: NDVI versus rainfall of 
the current month with no time lag, NDVI versus cumulative rainfall of the current plus the previous month, and NDVI versus 
cumulative rainfall of the current plus the two previous months. A linear regression analysis was carried out with NDVI (mean 
values) as the dependent variable and rainfall as the independent variable. If there is any correlation between the two variables, a 
regression equation is established in order to calculate predicted values of NDVI using observed precipitation values. Those 
values illustrate the evolution or the ecological trend of the forest during 25 years (1984-2009). Through this period of time, 
periodic NDVI analysis was done where observed NDVI values obtained from the six images in this study were compared with 
the NDVI predicted value. The difference between observed and predicted NDVI, the residuals, were then computed for each 
period and each type of forests (Archer, 2004 ; Evans and Geerken, 2004). The residuals represent that part of the observed 
NDVI value not explained by rainfall (Hermann et al., 2005). According to San Emeterio et al. 2009, if the values of recent years 
are located systematically above the regression NDVI-precipitation (Residual value is positive), it could indicate a trend toward 
recovery (best response of vegetation to rainfall) of the vegetation. 
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3. RESULTS AND DISCUSSIONS 

3.1. NDVI data analysis 
In all seasons and for each class, NDVI values decrease from rain forest to dry forest, through the forest of transition (figure 3). 
NDVI of the rainforest ranges from 0,477 ± 0,173 to 0,631 ± 0,036 while those of the forest transition are between 0,308 ± 0,148 
to 0,586 ± 0,055 and those of the dry forest between 0,158 ± 0,064 and 0,500 ± 0.069. This shows that aboveground net primary 
production, the growth or the greenness of a vegetation vary in accordance with the type of the ecosystem. The response of the 
vegetation compared to precipitation varies between geographical regions and the type of the vegetation (Li, B. et al., 2002, Li, J. 
et al., 2004, Nicholson et al., 1994). NDVI values were lowest (for all classes of forest), in dry season of 1991 (NDVI = 0,344 ± 
0,134). In fact, this year was characterized by a great famine after a severe drought that hit southern Madagascar.  
 

Humid rainforest Transitional forest Dry forest 
 

Fig. 3. Year-to-year and seasonal variability of NDVI 
 
The average NDVI show low amplitude of NDVI values in the eastern rainforest unlike the forests in the West. Year-to-year and 
seasonal variability is noticeable in the dry forest and the transitional forest. NDVI decreases from the first period to the third 
period. In the dry forest, NDVI is high (NDVI=0,359±0,068) in June 2009, because the image was acquired just two months after 
a good rainy season.  
 

3.2. NDVI and rainfall data relationship 

For the dry and transitional forest, NDVI correlated best with rainfall accumulated over two months (current plus previous 
month) (Table 2). The coefficients of determination are highly significant for the transitional forest and the dry forest (p-value < 
0,05), with stronger correlation in the dry forest than in the transitional one. It confirms earlier findings by Malo and Nicholson 
(1990) in the semi-arid Sahel region that a linear relationship between NDVI and accumulated rainfall over two months can be 
found if annual precipitation does not exceed 1000mm (Nicholson et al., 1990; Lotsch et al., 2003; Hermann et al., 2005). 

For the humid rainforest, there is a limit of amount of rainfall corresponding to a given vegetation index. According to Nicholson 
(1990), from the threshold of 1000mm of rain per year, the relationship between NDVI and rainfall becomes logarithmic because 
of the saturation effect of the vegetation index for a high level of precipitation. Indeed, in this zone, two types of seasons have 
been identified: the wet season and the perhumid season. The average of the inter-annual rainfall is 1527mm. 

 
Table 2: Linear correlation analyses between Normalized Difference Vegetation Index (NDVI) and rainfall data 
 

M0 M1 M2 M0+ M1 M0+ M1+ M2 Type of the forest p r2 p r2 p r2 p r2 p r2 

Humid rain forest 0,565 0,2987 0,767 -0,156 0,212 -0,5954 0,969 0,0203 0,580 -0,2881 
Transitional forest  0,050 0,8112 0,022* 0,8776* 0,255 -0,5533 0,020* 0,8825* 0,295 0,5157 

Dry forest  0,028* 0,860* 0,032* 0,8511* 0,602 -0,2718 0,015* 0,8968* 0,107 0,7197 
M0: Rainfall of the current month; M1: Rainfall of the first previous month; M2: Rainfall of the second previous month; M0+ M1: Accumulated 
rainfall over two months; M0+ M1+ M2: Accumulated rainfall over three months. Coefficient of determination (r2).  
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The southeastern forests of Madagascar seem to be more resilient than the ecosystems in the Sahel region. However, these results 
confirm that vegetation greenness in semi-arid environments is more strongly related to soil moisture, a function of rainfall 
accumulated over a period of time, than to instantaneous rainfall. This is also why there is a correlation between rainfall of the 
first previous month (M1) and NDVI. The soil plays a role as a reservoir. Plants in transitional forest use essentially the water 
from the rainfall of the previous month. The soil has the capacity to retain water. However, this capacity is not sufficient because 
the correlation is more important with the sum of rainfall in two previous months (current month and the previous month) than 
with the rainfall of the current month only. Due to the frequency of droughts, soil moisture loses effectively its capacity to retain 
water. Variability of rainfall could result in year-to-year variability of soil moisture and consequently a loss of resilience of the 
vegetation. 

The role of the soil as a reservoir explains why in January 2002 (wet season), despite relatively high rainfall (78,8 mm close to 
the rainfall in 1984), the dry forest was not as green as in 1984. This would come from the ability of the forest to recover after the 
drought in 2001 (NDVI = 0,158 ± 0064). This could also result from droughts or a frequency of droughts illustrated by the 
example in July 1991 and in September 2001. Other research demonstrated that there was a dynamic pattern in the vegetation 
cover in Madagascar both annually and seasonally throughout 1982–1999 (Ingram and Terrence, 2004). They found that the 
vegetation response, calculated using the normalized difference vegetation index (NDVI), has a strong negative correlation with 
the El Niño Southern Oscillation (ENSO), which can be attributed to drought events and associated wildfires.  

The NDVI comparison shows seasonal variability in the transitional forest (figure 4, see next page). There is a difference of 
greenness related to the season. In the wet season, this type of vegetation is almost green while it is not during the dry season. 
One of the most distinct features of semi-arid environments that affect plant growth is seasonal and year-to-year fluctuation in 
rainfall (Schmidt and Karnieli, 2000). Transitional forest tolerates year-to-year and seasonal variability of rainfall. This 
ecosystem stands out for its resemblance to two different types of forests seasonally: rainforest in the wet season and dry forest in 
the dry season. But year-to-year variability and frequent low rainfall values could reduce the capacity of this transitional forest to 
be resilient to seasonal variability. As a consequence, the ecosystem which seems to be more resilient to such conditions (dry 
forest) will replace this type of forest. This kind of transformation is not a long term process if rainfall varies around a stable 
mean, although the forest will take time to recover from low precipitation. 
 

3.3. Residual analysis 

Residual analysis is a comparison of periodic observed NDVI value to a trend of NDVI (figure 5). Residual values are NDVI 
values which are not explained by rainfall. During the dry season, all the residual values of the transitional forest are below zero. 
There is always a water deficiency for the transitional forest due to a low capacity of soil to retain water. The transitional forest 
needs more water than the dry forest. Thus, like in July 1991 and in June 2009, it was not as resilient as the dry forest. The 
hypothesis of a slow transformation of the forest into dry forest is confirmed. The process is slow and as in November 2009 
during the wet season, transitional forest can recover only if the rainfall conditions enhance the plants growing and improve the 
greenness (Photosynthesis reaction). Consequently, frequent droughts during a period of time could hardly be counterbalanced by 
a high rainfall over a longer period. With the same rainfall, dry forest is much less sensitive to drought than transitional forest. If 
trend toward declining average rainfall continues, transitional forest could be a new land for dry forest.  
 

Wet Season Dry Season 
 

Fig. 5. Residual values (NDVI which is not explained by the rainfall) 
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Fig. 4. Maps of the year-to-year and seasonal variability of the vegetation greenness compared with accumulated rainfall values 

over two months for the west zone (dry and transitional forests) 
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4. POLICY ORIENTED RECOMMENDATIONS 

This research gives a better understanding of the changes that happen in the natural resources especially forest area. These 
changes may affect the local communities’ livelihoods and resilience. However, this kind of research is not common especially in 
developing countries like Madagascar. There is still a need to put in place a permanent natural resources monitoring with an 
impact analysis of trends and changes on human livelihoods. 

 

5. CONCLUSIONS 

Remote sensing combined with computational approaches can model the fragile ecosystems in the dry and transitional forest in 
southeastern of Madagascar. This study shows that NDVI track the behavior of forests in response to rainfall variability. The 
correlation between NDVI and rainfall is prominent in the transitional and dry forest which indicates the strong influence of 
climate on the vegetation. Soil moisture is at the interface of this relationship. In fact, the transitional forest depends heavily on 
water resources and needs the capacity of soil to retain water. With decreasing rainfall, transitional forest loses its resilience. At 
the same time, as the dry forest tolerates such condition, there could be a slow process of transformation of the transitional forest 
into dry forest. Besides, climate has always been an important determinant of land surface characteristics such as biome 
distributions (forests, desert…) and energy balances (Lu et al., 2001). If combined with human activities, this natural process 
may accelerate the degradation of the habitat and consequently leads to desertification in this semi-arid environment which is the 
southern of Madagascar. 
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ABSTRACT: Sand control methods have largely been utilised on trial-and-error basis in Kuwait and the rest of the countries in
the Arabian Peninsula. To date, no specific technique/material has been identified as the most suitable for sand stabilisation.
Short-term, inexpensive solutions, though attractive, are actually more costly and their effect is short-lived. The application of
sand encroachment control measures without proper understanding of their impact on the overall pattern of sand transportation
and accumulation can lead to the activation of Aeolian processes that enhance sand encroachment.

An integrated sand control system (SCS) which combines elements of the three sand stabilisation techniques (i.e., mechanical,
biological, and chemical) was developed by researchers at Kuwait Institute for Scientific Research (KISR) as a result of an
intensive research project. Though based on strong theoretical and field-based knowledge and experiments, the SCS has not been
tested as a whole system.

This paper sheds some light on a current project at KISR with the objective of assessing the effectiveness of this SCS through a
series of wind tunnel experiments on a small-scale model of the SCS. The work will start by assessing the original design. This
phase will be followed by a detailed parametric study to fine-tune the design to achieve the optimum sand control. In addition to
its research value, the experimental results will boost the confidence in KISR’s SCS and hopefully encourage its implementation
in Kuwait and other Gulf States where the conditions are similar.

Keywords: Sand Control, Revegetation, Simulation, Sand Transport.

1. INTRODUCTION
The climate in Kuwait is hot, arid, with scanty rainfall. Hot and dry summer winds are usually experienced for the greater part of
the year. The average annual rainfall and temperature are 110mm and 26oC, respectively. The surface of Kuwait is carved in a
calcretised clastic sequence of Miocene-Pleistocene age, mostly covered by a thin blanket of recent Aeolian deposits (Al-Dousari
et al., 2008). Aeolian landforms in Kuwait are differentiated into sand dunes, sand sheets and wadi fill. According to Khalaf and
Al-Ajmi (1993), these landforms are geographically distributed in several areas in Kuwait constituting about 40% of the total
surface of the country (i.e., 17.818 km2). Morphologically, the sand dunes are classified into two major groups: free and anchored
dunes. Free dunes include barchans (crescentic dunes). Barchans represent the most common form of sand dunes in Kuwait. They
are geographically distributed within Atraf-Huwaimiliyah zone area, Kabd, Sabiya, Um Al-Aish, Buhaith and Dhubaiya.
Anchored dunes on the other hand include nabkhas, falling, and climbing dunes. Climbing dunes are normally located on the
undulating surface of Kabd and Atraf-Huwaimiliyah zone areas. Geographically, Barchans and climbing dunes are found as
complex belts or compound groups or isolated forms (refer to Fig. 1). Large nabkhas are distributed as clustered fields on the
landward side of coastal sabkha flats in the northern and southern coastal zones of Kuwait. Scattered inland nabkhas are
dominantly smaller in size than coastal nabkhas and widely distributed in the desert of Kuwait. Falling dunes are anchored
Aeolian sand bodies at the southeasterly side of the Jal Al-Zur escarpments.

The factors of: a) hot and dry weather (leading to high evaporation rates), b) sandy soils with negligible amounts of organic
matter, weak cohesion, and high permeability between particles, c) wind speed, and d) availability of local and regional sources
of sand; conspire to make the desert in Kuwait and other countries in the Arabian Peninsula a suitable source for sand particles
that can be easily entrained by the wind. In addition to natural factors, man-related activities, e.g., overgrazing, successive sand
and gravel quarrying, camping and off-road vehicle movement, disturb the existing fragile environmental ecosystem balance of
the desert. Such activities have caused the vegetation cover to deteriorate and the adverse impacts from sand encroachment to
augment; all of which can be related to the increased dust activities (i.e., annual amount of dust fallout in Kuwait varies from 10
to 1065 with 278 tons/km2 being the average – Al-Dousari et al. 2012). Such a unique mix of natural and anthropogenic factors
have produced the perfect conditions for a never-ending source of sand particles feeding dust and sand storms and also making
the building blocks of active sand sheets and sand dunes.
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Fig. 1  Dune types, distribution within Kuwait (Al-Dousari et al., 2008)

The best and long-term solution to the problem of sand encroachment is to establish suitable, self-sustaining vegetation on
ground. The anticipated high cost is readily justified if one considers the direct threat posed by dust and sand storms due to
limitation of visibility and the resulting serious social and economic problems (accidents, delay in flights, etc) in addition to the
savings on the cost of the continuous clearing of encroaching sands from roads, airport runways, oil operational areas and towns.
In Kuwait, mechanical, chemical, and biological dune and encroaching sand control techniques have been attempted, however, in
isolation, leading to limited success with financial penalties sometimes. A common shortcoming of mechanical methods is the
long-term, high-cost sand clearance work required to maintain efficiency, e.g., cost of clearing 415,000m3 of accumulated sand
from As-Salmi Road-Kuwait reached KD108,166 (about US$380,000) during five months in 1993/94, Ahmed et al., (1996).
Chemical methods have their drawbacks too, mainly the pollution caused to the environment. For biological methods, it is well
known that the revegetation of sand dunes of heights above 1.5m is biologically non-viable without the initial use of mechanical
and/or chemical techniques. Only after the soil has been stabilised and the threat of seedling burial and seedling root exposure has
been eliminated, can one turn to biological techniques.

During the 1990's Kuwait Oil Company (KOC) funded an intensive study of sand control techniques. The study, which was
conducted by researchers at Kuwait Institute for Scientific Research (KISR), utilised detailed field studies, remote sensing
mapping, mathematical modeling and environmental and economic assessment to identify several zones characterised by
significant sand movement (Al-Sudairawi and Misak, 1999). The study also considered the different aspects of the problem of
sand encroachment and its control. These aspects included:- a) the natural variables affecting the size of the problem including
sand drift rates, wind speed and direction, grain size, type of surface sediments and density of vegetation cover, and b) the
physical parameters affecting sand movement including topography, sedimentology and meteorology in the KOC operational
areas. The study recommended an integral system of protection which combined the three methods of sand stabilisation
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(mechanical, chemical and biological). The integral sand control system (SCS) varied according to the location but mainly
included a number of 2 m height double impounding fences, a number of green belts of drought-resistant trees downwind the first
impounding fence and a gravel-stabilised strip downwind the impounding fences. Fig. 2 shows a modified version of this SCS.

The original integral protection system and its modifications, though based on strong theoretical and field-based knowledge, have
not been tested as a whole system. Also, one of the obvious limitations of the SCS is its unidirectional effectiveness, i.e. sand
control in direction perpendicular to the wind direction only. These two facts might be the reason why, despite funding the
project, the KOC has not yet implemented this technique. This communication focuses on a current study being conducted at
KISR to verify effectiveness of the SCS using a series of carefully-designed wind tunnel experiments. This study aims at
assessing both quantitatively and qualitatively the effectiveness of the recommended SCS by conducting experiments on a 1/100
scale model in KISR’s wind tunnel. Initially, the experimental work will assess the original proposed sand control system. This
phase will be followed by a detailed parametric study to fine-tune the final design in order to achieve the optimum sand control.
The optimum SCS is the one that is most efficient in reducing the throughput sand transport and at the same time commercially
attractive in terms of initial set-up cost and following maintenance required. In addition to its research value, the experimental
results will boost the client’s confidence in KISR’s SCS and hopefully encourage its implementation.

Fig. 2 The combined sand control system after modification to suit Kuwait revegetation program.

2. METHODOLOGY
The aim of this study  is to assess the stabilisation characteristics and the effectiveness of the SCS suggested by Al-Sudairawi and
Misak (1999) through tests on a geometrically similar, 1/100 scale model of the recommended sand control system. Specific
objectives are:- 1) assess the effect of different parameters on the flow and rate of sand transport, 2) develop comprehensive
relationships between the governing parameters and the rate of sand transport, and 3) recommend fine-tuning of the original
design of the SCS, based on results obtained, to achieve optimum control. As it is impractical to carry out full-scale
measurements of the effectiveness of the SCS due to the financial implication, a small-1/100 scale model of the actual control
system will be made and tested in the wind tunnel. The project will utilise the wind tunnel of KISR, which has a test section 22.0
m long, 0.95 m high and 1.20 m wide. Wind speeds up to 25 m/s can be reached. A locally-manufactured sand feeder which can
be used to initiate Aeolian sand transport in the test section, seen in Figs. 3 and 4, will be utilised in the proposed experiments.
This facility which has been successfully used for Aeolian sand transport studies in the past, i.e. Al-Nassar et al. (2002), Alhajraf
et al. (2002), Alhajraf et al. (2003a), Alhajraf et al. (2003b), Ramadan et al. (2006), Ramadan et al. (2007),  Ramadan et al.
(2008), and Barajas-Olalde and Ramadan (2011). Extensive effort will focus on the experimental part of the research especially
matching the flow conditions between the full scale and the model scale in order to scale up the wind tunnel results to the full
scale case. In order to show the difference in the results between the conventional case, i.e., without sand control system, and the
controlled case, the results of the two cases will be compared. Below is a detailed description of the tasks to be conducted.

2.1 Qualitative Preliminary Assessment of the Effect of the Governing Parameters on Flow Patterns
For wind tunnel experiments, the sand transport rate through a geometrically similar, small scale model of the KOC-study
recommended SCS will be measured using a Saltiphone® sensor. Such measurements are time-consuming and it is essential to
assess the qualitative behaviour of the flow patterns as a whole with less time-consuming flow visualisation techniques before the
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Fig. 3 The main sections in KISR’s wind tunnel

Fig. 4 KISR’s wind tunnel sand feeder

conditions are determined for which the detailed measurements will be taken. For this task, the sand feeder will not be used. The
available smoke generator will be used to depict the flow streamlines in the form of smoke lines and a high-speed video camera
will be used for recording. The flow patterns will be examined leading to information on the location of the
detachment/attachment lines and the erosion/accretion zones. For testing the effect of the wind direction on the flow patterns, the
small-scale model will be placed on a rotating table in the test section of the wind tunnel. This task’s experiments will assess,
qualitatively, the effect of the different parameters, i.e. a) the height of the fence, b) the cover density of the paved area, c)
longitudinal and transverse spacing between the trees, d) the configuration of the tree belts (in-line or staggered), e) the
characteristic features of the trees used, f) direction of wind, etc. as well as the effect of the complete burial of the fence in
preparation for the quantitative phase is the following tasks.
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2.2 Quantitative Assessment of the Effect of the Governing Parameters on the Velocity Profile and Surface
Pressure
In this part of the work, detailed velocity profile and surface static pressure measurements will be made for varying parameters
(listed in subsection 2.1) on the flow and the rate of sand transport. Both the sand feeder and the smoke generator will not be used
in this task. The velocity profiles will be measured at different points within and downstream the model system. Similar to the
above task, the model will be rotated to investigate the effect of changing the wind direction.

2.3 Measurement of the Rate of Sand Transport under Different Conditions
In this task, the sand transport rate through the SCS model will be measured using a Saltiphone® sensor. Here, the sand feeder
will be used. The experiments will assess the effect of the different abovementioned parameters on the sand transport rate. The
effect of changing the wind direction will also be investigated. This phase will help in developing comprehensive relationship(s)
between the governing parameters and the rate of sand transport.

2.4 Assessment of the Optimised Sand Control System
Having established the relationship(s) between the rate of sand transport and the governing parameters, the original design will be
fine-tuned based on the outcomes of the initial phases on the experiments to achieve the optimum sand control. To quantify the
effect of using the optimum design of the SCS, the sand transport rates will be compared with the no-protection case. This task
also includes assessment of the efficiency period of the optimum SCS under the prevailing sand transport rates in Kuwait. The
efficiency period for the SCS is an important factor in accepting or rejecting the system. For each modification, the experiments
will be replicated 2-3 times to assess repeatability. For scaling, the tunnel's average boundary layer will be converted to a
standard height of 10 m by applying the logarithmic wind law:-











0

* ln
z
zuu z 

where

zu the wind speed at height  (m/s)

*u the friction speed (m/s)
z height (m)

0z aerodynamic roughness length (m)

 Von Kármán constant (taken as 0.4)

The following assumptions will be made:- a) constant-thickness boundary layer, b) constant roughness length for the base plate,
and c) the tray, the sediment transport and the stability effects do not have a substantial influence on the vertical distribution of
the wind speed. Wind speeds will be measured using a pitot rake connected to a pressure scanner interface unit and a pressure
transducer.

3. PROGRESS
Since the start of the project, the project leader and the project team have been involved in conducting the work required for the
satisfactory completion of the project. The experimental equipment (i.e., high speed camera, light source, pulse generator, smoke
generator, sand feeder, pressure scanner) have either been purchased or prepared for the required work as needed. The small scale
model of the SCS, which is required to conduct the tests in the wind tunnel is being manufactured at the time of writing this
document. Progress has been made by experimenting with the light sources/frequency generator/camera settings to get the
optimum configuration for visualising the streaklines representing the sand particles movements and well as the flow patterns as
depicted by the smoke introduced to the flow by the smoke generator. The process of optimising the experimental configuration
for achieving the best results is iterative by nature. However, experience has a great influence on achieving the optimal settings
with the least number of iterations. For the work described, the most suitable exposure time, light pulse width and lens shutter
opening for capturing the sand trajectories are: 10msec, 10msec and f0.95 or f1.40. As for capturing the flow patterns (using
smoke), the most suitable exposure time, light pulse width and lens shutter opening are: 8.4msec and f5.8 for a motor frequencies
of 5 and 25Hz. These values will be the starting point in the experiments to be conducted when the model arrives.

4. POLICY ORIENTED RECOMMENDATIONS
The project objectives coincide with a strategic goal of the States of Kuwait as well as other Gulf and arid-land states through
desertification control, re-afforestation and protection and enhancement of the natural environment. The success of this project in
achieving its anticipated outcomes will serve as a contribution to the advancement of the society in Kuwait and other Islamic



6

states which KISR and the Islamic Development Bank are selected to serve. The results of this project will be disseminated to
KOC, Ministry of Environment, Ministry of Defence and other national key industries in Gulf countries as part of KISR's
obligations towards the funding agency (i.e., Islamic Development Bank). A carefully designed plan has been laid out to develop
the skills and expertise of Kuwait’s manpower which underpins a strong and well-developed link between KISR and the Islamic
Development Bank and the society. In specific the benefits of this project to Kuwait and other Islamic countries are:

1. This project will hopefully demonstrate the effectiveness of the KISR-designed combined SCS. The original design or its
modification could be used as a guideline to reduce the effort and cost currently involved in sand removals from many sites in
Kuwait and other arid countries.
2. The optimised SCS if implemented on a national scale is expected to benefit the general climate in Kuwait and similar
countries through reduced dust and sand storms.
3. The above will surely have a positive impact on the society of Kuwait and other similar countries if well utilised.

Implementation of the resulting optimised sand control system will be sought through contacts with relevant agencies in the
countries concerned. It is envisaged that KOC and other petroleum companies in the Gulf region will be the most beneficiary due
to the number of their sites that are in need of protection from sand encroachment. The experienced developed by project
research team over the project will enable the implementation to be handled entirely by the local team.
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ABSTRACT: : Land use/ Land cover changes encompass some of the most important human and natural alteration affecting the 

surface of the earth. The increasing population leads to pressure on land is regarded as serious threat to food availability. Remote 

Sensing and Geographical Information System coupled with empirical modeling is recognized as a powerful and effective tool in 

detecting land use changes and analyzing the drivers of changes towards to predict future changes. In this study, land use changes 

occurred between 1985-2005 were studied in a rained agriculture area namely Pudukkottai district of Tamil Nadu, India, which 

failed to receive rainfall for several consecutive years. Two different land use models namely Logistic Regression (LR) and 

Geographically Weighted Regression (GWR) were applied to study the change dynamics and the drivers of the changes related to 

climate and socio- economic parameter were understood. Prediction of  land use change for the year 2005 using these two models 

was done and compared with the actual land use with the help of Remote Sensing  data and the performance of the two models 

were assessed using ROC method.  The simulation accuracy was found to be 0.74 for LR and 0.72for GWR.  From this study it 

was observed that about 31.23 sq km land is lost from agriculture to scrub due to the scarce rainfall and migration of people 

outside the districts due to various socio economic reasons. Abut 18 sq km. area of scrub land is found to have been converted 

into agriculture/ horticulture/plantation, mainly due to the state sponsored development scheme to improve the productivity.  It 

was concluded that   logistic regression is better suited for spatial modeling than logistic regression in terms of geographically 

tagging the drivers . 

 

Keywords: Remote Sensing, Geographical Information System, Geographically Weighted Regression, Logistic regression . 

 

1.INTRODUCTION 

 

Land use / land cover is dynamic in nature and requires regular monitoring to understand areas of rapid change. Land 

use/ Land cover change encompass some of the most important human alteration affecting the surface of the earth (Lambin et al, 

2001). Changes in land cover through cropping, forestry and urbanization represent the most substantial alternative through their 

interaction with most components of global environmental changes. In the past 200 years, more than 3.3 trillion tons of   have 

been released into the atmosphere due to human activities relating to fossil fuel consumption and land use changes (Kevin 

A.Baumert ,2005). While many ecosystems and environment processes are difficult to observe directly, landscape pattern can be 

derived from mapping from Remote Sensing data. Satellite imagery, in conjunction with Geographic Information System (GIS) 

has been widely applied and is recognized as a powerful effective tool in detecting land use/ land cover changes (Ehlers 1990). 

This will enable planners and administrators to understand land use dynamics and to initiate the appropriate measure for arresting   

degradation of natural   resources. It is the major responsibility for the planners keeping in view the sustainable development.   

              Understanding the process of land use change and its driving factors   and then simulating the change is one of the most 

important research fields of LULCC (Ship et al 2000).  Modeling is an important tool for studying land use change due to its 

ability to integrate measurements of changes in land cover and associated drivers (Lambin et al 1999). Models help to explain or 

predict land use / land cover processes (Pointus,1994; Hall et al 1995; Veldkamp and Fresco,1996).  Future land cover change 

location can be predicted by combining spatial statistical model with spatially explicit data in a Geographical Information System 

environment.  An empirical estimation method, Logistic Regression has been used in deforestation analysis (Schneider et al 

2001; Geoghegan et al .,2001), agriculture ( Serneels  et al 2001), urban growth modeling (Allen et al 2003). Geographically 

weighted regression (GWR) approach of spatial modeling is an important part of these tools which provide technique to deal with 

spatial non – stationarity in multivariate regression and estimates regression coefficients locally using spatially dependent 

weights. (Fotheringham et al., 1997).  GWR constructs an equation for each feature. GWR is becoming a more commonly used 

technique in geographical and environment studies as the important feature of GWR is its ability to generate parameter estimates 

for every regression point by using observation in a given neighborhood.  

In this paper, prediction of the location and quantity of agricultural land use change using logistic regression and geographically 

weighted regression is attempted. The objective of the paper to model land use change pattern between 1985, 1995 and 2005. The 

agricultural suitability map for the year 2005 was prepared from real land use change between 1985-1995. The same was used to 

extrapolate the quantity of predicted future change in agriculture land use. The predicted agriculture land use change map was 

validated with the actual land use map. 
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2. MATERIALS AND METHODS 

2.1 Study area 

Pudukkottai district located in dry land region with an  area of 4657 sq kms shown in figure-1. The district lies in between 9° 

50’N and 10° 40’ N latitudes and 78° 25’E and 79° 15’E longitudes. In Tamil Nadu, the degraded land extends to an extent of 

20845 sq km. It is estimated that 50% of districts in Tamil Nadu are drought prone. Pudukkottai is one of the most backward 

districts and drought prone area of Tamil Nadu, which failed to receive rainfall for several consecutive years (Oswald et al 2007). 

Study area falls under rain shadow region and series of environmental problems have emerged which threatens its sustainability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Fig. 1: Location of study area                                            Fig 2: Land use / Land cover map for 1985, 1995 and 2005 

 

2.2 Land use / Land Cover data generation 

Land use and Land cover map of study area was generated form Landsat Multi Spectral Scanner, IRS LISS–I & IRS LISS-III P6 

data for the years 1985, 1995 and 2005 respectively. Therefore, three datasets with different time series information covering a 20 

year period have been used. Land use / land cover map was classified based on International Geosphere Biosphere Project 

(IGBP) classification scheme. LULC was classified using visual image interpretation and these classes were built up, crop land, 

fallow land, plantation, deciduous forest, mixed forest, shrub land, grass land, wasteland and water body. Figure-4 shows the land 

use / land cover map pertaining to years 1985, 1995 and 2005. Agricultural land transformation from 1985-1995 and 1995-2005 

was extracted from land use map of the year 1985, 1995 and 2005 for simulation purpose in order to understand how various land 

use categories changed to agriculture land over 20 years  and to predict the probable land use in the future.  

2.3 Selection of drivers 

Land use and land cover change is the function of interacting factors which are known as drivers, agents and determinants. These 

factors or drivers are bio physical including climatic parameters and socio economic in nature. The amount of land use change 

between 1985 and 1995 was obtained by finding out the difference in  agriculture land area in 1985 and 1995. Sampling grid of   

250X250 pixel was generated covering the study area and a centroid of each grid was used as reference point for spatial analysis 

and GWR and logistic modeling.  The suitability values give the sequence   in which grid cells are selected for change, where 

larger values of suitability are selected first. The value of the suitability indicates only the  relative priority of land change, not 

necessarily the absolute likelihoods of land change.  

2.2.1 Bio-physical drivers 

The dry land area suffers due to frequent weather aberration resulting high rise of crop failure, the farmers in such a situation 

were unable to make high investment in their land for improvement. Temperature is an important parameter in determining the 

climatic condition of any region. The monthly mean temperature of the study area was calculated from the daily temperature data 

available for the period from 1976 to 2010 shown in Table-1 and Figure-2 (Sumathi, M et al 2011). During the summer season, 

the highest temperature in the day time was recorded in the months of April (37.4º C) and May (38º C). The highest temperature 

received during winter was 33.3º C in the month of February and minimum temperature was found to be 19.8º C in the month of 

January. During the preceding two decades, the mean annual rainfall ranged from a maximum 1260mm in 2005 to as minimum 

as 765 mm in 2008. The monthly mean rainfall is shown in fig 4. Maximum rainfall is received between Oct and Dec while 

remaining months receive scanty rainfall. This caused most of the area to remain drought and there is decreased crop production. 

This forces most of the landless agricultural labourers and marginal farmers to migrate to neighbouring districts in search of 

employment.  Elevation  map generated from SRTM data and soil map prepared  from  Remote  Sensing data 
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   Table 1: Average Temperature of Pudukkottai District in Celsius 

 

 

 

 

 

 

 

 

 
           Fig 3: Annual average temperature                                                                           Fig 4 : Annual average rainfall   

2.2.1 Socio Economic drivers 

Socio economic denotes the development of particular area.. Socio economic index shown in figure-5 comprises weightage 
obtained from population, sex ratio, literacy rate, drinking water facility, number of medical facility, number of employment 
and distance of road length for the year 1985, 1995 and 2005. Independent variable (Drivers) maps were prepared using GIS 
software and hypothesizing that proximity of the independent variables to the location of new growth and zonal statistics 
calculated for dependent variable and each independent variable According to the socio economic condition, 60% of the people 
in this study area live below the poverty line  

 

 

 

 

 

 

 

 

 
                                         Fig  5 : Land use / Land cover map for 1985, 1995 and 2005 

2.4 Logistic regression analysis &Geographical Weighted Regression model 

2.4.1 Logistic Regression analysis 

This study uses the traditional logistic regression as the general approach, which assumed the spatial trend variable to explain the 

factors of land use patterns and it was used to define the relation between land use pattern and its drivers as well. This model uses 

the independent variables as predictor values to  calculate the occurrence of an event, when a dependent is a dichotomy (0 or 1). 

Detailed descriptions of the logistic regression technique can be found in Hosmer et al (1989) and Kleinbaum et al (1994). The 

general form of logistic regression is as follows: 

 

2.4.2Geographically  weighted regression model(GWR) 
Similar to binary logistic regression, GWR produces a suitability map. Independent and dependent variables are consider same as 

in binary logistic regression . Geographically weighted regression model was developed in order to explore and describe spatial 

data, especially when spatial non-stationary relationships prevail (Brunsdon et al., 1998; Fotheringham et al , 2002). 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum 19.8 21.9 23.5 25.6 26.5 25.1 25.2 25.5 24.8 23.7 22.8 20.4 

Maximum 32.1 33.3 35.7 37.4 38 35.3 35 35.7 35.3 32.3 29.8 28.8 
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Geographically weighted regression is incorporated in the land use simulation model (Qi Liao, 2002) GWR is an extension of 

traditional regression models. Accordingly, the model can be expressed as follows: 

......43322110 
 xxxxY   

Where y is the dependent variable (agriculture land   ); 1x   2x  3x   4x    and  5x   are the five independent variable ( eg  

rainfall , temperature  , soil depth  socio economic index and elevation) . 0    1   2  3  and  4  are the coefficients to be 

estimated;   is a random error term assumed to be normally distributed.  

3.RESULT&DISCUSSION 

3.1 Monitoring of land use change 
The distribution of various land use/ land cover classes has been quantified and shown in figure 6. More than 50.91% of study 

area was under crop land while about 5.85% as fallow land. The area under  plantation  are 23.95%  and built up is about 0.12%  

and forest cover totally 2.13%, wasteland is about 5.43% and other land use covered 11.21%.  In the year 1995 also major part of 

area covered by crop land. The crop land covered an area of 42% and while fallow land was recorded   in about 21.47% of the 

study area.  The area under plantation was about 14.96%. The forest classes together constituted about 2.61% and other land use 

covered 17.81 % of the study area.   In 2005, the crop land cover half of study area covered 68% and followed by fallow land 

(14.39%). Plantations were recorded 2.21% of the study area. From the Land use/cover maps of 1985-2005,  it was observed that 

about 42.5 sq km  agriculture land was reduced to scrub  due to scarce rainfall and  migration of people outside the districts due 

to various socio economic reasons. Due to increase in population growth 42.3sq km of  agriculture loss  to built up. Abut 18 sq 

km. area of scrub land is found to have been converted into agriculture/horticulture/plantation, mainly due to the state-sponsored 

development schemes to improve the productivity  . 

 

 

 

 

 

 

 

 

 

 

 

                                          Fig 6 :  Distribution of land types in 1985, 1995 and 2005 

3.2 Logistic Regression and Geographically Weighted Regression 
In this study, SPSS platform  was used  to execute binary logistic regression model to evaluate the  relationship  between  

agriculture land use change suitability(1985-1995) and driving factors .   Forward stepwise logistic regression (Zhu lei 2007) was 

used to analyze the  data and  obtain  correlation coefficient  shown in  fig 7. The independent variables such  as socio economic  

(sei) and elevation have positive correlation  , where as   annual average rainfall , annual average temperature   and soil have 

negative correlation.  Highest “r” was observed with  socio economic index growth and trend   form 1985 to 2005 as shown in fig 

5 and   highest socio economic  growth  is seen in  taluk of  Thirumayam, Kuathur and Pudukkottai  and lowest range found in 

taluk of Gandvarkottai, Manelmelkudi  and Avayadyarkovil . Negative correlation is  observed in   the  mean monthly 

temperature    as higher in almost all the cropping period  shown in fig 2  the decreasing trend if rainfall  shown in fig 3     

Increasing  temperature  and decreasing   precipitation  lead to drought, and also affecting the  intensity of crop growth and  

plantation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig  7 :correction coefficient for drivers  between 1985-1995                  Fig 8: Annual average rainfall for  3 decade 
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The logistic regression model equation was derived from logistic regression analysis  . The  equation given below: 

Y (1995-2005) = 77.441+ .202 ele +.66 sei – 2.845 temp -  .036rf -  .114 S 

Where y is the regression equation; p is the  presence of agriculture land use   change  location ;ele  - elevation ,  sei -  socio 

economic index , temp-temperature , rf – rainfall,  S – soil,   

Derived regression equation was transferred in to GIS software, these coefficient were given as input and agriculture  land use 

suitability map was generated   for 2005 and shown in Fig.8 (b) Past agriculture land transformation  of the  1985-1995 was used 

to predict 1995-2005.   The largest   suitability value  shows changes   first and smallest value will be change later(Schneider et al 

1990).  

Using Geographical weighted regression model  data set of  1985-1995 consisting of agricultural transformation with 

corresponding driving factors was used to run model .Geographical weighted regression model result is shown in  figure 8 ( c).  

In order to survey the goodness  fit of model  for agriculture  prediction, Akaike information system and coefficient (AIC)  of 

determination  R square are compared. AIC is a measure of spatial collinearity with in the model data. The   lower is the value  of 

AIC;  the better  fit  is the model to  observed data( Shariff S 2010) R square   is an indicator of how well a model fits the data.  

The proportion  of the variance  in the data can be explained by a regression(Warmer R.M 2008) . Adjusted R square was 

observed as 0.64 f and -0.6359 for AIC   and   agriculture suitability  , respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6 :(A) Actual    change map of 1995-2005  (B) Predicted using LR model  ( C) Predicted  Agriculture suitability  using GWR 

model(D)  Validation result  

Both the model result was compared with actual change map of 1995-2005 vector layer derived from Remote Sensing data  as 

shown in Fig8 (a) where very high suitability of  agriculture transformation was observed in central and western part of study 

area. The   annual average rainfall ranges 800-900 cm  as shown in fig 8(d) and socio economic trend is also high  . In this  area 

Government sponsored   project  like   Irrigation  agriculture modernization and water  bodies  restoration  management 

programme   ( IAMWARM ) has been implemented in  this area   covering 316 tanks  as  most of the tanks are silted in nature 

and water holding capacity  of the tanks are very poor (NADP 2005).   Moderate suitability is seen in  central and northern part of 

study area. To improve the socio economic status of women , Government has successfully implemented  pilot project Tamil 

Nadu women in Agriculture , business and extension (TANWABE) in  south western  part of study area  covering Thirumayam  

block   and later implemented  in northern part of study area. .  There is a decreased annual rainfall  as shown in fig. 8d, and less 

number of tank system as revealed by Remote Sensing data. Owing to these reasons, moderate suitability for agriculture  is 

observed in western part of study area. Banana cultivators  switched on to the “shoot rearing”  and cashew plantation due to 

frequent loss of  banana plantation in natural calamites (NADP 2008). Shoot rearing was introduced by department of sericulture  

because Southern part of  study area found to be less suitability  due to permanent plantation  and decrease in trend of socio 

economic in Manelmelkuidi and Avurdarkovil . 

 

3.2Model validation  

Relative operative  characteristic (ROC) was used to validate logistic regression  result  and GWR result   Recently the  ROC 

method was brought to the field  LULCC model to measure the relationship between actual land use change and simulated  

change(Ponitus 199)  Historic analysis can give possibilities to calibrate the model and validate. The predicted  agriculture of 

Reference line 
Predicted GWR 
Predicted LR 

Legend 
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both model  was compared with actual map of 1995-2005  using relative operation characteristics. The area value of the relative 

operating characteristics model was found to be 0.74 for logistic regression model and 0.72 for geographically weighted 

regression shown in fig 10. Hence Logistic regression perform well than GWR. 

4 CONCLUSION 

Our  study is an attempt  made to find out the prominent drivers, with respect to land use, climate and socioeconomics and others,  

of land use particularly agriculture in dry land  between 1985-2005.   Land use/ Land cover derived from Remote Sensing data 

for past 20years revealed ,that 42.3 sq km  of built increased form agriculture due to population growth .  According to the model 

drivers such  as socio economic   and elevation have positive correlation  , where as   annual average rainfall , annual average 

temperature   and soil have negative correlation.   Decreasing in rainfall  and the failing crops have been identified to be one  

leads to loss of 42.5 sq km agriculture  land   to scrub. About 18 sq km  of land converted from agriculture to  scrub  due to 

Government sponsored project.  Logistic regression model perform well than Geographically weighted regression model. In both 

the model revealed high suitability  for agriculture in western part of study area, where as low suitability towards southern part.  

The results shows  the combined empirical model , Remote Sensing and GIS constitutes a powerful tools for spatial analysis.. 
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Agroforestería: Una alternativa para el manejo sostenible de tierras 

M. Reinoso Pérez 

Centre for Environmental Research and Services, Santa Clara, Cuba. E-mail: mariorp@cesam.vcl.cu 

ABSTRACT: The purpose of this paper is to share on-farm research findings on Agroforestry as a model to sustainable land 

management under Cuban conditions. The research was carried out in 6 livestock agroecosystems: 4 devoted to dairy 

production and 2 to beef production. In 3 dairy farms and 1 fattening farm was planted Leucaena leucocephala in its grazing 

area with a density of 3 440, 5 480, 6 350 and 14 298 trees ha-1, respectively. The remaining two agroecosystems were used 

as control. Holstein x Zebu crossbred was used. Lactating cows were milked twice a day, whereas fattening cattle were 

subjected to a growth-fattening period of 110 and 154 days during rainy and dry seasons, respectively. As sustainability 

indicators were measured: (i) botanical composition of grassland, (ii) quality and yield of biomass, (iii) milk yield, (iv) 

reproduction performance, and (v) body weight gain. All these indicators were significantly higher in agroforestry systems, 

when the tree density ranges between 5 000 and 6 500 tress ha-1, and a botanical composition is dominated by improved 

grasses. However, when the tree density was higher than 14000 trees ha-1 the biomass yield was affected, and when it was 

lower than 3500 trees ha-1 there was no signs of sustainability. It is concluded that agroforestry, mainly with L. 

leucocephala, is a viable alternative to achieve the sustainability of land management.  For this purpose 5 000 - 6 500 trees 

ha-1 is recommended.  

Keywords: Agroforestry, Livestock, Sustainable Land Management 

1. INTRODUCCIÓN 

En muchas regiones del mundo el desarrollo de la ganadería se ha basado en modelos productivos divorciados de las 

realidades socio-culturales, económicas y edafo-climáticas locales. La tala de árboles, la simplificación y fragmentación de 

ecosistemas, el reemplazo de la diversidad autóctona por un reducido número de especies exóticas y el empleo de altos 

niveles de agrotóxicos, han sido prácticas muy recurrentes para supuestamente “acondicionar el terreno a las exigencias de 

los enfoques modernos”.  

A pesar de que la producción ganadera ofrece un gran potencial para mejorar el bienestar socioeconómico y la calidad de 

vida del hombre, hoy en día se le atribuye gran responsabilidad en el deterioro del medio ambiente, principalmente por la 

deforestación, la reducción de la biodiversidad, la degradación de los suelos y la emisión de gases de efecto invernadero; 

impactos que se agravan con la aplicación de políticas agrarias que no incentivan la implementación de sistemas productivos  

bajo los principios de una agricultura conservacionista y sostenible, compatibles con la fragilidad de los ecosistemas donde 

se asientan los predios ganaderos. Así, es ampliamente reconocido que el sobrepastoreo y las prácticas agropecuarias 

inapropiadas, junto a la deforestación, responden por más del 90 % de la degradación de las tierras secas de todo el mundo, 

amenazando la subsistencia de más de 2 000 millones de personas  (Adeel et tal., 2005). 

Cuba no está exenta de esta problemática, pues cerca del 77 % de sus suelos clasifican como poco productivos, debido en 

gran medida a los procesos degradativos exacerbados por el mal uso y manejo de las tierras, identificándose como la 

principal causa de la desertificación del 14 % del territorio nacional (Rodríguez, 2010). Particularmente la actividad 

ganadera se desarrolla en ecosistemas degradados o potencialmente degradables hacia la aridez, en los cuales la acción 

combinada de ambientes secos subhúmedos y semiáridos, la presencia de factores edáficos limitantes como el bajo 

contenido de materia orgánica, la erosión, la compactación, el mal drenaje, la salinidad, entre otros, y la ausencia virtual de 

árboles, ha conllevado a la reducción de la producción de leche y carne vacuna a niveles económicamente insostenibles.   

En este contexto la Agroforestería,  en sus diversos diseños espacio-temporales,  ha sido usada como una vía para capitalizar 

las funciones protectoras de los árboles e incrementar la productividad y resiliencia de los agroecosistemas, sobre todo de 

aquellos enclavados en zonas con condiciones edafoclimáticas adversas, donde el componente arbóreo podría devenir un 

medio crucial para enfrentar los desafíos de la seguridad alimentaria tales como la degradación de los suelos, las cada vez 

más frecuentes y prolongadas sequías, y la desertificación. 

En virtud de las consideraciones anteriores, el presente trabajo tiene como propósito socializar los principales resultados 

investigativos alcanzados por el autor al evaluar la Agroforestería, en las condiciones cubanas, como una alternativa de 

manejo sostenible de las tierras dedicadas a la ganadería. 



 

 

 

2. MATERIALES Y MÉTODOS 

2.1 Unidades experimentales 

El estudio se desarrolló en seis agroecosistemas ganaderos: cuatro dedicados a la producción de leche y dos al crecimiento-ceba, 

los cuales poseen como característica común una superficie pastoril degradada y el empleo de vacunos mestizos Holstein x Cebú. 

La tabla 1 resume los principales atributos diferenciales de estos agroeocisistemas. 

Tabla 1: Atributos diferenciales de los agroecosistemas ganaderos estudiados. 

Propósito 

productivo 
Agroecosistemas 

Pasturas 

predominantes 

Tipo y nivel 

de fertilidad 

del suelo 

Densidad 

arbórea 

(plantas ha-1) 

Tipo y nivel de 

suplementación / 

Carga animal 

(UGM ha-1) 

Producción de leche 

I 
Cynodon 
nlemfuensis 

Cambisols de 
fertilidad 

media 

6 350 
1 kg BF de melaza 

(1.67) 

II Pastos naturales 
Cambisols de 
fertilidad baja 

3 440 

1 kg BF de  

concentrado* 

(1.11) 

III C. nlemfuensis 

Ferrasols de 

fertilidad 
media 

5 480 

2 kg BF de 

concentrado* 

(1.51) 

IV Panicum maximum 
Ferrasols de 

fertilidad alta 
0 

3 kg BF de 
concentrado* 

(1.13) 

Crecimiento-ceba  

V C. nlemfuensis 

Cambisols de 
fertilidad 

media 
14 298 

Ninguna 

(1.03) 

VI Pastos naturales 
Cambisols de 
fertilidad 

media 

0 
Ninguna 

(1.03) 

* Concentrados iso-proteicos con 15.3 % de proteína cruda, UGM = Unidad de Ganado Mayo, BF = Base fresca o húmeda 

Las praderas de los agroecosistemas I, II, III y V fueron previamente transformadas en sistemas agroforestales o silvopastoriles, 

mediante la siembra de L. leucocephala en hileras separadas por franjas de 4-5 metros. Cuando los árboles alcanzaron una altura 

media de 2 metros se introdujeron los animales y se dispuso la puesta en marcha de la investigación que duró 2 años. En los dos 

agroecosistemas restantes, utilizados como control, la superficie pastoril mantuvo su condición de monocultivo de gramíneas. 

Los cuatro agroecosistemas lecheros contaron con un Banco de Biomasa, con áreas separadas de king grass (Pennisetum 

purpureum, Schum.) y caña de azúcar (Saccharum officinarum, L.), para ser utilizado como suplemento forrajero todo el año. 

En los todos los agroecosistemas el manejo del conjunto suelo-planta animal se basó en la aplicación flexible de los principios 

agroecológicos y el pastoreo racional, no aplicándose riego ni fertilizantes químicos.  

 

2.2 Rebaños 
 

Los cuatro rebaños lecheros estaban compuestos por hembras primíparas, sometidas a doble ordeño mecanizado. Los terneros, a 

partir de los 7-10 días de nacidos, fueron trasladados a unidades de crianza artificial.  Mientras en que los dos rebaños restantes se 

utilizaron añojos con una edad promedio de 14 meses y peso vivo medio inicial de 209.1±24 y 220.5±33.4 kg, los que en lotes de 

16 animales fueron sometidos a ciclos de crecimiento-ceba de 110 y 154 días, para los períodos lluvioso y poco lluvioso, 

respectivamente.  

 

2.3 Mediciones realizadas 

 
Se diseñó un esquema de muestreo y recolección de datos primarios bajo la hipótesis de que el rendimiento productivo de los 

animales constituye un elemento fundamental para juzgar la disponibilidad y calidad de las fuentes forrajeras y que éstas, en 

última instancia, son significativamente dependientes de las condiciones biofísicas del suelo, por lo que pueden utilizarse como 

indicadores para evaluar la sostenibilidad los agroecosistemas objeto de estudio. 

 



 

 

 

2.3.1 En los rebaños 
 

En los rebaños lecheros se midió la producción láctea a 305 días y total acumulada al término de la lactancia, el rendimiento 

individual por vaca en ordeño, los intervalos parto-gestación (o período abierto) e interpartal, utilizándose para ello los registros 

de 105, 91, 97 y 103 vacas. Mientras que en los lotes de animales sometidos a crecimiento-ceba se calculó la ganancia media 

diaria determinándose el peso vivo individualmente al inicio y final del ciclo de crianza. En total se registraron 64 observaciones, 

distribuidas en cantidades homogéneas para cada uno de los dos agroecosistemas y ciclos productivos. 

 

2.3.2 Composición botánica de los pastizales y producción de biomasa verde  
 

Se determinó la composición botánica del pastizal en cada época del año, mediante el método propuesto por ´t Mannetje (1984), 

tomándose como mínimo 90 observaciones ha-1, así como el rendimiento de biomasa verde mediante el método de Haydock & 

Shaw (1975), antes de la entrada de los animales a la pradera y posteriormente a su salida para determinar el consumo. En el 

estrato arbóreo se realizó muestreo manual simulado al 1-2 % de la población total de plantas, cortándose y pesándose el follaje 

verde. Los valores obtenidos se utilizaron como elementos de entrada para evaluar el estado nutricional de los animales. 

 
2.3.3 Disponibilidad y calidad de la biomasa comestible 
 

A partir de los rendimientos y consumos de las fuentes alimenticias disponibles en cada agroecosistema se estimó la 

disponibilidad de biomasa seca comestible, proteína cruda y energía metabolizable para satisfacer los requerimientos diarios de 

los animales. Con el empleo del software CALRAC (Roche et al., 1999) se determinó el déficit de nutrientes, en ambas épocas 

del año, para un potencial productivo preestablecido.  

 

2.3.4 Procesamiento estadístico 
 

Los datos primarios se agruparon por agroecosistemas y dentro de éstos por épocas y ciclos productivos, y fueron procesados 

mediante diferentes variantes analíticas del programa SPSS 8.0 para Windows, según la naturaleza de cada variable estudiada. 

 
3. RESULTADOS Y DISCUSIÓN 

3.1 Desempeño productivo de los rebaños 

La tabla 2 muestra algunos indicadores bio-productivos de los rebaños alojados en los agroecosistemas objeto de estudio. Nótese 

que las producciones de leche más altas se lograron en los agroecosistemas con mayor densidad de árboles por unidad de 

superficie y una composición botánica del estrato herbáceo dominada por C. nlemfuensis, mientras que los rendimientos más 

bajos corresponden al agroecosistema con menor densidad de Leucaena (3 440 árboles ha-1) y un pastizal compuesto por especies 

nativas poco productivas, así como al agroecosistema sin árboles basado en el monocultivo de P. maximum, a pesar de que en 

éste se ofrecieron diariamente 3 kg (BF) de concentrado por vaca en ordeño. La producción de leche acumulada a los 305 días de 

lactancia, en los agroecosistemas I y III, fue superior en 346.84 y 618.45 kg, respectivamente, a la media nacional del genotipo 

Siboney de Cuba que es de 3 004 kg ha-1 con un rendimiento de 6.3 kg por vaca en ordeño (Evora et al., 2006). Ello evidencia 

que en aquellos agroecosistemas reforestados, manejados racionalmente como sistemas silvopastoriles y con condiciones de 

alimentación y alojamiento similares a las que prevalecieron en el presente estudio, se pueden obtener producciones superiores en 

20.57-36.68 % en relación a la media de este genotipo lechero en Cuba, lo que sin dudas es una consecuencia del mejoramiento 

de la capacidad agroproductiva de los suelos manejados bajo las premisas de la Agroforestería. Los reportes de Lamela et al. 

(2009), Simón & López (2009) y Simón et al. (2010) corroboran esta aseveración. 

 

Es bien conocido que el desempeño reproductivo del ganado vacuno depende más de los factores ambientales que de los 

genéticos per se, por lo que constituye un indicador útil para evaluar la sostenibilidad de cualquier agroecosistema ganadero. En 

la referida tabla 2 puede observarse que en los agroecosistemas I y III los intervalos post-partales fueron superiores al resto de los 

agroecosistemas (II y IV) y semejantes o menos prolongados que los encontrados en la literatura consultada, e incluso 

marcadamente más cortos que la media nacional de este genotipo. No obstante, son más largos que los reportados para vacas 

mestizas en condiciones de bosque seco tropical y diferentes niveles de suplementación, con valores para el intervalo parto-parto 

entre 375 y 401 días (Chirino et al., 1995 y López, 1998), y que la media de 1 300 hembras mestizas Holstein-Cebú bajo 

silvopastoreo reportada por Simón & López (2009). Por lo antes señalado puede inferirse que, en materia de reproducción, otras 

prácticas de manejo del rebaño deberían mejorarse para aprovechar con mayor eficacia las bondades que brinda la 

Agroforestería, no sólo por sus efectos beneficiosos sobre el suelo y el estrato herbáceo-arbustivo acompañante,  sino también 

por la facilitación de un mejor confort para los animales, sobre todo en las condiciones de elevada radiación solar prevalecientes 

en Cuba y otras regiones tropicales.  
 



 

 

 

Tabla  2: Desempeño productivo de los rebaños alojados en los agroecosistemas objeto de estudio 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Por su parte, en el agroecosistema V, en ambas épocas del año, se alcanzaron ganancias de peso más altas que las logradas en el 

agroecosistema VI no reforestado, siendo éstas superiores a las reportados por Hernández et al. (1996) al evaluar la ceba de toros 

en sistemas que incorporan árboles al pastoreo con  ganancias de hasta 400 g día-1 de peso vivo pero suplementando con 1.5 kg 

de melaza-urea al 3 % y 200 g de harina de soya en la segunda mitad del período poco lluvioso. Mientras que Castillo et al. 

(2000) y Hernández et al. (2008) sostienen que los sistemas silvopastoriles pueden proporcionar ganancias cercanas a los 700 g 

día-1 con  peso final entre 400 y 445 kg  y rendimientos de 800 kg de carne en pie ha-1 año-1, resultando significativo que esos 

rendimientos se obtienen a bajos costos (Cino et al., 2011). De cualquier forma, las respuestas productivas  aun cuando pueden 

ser variables, siempre serán superiores en comparación con las que se obtienen en agroecosistemas deforestados. 

La baja G.M.D. alcanza en el período poco lluvioso (63 g) en el agroecosistema no reforestado (VI) denota que prácticamente los 

animales sólo recibieron nutrientes para satisfacer sus necesidades de sostenimiento, mientras que con la presencia de árboles en 

el agroecosistema V se logró quintuplicar dicha variable, confirmándose así las bondades de los árboles forrajeros, sobre todos 

leguminosos como la Leucaena, para catalizar la interacciones beneficiosas del complejo suelo-planta-animal, y así coadyuvar al 

mejor desempeño de los animales.  

3.2 Balance nutricional de los rebaños 

Los resultados del balance nutricional (tabla 3) son la expresión más elocuente de cómo las respuestas del componente vegetal 

dependen de las bondades o limitaciones del componente edáfico y de las interacciones de éste con los demás componentes del 

agroecosistema. Nótese cómo en los suelos manejados bajo las condiciones de un agroecosistema arborizado, en el período poco 

lluvioso, el factor limitante para lograr un mejor desempeño de los animales lo constituye la energía, mientras que en aquellos no 

arborizados fue la proteína. Situación similar se presentó en el período lluvioso, aunque en los agroecosistemas IV y VI no sólo 

limitó la proteína sino también la disponibilidad de energía. De lo anterior se infiere que en los agroecosistemas arborizados, al 

menos para producciones cercanas a 8 kg de leche animal-1 día-1 y GMD de 700 g, los ajustes de sistema deben estar 

encaminados a solucionar el déficit energético lo que de hecho es menos costoso y más factible que cuando se trata de un déficit 

proteico como ocurre en los agroecosistemas desprovistos de árboles. 

 

Agroecosistemas Producción de leche (kg) 
Desempeño 

reproductivo (días) 

Rebaños lecheros 

Lactancia 

de 305 días 

 EE 

Rendimiento 

diario vaca-1 

 EE 

Período 

abierto  

 EE 

Intervalo 

interpartal   

 EE 

(I) Asociación de C. nlemfuensis + L. leucocephala con 6 350 árboles  
ha-1  y 1 kg de melaza  

2 215.3 

107.32 

7.1 

1.11 

172.76 

38.01 

454.17 

38.11 

(II) Asociación de pasturas nativas + L. leucocephala con 3 440 árboles  
ha-1  y suplementado con 1 kg de concentrado 

1 652.1 

98.87 

5.2 

0.87 

232.79 

23.19 

500.20 

23.21 

(III) Asociación de C. nlemfuensis + L. leucocephala con 5 480  
árboles  ha-1  y suplementado con 2 kg de  concentrado 

2 501.3 

120.39 

8.0 

1.03 

147.26 

24.19 

427.29 

25.02 

(IV) P. maximum en  monocultivo, sin árboles  y  suplementado con 3 
Kg. de concentrado 

1 907.5 

101.15 

6.2 

0.98 

229.48 

38.81 

512.34 

39.03 

Rebaños en crecimiento-ceba 
Ganancia Media Diaria (g-1día-1animal-1) 

Período lluvioso Período poco lluvioso 

(V) Asociación de C. nlemfuensis + L. leucocephala con 14 298 

árboles  ha-1, sin suplementación 
642 499 

(VI) Pasturas nativas en monocultivo, sin árboles ni suplementación 305 63 

Error Estándar de las Medias 8.91 11.19 



 

 

 

Tabla 3: Déficit o exceso de nutrientes para un potencial mínimo de 8 kg de leche vaca-1 día-1 y 700 g de GMD en animales en 

crecimiento-ceba con un PV vivo estandarizado a 350 kg, según épocas del año*. 

Agroecosistemas 

Período lluvioso Período poco lluvioso 

EM (MJ) PB (g) EM (MJ) PB (g) 

(I)  Asociación de C. nlemfuensis +  L. leucocephala  con 6 350 árboles   

ha-1 y 1 kg de melaza  - 2.05 + 470.8 - 6.32 + 208.8 

(II) Asociación de pasturas nativas +   L. leucocephala con 3 440 árboles  

ha-1  y suplementado con 1 kg de concentrado - 13.48 + 259.5 - 17.20 + 57.5 

(III) Asociación de C. nlemfuensis + L. leucocephala con 5 480  árboles  

ha-1   y suplementado con 2 kg de  concentrado + 2.59 + 562.5 - 2.59 + 187.5 

(IV) P. maximum en  monocultivo, sin árboles  y  suplementado con 3 kg 

de concentrado - 4.56 - 112.8 + 6.95 - 296.8 

(V) Asociación de C. nlemfuensis + L. leucocephala con 14 298 árboles  

ha-1, sin suplementación - 2.9 + 619. 36 - 9.9 + 97.4 

(VI) Pasturas nativas en monocultivo, sin árboles ni suplementación - 18.8 - 130.3 - 29.2 - 210.17 

* Medias bianuales animal-1 día-1       EM = Energía metabolizable,     PC = Proteína cruda 

 

Las respuestas positivas encontradas cuando se incluyen leguminosas arbóreas en la ración de los animales, pueden explicarse 

por los siguientes mecanismos, reportados por Elliott (1987): 

 

 La degradación ruminal de la fracción proteica de estos follajes generalmente resulta en una degradación lenta de N 

amoniacal lo cual permite una fermentación ruminal más eficiente de las fracciones fibrosas de la ración. 

 Estos follajes no sólo aportan N amoniacal, sino también péptidos, aminoácidos y azufre, los que estimulan el crecimiento 

de la población de microorganismos a nivel del rumen. 

 En las raciones que contienen estos follajes se aprecia un aumento en la densidad energética y de proteína bypass. 

 

De esta manera puede inferirse que la presencia de árboles leguminosos forrajeros en los agroecosistemas ganaderos ofrecen 

mayores probabilidades de lograr un mejor estatus nutricional de los animales, sin embargo ello es dependiente de los 

rendimientos y calidad nutritiva de las fuentes forrajeras disponibles, las que a su vez sólo manifiestan su potencial productivo si 

el complejo suelo-planta-animal es manejado apropiadamente. 

 

La contribución de los árboles y arbustos forrajeros, como componentes esenciales de la Agroforestería, ha sido reportada  por 

diversos autores (Leng, 1997; Pezo & Ibrahim, 1998; Reinoso, 2000; Simón, 2006; Cino et al., 2011), los cuales de manera 

general coinciden en señalar como aportes más  significativos los siguientes: 

 

 Mejoran las propiedades físicas del suelo, particularmente la estructura, porosidad y capacidad de retención de agua; evitan 

la compactación y tienden a reducir la salinización. Resulta significativo el incremento del nitrógeno fácilmente 

hidrolizable, lo que evidencia un incremento en el reciclaje de este elemento. De igual forma se reportan mayores 

porcentajes de materia orgánica, calcio, magnesio, fósforo y potasio, particularmente en aquellos agroecosistemas 

establecidos sobre suelos Cambisols tropicales. También se incrementa la macrofauna edáfica, destacándose la presencia de 

lombrices (clase Oligochaeta, orden Haplotaxida) y diversas especies de los órdenes Coleoptera y Tylommathophora, lo que 

significa un aporte a las características biológicas del suelo y de su fertilidad. Por otra parte, los árboles son los organismos 

vivos que más eficientemente utilizan la energía solar a través de la fotosíntesis. Los árboles, además, convierten el CO2 en 

materia orgánica, estimándose en los sistemas arborizados 121.3 t ha-1 año-1 como mínimo, con lo cual contribuyen a la 

descontaminación del aire y la reducción del efecto invernadero. 

 Incrementan la entrada al suelo de materia orgánica a través de la hojarasca y la extracción de nutrientes y agua desde las 

capas profundas del subsuelo (Horizonte B). 

 Reducen las pérdidas del suelo al protegerlos de la erosión hídrica mediante la reducción de la velocidad de caída de las 

gotas de agua y favoreciendo la infiltración en detrimento de la escorrentía. 

 Proporcionan una mayor diversidad florística y facilitan el alojamiento de la fauna silvestre. 

 Ofrecen sombra difusa con lo cual favorecen el crecimiento de los pastos asociados a ellos y mejoran el confort de los 

animales y el hombre. 

 Son fuente de madera para cercas vivas, edificaciones, herramientas, etc. 

 Mejoran los mantos freáticos y su balance hídrico, contribuyendo al incremento de la ocurrencia de lluvias. 

 Reducen las temperaturas máximas en el estrato inferior lo que retarda la tasa de maduración (lignificación) de los pastos. 

La mayoría de los investigadores coinciden en señalar que por efecto del sombreado se verifica un aumento significativo de 

la concentración de N proteico y no proteico, un mejoramiento de la relación hoja-tallo y, consecuentemente, un incremento 



 

 

 

de la digestibilidad de la biomasa comestible. En tal sentido se reportan tenores proteicos entre 8 y 11 % en la gramínea 

acompañante sin el empleo de fertilizantes químicos. 

 Sus follajes constituyen una valiosa fuente de nutrientes, especialmente de proteína, para los animales. 

 Por todos esos impactos los agroecosistemas reforestados devienen modelos viables para lograr un manejo sostenible de las 

tierras dedicadas e la ganadería, sobre todo en aquellas regiones proclives a los procesos de desertificación.  

 

Hoy día se conocen muchos géneros, especies y variedades de árboles y arbustos que poseen estas potencialidades, entre los que 

se destacan: Gliricidia sepium, Erythrina sp., Albizia sp., Bauhinia sp, Acacia sp., Cassia sp., L. leucocephala, Pithecellobium 

sp., Prosopis sp., así como otras especies arbóreas comestibles: Guazuma ulmifolia, Spondia purpurea, Morus alba, Brosimun 

alicantrum, Trema micrantha, Aralia sp, Trichantera gigantea, entre otros.  

 

Todas estas bondades concurren en los agroecosistemas arborizados estudiados, sin embargo la densidad de árboles es 

determinante, pues con densidades inferiores a 5 000 árboles ha-1 (Agrocoesistema II) y muy altas como ocurrió en el 

agroecosistema VI (14 298 árboles ha-1) pueden comprometerse los resultados esperados. En el primer caso por una escasa 

disponibilidad de follaje proteico y menor efecto sobre la fertilidad del suelo, y en el segundo por un exceso de sombra que limita 

el desarrollo del estrato herbáceo hacia una composición florística dominada por especies más productiva y apetecibles. 

Obviamente estas respuestas son dependientes de diversos factores edafoclimáticos, antrogénicos, económicos y relacionados con 

el potencial genético de los animales. De cualquier forma, la incorporación de árboles leguminosos en las tierras dedicadas a la 

actividad ganadera deviene una práctica agroforestal viable para mejorar el manejo del recurso suelo y demás componentes de los 

agroecosistemas.  

 

4. RECOMENDACIONES PARA LOS DECISORES DE POLÍTICAS 
 

Las evidencias encontradas en la presente investigación confirman las bondades de la Agroforestería, y en particular los sistemas 

silvopastoriles, para propiciar un manejo sostenible de las tierras, lo que se traduce en un mejor status nutricional y desempeño 

bio-productivo de los animales y, consecuentemente, los ganaderos podrían obtener mayores ingresos. Por tanto se sugiere que 

las políticas de desarrollo ganadero, fundamentalmente en zonas secas subhúmedas y semi-áridas, deberían contemplar incentivos 

económicos y mecanismos regulatorios para promover y compulsar la siembra de árboles, en diseños espacio-temporales 

enmarcados dentro del concepto de Agroforestería, que favorezcan, en primera instancia, las benéficas interacciones de los 

árboles con los demás componentes del complejo suelo-planta-animal. Por su parte, los actores nacionales y locales que 

intervienen en el diseño e implementación de los mecanismos de pago por servicios ambientales deberían considerar la 

Agroforestería como una práctica viable de uso y ordenamiento de la tierra que no sólo tributa a la detención de los procesos de 

degradación de los suelos y la desertificación, sino también al uso sostenible de éstos y a la protección de otros recursos 

naturales, por lo que los productores podrían recibir ingresos adicionales.  

 

5. CONCLUSIONES 
 

La implementación de sistemas silvopastoriles, fundamentalmente con L. leucocephala, en agroecosistemas ganaderos 

degradados y basados en la utilización de pastos y otras fuentes forrajeras como componentes básicos y mayoritarios de la dieta, 

constituyen una modalidad agroforestal válida para facilitar un manejo sostenible del complejo suelo-planta-animal y, 

consecuentemente, mejorar las funciones biológicas del suelo, así como el estatus nutricional y desempeño bio-productivo de los 

animales. En los agroecosistemas manejados bajos las premisas de la Agroforestería, con una densidad arbórea entre 5 000 y 6 

500 individuos ha-1 y limitado nivel de suplementación al pasto, se obtuvieron producciones de leche de 7 a 8 Kg. vaca-1 día-1 y 

ganancias de peso entre 500 y 640 gramos día-1, superiores a las que se obtienen en agroecosistemas deforestados. Para las 

condiciones en que se desarrolló la presente investigación, densidades de árboles inferiores a 5 000 individuos ha-1 no logran una 

producción de follaje proteico que satisfaga las necesidades de los animales y los efectos benéficos sobre las funciones biológicas 

del suelo son pobres. Mientras que una densidad superior a los 14 000 árboles ha-1 provoca un exceso de sombra que limita el 

desarrollo del estrato herbáceo hacia una composición florística dominada por especies más productiva y apetecibles. 
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1. INTRODUCTION 

 

The impacts and variations that result in changes to modern environments can be tracked down to changes in the hydrogen (H), 

sulfur (S), carbon (C), nitrogen (N) and oxygen (O) isotope ratios of atmospheric gases, animal and plant tissues, soil organic 

matter and its diverse chemical substrates, the carbonates of teeth, corals and soils, the organic matter deposited in sediments, as 

well as water sources in the hydrosphere and the atmosphere (Dawson & Siegwolf, 2007). Any type of sample that is analyzed 

for its isotope composition, particularly over a given period of time, can be regarded as an archive of change. The isotope ratios 

of plant and animal tissues represent a temporal integration of significant physiological and ecological processes occurring on the 

landscape. The timescale of this integration depends on the element turnover rate of the tissue or pool in question (Cerling et al., 

2007). Additionally, isotopes inform about the occurrence and magnitude of key ecological processes (Bowen et al., 2009a, 

Dawson et al., 2002, West et al., 2010). The presence or absence of such processes and their magnitude in relation to other 

processes are often indicated by the stable isotope ratio value relative to known background levels. Many ecological processes 

produce a distinctive isotope fingerprint, and for that reason, it becomes possible to discriminate the geographical origin of the 

plant or animal tissues (Dawson et al., 2002; Barbour et al., 2001; Bowen et al., 2005; Bowen et al., 2009b; West et al., 2006). 

The use of this physical parameter allows for the discrimination between samples that may be identical from the chemical point 

of view. Also, isotopes record biological responses to Earth’s changing environmental conditions. For cases in which substances 

or residues accumulate in an incremental manner, such as tree rings, animal hair and ice cores, isotope ratios can be regarded as a 

record of system response to changing environmental conditions or as a proxy record for environmental change.  

Research based on isotope analysis has grown steadily in the past 60 years and it has become an important part of many studies in 

the fields of ecology, geochemistry, biochemistry and archaeology. The understanding of a wide set of processes responsible for 

the variations in isotope abundances in natural environments has also improved, allowing to know more on how environmental 

change is recorded. The application of isotope analysis in this way will help mitigate future ecosystem damage and 

environmental degradation. As an example, trees provide within the physical characteristics of their rings (width, relative density, 

reflectance and isotopes) a record of past environmental changes which, when expressed strongly, may be used successfully to 

extract paleoclimatic information (Loader et al., 2007). Trees can live for many hundreds, or even thousands of years, and 

therefore it is possible to use these physical parameters to reconstruct climatic change throughout the life of the tree. Those long 
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tree ring chronologies are essential archives in exploring the nature and significance of recent climatic changes and providing 

information as to the behavior of the natural climate systems and associate plant responses [10]. However, tree rings are not the 

only plant material that constitutes a record of variations of environmental parameters. The subject of this work, plant seeds and 

their natural products, have become an important object of study in the past decade, with the isotopic composition of certain bio 

and geo-elements yielding relevant information on plant ecophysiology (e.g. water use efficiency) (Rodrigues et al., 2011a; 

Rodrigues et al., 20122b; Techer et al., 2010; Aguilera et al., 2011). Most seeds have the remarkable ability to survive in dry 

conditions. In the later steps of maturation, seeds of many species acquire the capacity to withstand removal of the majority of 

their water (i.e. they become desiccation-tolerant). This characteristic allows for prolonged survival in dry condition and 

facilitates the sampling process of research studies in many different ecosystems throughout the globe. Moreover, one of the key 

features of seeds is the propensity to accumulate reserves of nutrients, to fuel early seedling development or as chemical defense 

against predators. These compounds, many of which result from plant secondary metabolism open up a vast field of research 

opportunities, with many possible outcomes in fields ranging from ecology to food traceability. Seeds become important material 

of study; however, one must bear in mind that they always refer to a specific “temporal window”, i.e. the seed developmental 

period, which varies according to plant species and biology, and depends on the climate conditions where the plant is grown. 

Isotope analysis of chemical elements of plant seeds or of specific organic compounds extracted from those seeds may help to 

understand how different ecological processes influence plant development and physiology during the seed developmental 

period. Because this is intrinsically related with local climatic conditions (i.e., temperature, precipitation, air humidity), results 

generally potentiate the development of analytical tools towards traceability of the plant material (Kelly et al., 2005; González et 

al., 2009) (figure 1). In addition, recent and future increases in data availability and the development of user-friendly, geographic 

information system (GIS)-based spatial modeling tools are opening doors to new uses of isotopes. But this will only be possible 

through a joint effort of many research groups that will contribute with new data for a final tool that will expand the use of the 

models in e.g. carbon cycle science and migration ecology, and advance new approaches in areas such as water cycle science, 

biogeochemistry, anthropology and forensic science.  

 

 

 

Figure 1. Multidisciplinary approach in the analysis of plant material to improve local sustainability. (ICP-MS: Inductively coupled plasma mass 

spectrometry; IRMS: Isotope ratio mass spectrometry).  

Today, the importance of providing (i) means for the sustainability of populations living in (semi)-arid regions of the globe and 

(ii) ways to value (in an integrated way) the unique, transgenerational or high economic relevance of the natural products such 



 

 

 

populations struggle to produce is widely recognized. The aim of this work was to confer an integral ecological value to these 

products by focusing on the issue of sustainability in a comprehensive manner – integrating its social, economic and ecological 

dimensions. Degradation processes in arid and semi-arid forests and woodlands have received little attention (Aguilera et al., 

2011). Dryland forests account for some 6% of world’s forests and include forests from the Mediterranean Basin. Ecosystems 

goods provided by dryland forests include fodder, fuel wood, wood for tool-making and other uses, medicines, herbs and other 

non-timber forest products and tradable goods; equally important are ecosystem services, which include soil stabilization, climate 

change mitigation, water conservation, and erosion and desertification control (Alados et al., 2008).  

In this work, economically important plant species were selected as case-studies, namely the argan tree (Argania spinosa) and the 

cork oak (Quercus suber). The geographical distribution of the areas where these plants grow ranges from southwest of Morocco 

to south of western Iberia, crossing the Mediterranean Sea and enclosing regions under extreme climatic conditions (Díaz-

Barradas et al, 2012; Díaz-Barradas et al 2010; Zunzunegui et al, 2012). The argan oil, produced by several Moroccan 

cooperatives, has become famous in the last two decades for its cosmetic virtues, and has been exported at prices up to several 

hundred dollars per litre to Europe, Japan and the United States (Alaoui, 2009).  Also, goats and sheep feed on the oil cake, a by-

product of argain oil production (figure 2). Manure produced from these animals’ wastes is used as a fertilizer for cereal crops 

growing under the canopy of argan trees (Aguillera et al., 2011). In addition, old argan trees have spiritual value and are linked to 

sacred places (Beiling et al., 1996).  

 

 

Figure 2. (from left to right) Argania spinosa trees surrounded by goats pasturing in Morocco, dried argan fruits and argan nuts. 

 

In this work, the first task was to select producing regions of oak acorn and argan fruit, according to soil use, aridity and 

desertification indices and community sustainability importance. For example, sampling of argania plant organic material was 

distributed through 18 different locations of southwest of Morocco (figure 3) encompassing different local cooperatives of argan 

fruit, paste and oil production. 

Next, isotope ratio mass spectrometry was applied to measure the plants’ seeds and oil products’ isotope delta values of Carbon, 

Nitrogen and Oxygen. Preliminary results indicate that it is possible to differentiate producing areas (cooperatives) and reinforce 

the quality and commercial value of some of these plant products and sub-products. Argan almonds and paste (from samples 

destined to food or cosmetic industry) 13C values ranged from -24.3‰ to -28.6‰ (±0.2‰). These values were enriched in 

relation to the correspondent argan oils that ranged from -27.3‰ to -29.9‰ (±0.2‰). The 13C values of argan oils also suggest 

the occurrence of a “continentality isotope effect” with the coastal oils showing more enriched 13C values (figure 3). In what 

refers to N, its isotopic composition in argan almonds and paste indicated that traditional agro pastoral activities that are common 

in argania forests may influence 15N values of these plant materials. Argan almond and paste 15N values ranged from +3.1‰ 

up to enriched values as high as +10.5‰ possibly indicating animal fertilization. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Sampling circuit of argania fruits in Morocco and correspondent argan oil 13C values. 

 

The results obtained were combined with the monitorization of local meteorological cycle to yield understanding on which 

factors are leading to the observed C and N isotopic composition variation. The final goal of this work is to combine the 

analytical data with information on land use to add ecological and economical value to products produced in the studied (semi)-

arid regions. This work is innovative as isotope study related to plant responses to environmental parameters at seed level and its 

specific compounds are scarce in comparison to the wide range of studies conducted at plant leaf level.  

In what respects to acorns, a wide range of 13C and 15N values has been observed in acorns sampled across a desertification 

gradient previously defined in the region of Alentejo (Portugal) in South Iberia. Acorn 13C values varied from -26.9 to -21.9‰, 

with average value of -24‰ (±1.4‰) suggesting differences in water availability to plants. In the case of N, acorn 15N values 

varied from -1‰ to 4.8‰, indicating different silvo-agricultural practices. The combined analysis of these two parameters 

allows the differentiation of certain acorn producing regions across the studied desertification gradient. 

4. POLICY ORIENTED RECOMMENDATIONS 

The socio-economical evaluation of the results of this work is an important task in the research. It is fundamental to combine the 

experimental results obtained with the expertise of our partners from social sciences and economy to point potential economic 

uses of the outcomes and to promote the development of new products. The combination of knowledge from the fields of 

geography, geochemistry, ecology and chemistry will help to develop environmental tickets for the plant products and sub-

products. The research will also focus on strategies to apply the same integral approach to other arid areas of the globe. The 

important support from the Yves Rocher Foundation (France), due the relevance of its mission, is fundamental to value and 

reveal the project outcomes to the public in general.  
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5. CONCLUSIONS 

This work reveals the importance of isotope analysis to the differentiation of argan forests’ and montado products. Moreover, it 

demonstrates relationships between environmental variables and the plant organic materials isotopic composition. Although 

additional work is needed to clarify the mechanisms underlying many of these relationships, the results obtained so far indicate 

that the isotopic composition of plant organic material from different regions may to some degree be predictable. If so, this would 

support the use of stable isotopes as a tool for the verification of products geographical origin. Moreover, isotopes may contribute 

to trace the environmental impacts occurring in (semi)-arid regions, in particular if related with pasture activity, distance to the 

coast, anthropogenic activity and altitude. 
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ABSTRACT: 
 
In the 21st century the Global Environmental Changes due to climate changes, desertification, drought, famine, water scarcity 
and poverty open a new matter of the discussion on population protection, causing a dramatic increase in the demand for 
emergency medical care and global policy. Disasters are generally considered “ low probability –high impacts events”, always 
arise from some disequilibrium between hazards in the environment and the vulnerabilities of human communities. The 
prediction of a future disasters could drive the efforts of the public policy and government funding . 
The aim is to create a Global Network of Information Sharing on Disaster Emergency (DEM) to protect people, to guarantee and 
protect our planet, our health and our future with a multidisciplinary , trans-disciplinary approach according with the principles of 
governance and resilience .The idea is to develop a new network that interacts and works according with the ICT new tools, 
focusing the attention on emergency preparedness, mitigation and disaster risk reduction. 
The emergency of scarcity and the biodiversity crises will represent the “ File Rouge” of this Network activity. This Network will 
improve the sharing of public health information, balancing the different countries security and preparedness governance tools 
related to any disaster and humanitarian medicine emergencies. 
Saving lives, livelihoods, promoting human security, attention to human dignity, no-discrimination and administrative coherence 
should be represent some crucial points of a future policy in management and building future Network of Information Sharing. 

 
Keywords: Climate Changes, Disasters, Public Health, Networks,  Information Technology 

  
 

1. INTRODUCTION 

In the 21st century the Global Environmental Changes, due to climate changes, desertification, drought, famine, water scarcity 
and poverty open a new course of discussion on population protection. Today, the dramatic increase in the demand for 
emergency medical care and global policy are the result of these natural and complex disasters. Disasters are generally 
considered “low probability–high impact events”(1,2).  Disasters always arise from some disequilibrium between hazards in the 
environment and the vulnerabilities of human communities. The prediction of future disasters could drive the efforts of public 
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policy and government funding (3). According to the World Health Organization (WHO), disaster is  :  “A serious disruption of 
the functioning of a community or a society causing widespread human, material, economic or environmental losses which 
exceed the ability of the affected community or society to cope using its own resources (ISDR)”,  or a  “Situation or event, which 
overwhelms local capacity, necessitating a request to national or international level for external assistance (CRED)” , or  a term 
describing  “ an event that can be defined spatially and geographically, but that demands observation to produce evidence. It 
implies the interaction of an external stressor with a human community and it carries the implicit concept of non-manageability. 
The term is used in the entire range of risk-reduction activities, but it is possibly the least appropriate for response” (4,5,6,7). 
Gunn suggests that a disaster results from “a vast ecological breakdown in the relations between man and their environment, a 
serious and sudden event on such a scale that the stricken community needs extraordinary efforts to cope with it, often with 
outside help or international aid” (8). 
The most likely current threats are represented by biodiversity crises, increasing population, migration of people to urban areas; 
increase in population density, location of cities in high risk areas; population mobility; climate changes; economic 
disequilibrium; famine, water scarcity, the desertification, wars; the emergency of scarcity; the development of complex and 
integrated technologies; increasing and emerging infectious diseases. These threats have focused the attention of the global 
community on funding policy, research activity, preparedness planning and public policies at the global and local levels. The 
analysis of hazards and vulnerabilities represent the key to managing, preventing and mitigating disasters assessment. (2) 
Without warning, such events can instantly become true disasters, overwhelming the capacity of the community to respond, and 
imposing significant clinical, moral and ethical challenges at the local, national and international levels. 

In addition today a good health management requires to be dealt with a holistic “One Health” perspective that acknowledges the 
systemic interconnections of human, animal and environmental health in close relation with food safety and security. Only an 
integrative approach will ensure a sustainable health management in an era of climate changes, resource depletion, land 
degradation, food insecurity and development challenges. (9) 

Knowledge sharing, education, improved governance, corporate responsibility and dedicated investments will be key. Integrative 
components of One Health thus are: 

• Human Health  

• Animal Health  

• Environmental Health  

• Food Safety & Security  

• Agriculture  

The philosophy of  “One Health”  is strictly related to  the concept of  “Health for All”,  as stated by  the declaration of Alma Ata  
in 1978– “ the  Health for All  (HFA) “(10, 11). In the next years the main  goal  should  be to obtain  a sustainable medicine,  
especially in “austere conditions”, a call for  a social  medicine for all,  that allows every individual to lead a socially and 
economically productive life, with the support of a primary health care service that safeguard the rights to care , in the respect of 
equity and  standard of care,  especially during disasters and austere contexts  
 
Joining top experts, leaders and pioneers from international organizations, public authorities, insurance and health services, the 
pharmaceutical and food industry, science, and civil society exploring innovative pathways of global integrative health risk 
management through the One Health perspective should be the key to manage the risks of extreme events and disasters. 
Building a new Global Network of Information Sharing to guarantee and protect our planet, our health and our future now 
represents an useful tool on this matter, improving the resilience of affected communities and focusing the attention  how to 
create a global disaster community  awareness able to react  on time during disasters. 
 
 

2. METHODS 

National and International Networks of Disaster and Emergency Medicine (DEM) have been launched by workgroups of users to 
support their work effort and to support the need for Counteracting to Disasters and Emergencies (7,12, 13, 14).  
However Global International and Interdisciplinary Networks usually are not robust enough and new difficulties or threats 
jeopardize fragile networks. In our society and in the global community the need to build a Global Network of Information 
Sharing DEM is increasing. The aim is to create a Global Network of Information Sharing DEM to protect people, to safeguard 
and protect our planet, our health and our future (15,16, 17,18, 19,20). 
It is crucial to develop a network that interacts and works according to new International Health Regulation (IHR) application, 
following the WHO guidelines, and focusing attention on emergency preparedness and disaster risk reduction, concerning the 
Health sector and focusing attention on capacity building and the power of increasing the Communities resilience (21, 22, 23). 
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The aim is to prepare local communities and states to respond to health related crises, creating a particular Network of 
Information Sharing in Disasters and Global threats to improve effectiveness and efficiency of counteraction to Disasters and 
other threats on the global and local scales with a multidisciplinary-trans-disciplinary approach (18). 
The future Network will be to improve the sharing of public health information, to improve and to balance the Different 
Countries Security and Communication scenario related to any disaster, global threat, humanitarian medicine, Information 
sharing and technology, harmonizing civilian and military cooperation and knowledge in terms of preparedness, mitigation and 
prevention programmes, to rationalize decision-making process; to serve the purpose of humanitarian action at national and 
international levels, in terms of peace-keeping process or peace-making process improvement and to serve as a template for more 
countries. 
Creating a Network of Global Alert and Response  in disasters and environmental extreme events, 
responders need accurate and timely information in order to distribute critical supplies, equipment, and resources effectively. 
Without appropriate information, the efforts often are inadequate, misdirected or excessive. As a key enabler, information 
technology (IT) and telecommunications capability demands high priority within disaster management support. Cooperative, 
strategic, logistics planning is a critical component for the timely, adequate, and appropriate response to any threats. 

 

3. FINDINGS 

 
 The emergency of scarcity and biodiversity crises will represent the “File Rouge” of this Network activity. Current technology 
offers much more possibilities for sharing, archiving, processing and retrieving knowledge than previously (2). Providing timely 
and reliable Information Sharing during crises is critical to improving response, maximizing resources and minimizing human 
suffering. The ability to work well with others is a requirement for virtually every job, but this skill becomes crucial in the hectic 
and demanding healthcare work in austere environment (13,16,17,18,19,20) . The authors will discuss about the responsibility for 
Information Exchange which does not rest upon computers but, rather, on those who use them, what impedes knowledge sharing 
for those who want to cooperate. 
Barriers occurs when actors encounter lack of tools and equipment, and insufficiencies in moral, political, legislative, 
organizational, technical, didactic, psychological, physical, financial and geographical support.  
Cooperation is complex. The word Globalization indicates a new philosophy to interact and consider the world and future events 
that may occur and the possible response. 
We would like to stress the role of information sharing in counteraction to Disasters, focusing particular attention on 
humanitarian emergency, climate changes and local population resilience and preparedness to react to environmental 
emergencies, in managing the Risks of Extreme Events and Disasters. Preparedness to mitigate any disaster or global threat 
consequences is an essential component for every nation and for every public health system, which bears the responsibility to 
protect its populations in times of catastrophic events. Preparing nations to address these dangers is a major challenge to public 
health systems and health-care providers at the national and international levels. The fundamental issues are: preparedness and 
prevention, detection, surveillance, diagnosis, and characterization of a disaster response and communication and prepare 
population to cope with the concept of resilience in the respect of human rights and ethic principles (14,22, 23,24,25). 

 

4. POLICY ORIENTED RECOMMENDATIONS 

The aim of this project is to increase the potentiality activity and philosophy of a new kind of Network activity, by developing its 
activity and structure according to the new International Health Regulation (IHR) applications, and focusing attention on 
emergency preparedness and disaster-risk reduction, concerning the Health sector and the capacity building of communities to 
respond to health-related crises, creating a particular Network Information sharing in Disasters and Global threats to improve 
effectiveness and efficiency of counteraction Disasters, CBRNE and other threats at the global and local scale. 
It is crucial to create a International  Network and a Permanent Global Working Group with the objective to analyse, prevent and 
mitigate a disaster, in term for better communication in public health,  sharing of information for an emergency situation, to 
assess the needs of a  disaster affected populations , find all available resources to those needs, prevent further adverse health 
effects, implement disease control strategies, establish a training program to evaluate the effectiveness of disaster relief programs, 
improve plans for various type of future disasters, to create a real–time public health surveillance system as well an educational 
health emergency  to International level. 
This paper   represents an attempt to show how build a new Global Network in Disasters  to collect all information about the 
nature of various types of disasters  with the purpose to use that system as a template for other countries to compare  and to share 
all these data and to improve community resilience and preparedness for the future. 
We have the responsibility to develop  knowledge  in this field to preserve humanity. 
The Aim  is to contribute to security, stability and solidarity among nations, by applying the best technical expertise to problem 
solving. Collaboration, networking and capacity-building are means used to accomplish this end. Civil science has proved to be 
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a highly effective vehicle for international dialogue, due to its universality and dependence upon international networks. Science 
is both a means of finding answers to critical questions and a way of connecting nations.  
 
 

5. CONCLUSIONS 

Disasters affect the community in numerous ways. One of the problem with a disaster is that it remains hypothetical until it 
appears as an event.  
These challenges drive new priorities in term of solidarity, and common responses on the basis of jointly defined norms. The 
global fight against Disasters and planet emergencies requires efforts in many areas and directions, from a better coordination 
among numerous government agencies at the local, national and international levels, integrated training for consistency of 
management, and plans, drills to ensure core competency in public health preparedness, and expertise to provide the highest level 
of science-based decision-making among local, state and federal and international partners. Additionally, the legal issues 
associated with creating, collecting, storing, processing, analyzing and sharing data is a prime responsibility of the entities 
engaged in counteracting these threats. 
Saving lives, livelihoods, promoting human security, attention to human dignity, no-discrimination and administrative coherence 
should represent some crucial points of a future policy in management and building future Network of Information Sharing. 
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ABSTRACT: In north-western China, the endorheic Tarim River is running along the northern rim of the Taklamakan desert. It 

is the solely water source for the whole region as precipitation is low. The river is mainly fed from water of snow and glacier 

melt, causing floods in the summer months. Due to global climate change the annual water discharge is increasing. However, not 

sufficient water flows downstream, as the region is the main production area of cotton in China. A conflict arises between water 

users of the upper reaches and water users of the lower reaches of the Tarim River as well as with the natural vegetation. The 

central question of the Sino-German SuMaRiO project is how to manage land use, i.e. irrigation agriculture and utilization of the 

natural ecosystems, and water use in a very water-scarce region, with changing water availability due to climate change, such that 

ecosystem services and economic benefits are maintained in the best balance for a sustainable development. The overall goal of 

the project is to support oasis management along the Tarim River under conditions of climatic and societal changes by: i) 

developing methods for analysing ecosystem functions/ecosystem services, and integrating them into land and water management 

of oases and riparian forests; ii) Involving stakeholders in the research process to integrate their knowledge and problem 

perceptions into the scientific process; iii) Developing tools (Decision support system) with Chinese decision makers that 

demonstrate the ecological and socio-economic consequences of their decisions in a changing world. Additionally the SuMaRiO 

research area is a target region of the Chinese National Biodiversity Strategy and Action Plan. Therefore the project’s scientific 

findings will help to implement the UN Convention on Biological Diversity and the Convention to Combat Desertification. 

Keywords: Convention to Combat Desertification, Convention on Biological Diversity, Tarim, cotton, sustainable management 

1. INTRODUCTION 

The Tarim River Basin is located in the northern rim of the Taklamakan desert in the Xinjiang Uyghur Autonomous Region in 

the Northwest of P.R. China. The region is inhabited since several hundreds of years. The Silk Road led through this region 

making it a centre of exchange and commerce in those days. During the last decades the Chinese government promotes the 

development of the western provinces of China and encourages people to move to the “West”. The on-going settlement in this 

region is causing conflicts between human needs and nature. The water supply in this region is solely depending on river water. 

Thus, water management is crucial to keep human and nature needs in balance. Most of the water is used by agriculture, 

especially the water intensive production of cotton. Additionally, it uses most of the agricultural land. Due to the overuse of 

fertilizers and pesticides, water and land are prone to salinization. This leads to land grabbing and desertification. 

The SuMaRiO project is doing research on climate change, agricultural impacts on the environment, ecosystem services and 

socio-economics in the region. The results of the project will be used to set up a decision support system. This decision support 

system will support a sustainable water and land use management in the region. On an international level the Convention of 

Biodiversity and the Convention to Combat Desertification are implemented by the project.  

1.1 Study Area 

The Tarim River Basin is located in the Xinjiang Uyghur Autonomous Region in the Northwest of P.R. China. The basin is 

bounded by the Tian Shan in the North (up to 7000 m asl.), by the Kunlun Mountains in the South (up to 6000 m asl.), by the 

Pamir Mountains in the West (up to 7000 m asl.) and is at an altitude of 1000 Meters above sea level in average. The Taklamakan 

desert dominates the basin with the Tarim River flowing along its northern rim. The Tarim River is the longest endorheic river in 

China flowing eastward ending in the Taitema Lake. The Tarim River forms at Aksu City through the confluence of the Yarkant 

River from the West, Hotan River from the South and Aksu River from the North. The latter river contributes about 70% to the 

Tarim River’s discharge. 

The climate in the Tarim River Basin is a cold arid desert (Kottek et al. 2006) with average monthly temperatures of -7°C in 

January and 26°C in July and 50 mm precipitation in average per year and in the surrounding mountains the average precipitation 

is 400 mm. The average evaporation rate for the entire basin is about 1600 mm per year. Additionally, the region has a high 

duration of sunshine hours per year (2500 hours of sunshine). 
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Southern Xinjiang is rich in various ecosystems. There are the desert, the natural vegetation (Tugai vegetation) with Euphrat 

Poplar (populus euphratica), shrubs and reed, the oases with cotton and orchards, the river, and the cities with their peri-urban 

and urban vegetation. These ecosystems provide various ecosystem services. Provisioning services like water supply, food and 

fodder, fibre and raw material, natural medicine; regulating services like water purification, soil fertility, air quality, local 

climate; supporting services like genetic resources, biomass production, nutrient cycling, water cycling; and cultural services like 

recreation, aesthetic appreciation, scientific discovery are the most important ecosystem services in the region. 

 Xinjiang’s primary sector (natural resources) has a share of 16%, whereas the secondary sector (industry) has a share of 50% on 

the provincial’s gross domestic product. Farming, besides forestry and fishing, had a share of 67% of the agricultural production 

in 2008 (China Statistic Press 2009). The main agricultural product is cotton. In Xinjiang 40% of the total Chinese cotton is 

produced (Chadhuri 2005), that is about 15% of the worldwide produced cotton. In 2011 the cotton production area was 

1,129,700 ha. Cotton production is very water intensive. In China 3000 to 5000 cubic meters of water are used per hectare. 

1.1 Problem description 

Human activities have been taken place in the Tarim River Basin since several thousand years. The Tarim River provided a 

corridor for the ancient Silk Road along which settlements were founded in the oases. Starting in the 1950’s, a rapid development 

of the region puts growing pressure to the land and water resources of the Basin. 

In figure 1 the regional problem is sketched. Due to the low precipitation and the high evaporation rates, the region’s water 

supply depends solely on the river water. Fresh water flows mainly in summer into the Tarim River. This glacier and snow melt 

water causes floods and fills the reservoirs and channels. In the last five decades the annual average temperature rose by 0.4°C. 

The global climate models predict a continuation of this trend in the next fifty years, probably causing a surplus of water and thus 

the expansion of cotton fields in the upper reaches in the next years. 

 

Fig. 1: Sketch of the regional problem on Land and water management 

 Besides irrigation, the water is used for industrial production, households and is needed by the natural vegetation – the Tugai 

vegetation. However, the biggest water user is the agriculture. The Chinese government promoted cotton production in Xinjiang 

starting in the 1980’s. The dry climate and the high duration of sunshine hours make the region potentially suitable to produce 

cotton with high quality. But the cotton in Xinjiang requires an average of 4000 cubic meters of water per hectare. High yields 

can only be reached on the poor silty soil with a high input of fertilizers and pesticides. The fertilizer and pesticide residues are 

washed deeper into the soil by the irrigation water. On a field with an existing drainage system, the polluted water is drained into 

the drainage channel. This highly saline water is led back into the Tarim River causing an increase of salinity of the river water 

towards the lower reaches of the Tarim River. The salinization of the Tarim River water is increasing even more, as the already 

saline water is used along the Tarim River for irrigation and thus more and more fertilizer residues are added to the water. The 

biggest area of cotton production along the Tarim River is on the upper reaches, with the freshest water, using and storing most of 

the water coming from the Aksu River. The lower reaches are falling dry in spring and winter. Farmers in that region are 

pumping groundwater to produce cotton or to irrigate their orchards. This causes the drop of the groundwater level on which the 
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natural vegetation is depending. Which in turn are the reasons for desertification and the encroachment of the Taklamakan desert 

damaging the region’s infrastructure and threaten the natural vegetation. 

Cotton is the major crop and source of income in Xinjiang. Cotton production helps the farmers to increase their income and their 

standard of living in the rural areas. Family farmers who do not have installed a drainage system in their fields leave the saline 

fields behind and grab new land for their cotton production to secure their livelihood. In fields with no drainage system, the 

groundwater table is rising due to heavily irrigation. With capillary rise of the shallow groundwater, salts are brought to the soil 

surface and make the field unsuitable for cotton production. This causes a vicious cycle of land grabbing, expansion of the desert 

threatening the ecosystems and the livelihoods of the farmers. 

In the study region, two major conflicts do exist: First, the conflict of water use between human needs and natural vegetation; 

second, the conflict of land use between cotton production and unspoiled land. The effects of these conflicts are land degradation 

and desertification. 

2. THE SuMaRiO PROJECT 

The SuMaRiO project is a project funded by the Federal Ministry of Education and Research of Germany in the Sustainable Land 

management funding measure. The project consortium comprises eleven German and nine Chinese Universities and Research 

Institutions and various Chinese Stakeholders. The project started in March 2011 and has a duration of five years. 

The central question is how to manage land use, i.e. irrigation agriculture and utilization of the natural ecosystems, and water use 

in a very water-scarce region, with changing water availability due to climate change, such that ecosystem services and economic 

benefits are maintained in the best balance for a sustainable development. The overall goal of SuMaRiO is to support oasis 

management along the Tarim River under conditions of climatic and societal changes by: 

 Developing methods for analysing ecosystem functions/ecosystem services, and integrating them into land and water 

management of oases areas and floodplain forests; 

 Involving stakeholders in the research process to integrate their knowledge and problem perceptions into the scientific 

process; 

 Developing tools with Chinese decision makers that demonstrate the ecological and socio-economic consequences of 

their decisions in a changing world; 

 Jointly identifying options for optimizing economic, ecological, and societal utilities; 

2.1 Project structure, ecosystems and ecosystem services 

The project comprises five work blocks (see figure 2). Work block 1 is organizing and coordinating the project. Work block 2 is 

dealing with the regional climate change and the discharge of Tarim tributaries. This work block includes the modelling and 

monitoring of glaciers and snow melt.  

 

Fig. 2: SuMaRiO project structure 
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Work block 3 is working on sustainable water and land use management from plot scale (farmer’s field) via farm scale to 

regional scale (Tarim Basin) on agricultural ecosystems. On plot scale studies on water use and evaporation of cotton plant is 

carried out. On the regional scale plant parameters like biomass and leaf area index is taken from satellite images. Along the 

length of the Tarim River a model with water users is set up. 

Work block 4 is studying the ecosystem services and ecosystem functions in the following ecosystems: i) riparian ecosystem 

(Tugai vegetation), ii) non-irrigated land use systems, iii) urban and peri-urban ecosystems. The mainly investigated ecosystem 

services in the project are: a) provisioning services with water supply, food and fodder, fibre and raw material and natural 

medicine; b) regulating services with water purification, soil fertility, air quality and local climate; c) supporting services with 

genetic resources, biomass production, nutrient cycling and water cycling; d) cultural services with recreation, aesthetic 

appreciation and scientific discovery.  

Work block 5 assesses on several levels the socio-economic situation of the region. With contingent valuation method the social 

value of a more sustainable water management program (willingness to pay) and thus water pricing is assessed. Family farms, 

large scale farms and farms of the Xinjiang Production and Construction Corps (state farms) are analysed. The utilization 

potential of native plants, like Apocynum pictum and Phragmites australis (reed) is estimated. A transdisciplinary assessment is 

conducted of the ecosystem services for urban areas regarding dust and heat stress.  

2.2 Outcome of the project – Decision Support System 

The outcome of the project will be a decision support system. This tool will enable the stakeholders to see the consequences of 

their actions in terms of water and land management. 

 On the way to develop the decision support system, the multi-level stakeholder dialogue is an important tool for the 

implementation of the project results. The dialogue involves the local farmers earning their livelihood mainly from agriculture. 

There are family farmers from the Uyghur minority and from the Han Chinese being interviewed on their livelihoods. 

Stakeholders on county level, city level and provincial level are being interviewed. The feedback on the scientific work in 

SuMaRiO and the needs from the different stakeholder levels will provide input to the decision support system.  

The decision support system (figure 3) will combine the Integrated River Basin Management and ecosystem services. The 

decision support system is based on two external scenarios. There will be a scenario dealing with the regional economy and 

ecology. In this scenario “business as usual” and “regional sustainable management” with its consequences on the ecosystems 

will be implemented. The scenario on climate and hydrology will comprise the trends in climate change in the region and their 

impact on the hydrology in the region.  

 

Fig. 3: Outline of the decision support system of the SuMaRiO project. Source: Marie Hinnenthal, Universitaet der Bundeswehr 

Muenchen 

The step “Alternatives” will give the user the possibility to implement measures (e.g. policy measures), other options or the 

combination of several measures. In the Step “Consequences/Effects” first the status quo is indicated. The changes based on the 
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observations of past and future scenarios (e.g. climate change) according to the prompted measures will be illustrated. According 

to the results of the decision support system the user can see the consequences of her/his action, for example an implemented 

policy measure. 

3. IMPLEMENTED GOALS OF THE CONVENTION OF BIOLOGICAL DIVERSITY, THE CHINESE 

NATIONAL BIODIVERSITY STRATEGY AND ACTION PLAN AND THE CONVENTION TO COMBAT 

DESERTIFICATION   

On an international level the SuMaRiO project implements goals stated in the Convention of Biological Diversity and the 

Convention to Combat Desertification. 

Under the Convention on Biological Diversity the international community adopted the Strategic Plan of the Convention on 

Biological Diversity (CBD) or the so called Aichi Targets in 2010. The Aichi targets are 20 headline targets, organized under five 

strategic goals that address the underlying causes of biodiversity loss, reduce pressure on biodiversity, safeguard biodiversity at 

all levels, enhance the benefits provided by biodiversity, and provide for capacity building (Secretary of CBD, 2010).  

Under the strategic goal to address the causes of biodiversity loss by mainstreaming biodiversity across government and society, 

the SuMaRiO-project contributes to the Aichi targets 2, 3 and 4 by reaching out to stakeholders at all levels and taking steps to 

implement sustainable production and to integrate ecosystem services into planning in the region. The reduction of the direct 

pressures on biodiversity and promotion of sustainable use is the second strategic goal of the Convention of Biological Diversity 

and is implemented by the SuMaRiO-project under the Aichi targets 5, 7 and 8. The project is assessing the status quo of natural 

habitats, especially forests, agriculture and studies the impact of land use on degradation (soil salinization) and vice versa. The 

third goal of the CBD is to improve the status of biodiversity by safeguarding ecosystems, species and genetic diversity. Under 

the Aichi Target 11, the study along the Tarim River assesses the extinction risk of the Tugai vegetation and evaluates the 

ecosystem services and benefits from protected areas. The benefits from biodiversity and ecosystem services to all should be 

enhanced, as stated in the fourth strategic goal of the CBD. SuMaRiO evaluates ecosystem services which are related to water, 

health (dust transport), well-being and the function of the urban vegetation. It also analyzes ecosystems supporting livelihoods 

and the well-being of local communities and will provide a tool to manage natural resources conflicts. These tasks are under the 

Aichi Targets 14 and 15. In the project the implementation through participatory planning, knowledge management and capacity 

building, the fifth strategic goal of the CBD, is a major part. With the stakeholder dialogue, representatives from all levels are 

involved in the creation of the decision support system. The projects’ decision support system will meet the postulation of Aichi 

Target 19. 

To implement the Convention on Biological Diversity, each country has its own National Biodiversity Strategy and Action Plan 

(NBSAP). The Chinese NBSAP promotes large-scale projects on biodiversity with international capital and to strengthen the 

international exchanges and cooperation with the focus on capacity building in biodiversity. The project, furthermore, promotes 

the harmony between man and nature and has the strategy to strengthen the ecosystems. The SuMaRiO project, having a focus on 

land use, is carried out in the national priority area 2 (the northwestern ecologically fragile territories) a typical desert ecosystem. 

The impact of climate change on biodiversity is assessed and the conservation of biodiversity and wetlands is integrated into 

sectoral and regional planning. The project investigates, assesses and monitors biodiversity in different ecosystems in the region 

(action field 3) and aims to improve sustainable use policies (action field 1). In the stakeholder dialogue the project encourages 

stakeholders to actively participate in biodiversity conservation and sustainable use to improve the implementation capacity.  

Objectives of the Convention to Combat Desertification (CCD) are also implemented by SuMaRiO. The project aims to improve 

the living conditions of the local populations by assessing the socio-economic and environmental vulnerability to climate change. 

The focus of SuMaRiO is sustainable land management and the sustainable use of biodiversity which generates a global benefit 

via the production of sustainable produced cotton. Awareness raising on land degradation and education is promoted in the 

stakeholder dialogues and the exchange with students. In the process of developing a decision support system, policy, 

institutional and socio-economic drivers of land degradation and barriers to sustainable land management are assessed. With the 

help of the decision support system recommendations to remove these barriers are developed. The results of the project will 

improve knowledge of interactions between climate change adaption and restoration of degraded land in an ecological fragile 

area. 

4. POLICY ORIENTED RECOMMENDATIONS 

In the SuMaRiO project the Convention of Biological Diversity and the Convention to Combat Desertification are considered in 

one large region. The project’s results will contribute to the Convention of Biological Diversity and the Convention to Combat 

Desertification and the Chinese national biodiversity strategy and action plan. The recommendations are found in a rational 

discussion between various stakeholders. The decision support system is a crucial tool for finding quantifiable results of the 

planned measures and supports the stakeholder’s discussion. The implemented policies are described in point 3 of this extended 

abstract. 
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ABSTRACT: Desertification is considered a global environmental problem with political and socioeconomic implications. 

Desertification, exacerbated by climate change, is the largest environmental problem in Chile affecting almost two third of 

the national territory. This study takes place in a latitudinal gradient of the north-central Chilean drylands, where 

desertification is a threat to agriculture, livestock and forestry (ALF). In the context of the United Nations Convention to 

Combat Desertification (UNCCD) and the implementation of the Chilean National Action Programme (NAP), the country is 

conducting policies and investing in mitigation strategies to combat land degradation and desertification. The main objective 

of this paper is the development of an integrative methodological approach using real data of the territorial and 

socioeconomic indicators. With the proposed methodology we assess the impact of the mitigation and land degradation 

strategies supported by the ALF promotion agencies in the fight against desertification, projecting different scenarios of 

change. The data were collected in 2008 in Santiago, Chile. The results of the Principal Component Analysis (PCA) suggest 

that technical irrigation and the improvement of grasslands and pastures play an important role in the fight against 

desertification. The results of the model projections are consistent, suggesting that the efforts of the ALF promotion agencies 

have a positive impact in fighting desertification. Inaction of ALF mitigation strategies would increase desertification.  This 

methodological approach, performed with real data, is a contribution for the development of integrative assessments, for 

replication and for forthcoming discussions. This work summarizes the paper published recently by the authors in Mitigation 

and  Adaptation Strategies for Global Change Journal, DOI 10.1007/s11027-012-9375-5. 
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1. INTRODUCTION 
 
 

Many countries are implementing policies and making investments and efforts to mitigate arid land degradation and 

desertification through the National Action Programmes (NAP), which are one of the key instruments in the implementation 

of the UNCCD. Our paper proposes the first attempt to develop a methodology using real data of environmental and 

socioeconomic indicators to assess whether the mitigation and adaptation strategies carried out in the framework of the 

Chilean NAP, are playing an important role on combating desertification.  This paper is a contribution for the development 

of integrative assessments, for forthcoming discussions, as well as for replication in other areas of the world where other 

desertification driving forces are taking place or/and other mitigation strategies are being applied. 

 

This work took place in a dryland area of Chile, in South America. In Chile the desertification covers 48,334,300 hectares, 

which represents two thirds of the country. Thus, it is considered the largest environmental problem, generating a significant 

environmental and socioeconomic impact which directly affects more than 1,300,000 people.  Poverty, reaches 60.2% of the 

population in the municipalities most severely affected. 

 

According to the latest agricultural census, the 78% of productive land in Chile, showed degrees of erosion, ranging from 

moderate to very severe, and in the period 1997-2007, the country has lost 32% of fertile land.  

 

Under future climate and socio-economic pressures, land managers and farmers will be faced with challenges in regard to 

selecting those mitigation and adaptation strategies that together meet food, fiber and climate policy requirements (Smit and 

Skinner 2002, Rosenzweig and Tubiello 2007, Fobissie et al. 2008). 

 

Chile has a long history on the control of land degradation and on its effort to mitigate the effects of drought and 

desertification. However, it was on January of 1998, with the approval and ratification of the United Nations Convention to 

Combat Desertification and Drought (UNCCD) that the environmental policies for degraded land reclamation started in 

coordination with diverse national organizations related to this environmental issue. 

 

The Chilean government annually assigns funds to support its main public ALF promotion agencies. The support 

instruments are the National Irrigation Commission (CNR), National Forestry Corporation (CONAF) and Agriculture and 

Livestock Service (SAG). These agencies are mainly responsible for promoting forestry, agriculture and livestock in the 

country and for preserving the natural resources in areas where these activities take place. 

 



Thus, CONAF, through its Decree Law No. 701 on forestry development includes the reforestation of lands for the purpose 

of encouraging the recovery of degraded forest lands. SAG through Supreme Decree No. 202 incorporates the recovery of 

soils in agricultural use of land through conservation, reclamation and rehabilitation. Similarly Law No. 18,450 of the CNR 

aims to increase the irrigated area of the country by encouraging the irrigation of dry land, and by incorporating new land to 

farming. 

 

 

1.2 Objectives 

 
The main objective of this work is to develop a methodological approach to evaluate the impact of the strategies used to 

combating desertification, using real data of territorial and socioeconomic indicators. The specific objectives are: to assess 

whether the financial assistance provided by the ALF promotion agencies is helping to mitigate desertification; to identify 

the main causes of human-induced desertification; to identify the most effective mitigation strategies; and to foresee 

simulation scenarios in relation to increased action and inaction by the ALF promotion agencies. 

 

 

2. MATERIAL AND METHODS 
 

2.1 Area of study  
 

This work takes place in north-central Chile, between latitudes 17º 30'S and 36º 33'S. The areas between these latitudes are 

the administrative regions affected to greater erosion and drought in the country. The total surface area of study is 

37,935,970 ha, representing 50.2% of the country. Thus, the first four regions under study (Regions XV, I, II and III) have 

almost total absence of rainfall and extremely dry conditions of the environment. The average annual temperature is between 

17º-18ºC. Precipitation in the Region IV is relatively low, approximately 150 mm/year and the average temperature during 

the winter months is 14º C. In the last three regions under study the climatic conditions are better. Thus in the Regions V, VI 

and VII the precipitation is about 340 to 700 mm/year and the winter average temperature is 13.5ºC (INE 2009). 

 

In relation to the use of land in the northernmost regions, i.e. Regions XV, I and II, there is a high percentage of land devoid 

of vegetation. This percentage is about 75% and only a 23% corresponds to grassland and shrub lands.  The percentage of 

agricultural land in these regions is about 0.5 % (INE 2009). In the next two regions, i.e. Regions III and IV, the area devoid 

of vegetation is 38% and 59% respectively. The percentage of agricultural land is about 2.3% (INE 2009). 

 

The use of land in the southern regions presents another situation. The percentage devoid of vegetation is of 18%. Around 20 

to 25% of the use of land is devoted to the forestry and agricultural activities (INE 2009).  

 

2.2 Study indicators 

 

The basis for the assessment carried out in this work is the selection of territorial and socioeconomic indicators with 

descriptive and predictive ability. The selection of the territorial and socioeconomic variables was performed by reference to 

the indicators recognized by the UNCCD. These indicators include: level of land degradation, water capacity or availability, 

changes in the use of land, population in areas affected by desertification, poverty and human development index. The 

selection of variables also depended heavily on the availability of the data in the files of the public administrations. 

 

 

2.3 Model development 
 

Our model considers the relationship between the territorial and the socioeconomic indicators trying methodological 

approaches based on their descriptive and predictive capacity. The proposed methodological approach of our paper allows us 

to assess whether the mitigation strategies conducted by the ALF promotion agencies are taking effect in combating 

desertification and at the same time to get an overview of the factors affecting the desertification process in the northern 

regions of Chile.  Finally, this methodology allows us an approach to future scenarios of change. 

 

On a first step, a Principal Component Analysis (PCA) to the territorial variables and an ordination of the regions in two 

axes (x, y) was carried out, in order to determine the main territorial components of the desertification.  

 

The selection of the components on the PCA analysis was made so that the first component picked up the greatest proportion 

of the original variance. The second component collected the maximum variance not collected by the first, and so on. We 

selected the first two components because together they explained most of the total variance. These were called principal 

components. 

 

Once selected the territorial variables, a relationship between the type of land and the socioeconomic structure in the area of 

study is established using multiple regression analysis. The independent variables were socioeconomic descriptors of the 

regions and the dependent variables corresponded to the territorial variables previously selected in the PCA analysis. 

Multiple regression analysis provides our model the relation between the regional variables and the socioeconomic structure. 

By using this method we get a model with a limited number of socioeconomic variables. 

 



The obtained model describes the degree of impact of socioeconomic variables on the desertification. This equation was 

used to simulate two different scenarios of change. The first one is extrapolating a situation to help reversing the 

desertification process, i.e. an action scenario, and the other projection is to extrapolate a situation of no financial support 

given by the ALF promotion agencies, i.e. an inaction scenario.  

 

 

3. RESULTS AND DISCUSSION 

 
3.1 Analisys of the territorial variables of desertification 
 

The PCA applied to the 19 territorial variables suggests that the two first components explained the 75.36% of the variance; 

Component 1 explained the 60.03 % and Component 2 explained the 13.34 %. Thus, both components reflected most of the 

variation range of desertification, explaining as a whole from severe and moderate conditions to slight or even no 

desertification conditions. 

 

  

As mentioned above Component 1 explained 62.03% of the total variance. According to the PCA analysis, the Component 1 

has a positive maximum value of 0.984 for the CNR Surface of New Irrigation. The maximum negative value is -0.551 

represented by the Surface Severely Affected by Desertification. These extremes values characterized the desertification 

gradient, where the negative extreme suggests a situation of severe condition in relation to desertification, and the positive 

extreme suggests a degree of less desertification. 

 

 

Table 1 shows the gradient of desertification for the Component 1 obtained from the territorial variables introduced in the 

PCA. In the negative extreme we considered the Surfaces Affected by Severe and Moderate Desertification indicators, which 

have values closer to -1. For the groupe of the variables in the positive extreme, we considered the values closer to 1. This 

range of values included the surface intervened by the ALF promotion agencies. These areas, located in the positive extreme 

would represent areas with the lowest degree of desertification. 

 

 
Table 1: Desertification gradient obtained from the PCA for Component 1. The gradient suggests a movement from a situation of moderate 

to severe desertification degree, to a degree of less desertification, dominated by areas intervened by the ALF promotion agencies. 

Component 1 (62,03 % of the variance) 

 

 

 

 

Severe desertification (-0,55) 

Moderate desertification (-0,42) 

 

 

New irrigation surface CNR (0,99) 

Technical irrigation surface by the CNR (0,98) 

Surface occupied by improved grasslands (0,93) 

Surface occupied by annual crops (0,93) 

Surface occupied by forest plantations (0,92) 

Surface intervened by the SAG (0,92) 

Surface occupied by native forests (0,90) 

Surface intervened by CONAF (0,90) 

Surface intervened by the CNR (0,864) 

Surface occupied by sown pastures (0,864) 

 

List of indicators of greatest loadings in the characterization of the Component 1 and interpretation of the variation tendencies that they 

represent. The values obtained in the PCA are shown in parentheses 

 

 

 

3.2 Impact of the ALF promotion investments and the socioeconomic structure on desertification 
 

The relation between desertification and socioeconomic structure was determined by a model, where the area affected by 

severe and moderate desertification was introduced as the dependent variable. The socioeconomic indicators, including the 

financial support provided by the ALF promotion agencies to deploy mitigation strategies, were entered as independent 

variables. All the predictive indicators introduced in this model were: the Capacity of Water Reservoirs, Total Population, 

Overgrazing, the investments of CNR, CONAF and SAG, and the Total Number of Farms. The result obtained is as follows: 

 

Desertification = 0.269 – 0.021 CONAF´s Investments - 0.08 CNR´s Investments – 0.632 SAG´s Investments + 1.331 Total 

Population – 0.218 Number of Farms +3.386 Overgrazing – 0.008 Water Reservoir Capacity 

3.3 Action-Inaction scenarios associated to desertification changes 

 
 

The obtained model was used to simulate two different scenarios. In the first one we projected a scenario assuming an 

increase in the percentage of the ALF promotion agencies contribution, and assuming changes in the other variables as 

indicated in Table 2. 

+ 
_ Severe desertification mitigation gradient 



 

 
Table 2: Percentage of variation applied to the baseline situation used in the projected simulation of an increasing action by the promotion 

agencies. 

 

Region CNR Investments SAG Investments 
CONAF 

Investments 
Farms Total Population 

Water 

Reservoir 

Capacity 

Overgrazing 

I 25% 25% 25% 20% 1,10% 25% -50% 

II 25% 25% 25% 20% 1,10% 25% -50% 

III 50% 50% 50% 20% 1,10% 25% -50% 

IV 50% 50% 50% 20% 1,10% 50% -50% 

V 50% 50% 50% 20% 1,10% 25% -50% 

VI 15% 15% 15% 20% 1,10% 25% -50% 

VII 15% 15% 15% 20% 1,10% 25% -50% 

XV 25% 50% 0% 20% 1,10% 25% -50% 

 

 

 
We considered a low rate on the increase of the investments made by SAG, CONAF and the CNR in the northernmost 

Regions XV, I and II, because we assumed that there is an intrinsic limiting condition of aridity in these regions. In Regions 

III, IV and V, we assumed a higher increase in the investments of these three ALF promotion agencies due to the high rates 

of desertification, and taking into consideration that the arid conditions are not as extreme as in the group of the 

northernmost regions. In Regions VI and VII, the considered increase of investments was smaller (15%) than in other 

regions because in these regions there is a lower rate of desertification and they have a high development of the ALF sector. 

These regions have a higher annual rainfall compared to the other studied regions. We have steadily declined the 

Overgrazing indicator in all regions. The increase in the Total Population was considered in relation to the population 

projections given in the last national census conducted by INE (2002). The significant increase in the Capacity of Water 

Reservoirs was conducted in a uniform way for all regions except for Region IV. Figure 1 suggests that an increased action 

scenario significantly reduces desertification. 

 

 
 
 Figure 1: Projected simulation showing the baseline situation and a scenario of increased action by the promotion agencies in the studied 

regions. 

 

 

The simulation suggests a decrease of the desertification, mainly in Regions IV and V. The result of this assumption is 

particularly welcome in the Region IV, which together with the Region III, represents the area of transition between the 

aridity of the northern regions and the Mediterranean climate of the southern regions. 

 

An antagonistic situation could be interpreted in the Regions VI and VII. These regions have low degrees of desertification 

and their Mediterranean climatic conditions are more favorable. Even increasing the investments to a lesser extent than for 

the other regions of the north, the result of the projection suggests a decrease in desertification.  

 



Acording to Maestre et al. (2006), drylands are areas of the globe where the Index of Aridity (IA)—defined as the ratio of 

mean annual Precipitation (P) to mean annual Potential Evapotranspiration (PET)—is less than 0.65. This definition 

excludes hyper-arid areas of the globe where IA < 0.05, such as the Atacama Desert. In the data of the Chilean map of 

desertification carried out by CONAF (1999), most of the land of the Regions XV, I, II and a portion of the Region III, 

which are in the Atacama desert, are considered areas with severe desertification condition. The Atacama Desert is hyperarid 

but in its Chilean area, it is crossed by several rivers fed by the melting snow of the Andes such as the rivers Lluta, San José, 

Loa, Copiapo, Huasco and Salado, which make its valleys suitable for agriculture and livestock since ancient times. This fact 

makes this part of the desert unique, and gives it an extra portion of complexity to the analysis.  

 

 Water supplies stored in glaciers and snow cover are projected to decline in the course of the century, thus reducing water 

availability during warm and dry periods in regions supplied by melt water from major mountain ranges (IPCC 2008). 

Furthermore, the water resources of the river basins in the area of study are overexploited and their lands are degraded and 

endangered by desertification (CONAF 1999, Cepeda and Cortes 2004, Cepeda and Novoa 2006). The area of the river 

basins is where the agriculture, livestock and forestry promotion agencies make their efforts in combating land degradation. 

The basins areas are relatively small in relation to the area considered as severely affected by desertification by CONAF 

(1999), which includes desert lands. We believe that for this reason the mitigation efforts carried out by CONAF, SAG and 

CNR are not adequately reflected in the projected simulation. In this regard, it would be desirable to incorporate the 

differentiation between desert and desertified lands in subsequent maps of desertification to properly assess the land 

degradation processes and the effectiveness of the mitigation and adaptation strategies. 

 

The second simulation shows a scenario where the assumption has been no intervention by the ALF promotion agencies, i.e. 

an inaction scenario. We have given the ALF promotion agencies indicators a variation of 0% and we have maintained the 

rest of the indicators in the levels of the previous action projection (Table 3 and Figure 2). 

 

 
Table 3: Percentage of variation applied to the baseline situation used in the projected simulation of inaction by the promotion agencies. 

 

Region CNR Investments SAG Investments 
CONAF 

Investments 
Farms Total Population 

Water 

Reservoir 

Capacity 

Overgrazing 

I 0% 0% 0% 20% 1,10% 25% -50% 

II 0% 0% 0% 20% 1,10% 25% -50% 

III 0% 0% 0% 20% 1,10% 25% -50% 

IV 0% 0% 0% 20% 1,10% 50% -50% 

V 0% 0% 0% 20% 1,10% 25% -50% 

VI 0% 0% 0% 20% 1,10% 25% -50% 

VII 0% 0% 0% 20% 1,10% 25% -50% 

XV 0% 0% 0% 20% 1,10% 25% -50% 

 

 

 

 

   

 



Figure 2: Projected simulation showing the baseline situation and a scenario of inaction by the promotion agencies in the studied regions. 

 

 

The simulation result of inaction by the ALF promotion agencies suggests that there would be an increase in desertification, 

even in Regions VI and VII, where climatic conditions are more favorable. This result suggests the importance of the 

mitigation efforts to combat desertification. In relative terms, Region VII, despite having more favorable climatic conditions, 

is where the increase of desertification gets mayor values. This fact indicates the great importance of the development 

agencies in the fight against desertification and drought. In this inaction scenario, Regions IV and V face their worst 

desertification situation. 

 

The predominant indicator pointing out to an increase in desertification is Overgrazing. About the 50% of the total number 

of goats in the regions under study are located in Region IV. This result is consistent, pointing out to overgrazing as a major 

cause of desertification in northern Chile.  

 

Worldwide, managed grazing is the most extensive form of land use, with drylands supporting 78% of grazing on the planet 

(Asner et al., 2004). Grazing alters vegetation properties, water availability, soil erosion and compaction, carbon cycling, and 

many other ecological processes in drylands (Asner and Heidebrecht 2005). Desertification, due to overgrazing, is also 

documented for other areas of the world (FAO 1964, Huss 1972, Le Houérou 1981). On the other hand goat breeding is an 

economic activity and a source of income for the population of the Region IV, which shows a high rate of poverty (Quiroz 

2007). 

 

4. CONCLUSIONS 
 

Given the integrative characteristics of the proposed methodology, we have been able not only to assess the mitigation 

strategies, but also to determine the main causes of desertification in such a complex area as the studied one, where we can 

find the desert itself, its desertification endangered valleys, the Andean plateau, the transitional area and the southern regions 

(Salinas and Mendieta, 2012).  

 

Our numerical model has shown the potential of integrative models not only to assess the driving forces of desertification but 

also to assess the forces that help mitigate desertification.  

 

The findings of this paper suggest that the mitigation and land reclamation strategies made by CONAF, SAG and CNR play 

an important role in combating desertification and drought in Chile. In the absence of financial support, i.e. in an inaction 

scenario by the ALF promotion agencies, desertification would increase in all regions, even in Regions VI and VII, where 

climatic conditions are more favorable. This projection suggests the high relevance of the mitigation and land reclamation 

strategies of the ALF promotion agencies in combating desertification and land degradation. 

 

During the development of our work, one of the biggest difficulties we have faced has been the collection of the data, which 

were widely dispersed in different Institutions depending on the characteristics of each indicator. In this regard, and for 

systematic assessments of the land degradation processes and subsequent evaluations of the effectiveness of the mitigation 

and adaptation strategies, it would be desirable to incorporate the creation of specific databases into the discussion context of 

the desertification. 

 

5. POLICY ORIENTED RECOMMENDATIONS 

 

In the areas affected by desertification and drought, it is common that the ecosystems do not have enough funding for water 

management and irrigation. This situation leads to an inadequate assessment of the environmental goods and services in arid 

zones. As a result we get a misuse of these drylands. Therefore, it is very important the promotion of innovative schemes of 

economic production with environmental and social sound basis in order to have a sustainable development in drylands 

(Salinas and Mendieta 2012). 
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ABSTRACT: The objective of this research was to study the drought that occurred recently in the Northeast of Brazil 

(2011-2012), through an analysis of precipitation anomalies. It is demonstrated the existence of a climate seesaw between 

the Amazon basin and some sectors of the Brazilian Northeast, particularly the western section of Bahia. The episode of 

prolonged drought that occurred in this region in the period from December 2011 to March 2012 was investigated on an 

annual scale, through two teleconnection patterns, the El Niño - Southern Oscillation (ENSO) and the Antarctic Oscillation 

(AAO). It was concluded that the response of the precipitation in the Amazon and Northeast Brazil in the last quarter of 

each year has the same sign both for the ENSO and AAO. However, for the first quarter of each year, the response of the 

rain to these climatic remote controls is of opposite sign, thus establishing a seesaw between precipitation in the Amazon 

and the interior of the Northeast Brazil. 

Keywords: Climate Changes, Desertification, Drought in Brazil. 

1. INTRODUCTION 

The various processes that connect the climatic systems with the desertification are a result of a negative feedback. At the 

first conference of the United Nations (UN) on desertification, held in 1977 in Nairobi, Kenya, the main resolution was the 

need to implement global and regional policies specific to the semiarid regions of the world. Currently, global climate 

changes may be influencing the semiarid region of the Brazilian Northeast, besides the role of anthropogenic depredation of 

the natural environment that has occurred in this region along the country's history. From the second half of the twentieth 

century, studies of drought in the Brazilian Northeast began to associate its climate variability with remote processes such 

as El Niño (now under the name of ENSO - El Niño / Southern Oscillation), with the behavior of sea surface temperature in 

the North Atlantic Ocean (the so-called Atlantic dipole) and even with the above average rainfall in the Amazon region. 

More recently, studies have been suggested the influence of other teleconnections, including fluctuations in wind and 

pressure around the Antarctic continent, the named Antarctic Oscillation (SANTOS and FRANCO, 2011). 

Environmental solutions involve first of all the knowledge of the dynamics of the climate process so that we can interfere 

with social, economic and political behavior of the society in the pursuit of sustainability desired. Specifically in 

northeastern Brazil, the Caatinga biome is considered one of the most sensitive, requiring environmental education 

associated with government actions to protect this biome (OYAMA and Noble, 2003). 

The interior of Bahia suffered, between December 2011 and March 2012, a drought quite intense, at a time when the rains 

were expected in the region. The Bahia's government estimates that losses from drought in this state have reached close to $ 

50 million dollars. The dry grasslands heavily prejudiced the flock of goats in Bahia, the country's largest with 15 million 

head. 

Less used than the ENSO, the Antarctic Oscillation (AAO) has been shown to be a useful tool in predicting droughts that 

affect mainly the agricultural and livestock activities (SANTOS and FRANC, 2012). In this work, the AAO and ENSO 

indices are evaluated as possible indicators of scenarios of climate extremes on Brazilian Northeast. The methodology used 

herein is unprecedented and can be extended and applied to other regions of the globe (REASON and ROUAULT, 2005). 

Another aim of this study was to document the connection between the fluctuations of rainfall in the Amazon and 

northeastern Brazil, which occur as a climatic seesaw. 

2. METODOLOGY 

For some time the oscillations of ENSO have been used to explain climate fluctuations in both in the Northeast as in the 

South of Brazil (SANTOS and FRANCO, 2011). Our study has added the analysis of Antarctic Oscillation (AAO), aiming 

at a better understanding of these fluctuations and their effects on drought in Northeast Brazil. The time series of the AAO 

monthly index was obtained from the website of NOAA / NCEP / CPC, and was used to highlight the months with positive 

and negative indices. Similarly, the index MEI (Multivariate ENSO Index), obtained on the website of NOAA / ESRL, was 

used as an indication of positive and negative phases of the ENSO (WOLTER and TIMLIN, 1993 and 2011).  

In this study was used precipitation data from the Reanalysis NCEP / CFSR, obtained by the assimilation of data from the 

rainfall network coupled with remote sensing data (SAHA, 2010). This enabled a robust analysis of rainfall in the Brazilian 

semiarid region, contributing to a climate study done within a scenario of great spatial and especially temporal consistency. 
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Averaged monthly fields of precipitation over South America and nearby oceans were used to obtain weighted averages, 

and this weighting was made both by the AAO index as the MEI index. For the last quarter of 2011 and the first quarter of 

2012, positive and negative indices of each teleconnection pattern were separated. Initially, for a given index and phase, the 

weighted average monthly precipitation is calculated using the index itself as a weighting factor. This done separately for 

the positive and negative phases of the index, it was subtracted the results obtained in the positive and negative phases, thus 

showing the possible connection between the standard teleconnection studied and rainfall observed. 

3. RESULTS 

The aridity of the interior of the Northeast Brazil is due to several natural processes such as subsidence of the South 

Atlantic Subtropical High, and due to anthropogenic processes such as intensive monoculture and deforestation of the 

savanna over the centuries. Importantly, the vulnerability of the Caatinga to effects of the climate change is an additional 

forcing, accelerating the process of desertification in this region. 

In the Amazon Basin the past seven years, the two biggest droughts in history in the region in 2005 and 2010, and the two 

major floods in 2009 and 2012, have been associated with ENSO. The semiarid northeast, although in the same latitudinal 

belt, receives much less rain in its wet season. Fluctuations in rainfall in Northeast Brazil, including in Bahia, would be 

subject to ENSO and the Antarctic Oscillation, both roles sometimes supporting, sometimes opposite.  

Although highly variable on interannual scale, the rainy season in the interior of northeastern Brazil goes from October to 

April each year, as shown in Figure 1, generated by the superposition of the annual cycles of precipitation from the 

reanalysis of NCEP/CFSR in grid point 17.5 º S and 42.5 º W, from 1979 to 2011. Figure 2 shows the framework of the 

drought from the monthly precipitation anomalies in Bahia in the period June 2011 to May 2012. It is seen that from 

December 2011 to April 2012 the region was very dry, being this period of time when rainfall was expected. 

 

Figure 1: Annual cycle of precipitation (mm/month) form 1979 to 2011, in a grid point of the interior of Bahia state 

(latitude 17.5S; longitude 42.5W). Source: NCEP/CFS Reanalysis. 

 

Figure 2:  Anomalies of the monthly precipitation from June 2011 to May 2012. 

Source: CPTEC / INPE / Brazil. 
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Aiming to assess the extent of drought in the interior, Figure 3 shows the anomalies of precipitation in the period from 1982 

to 2011. It is seen that the cycle of rain in Bahia is characterized by many fluctuations, complicating the management of 

agropastoral production in the region. The analysis of Figure 3 allows highlighting salient dried in 1988/1989 (Figure 3a) in 

1993/1994/1995 (Figure 3b) and 2002/2003/2004 (Figure 3c). 

(a)                                                                                                   (b) 

  

(c)  

 

Figure 3: Temporal series of the precipitation anomalies in the interior of Bahia, for the periods (a) June 1982 – May 1992;  

(b) June 1992 – May 2002; June 2002 – May 2012. Unit: mm per month. 

Source: NCEP/CFS Reanalysis. 

 

 

Figure 4 shows the behavior of the Antarctic Oscillation Index (AAO) from June 2011 to May 2012. Figure 5 shows, for 

the same period, the behavior of ENOS through the index Multivariate ENSO (MEI). While the AAO presented an 

oscillating character in this one year period, the MEI index was almost entirely negative, which corresponds to the phase of 

La Niña. 

 

Figure 4: Daily temporal series of the Antarctic Oscillation from 1th  June 2011 to 31 May 2012. Source: NOAA/NCEP/CPC. 
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Figure 5: Temporal series of the monthly Multivariate ENSO index (MEI) for June 2011 to mai 2012. Positive (negative) values 

correspond to El Niño (La Niña). 

Source: NOAA/ESRL. 

 

Figure 6 refers to the connection between ENSO and rainfall in the tropical South America between October and December 

in the analyzed period from 1979 to 2011. It is seen that episodes of El Niño (MEI> 0) correspond to periods of drought in 

the Amazon as well in the Brazilian Northeast, while La Niña episodes (MEI <0) bring rain in both regions. Figure 7 shows 

the same index, but for January to March. In this case, appears a seesaw pattern in the climate teleconnection. Thus, rainfall 

in the Amazon due to La Niña coincides with periods of drought in some areas of the Northeast, especially in Bahia. 

 

Figure 6: Difference for ENSO in warm phase minus cold 

phase in October-November-December for the precipitation 

in the tropical sector of South America. (Unit: mm/month). 

Source: NCEP/CFS Reanalysis.  

 

Figure 7: As in figure 6, but for January-February-

March.  

 

The figures 8 and 9 refer to the connection between the AAO and rainfall in tropical South American sector. Just as the 

ENSO, the AAO connects differently in the period October-November-December compared with the January-February-

March. When the AAO is in its positive phase (negative) between October and December, stimulates the rain (drought) 

both in the Amazon and in the Northeast, but in the period from January to March, the AAO positive (negative) brings rain 

(drought) the Amazon and dry (rain) to the northeast. 

4. CONCLUSIONS 

Based on the rainfall data obtained by the assimilation of rainfall data and remote sensing, it was possible to detect that, 

although the drought of 2011/2012 has been intense, other episodes of negative anomalies of rainfall have occurred 

cyclically over the past few years. 
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Figure 8: Difference for AAO positive minus negative in 

October-November-December for the precipitation in the 

tropical sector of South America. (Unit: mm/month). 

Source: NCEP/CFS Reanalysis.   

 

Figure 9: As in figure 8, but for January-February-

March.  

 

This study showed some relationship between the drought that occurred in Bahia recently, and the teleconnection patterns 

El Niño - Southern Oscillation (ENSO) and Antarctic Oscillation (AAO). Although the Amazon be so far from Antarctica, 

the results suggest the importance of studying other forms of climatic teleconnection than the ENSO. For example, the 

Atlantic dipole is an index that should be included in analyzes of drought in Brazil. 

This study also found that, in the quarter January-February-March, while the ENSO or the AAO imposes positive 

(negative) rainfall anomalies in Amazonia, the northeast part of Brazil, especially the interior of Bahia shows negative 

anomalies (positive) . This result indicates the existence of a climate seesaw between the Amazon region and the interior of 

Northeast Brazil. On the other hand, in the quarter October-November-December, the anomalies of the precipitation have 

the same sign in both the Amazon and in the Brazilian Northeast, not shaping up so the seesaw observed in the quarter 

January-February-March. These results assert the need for further research on the climatic teleconnections and their 

impacts on regions prone to desertification. 
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ABSTRACT: The paper presents the results of a pilot exercise to test proposed impact indicators for the United Nations 

Convention to Combat Desertification (UNCCD) Performance Review and Assessment of Implementation System (PRAIS). 

Eleven countries of all UNCCD Regional Annexes undertook the testing in 2011. Four criteria were developed and applied 

to assess reporting by Parties on the UNCCD Impact Indicators, including evidence of reporting, link to indicator purpose, 

link to national priorities, and time series. The results suggest that the level of successful reporting was high for the two 

mandatory indicators (Indicator III and Indicator IX), and the non-mandatory Indicator VI ‘land degradation’ (Table 2).  This 

suggests that Parties participating in the Pilot study have the technical capacity and data to report to these indicators. A lower 

but nevertheless satisfactory level of successful reporting was found for Indicator II ‘land use’, Indicator IV ‘food’, Indicator 

VIII ‘drought index’ and Indicator XI ‘SLM’. This level of reporting suggests that Parties have the potential to report against 

these indicators but that they could be further refined in light of the difficulties raised by some countries. The low level of 

successful reporting by Parties on Indicator V ‘soil capacity’, Indicator VII ‘biodiversity’ and Indicator X ‘carbon’, suggests 

that these three indicators in their current form are problematic and may not be suitable unless substantially revised.  

Keywords: UNCCD, national reporting, impact indicators 

INTRODUCTION 

Reporting on indicators by affected country parties is an integral part of the United Nations Convention to Combat 

Desertification’s (UNCCD) Performance Review and Assessment of Implementation System (PRAIS); a country-driven 

approach for assessing progress on the ground and informing locally explicit management interventions. The biophysical and 

socio-economic UNCCD impact indicators assess progress against the strategic objectives 1-3 of the 10-Year Strategic Plan 

and Framework: (1) to improve the living conditions of affected populations; (2) to improve the condition of affected 

ecosystems; and (3) to generate global benefits through effective implementation of the UNCCD.  

In 2011, eleven countries (including all Regional Annexes) piloted the proposed impact indicators as part of the scientific 

refinement process. The United Nations Environment Programme World Conservation Monitoring Centre (UNEP-WCMC) 

was commissioned to provide technical support and backstopping for this Pilot, under the leadership of the UNCCD 

Secretariat and with guidance from the UNCCD’s Committee on Science and Technology (CST) Bureau. 

The Pilot took place between July and October 2011, with participation from Algeria, Argentina, Armenia, China, Colombia, 

Mexico, Portugal, Senegal, Spain, South Africa and Tunisia. It involved a series of multi-national and national activities 

which aimed to produce evidence, examples and recommendations on national reporting against the impact indicators. 

The Pilot aimed to review the UNCCD’s impact indicators which have been developed in line with the Convention’s 10-year 

Strategic Plan and its newly adopted results-based management approach which is now used to monitor and assess 

implementation of the Convention in addressing sustainable land and ecosystem management, poverty reduction and 

delivering global environmental benefits.   

The Pilot produced evidence, examples and recommendations on the feasibility of the use of the impact indicators for 

national reporting by:   

 Assessing the availability of relevant data for the proposed indicators and their metrics/proxies in the countries 

participating in the Pilot; 

 Assessing existing and proposed methodologies for the collection and analysis of relevant data for the proposed 

indicators and their metrics/proxies in the countries participating in the Pilot;  

 Considering the feasibility of aggregation of the results from the proposed indicators and their metrics/proxies in 

the countries participating in the Pilot to the global level; 

 Ascertaining the capacity gaps that need to be addressed; and 

 Identifying what institutional arrangements already exist and/or would be necessary at national level for successful 

compilation, validation and reporting of indicators.   



The assessment of the pilot study outcomes was based on four sources of information and analysis: 

 Analysis of the completed indicator reporting templates supplied by participating countries. 

 Analysis of e-SMART indicator assessments supplied by participating countries. 

 Analysis of national pilot study reports following a provided template. 

 Knowledge and experience of UNEP-WCMC staff involved in facilitating the Pilot study, which is also reflected 

in the multi-national workshop outcomes and reports, and documentation of discussions held during the course of 

the exercise.  

Four criteria were developed and applied to assess reporting by Parties on the UNCCD Impact Indicators (see Table 1):  

1. Evidence of reporting – assessed whether a Party had reported on the indicator or not; 

2. Link to indicator purpose –assessed the link between the metric reported and the purpose of the indicator; 

3. Link to national priorities – assessed the link between the metric and its relevance to national priorities; and  

4. Time series – assessed the use and availability of time series data.  

 

Table 1 Assessment criteria and colour coding used to rank the level of performance in indicator reporting 

  Reporting Link to 
indicator 

purpose 

Link to 
national 

priorities 

Time series 
available 

1 Nothing reported No -- -- -- 

2 

 

Reported but (a) not relevant to indicator 
purpose, and (b) no clear link to national 

priorities 

Yes No No -- 

3 
Reported and either (a) relevant to indicator 
purpose, or (b) clear link to national priorities 

established 

Yes Yes/No Yes/No -- 

4 
Baseline established (turns to green if no 

time series required) 
Yes Yes Yes No 

5 

Time series reported on proposed indicator 

and clear link to national priorities 

established 

yes Yes Yes Yes 

 

RESULTS 

Based on these assessment criteria (Table 1), the results of the Pilot suggest that the level of successful reporting was high 

for the two mandatory indicators (Indicator III and Indicator IX), and the non-mandatory Indicator VI ‘land degradation’ 

(Table 2).  This suggests that Parties participating in the Pilot study have the technical capacity and data to report to these 

indicators. 

 

A slightly lower but nevertheless satisfactory level of successful reporting was found for Indicator II ‘land use’, Indicator IV 

‘food’, Indicator VIII ‘drought index’ and Indicator XI ‘SLM’. This level of reporting suggests that Parties have the potential 

to report against these indicators but that they could be further refined in light of the difficulties raised by some countries. 

 

The low level of successful reporting by Parties on Indicator V ‘soil capacity’, Indicator VII ‘biodiversity’ and Indicator X 

‘carbon’, suggests that these three indicators in their current form are problematic and may not be suitable unless 

substantially revised. Specific problems that would need to be addressed included (a) lack of biodiversity and carbon data, 

(b) problematic methodologies for assessing carbon and (c) unclear definitions. 

 

Table 2 Summary results of assessment of reporting by Parties on the UNCCD Impact Indicators (the two mandatory 

indicators are highlighted); the colours and numbers refer to the ranking of table 1.  

Name of the indicator China Armenia Colombia Senegal South 

Africa 

Spain / 

Portugal 

Tunisia Mean % Parties 

with ≥ 
minimum 

reporting 

I Water availability per 
capita 

        57% 

II Change in land use         57% 



Name of the indicator China Armenia Colombia Senegal South 
Africa 

Spain / 
Portugal 

Tunisia Mean % Parties 
with ≥ 

minimum 

reporting 

III Proportion of the 

population living above the 
relative poverty line 

        71% 

IV Food consumption per 
capita 

        57% 

V Capacity of soils to 

sustain agro-pastoral use 
        29% 

VI Degree of land 
degradation 

        86% 

VII Plant and animal 

biodiversity 
        43% 

VIII Drought index         71% 

IX Land cover status         86% 

X Carbon stocks above and 

below ground 
        43% 

XI Land under Sustainable 
Land Management (SLM) 

        43% 

 

However, when assessing the indicators individually, doubts and problems were raised by the Pilot countries as to their 

effectiveness and relevance. In addition, during the Pilot, not all Parties reported on all indicators (primarily those that were 

non-mandatory). The exact reasons for the low level of reporting by some Parties on some indicators remain insufficiently 

understood.  

 

POLICY-ORIENTED RECOMMENDATIONS 

The results of the Pilot have led to the following recommendations: 

 Allow flexibility in reporting on non-mandatory indicators  

o The results suggest that some Parties are unable to report on some indicators and therefore either chose 

not to report, or provide data that does not match the specified metric. An option to address this could be 

to allow Parties to report on an alternative metric if they are unable to report on the standard metric. In 

this case where Parties choose to report on the alternative metric, they would be required to clearly 

demonstrate how it relates to the purpose of the indicator and also outline the exact reasons for choosing 

to report on an alternative metric.  

 Improve understanding of indicators as a set 

o The results suggest that logical and functional linkages between indicators may not exist or are not well 

understood by Parties. This is an area that could therefore be improved.  

 Improve understanding and application of definition of affected areas 

o The results suggest that in general, the Pilot countries lack data that are spatially explicit to affected 

areas, i.e. if the data cover affected areas, they also include adjacent areas, which cannot be easily 

differentiated. Further, definitions for affected areas vary across Parties, possibly reflecting differences 

in national circumstances/priorities and in the interpretation of what is considered an affected area. It is 

recommended that (a) the usefulness of rural areas, as a proxy for affected areas, is further investigated; 

and (b) Parties are requested to specify definitions for affected areas during the second leg of the fourth 

reporting and review process.  

 Improve guidance available to assist Parties with reporting 

o Further technical assistance could be provided to Parties to strengthen their capacity to report against the 

impact indicators. Actions that could be considered include:    



 strengthening the institutional arrangements of the Regional Reference Centres; 

 promoting the Reference Centre ‘Training-of-trainers model’; 

 providing detailed manuals and web-based training modules;  

 raising awareness among national focal points of available information; 

 involving science and technology correspondents (STC) in cross-disciplinary communication; 

 promoting cross-disciplinary collaborations on DLDD, interdisciplinary events and documents 

outlining the interdisciplinary aspects of DLDD and implications for UNCCD; and  

 making a dedicated helpdesk available throughout the reporting period which could also 

promote the cooperation between Parties and global indicator partners. 

 Undertake further research relating to reporting patterns 

o As the Pilot considered only a small number of countries and not all countries provided full reports, 

these results should be seen as indicative rather than conclusive and it is recommended that a more 

detailed analysis of reporting patterns during the second leg of the fourth reporting and review process is 

undertaken to verify these conclusions.  

o Further studies to understand the complexities of the underlying drivers of the low levels of reporting on 

individual indicators could also be useful to identify and assess the reasons for both non- or poor-

reporting rates.  

 

Following the impact indicator pilot study UNEP-WCMC was commissioned to contribute to the revision of the template 

and reporting guidelines for Strategic Objectives 1, 2 and 3 (http://www.unccd.int/en/programmes/Reporting-review-and-

assessment/Documents/ACP%20template_Final_ENGLISH_.pdf) to ensure that lessons learnt during the pilot study were 

taken into account. This work was carried out under the leadership of the UNCCD Secretariat and with guidance from the 

UNCCD’s CST Bureau. 

 

CONCLUSIONS 

UNCCD Parties reported for the first time on the SO 1, 2 and 3 during the 2nd leg of the fourth reporting and review process 

in 2012. In the absence of a global support programme for UNCCD Parties but recognising the challenges associated with 

reporting, particularly on SO 1, 2 and 3, the UNEP/GEF Umbrella project assists 57 countries to undertake a rigorous 2012 

reporting process. UNEP-WCMC was contracted to provide a helpdesk function and a limited amount of online technical 

assistance for national stakeholders to meet minimum requirements in delivering reports.  

 

By November 2012, 44% (73 out of 168) of affected country Parties had submitted their national reports, suggesting that 

Parties experienced some challenges in preparing and submitting their reports. A survey of non-reporting Parties is currently 

being conducted and information provided in submitted national reports analysed to provide a detailed understanding of 

challenges experienced during the 2012 reporting and review process, in particular for reporting on SO 1, 2 and 3. 

 

The implications of these findings and outcomes of the UNCCD pilot study for the iterative scientific review process of the 

indicators and planning of the 5th reporting and review process will be discussed. 

 

 

 

http://www.unccd.int/en/programmes/Reporting-review-and-assessment/Documents/ACP%20template_Final_ENGLISH_.pdf
http://www.unccd.int/en/programmes/Reporting-review-and-assessment/Documents/ACP%20template_Final_ENGLISH_.pdf
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Enabling Policies for Supporting Local Area Development Initiatives to 

Combat Desertification, TPN-6 of UNCCD for Asia and the Pacific 
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ABSTRACT: Thematic Program Network 6 (TPN6) "Assistance for the Implementation of Integrated Local Area Development 

Initiatives" is aimed at promoting bottom-up & participatory approach through involvement of community based stakeholders on 

mitigating issue of drought and desertification. Member countries of TPN-6 include China, Fiji, India, Indonesia, Iran, 

Kyrgyzstan, Lao PDR, Lebanon, Mongolia, Pakistan, Philippines, Samoa, Sri Lanka, Syria, Tajikistan, Thailand, Uzbekistan, 

Viet Nam and Yamen. Review of national policies, programmes and plans of TPN-6 member countries that specifically support 

local area development was conducted. Better solutions for future were suggested. The main inputs were provided by some of the 

TPN-6 member states for which a questionnaire was developed and circulated among the focal points of TPN-6 member 

countries. A regional consultative workshop was organized at Islamabad in July 2008 to disseminate findings of the study to 

stakeholders including those representing regional countries. State Forestry Administration, China was visited in November 2012 

to get further information. China’s Agenda 21, desertification related national policies and main programs and projects of Fiji, 

India, Pakistan, Lao PDR, Lebanon, Philippine, Syria, Thailand, Vietnam and Yemen were particularly discussed with respect to 

encouraging community participation & Community Based Organizations (CBOs)’ role in Desertification, Land Degradation and 

Drought (DLDD) and Sustainable Land Management (SLM) related programs & recognizing gender aspect; decentralization of 

land management; access to land and land tenure reforms; micro-credit, subsidy & financial support; recognition of societal 

solutions & encouraging indigenous / traditional knowledge and market access. Impacts of such policies, possible financing 

sources and recommendations for future policies were also discussed. Options for mobilizing further resources for DLDD were 

discussed. 

Keywords: Policies, desertification, local-area-development 

1. INTRODUCTION 

Desertification and land degradation adversely impacts large human population especially people in dry lands and fragile 

ecosystems like deserts. Process of combating desertification requires a holistic approach by Governments in direction of poverty 

alleviation and sustainable management of natural resources including land and water. The United Nations Convention to 

Combat Desertification (UNCCD) in those countries experiencing serious drought and /or desertification has provided the 

platform to negotiate on and take necessary measures in the member countries. Nevertheless, the poor are both agents and victims 

of desertification, it is imperative that mechanisms for decentralized institutional arrangement and economic incentives be 

developed to assist the poor in managing natural resources; land in focus.  

There exists a very strong realization among all UNCCD-member countries, and among all stakeholders within each member 

country, that the goal of sustainable development can only be reached when the national programs and plans are transformed into 

“local actions” at community level. In true sense, the objectives of UNCCD are achievable only when we "Think of 

Desertification globally", "Plan for combating desertification nationally" and "Act for sustainable land management locally". 

Most of the countries in the Asia region have been focusing on local areas development through laws and policies and provide 

enabling environment for combating desertification. Local actions to combat desertification essentially require close coordination 

with the affected communities, and encouraging their participation at all levels of decision-making. Thematic Program Network 6 

(or TPN6) is narrated as "Assistance for the Implementation of Integrated Local Area Development Programs Initiatives" and is 

being hosted by the Government of Pakistan. TPN-6 was formally launched in a regional meeting in Islamabad in 2004. It is 

aimed at promoting bottom-up & participatory approach through involvement of community based stakeholders on mitigating the 

issue of drought and desertification. The meeting at Islamabad adopted the decision to provide guidance for initiating and 

operating the TPN-6 activities in the following three measures: (i) Promotion of enabling policies for local area development 

initiatives (LADIs); (ii) Community driven LADIs; and (iii) Network and partnership building. The inputs to the subject study 

were provided by the TPN-6 member states for which a questionnaire was circulated among the focal points of TPN-6 member 

countries. Draft report was publicized on TPN-6 website in March 2008 for comments and suggestions. Different stakeholders 

sent their valuable suggestions for improving the draft report. A regional consultative workshop was organized at Islamabad on 

7-8 July 2008 to disseminate the findings of the consultant to all stakeholders including those representing regional countries. 

2. ENABLING POLICIES OF TPN-6 MEMBER COUNTRIES 

The key components and elements of enabling policy measures for LADI in the context of UNCCD may be as follows: 

2.1 Encouraging community participation & community based organizations’ role in development programs & 

recognizing the gender aspect 
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The inherent ability and willingness of people to improve their lot, do many things themselves and invest their own resources, is 

the underpinning assumption of community participation in development programs. Most of the time, a catalytic organization, 

mostly some NGO is needed to mobilize and organize communities to stimulate effective need and its solution identification. The 

organizations of the communities provide them a platform and confidence to invest, partly or fully in community development 

programs. If the community organizations are involved in planning, designing, implementation and monitoring of projects, it 

gives them a sense of ownership and helps in sustaining the implemented activities. Ideally male as well as female members of 

the communities may be involved in the process. If the policies contain this component, it indicates that these are more helpful in 

encouraging LADIs. Examples of such initiatives in policies, strategies and action plans of TPN-6 member countries are as 

follows: (i) China’s Agenda 21 is aimed, in accordance with the general objective, to coordinate and organize various sectors, 

local governments, civil societies and the whole nation to take action on the realization of the plan to increase per capita GNP 

output value. In accordance with legal regulations, it is compulsory for each of the Chinese citizens to plant 3-5 trees annually. If 

he or she cannot plant trees due to some genuine reasons, e.g., they are disabled persons then they will have to pay an amount of 

Rs.60 RMB to the government each year for planting trees. (ii) One of the focus areas of Fiji’s National policy is to formulate 

National Rural Land Use Plan to enhance landowners’ participation in commercial use of their land resources. (iii) Community 

participation has been mentioned in all the desertification related policies of India. (iv) Agricultural policy of Lao PDR 

establishes Cooperative farming system. One of the objectives of National water supply sector policy is community awareness 

and participation. Forestry strategy to the year 2020 encourages villagers' participation for sustainable forest management. 

National Action Plan to Combat Desertification (NAP) focuses on strengthening local capacities in the planning and 

implementation of water conservation works, including training of Provincial and District staff by providing technical support to 

local communities and public awareness campaigns aimed at enhanced community mobilization. (v) National Lebanese 

Strategies recommends community participation and empowerment. The social development and infrastructure mainly for 

women, children and the disabled is treated as a component in Community Development project which is one of the key policy 

documents. (vi) The National Environment Policy of Pakistan encourages building strategic partnership with civil society 

organizations for effective environmental management. It states that the concept of participatory approaches and practices shall 

be included in the curriculum of environmental education. National, Provincial and District level conservation strategies provide 

guideline and measures to involve community in decision making. Poverty Reduction Strategy states that community services 

would be one of the major activities. Devolution of Power agenda allows involvement of community citizen boards (community 

based organizations) in the development program and equal representation of women in each council. Forestry Sector master Plan 

was adopted for years 1993-2018 for providing strategies for involving local communities in natural resource management and 

providing framework for NGOs and local communities for making investments for the sustainable management of forest 

resources. Projects under the plan follow approaches for sustainable forest management with the involvement of local 

communities. NAP was developed through a participatory process. It emphasizes on bottom up approach. (vii) National Strategy 

and Action Plan on Philippine Biodiversity and Philippine Agenda 21 recognize the Watershed Domain of the Indigenous 

Communities and encourage wider and closer participation of NGO, Private Organizations, and other private sector groups in 

land use and management planning. (viii) The policies and strategies of Syria allows cooperatives extant in the Baddia and in 

theory these coops have responsibility for given parcels of land, in fact their main role is to provide credit / feed to the Bedouin 

and they play no role in land management. The coops are strongly linked to the Peasants Union, a powerful political force in 

Syria, who is largely in favor of maintaining the Baddia as open access, and have suggested that current degradation is due to 

climate change and not to land tenure of poor rangeland management. Cooperative groups of graziers, supposedly act together to 

manage resources and gain access to subsidized feed and water. (ix) Syria’s programs under 11th five year plan (2011-2015) 

consider enhancing the role of local communities and local authorities in making decisions related to land degradation and 

combat desertification. (x) National policies of Thailand emphasize on people participation in restoration, conservation and 

development of land. 

2.2 Decentralization of Land Management 

In general, “decentralization” means the transfer of central or provincial governments’ authorities to local governments and 

institutions. It enables the local people to take decisions more conducive to meeting the specific local needs. By involving the 

local people in decision making on land management, it motivates the local people to own the work being implemented, mange it 

by their own, be more accountable and transparent so that it is sustainable. The policies and legislation granting rights of 

ownership and management of natural resources to the villagers enhance the chances of managing natural resources in more 

sustainable manner and more effectively responding to variable climatic conditions and socio-economic shocks. Related options 

described in policies of TPN-6 member courtiers are as follows: (i) As per forest policies of Lao PDR and instructions of Prime 

Minister Decree # 186, land and forest is to be allocated at local level and categorized into slash and burn cultivation areas and 

deforested land and natural forest. To reduce impact of slash and burn cultivation areas and deforested land and to aid in the 

recovery of vegetation, it is allocated mainly to households for reforestation and introduction of cash crops. (ii) Pakistan’s 

Devolution of Power agenda allows decentralization of power to local level institutions, village, Union and Tehsil councils. (iii) 

Policies of Vietnam promote strong decentralization for local level and strengthen coordination roles for activities integration at 

central and field level. (iv) Policies of Yemen encourage the societal participation in Natural resource management. Poverty 

alleviation strategy focuses on supporting women and youth roles for conserving the environment. Women and environment 

strategy aims to give women priorities in poverty alleviation programs, improve living conditions, training and illiteracy removal. 



 

3 

 

 

2.3 Access to Land and Land Tenure Reforms 

The rapid privatization may cause effects detrimental to land. The creation of fences in the privatized land may obstruct nomadic 

pastoralists’s traditional grazing patterns and cause unbalanced overgrazing and increased desertification and land degradation. 

Some privatized forest land may be converted to residential areas. Therefore, access to land is regarded as more important than 

the ownership of land. The application of user fees for public and communal land creates significant impacts on the rural 

villagers’ access to land. Similar opportunities mentioned in policies of TPN-6 member countries are as follows: (i) One of 

China’s policy to support LADI is the auction of “four barrens” (barren hills, barren gullies, barren sand-lands and barren waste 

lands) under China's “One who plants trees is the one who will manage them and benefit from them” programme. Reportedly, 

millions of hectares of marginal farmland of serious sandification have been converted for tree planting and grass growing. On 

the basis of public ownership, grassland has been divided to various households under contracted responsibility and household 

livestock rising is supported with socialized services. Individuals can use government’s land for DLDD control; they will get 60 

RMB per moo (15th part of a hectare). Private companies can use the government’s land for DLDD control free of cost, they will 

get tax rebate. Everybody is responsible to make contribution to greening the motherland and combating land desertification. (ii) 

Allowing access to land by the landless rural poor is the aim of National Land Reforms policy of India. National Forest Policy 

became a major instrument in introducing co-managing forest in partnership with the people. (iii) As per forest policies of Lao 

PDR and instructions of Prime Minister Decree # 186, the natural forest is allocated to villages to inspire proper management and 

conservation of forests. The instruction recognizes customary rights of land uses, while having ultimate control over their use. 

(iv) National policies of Thailand support farmers to have adequate land for livelihood by implementing a comprehensive land 

utilization policy and optimizing the use of idle land. 

2.4 Micro-credit, Subsidy & Financial Support: 

Small loans to the community for financing income generating activities can be an effective and efficient way to encourage 

LADIs. The experience in the micro-credit indicates that the poor are bankable and micro-credit is key tool of ensuring 

improvements in income and sustaining LADI. Some of the similar initiatives stated in policies of TPN-6 member countries are 

as follows: (i) The Government of China has provided financial subsidy for the construction of ecological forests. Policy actions 

on banning free-grazing, and practicing seasonal and rotational grazing, on seriously degraded grassland has been taken, for 

example, by providing funds for fencing, vegetation enrichment and subsidized grass seeds, subsidized food grains. (ii) As a 

policy micro-credit was introduced in Pakistan, mainly through RSPs, Pakistan Poverty Alleviation Fund and Khushhali Bank. 

(iii) Policies of Syria allow provision of necessary micro-credit at subsidized rates to cooperative groups. 

2.5 Recognition of Societal Solutions & Encouraging Indigenous / Traditional Knowledge: 

Most of the times, the societies provide some solutions to their problems. If their capacity is built in a proper way, better 

solutions are identified. Incorporating local and traditional knowledge in policies and on-the ground action is also helpful in 

LADI. Similar policy options in TPN-6 member countries are as follows: (i) Encouraging the use of traditional practices and 

wisdom is mentioned in National Agriculture Policy and National Environment Policy of India. (ii) NAP of Lao PDR describes 

study on local vulnerability reduction measures building on the considerable local knowledge and coping mechanisms for 

prevention and mitigation measures of drought management. (iii) One of the focus areas of National Forest Development Policy 

2005 (Samoa) is to manage and promote replanting of indigenous forest trees. (iv) Watershed policy of Yemen focuses on 

reactivate traditions related to natural resource management and developing traditional grazing system. 

2.6 Market Access: 

The rural farmers are often remote from major national or even local markets. Their produce is often perishable and farmers do 

not have sufficient technology and / or means to store, process the produce for selling in to the remote market. The transportation 

system is also not easily available. Introducing the component of market access is also helpful in LADI. All member countries of 

TPN-6 are trying to improve market access of villages. One of the programs of India aims at connecting every habitation with a 

population of over 500 persons through all weather roads. 

3. POLICY ORIENTED RECOMMENDATIONS 

Some of the policy oriented recommendations are as follows:  

(i) In accordance with legal regulations, it should be compulsory for each of the citizens above the age of 10 years to plant 1-5 

trees annually and they should be provided government land and forest plant saplings free of cost for the purpose. If he or 

she cannot plant trees due to some genuine reasons, e.g., they are disabled persons then they will have to pay an amount to 

the government each year for planting trees. One who plants trees should be the one who will manage these and benefit from 

these. 

(ii) Government’s grassland should be divided to various households under contracted responsibility for DLDD control, with the 

preference for the poor and provided long term subsidy. Private companies should be allowed to use the government’s land 

for DLDD control free of cost, they should also get tax rebate. 
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(iii) The policies should recommend community participation from planning to monitoring of activities and their empowerment 

by forming Community Based Organizations (CBOs) for supporting LADI to combat desertification. 

(iv) Concept of DLDD control through participatory approaches and practices should be included in the curriculum of 

environmental education. Policies may introduce co-managing public forest in partnership with the people with preference 

for the poor recognizing customary rights of land uses and getting benefits, while government having ultimate control over 

their use. 

(v) Policy actions on banning free-grazing, and practicing seasonal and rotational grazing, on seriously degraded grassland 

should be taken, for example, by providing funds for fencing, vegetation enrichment and subsidized grass seeds, subsidized 

food grains. 

(vi) As a policy micro-credit on subsidized rates should be introduced in a country for supporting LADI to combat 

desertification, mainly through NGOs and banks. Policies should have measures to promote replanting of indigenous trees. 

4. CONCLUSIONS 

Policy measures can be helpful in efforts to control DLDD. China has adopted many such policies. Other member countries of 

TPN-6 of UNCCD for Asia and the Pacific have also adopted some policy measures that are helpful for supporting LADIs to 

combat desertification. Each country needs to improve its policies after considering the best examples of other countries and 

considering its local conditions. 
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Flash flood mitigation and water harvesting in Wadi Al-Khoud, Sultanate of 
Oman 

Youssef Sherief, Assistant Professor, Geography department, SQU University. Oman sherief@squ.edu.om 

Abstract: Arid and semiarid regions are increasingly suffering from water resource shortage as a result of population 
growth, urbanization, and global warming (AL-RAWAS, G. and VALEO, C., 2006). Oman is one of several countries 
located in an arid zone that is subjected to flash flooding Records show that major flash floods occurred in Oman in  2003, 
2005, 2007, 2010, and 2012. Wadi Oday, Wadi Al-Kabir, and Wadi Al-Khoud (photo 1, 2) are the main wadis that have 
experienced flash floods with major damage to people and property. On the other side,  Oman's water resources are under 
increasing pressure. This could soon lead to a several problems for the development. We need to find the best solution to 
benefit available natural resources. Water harvesting could be one of the best methods in solving decreasing water in the 
area. Although the Flash flood in Oman caused hazards, but at the same time is  considered fresh water resources which we 
can benefit from it. In fact, Floodwater harvesting could be a major solution in providing another conventional water 
resource and at the same time to mitigate flash flood hazard in future. 

Selection of the dams situation is based on several factors such as undertaking physical, socioeconomic, ecological data. The 
methodology  depends on application of geographical information systems and remote sensing techniques using Aster DEM 
to extract drainage network with more details and contour lines 50m which help us to select the suitable sites for 
construction the storage, charging, and protected dams along the main stream of Wadi Al-Khoud, these dams could be 
harvesting water which exists and implementing to charge the sustainable development in the study area. 

Key words: rainfall- water harvesting- flood hazard- hazard mitigation- storage dam  

1. Introduction 

The study area suffers from fresh water scarcity, although it is seasonally subjected to flash floods. These floods often cause 
infrastructure disasters. The aim of this paper is an attempt to determine the suitable sites for construction some dams to 
mitigate flash flood hazards and  benefit from it through floodwater harvesting, it  could be a solution to provide another 
conventional water resource based on GIS and RS to extract stream network from digital elevation model (DEM). 
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Wadi Al-Khoud is one of the important drainage basins occupying the eastern side of Al Hager Mountain in Oman. The 
study area is bounded by latitudes 22°30  and 23°23 N and longitudes 57°45 to 58°23 E, with a total surface area of about 
1740 km2 and consists of Wadi Samael Basin, Wadi Fanga Basin, and Wadi Manah Basin (Fig. 1).

2. Geological setting 

Mountains of Oman are considered from Alpine ranges which formed through Cretaceous period, (GLENNIE, et al, 1974). 
The study area is considered as one of the complex areas in geological settings, located at the old Archean Triangle which is 
composed by igneous, metamorphic and sedimentary rocks. The igneous and volcanic rocks cover at about 55% of the study 
area and consists of Volcanic rocks, basin facies, Intrusives - Peridotite, gabbro, Sheeted dyke complex and Lower 
extrusives, and Dunite where the metamorphic rocks cover nearly 3% of the total area and be found in Amphibolite and 
metasedimentary rocks, while the sedimentary rocks expand on the surface for about 16%. But recent deposits cover 26%; 
they are distributed on delta of Wadi Al-Khoud and alluvial fans, terraces, Wadis deposits and sabkhas. 

Structure geology of study area is very important, whereas it helps to increase the ground water storage through rainfall and 
runoff, The Faults in the eastern and middle parts of Al-Khoud basin have a predominant NE-SW orientation in Wadi Manah 
and Wadi Al Rak, whereas those in the western part of the study area have a predominant NW-SE orientation (Fig. 2). It is 
considered one of the main factors to determine the situation of storage and nourishment dams in the basin. 

3. Climate and hydrological setting 

The climate of Oman is extremely hot and dry most of the year. The highest temperatures are registered in the interior, where 
readings of more than 50° C in the shade are common. On the Study area, sometimes, summer temperatures seldom exceed 
46° C, and  the humidity may be as high as 90 percent due to low elevation in the delta of Wadi Al-Koud, but The mean 
summer temperature in Muscat is 33° C. So, the evaporation and evapotranspiration are mostly more than rainfall. The 
rainfall in Sultanate of Oman is characterized by three categories distributed all over the country; hyper-arid (< 100 mm), 
arid (100 – 250 mm), and semi-arid (250-500 mm). Since water has been very essential in the country, several recharge dams 
have been constructed for retaining some of surface water runoff during heavy rainfall storms in order to recharge the 
groundwater level (Ministry of Regional Municipality and Water Resources, 1998). 

The maximum flow recorded in Wadi Al-Khoud was 2329m3/s in 1950. The mean annual surface flows at the Wadi Al-
Khoud gauge is 8.3Mm3/y with a runoff depth of 9.8mm/y. Comparison between runoff depth at Al-Khoud (9.8 mm/y) with 

Fig (2) Outcrop lithology of Wadi Al-Khoud, the source: Sultanate of Oman, Ministry of Petroleum and Minerals, Directorate 
general of Minerals, Geological map of Oman, 1:500,000, modified by the researcher. 
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the estimated rainfall depth over the upper Samael of 197mm/y (AL-RAWAS, G. and VALEO, C., 2006). The resent dam is 
not sufficient to protect the building area behind it, and the governorate wants to build another dams to keep the flooding 
water and protect the infrastructure. 

4. Data and Methods 

Identification of drainage networks and contour lines within basins or subbasins can be achieved using traditional methods 
such as field observations and topographic maps or alternatively with advanced methods using remote sensing and DEMs 
(RINALDO et al. 1998; MAIDMENT 2002; OZDEMIR and BIRD, 2008). In this study, remote sensing and GIS data were 
used to extract the catchment area, wadi network, and contour lines with interval 50m. It is notice during extract wadi 
network that the best drainage network can be extracted by considering the pixels greater than a threshold of 23 pixels using 
Aster DEM with 40  meter (2008). In Erdas Imagine 11 environment, the image was geometric corrected using UTM, zone 
40 projection, and WGS84 spheroid and datum and converted to grid.  Using ArcGIS 10 environment, wadi network and 
contour lines were extracted using hydrology and surface in spatial analysis tools, Fig. (3).  

5. Results and Discussion 

Remote sensing and GIS have played an important role to extract in the first, outcrop lithology of Wadi Al-Khoud Basin Fig 
(2) using Digital geological map of Oman, and extract wadi networks, and contour lines Fig (3) using Aster DEM 40m 
(2008). Depending on these maps and field work,  we could be selected the narrowest parts of streams from some cross 
section of main stream such as, Samael, Al Rak, Manah, Fanga, and Al-Khoud, and are taken GPS points for these locations 
which   presented in table (1).

wadi Al-Khoud Fanga Al Aaq Samael Al Rak Manah1 Manah2 
Latitude 23°29 23°23 52 23°21 32 23°18 34 23°19 14 23°23 24 23°18 47
longitude 58°6 13 58°6 44 58°6 10 57°56 53 58°12 49 58°8 27 58°9 55

Table (1) Location of selected sites of suggestion dams. 
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It could be selected  the situation of suggested dams as observed from table (1) according to the following factors: kind of 
rocks, direction of faults, socioeconomic activity, drainage density, and hydrological sitting in Al-Khoud basin Fig. (1, 3).

6. Conclusions 
Flood hazard mitigation and rainfall harvesting in Wadi Al-Khoud are very important for sustainable development.  
Hydrological  and climatic studies of Wadi Al-Khoud confirm that the recent dam is not sufficient to protect the building 
area behind it and there must be building series of dams on the main streams of the Wadi. Identification of drainage 
networks and contour lines within basins or subbasins can be achieved using traditional methods such as field observations 
and topographic maps or alternatively with advanced methods using remote sensing and DEM. The study has showed that 
the advanced methods played a huge role to spatial analysis of the Basin such as aspects, slopes, and contour lines with more 
details and several interval  contour line according to Project requirements. The study has confirmed that extraction wadi 
network using Aster DEM 40m is important to determine stream order the catchment area better than other methods 
Fig.(1,3).the advanced GIS and RS methods, in addition, field work, geologic and structure of study area had cleared the 
vision to select the best  7 places for construction storage, charging, and protected dams. Mostly,  these dams will be used  to 
mitigate flood hazard and water havasting  in Wadi Al-Khoud. 
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ABSTRACT: Land pooling system, a two tier urban development technique, is famous among landowners and government 

agencies in the Kathmandu valley, as it pays the development cost, mobilises community for local development, brings a new 

dimension on public private partnership and above all is a bottom-up, consensus building process with win-win situation for 

public and private sectors. However, critical review of the land pooling projects implemented in the valley for more than two 

decades reveals that such schemes are limited to small scale land development with formation of mainly residential plots. They 

are successful only in financing basic urban infrastructure but failure in achieving lively environment and fulfilling the city 

planning goals. The reasons are absence of master plan of valley, inadequate development control to regulate urban growth, poor 

capabilities of Kathmandu Valley Town Development Committee and municipalities and lack of alternative mechanism in 

financing the development cost other than contribution from the benefited landowners.  To reverse this trend, formulation of 

planning standards for layout plan and infrastructure provision and site specific architectural design guidelines for regulation of 

individual building is essential. Participation of central and local governments, public utility providing agencies, private sector 

and non-government organisations is also required not only for cost effective and co-ordinated infrastructure provision but also 

for achieving lively environment and city planning goals.  

Keywords: land pooling, Kathmandu valley, financing infrastructure, urban environment. 

1. OVERVIEW AND STUDY OBJECTIVES 

Land Pooling, a two tier urban development technique comprises of land management and infrastructure allocation (and 

improvement) through assembling the groups of land parcels for unified planning, modifying them in terms of shape, location, 

size with selling some of the new reserved plots to recover the cost of redistribution and then finally returning the remaining 

serviced plots back to the landowners. It is a self-financing method that not only provides plots for private housing and public 

facilities but also brings a new dimension in public and private partnership. Since there is neither financial burden for the 

government nor risk of losing the ownership for landowners (Doebele, 1982; Larsson, 1993), this technique of land development 

is much popular than other modes of land improvement such as ‘site and services’ and ‘guided line development’ programs 

(Archer, 1997). This program has been under implementation in the Kathmandu valley for more than two decades to create 

serviced housing plots and to develop open spaces and community facilities. During this period, nearly a dozen of land pooling 

projects has been completed and many others are on the pipelines (DUDBC, 2003). However, little study has been done 

particularly on critical review from the context of urban development. Against such background, this paper aims to analyse the 

land pooling system of the Kathmandu valley from the perspective of infrastructure provision and planning goals achievement 

with threefold objectives: review of the present land pooling system in the valley, presents its strengths and weaknesses, and 

highlights the root cause of the problems before proposing some key policy recommendations. The study methodology combines 

the literature review, questionnaire survey to the local residents and discussion with staffs of the concerned agencies including 

field visit.  

2. LAND POOLING SYSTEM IN THE KATHMANDU VALLEY 

The government of Nepal’s planned housing, land development and road network improvement in the 1970’s and 1980’s through 

‘site and services’ and ‘guided land development’ could not yield satisfactory results due to intense public protest, delay in 

project completion, huge infrastructure cost, unrealistic plot prices, misuse of down payments and in selection of beneficiaries 

(Shrestha, 2011). It established a new ministry of Housing and Physical Planning as well as enacted Town Development Act in 

1988, which provided the legal basis for implementation of land pooling projects in the Kathmandu valley (HMG, 1988). The 

land pooling system generally consists of three stages. First, the project site is decided either by the planning agency based on the 

feasibility study or by the landowners and tenants themselves (at least consensus of 75% of total numbers) by requesting to the 

government agency. After approval from the public agency, ‘Users Committee’ comprising of the stakeholders and the ‘Project 

Management Committee’ consisting of experts and local officials are formed (Joshi, et. al, 2000). Land division and building 

construction on the site is controlled through an enforcement of moratorium. Also, a ‘Land Management Sub-committee’ is 

formed to review the project’s progress, approves the project’s annual budget and resolves the land related disputes. In the second 

phase, after establishment of project office and finalising of implementing arrangement, land records and cadastral maps of the 

project site are collected. A site survey is necessary to confirm the project boundary and plot area owned by each landowners. In 

many cases, there are discrepancies in the plot area mentioned in the landowner’s certificate and in the actual site, which needs to 

be resolved before preparing any layout plan and deciding infrastructure provision. In addition to these, contribution ratio and 



 

 

 

 

quality of infrastructure provision to be constructed is also decided. Minimum developable plot size allowed is not be less than 80 

sq. m. whereas the minimum street front is generally kept 6 m with plot depth of two and half times the width of the plot. This 

scheme is to be supervised by the ‘Project Management Committee’ and needs to be approved by the government before 

implementation. The last stage is sending of the final re-plotting map to the Survey Office for preparation of new cadastral map 

and of delivering the new land owners’ certificate. For the operation and continuous maintenance, the ownership of the open 

space, park and playground including community structures are transferred to the ‘Users Committee’ whereas the infrastructure 

such as road, drainage, electricity, drinking water and so on are handed over to the concerned line agencies of the government. In 

nutshell, land pooling is not only regarded as one of the best readjustment techniques for planned provision of urban 

infrastructure and supply of land without external investment, but it is also considered as a planning tool to achieve community 

goals and objectives. 

3. STRENGTHS OF LAND POOLING PROJECT 

So far, eleven land pooling projects have already been completed in the Kathmandu valley alone producing a total of 7,184 plots 

for mainly housing from 239.55 ha of serviced land. Another fourteen projects on different location of the valley are on the 

pipelines, which will produce 67,980 number of plots (without plots of the Manahari, Madhyapur Thimi, Bhaktapur) on 1,484.5 

ha of lands (DUDBC, 2003). Both the government and the landowners have benefited from these projects particularly in 

financing urban infrastructure in many ways. First, about 5,980 landowners in the completed eleven land pooling projects have 

contributed 82.27 ha of land in total for road, open space and the reserve plots. All the development costs including infrastructure 

provision were covered from the selling of the reserve plots (18.98 ha in total) to the highest bidder. The government without 

financial burden was able to carry out land development and provide infrastructure whereas all the landowners in lieu of 

contributing some part of their lands were able to receive regular size plot and facilities of vehicular road, open spaces and other 

amenities in their neighbourhoods. As fragmented small parcels of land are consolidated into a new building parcel, there is no 

wastage of land. Despite delay in project implementation and difficulties in the initial stage of the project, majority of the 

landowners are happy to get serviced lands, which are much better than before the land pooling process. Their land values have 

been increased from 300% to 600% (Karki, 2004). Second, development cost of a land pooling project is lower than any other 

type of land development. Land pooling projects are considered for the collective public good and hence no capital gains for real 

estate acquisition taxes are imposed upon landowners who gain acreage because of re-plotting. Landowners, leaseholders and 

other persons within the project area can maintain their everyday life and business activities without interruption during the 

project period. Unlike in site and services, no landowner needs to be displaced from the project site. Acknowledging all these, the 

government is now planning to reduce the consensus requirement of local people from 75% to 51%. Third, as landowners and 

affected persons together with government officials participate in land pooling projects from the early stage, a feeling of 

partnership is evolved among them. In fact, local community mange the open spaces, playground and serviced plots including 

operation of community structures as best illustrated by ‘Gongabu Land Pooling’ project. Sense of ownership is created due to 

sharing of development costs and benefits. Fourth and last, the existing cadastral records and land registration books are updated 

and reorganised. It helps to address land related conflicts such as unclear plot boundary, change in land ownership and tenancy 

rights. It creates an opportunity for simply and inexpensively resurveying land and demarcating new lines. The government’s tax 

revenue improves due to increased land value.  

4. WEAKNESSES IN THE EXISTING LAND POOLING SYSTEM 

Numerous weaknesses of the existing land pooling system in the Kathmandu valley can be grouped into two level: land sub-

division, layout planning, and infrastructure provision at site level and fulfilling planning goals at city scale. First, though the 

completed land pooling projects have contributed about 239.55 ha of land with 7,184 number of housing and other plots in the 

Kathmandu valley (Table 1) so far, this amount of developed land and produced housing plot is insignificant to fulfil huge 

housing demand of the valley and to address the rapid urbanisation (with 6% annual population growth in Kathmandu).  

 

Table 1: Features of Completed Land Pooling Projects in the Kathmandu Valley 

S. No. Project 

name 

Project 

area (ha) 

Total 

plot no. 

No. of 

owners 

Required 

time 

Proposed 

period (yr.) 

Years for 

completion 

Project 

delay (yr.) 

Implementi

ng agency 

1 Sainbu 22.5 760 536 1991-2003 5 12 7 TDC, 

Lalitpur 

2 Dallu 20 691 455 1991-2003 5 12 7 KVTDC, 

Kathmandu 

3 Kamal 

Vinayak 

7.3 205 170 1991-1996 2 5 3 TDC, 

Bhaktapur 

4 Gongabu 14.4 406 376 1988-1996 4 8 4 TDC, 

Kathmandu 

5 Nayabazar 44.25 1569 1312 1995-2003 4 8 4 KMC 

6 Liwali 34 770 667 1995-1998 3 3 0 Bhaktapur 

Municipality 

7 Gopikrishna 10.9 292 242 1995-2002 2 4 2 TDPIC 



 

 

 

 

8 Sinamangal 36 1070 964 1995-2003 4 8 4 TDPIC 

9 Sinchitar 26.9 920 812 1996-2003 4 7 3 TDPIC 

10 Lubhu 13.5 243 207 1993-1996 2 3 1 TDPIC 

11 Bagmai 

Corridor 

9.8 258 239 1992-2001 2 9 7 TDPIC 

 Total 239.55 7,184 5,980      

Note: KVTDC – Kathmandu Valley Town Development Committee; TDC – Town Development Committee; TDPIC – Town Development 

Plan Implementation Committee; KMC – Kathmandu Metropolitan City, MPPW – Ministry of Physical Planning and Works.  Source: 

(KVTDC, 1999, DUDBC, 2003). 

 

The government sector has produced just 8,095 (7,184 from land pooling and 911 from site and services) housing plots during 

1977-2003. There is an increase of 7,500 households every year in Kathmandu along but the annual building permits issued by 

the city accounts only half of this figure. Almost all the land pooling projects were delayed by many years except the case of 

‘Liwali ,’ implemented by Bhaktapur Municipality (Table 1). Those projects executed in the early 1990s namely ‘Sainbu, ‘Dallu’ 

and ‘Bagmati Corridor’ Projects were delayed by 7 years whereas ‘Gongabu,’ ‘Nayabazar’ and ‘Sinamangal’ projects were 

extended 4 years beyond their designated project period. Moreover, about 23% of the serviced plots in the case of ‘Gongabu’ 

Land Pooling project (6 years after the completion of the project) and 86% in the case of ‘Sainbu’ Land Pooling project (2 years 

after the completion of the project) are still vacant due to speculative nature of the landowners. In other cases, these serviced 

vacant plots are resold several times without building construction, just for the capital gains between transactions. Both the 

officials of Kathmandu Valley Town Development Committees (recently converted into Kathmandu Valley Development 

Authority) and municipalities confirmed the reasons of delay in project completion as poor land records, discrepancies in land 

survey and long debate over contribution ratio, layout plan finalisation and land redistribution. One of the major reasons for 

timely completion of ‘Liwali Land Pooling’ project was the leadership of the mayor of Bhaktapur municipality, supported by 

Nepal Peasant Worker’s Party. Second, land pooling projects are limited to conversion of irregular plots into regular one with 

provision of vehicular access to each plot. The need to maintain self-sufficiency in the project financing combined with the 

pressures from the landowners for maximum return have significantly reduced the area allocation for open spaces and road 

network including provision of social and emergency facilities. As planning and urban design guidelines do not exist, layout of 

street network and urban block including provision of open spaces and quality of infrastructure are project specific and above all 

are unscientific and ineffective. For instance, despite having comparable project area in ‘Liwali’ and ‘Sinamangal’ cases, open 

space allocation varies: 2.8% in ‘Liwali’ and 5.3% in ‘Sinamangal.’ The ‘Sainbu’ project provided about 12.9% of open spaces 

whereas it was just 3.4% in the case of ‘Sinchitar’ for similar project size and type. Similarly, land contribution accounts 29.6% 

in ‘Gongabu’ project compared to 56% in ‘Sainbu’ land pooling. Residents of the ‘Gongabu’ land polling area felt that street 

junctions in their residential neighbourhood were sharp and in close proximity thereby increasing the scope of accident whereas 

lack of footpath caused pedestrian movement difficult. Community at ‘Nayabazar’ land believed of inadequate street width 

particularly after plying off microbuses. Third, these projects have neglected the social aspects of urban life and thus failed to 

improve the community environment as a whole. Lack of socio-religious activities, retail outlets including other facilities needed 

for daily life have created inconvenient and monotonous life in these planned estates (Shrestha, 2010). Street network and open 

space allocation is not only inadequate in quantity to accommodate variety of functions – passive quiet area for adult, safe and 

privacy areas for women, recreation and playing field for youngster and children but their qualitative design feature is also weak 

in terms of shape (irregular shape and size left over after plotting of the serviced lands in the best location) and location (divided 

into five small plots along the hi-tension line at ‘Gongabu’). As the layout plan is limited to land sub-division without any land 

use designation and building use enforcement, in many cases, the residential buildings have been converted on ad hoc basis into 

elementary school, health care centre and other public facilities as per market demand. Haphazard coming up of such facilities 

has in fact created new set of problems of street congestion, poor streetscape and above all intensification of earthquake 

vulnerability. Poor layout of streets, vacant plots particularly towards the ‘Vishnumati’ River, low density and domination of 

residential use all have contributed low street level activities thereby increasing the thefts and robbery at ‘Nayabazar’ planned 

area. Local residents of ‘Singamangal’ have shown dissatisfaction over lack of public transport and other facilities required in the 

daily life within their neighbourhood. The public implementing agencies have acknowledged many areas for improvement 

particularly in layout preparation but they have also complained on non-cooperative attitude of landowners in following even 

simple clauses of building bylaws such as set-back requirement, plinth height control and so on. Fourth, inclusion of urban poor 

and homeless families is not possible in the present land pooling system due to lack of public fund and landowners’ eagerness to 

get maximum serviced lands. In fact, the major beneficiaries are landowners having larger plots who are the least interested to 

contribute more lands for low income public housing. Those landowners having larger plots have received better benefit than 

those tenants or persons who have owned a small house on a small plot. Such people are primarily interested in the use value of 

the land rather than for investment. In the case of urban poor, whose houses are generally on isolated site, they have to borne the 

cost of infrastructure by themselves, as the public service is generally not available in such area. 

5. ROOT CAUSES OF THE PROBLEMS 

The root causes of the problems lie at different levels. First, need of landowners consensus from the concept to completion of the 

project means quality and quantity of the physical infrastructure, contribution ratio and other decisions are influenced by 

landowners rather than actual need basis. Fragmented land ownership due to the growing demand, shortage in supply and soaring 

land and construction cost together with the inheritance laws has limited the comprehensive and consolidated land development. 



 

 

 

 

This combined with lack of experienced government staffs has resulted poor performances in land appraisal, master layout 

preparation and failure in considering site and its surrounding context. Landowners in the ‘Bagmati Corridor’ Project were ready 

to participate in the program only after agreeing on the cancellation of the open space allocation in the layout plan. Second, lack 

of master plan of the valley and absence of planning standards and building design guidelines have significantly reduced the 

effectiveness of land pooling projects right from the site selection to detail layout plan and achieving planning goals. The sites of 

‘Gongabu’ and ‘Bagmati’ Corridor projects lie on the flood plain area and are not suitable for housing development. The gross 

density in these planned areas is too low. There is only 143 person per hectare at ‘Gongabu’ land pooled area compared to the 

recommended minimum gross density of 300 person per hectare in the proposed Development Plan 2020 of the Kathmandu 

valley. Third, the existing legal and institutional framework has limitation in involving public utility agencies, private sector and 

central government for collaboration of funds and programs. As the project area needs to be depended on government line 

agencies for electricity, telephone line, water supply and solid waste disposal, lack of coordination among these agencies have 

also made the infrastructure provision costly, delayed and unscientific in many cases. The implementing agencies have poor 

technical, financial, managerial and monitoring capabilities particularly in land management and urban development works 

(Mattingly, 1996). Land pooling system in present context is not suitable as a method for planning the overall development of the 

city as it must be carried out in many small projects in conjunction with an overall master plan.  

6. POLICY ORIENTED RECOMMENDATIONS 

For effective implementation of land pooling system, policy formulation at two levels is recommended. First, a central level 

policy is needed for active participation of public utility providing agencies, local and central governments, semi-government and 

private sector including non-government organisations in the land pooling system so that cost effective and co-ordinated 

infrastructure provision in a large area through comprehensive planning is possible. Development of affordable housing units and 

plots is possible due to large project size and collaboration of funds. Second, planning standards in terms of land sub-division, 

density requirement, land use, infrastructure provision together with flexible and site specific architectural design guidelines are 

essential to create a lively environment and user friendly settlements. Policy shall also clearly spell out the required level of 

implementing agency’s involvement, based on the scale and complexity of project. Private sector shall also be encouraged for 

implementation of land pooling projects whereas the public agency shall monitor and enforce development process. Last but not 

the least, capacity of implementing agencies shall be enhanced whereas the landowners and local communities need to be 

educated.  

7. CONCLUSIONS 

Instead of integrating land plotting and building component at site level and linking project to fulfil the planning goals of urban 

development at city level, the present practise of land pooling system in the Kathmandu valley is limited to small scale land 

development with formation of residential plots, successful only in financing basic infrastructure but failure in achieving lively 

urban environment. However, involvement of public, private, semi-government and non-government organisation in land pooling 

project results cost effectiveness, quality infrastructure provision, lively environment and above all addresses housing needs of 

low income group including better land management through cost sharing and unified planning among them. Then, land pooling 

system becomes a development tool. 
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ABSTRACT: This study analyzes the phases of water management on Semiarid Region of Brazil from ecological 
resilience optics. For this, it was used concepts of latitude, resistance, precariousness and panarchy, proposed by 
Walker et al., interpreted as water availability, water resources institutional system, uncertainty and panarchy. This 
study concluded that the water availability increases and the institutional mechanisms implemented over the past 
100 years transformed the Brazilian Semiarid in a more resilient place, which allows it experiencing different levels 
of stability before reaching a critical threshold, becoming less vulnerable to droughts and climate variability. In 
terms of Panarchy, it was observed an increase in potential due to increased socioeconomic capital as well as an 
increase in system’s efficiency, represented by reservoirs connectivity, transposition, in addition to a significant 
enhancement of institutional framework. 

Keywords: adaptive governance, resilience, management water resource. 

1. INTRODUCTION 

The integrated management of water resources and adaptive governance present themselves as two paradigms, institutional and 
of management, willing to ease the deficiencies in the systems of water governance (Engle et al., 2011). In water resources 
management, the challenge presents itself in limiting the institutional arrangements, while in the adaptive governance, the great 
challenge for the decision makers is to manage under conditions of uncertainty. In this context, it is pertinent the concept of 
ecological resilience (Holling, 1973), which incorporates uncertainties when considering that complex systems assume different 
balance states. To manage these complex systems, Holling (1978) and Walters (1986) propose adaptive governance, with an 
integrated and multidisciplinary approach to face uncertainties. It is adaptive because it recognizes that the managed resources 
change due to human intervention, that the unexpected is inevitable and that new uncertainties will arise. Gunderson (1999) 
recognizes that policies must satisfy social objectives, besides being continually modified and flexible to adapt to the unforeseen. 

This study aims to interpret the water resources management´s system in the Brazilian Semiarid from the adaptive governance 
and ecological resilience´s point of view. The paper is organized into six sections: the first is the introduction, the second section 
presents a brief review of the literature discussed in the article, the third section presents the concepts and definitions adopted for 
the development of the presented theory, the fourth section presents the analysis of water resources management from the 
perspective of the adaptive governance, the fifth section presents the conclusion of the study, and finally, in the sixth section are 
presented the consulted references. 

2. LITERATURE REVIEW 
The term resiliency was introduced in the literature nearly four decades ago by Holling (1973). In ecology, the term has been 
defined in two different ways, each one reflecting different aspects of stability (Gunderson, 2000). Holling (1973) characterizes 
stability as the ability of a system to return to a state of balance after a temporary disturbance. And, as fast as it returns, with 
minimal oscillation, the more stable is the system. The resilience, on the other hand, was introduced to indicate the behaviour of 
the complex systems far from equilibrium, meaning, how much disturbance a system can absorb without changing its state. The 
multiple meanings of resilience relates to the assumptions of the presence of a single or multiple balance in a system (Holling, 
1996). 

Initially, Holling (1973) emphasized the consequences of these different aspects to the socio-ecological systems (SES) in order to 
highlight the paradoxes between efficiency and persistence, constancy and change, predictability and unpredictability. From this 
perspective, the management´s focus moves to play a constructive role of instability, maintaining diversity, persistence and 
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project management which maintain the function of the ecosystems in the face of unexpected disturbances (Holling, 1996). This 
approach is defined, altogether, as "adaptive management", considered as an integrated and multidisciplinary approach to face the 
uncertainty in natural resources issues (Holling, 1978; Walters 1986). It is adaptive because it recognizes that the managed 
resources will always change due to human intervention, that surprises are inevitable, and that new uncertainties will arise 
(Gunderson, 1999). 

Walker et al. (2004) suggest a different approach from resilience from four important aspects: latitude, resistance, precariousness 
and panarchy, which are defined as: latitude: maximum amount that a system can be changed before losing its ability to recover, 
resistance: The ease or difficulty of a system to undergo through change; precariousness: informs the proximity that the system 
is found from the threshold, and panarchy: considers the dynamics of the interrelationships between ecological and social 
systems. Is related to the adaptive cycle proposed by Gunderson and Holling (2002), which describes how patterns occur and the 
processes of change over time in ecosystems, especially on those with disturbance regimes, thus resulting in a more complex 
system. According to the authors, the sustainability of a complex system depends, essentially, of three properties, which shape 
the adaptive cycles and the future state of the system: the potential which is the ability of a system to be available to change; 
connectivity which reflects the degree of flexibility or rigidity of the system, such as its sensitivity or no disturbance, and the 
adaptive capacity which indicates the resilience of the system, meaning, the measure of the system's vulnerability to unexpected 
impacts. These properties do not describe the systems themselves, but are responsible for their adaptability. Picture 1 represents 
the adaptive cycle, characterized by four main phases (Holling, 2001; Walker et al., 2002): a) From the exploration phase (r) to 
the storage phase (K) where there is an increase in potential ( due to increased capital) coupled with increased efficiency 
(connectivity), but also rigidity, which causes a decrease of the resilience b) From the storage phase (K) to the omega phase () 
where there is an abrupt rupture on the expansive dynamics and the beginning of a recessive dynamics c) From the storage phase 
() to the alpha phase () potential and vulnerability of the systems are elevated, making them more prone to abrupt changes, 
which leads to a higher consumption of accumulated resources, and d) From alpha phase () to the r phase there is low 
connectivity, with elevated potential and resilience, which creates conditions for the appearance of innovations. It is a phase of 
reorganization, opportunities and crises. 

 

 

 

 

 

Picture 1: Aspect of resilience in a basin of attraction 

3. CONCEPTS AND DEFINITIONS 

The proposed adaptive governance model aims to analyze the four aspects of resilience - latitude, resistance, reciprocity and 
panarchy - presented by Walker et al. (2004) from the perspective of the water resources management. 

3.1 Description of the Water Resources Management problematic from the perspective of Adaptive Governance 
To analyze this problematic, it is suggested to visualize the latitude as the water availability of the system, meaning, the variation 
of the amount of water in the system before losing its will to recover. The larger the basin of attraction (water availability), the 
greater the number of states of stability that a system can experience without transposing the boundaries (Picture 2). The 
resistance is related to the institutional system of the water resources deployed, which indicates the institutional resilience, 
meaning, the ability of institutions to conform to changes from a disturbance (Picture. 2). The precariousness continued to state 
how close the system is from a threshold. The greater the disturbance experienced by the system, the greater the urgency of 
changes (Picture. 2). For panarchy it is considered the same understanding by Walker et al. (2004). It is noted that for the 
proposed conception, it was considered the change in demand as the motivation of possible disturbances in the system, indicated 
by the blue dot in Picture 2. By this understanding, the precariousness can be interpreted as the balance between availability and 
water demands. 

The basin of attraction, as proposed by Walker et al. (2004), indicates the region in space of states that the system tends to 
remain. According to the authors, for systems that tend towards balance, the state of balance is defined as an "attractor" and the 
basin of attraction has all the initial conditions that tend to this state of balance. 
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Picture. 2: Aspects of resilience in a basin of attraction from the view of water resources management. 

It is observed that there may be more than one basin of attraction (Picture. 3), where the borders that separates them are the limits 
of stability, and can be influenced by: a) water availability, because it will determine the width of the basin of attraction, 
reflecting the number of states that the system can experience before reaching the threshold and move on to another basin of 
attraction b) institutional framework, which will indicate the susceptibility of the system for change, meaning, deeper basins 
indicate that the institutional system is consolidated and resistant c) demand that will motivate changes in the trajectory of the 
system; d) precariousness, which indicates how close the system is from a threshold; e e) panarchy that will enable the creation 
and experimentation of new solutions, benefiting from those that create opportunities and avoiding those that pose as threat. 

 
Picture. 3: Basins of attraction and aspects of resilience proposed for adaptive governance. 

4. WATER RESOURCES MANAGEMENT EVOLUTION IN SEMIARID 
The 1877 to 1879 drought was the major driving of public policy in the Brazilian semiarid. During this period, the population and 
politicians became aware of the seriousness of the subject of drought and, from then, it was formulated various policies, among 
them the construction of water infrastructure to promote regional development (CAMPOS, 2012). Regarding the problematic of 
water resources in the region, and consequently, in the state of Ceará, the management was characterized by four phases, as noted 
by Souza Filho and Porto (2003): voluntarist phase, hydraulic phase and state phase.  

4.1 Voluntarist Phase 
The voluntarist phase occurs at the time of the Empire and it was marked by the absence of institutional apparatus in the region to 
execute actions. After the drought of 1877, the Emperor sent a commission that identified the need to start a political 
infrastructure for the Northeast through the construction of reservoirs. In Picture 3 it is presented the system´s state. In this phase, 
the State was quite vulnerable and Society was exposed to climate variability and uncertainty, with little or almost no availability 
to attend the demands in the lean period. However, from the construction Cedro dam, in 1906, the state begins, with the increase 
of availability, a process in search of adaptation to adversity to increase its resilience to variability imposed by nature. Due to 
institutional helplessness, it is not observed in Picture 3 the presence of a valley in that period (only one plane) showing the high 
system instability, because a small increase in demand would move the blue dot near the threshold. In terms of adaptive cycle 
(panarchy), it is considered that the system is in the early phase r moving towards phase K.  

 
Picture.3-Aspects of resiliency for the Voluntarist phase. 

4.2 Hydraulic Phase  
Hydraulic Phase (1909-1980) was marked by the intensification of the policy of construction of reservoirs, by the appearance of 
an institutional action in regional terms, with the creation of the National Department of Works Against Droughts - DNOCS and 
by the construction of a regional knowledge about the Semiarid and its natural resources. Still on this stage, it was founded the 
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Superintendence of Northeast Development - SUDENE, which proposed to think the development under a more integrated point 
of view. On this conjuncture, the organization recommended several public policies and initiated the implementation of the 
irrigation perimeters, generating social benefits by means of agricultural production. 

In general, with the increasing of water availability, the implementation of perimeters, generating social benefits, knowledge and 
information about the Semiarid, reduced its vulnerability and exposure of the population to drought and the uncertainties related 
to it, increasing, thus, the resilience of the system. With the appearance of public organizations, it can be observed the emergence 
of institutional resilience, represented by the presence of a slight valley in Picture 4. It is also identified that the existence of 
public policies (valley) makes it to be required a more severe crisis (more expended energy) to disrupt the system and get him out 
of the balance condition. In terms of adaptive cycle (panarchy), it is considered that the system is still in phase r moving towards 
phase K, where there is an increase of potential and connectivity, due to the increase of water availability and the implementation 
of institutional mechanisms. 

 
Picture. 4: Aspects of resilience for the Hydraulic phase in Semiarid. 

4.3 State Phase  
The State Phase (from 1980), is marked by a new model in water resources management, where the biggest challenge is not the 
construction of new infrastructure, but the management of existing stocks. Besides that, this phase is also characterized by the 
evolution of participatory management. 

Observing Picture 5 it is clear that increased water availability (latitude) and institutional mechanisms (resistance) made the state 
more resilient, which allows experiencing different levels of stability before reaching a critical threshold, and less vulnerable to 
droughts and the intrinsic variability of the Semiarid. These levels of stability are indicated by the position of the demand in the 
valley, that is, the deeper it is, the more resistant is the system. 

 
Picture. 5: Aspects of resilience of the current phase for the State of Ceará. 

In terms of adaptive cycle, it is observed that, at this stage there was an increase of the potential due to increased socioeconomic 
capital as well as the increase of the efficiency of the system, portrayed by the connectivity between the reservoirs through the 
transposed channels, and a significant strengthening of the institutional framework. 

5. CONCLUSIONS 

The context of water resources management from the perspective of the five aspects of resilience proposed - water availability 
(latitude), the institutional system (resistance), precariousness (water balance), demand and panarchy - presents a different 
approach to the governance of these resources. It shifts the focus to the constructive role of the instability in maintaining diversity 
and persistence, and to build a management structure that maintains the function of the system in the face of unexpected 
disruptions. 
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Introduction : 
 
Cet article propose d'évaluer prospectivement les effets de la mise à l'échelle de la gestion durable des terres (GDT) dans deux pays 
sahéliens, le Niger et le Sénégal. Ces deux pays sont soumis à des déficits céréaliers chroniques qu'ils comblent via les importations 
et l'aide alimentaire. Le niveau de dégradation de leurs terres agricoles avoisine 50 % et leur agriculture céréalière peine à assurer la 
sécurité alimentaire. Dès les sécheresses des années 70 et 80, ces pays ont entrepris de vastes chantiers de restauration de leurs sols 
agricoles, via les techniques habituelles de GDT, comme les ouvrages anti-érosifs et la protection de l'arbre dans les terroirs 
(Régénération naturelle assistée : RNA). Plus récemment, ils ont défini des cadres d'investissement à moyen terme en gestion durable 
des terres. Ils ont en parallèle, dans le cadre de la politique agricole de la Communauté Economique des Etats d'Afrique de l'Ouest 
(CEDEAO), élaboré des plans nationaux d'investissement agricoles. Néanmoins, ils restent soumis à des déficits céréaliers forts et 
restent exposés aux chocs de prix et de production qui engendrent des situations de crise alimentaire.  
 
Une analyse prospective plus fine des coûts et bénéfices pour l'économie des différentes techniques de GDT est nécessaire. Elle 
permettrait d'améliorer les politiques agricoles et environnementales précitées, en calibrant sur le moyen terme les investissements 
possibles. La démarche est simple. Il est proposé pour chaque pays une mise en regard des techniques de GDT et des zones agro-
écologiques. Les coûts et bénéfices de chaque technique sont connus et ajustés en fonction des prix courants des surplus agricoles 
potentiels. Différentes options de mise à l'échelle sont alors testées, en tenant compte des estimations de superficie dégradée, de la 
capacité d'absorption des acteurs publics et privés et des tendances démographiques. L'analyse permet in fine de proposer aux 
décideurs divers ratios au niveau de chaque zone agro-écologique et au niveau national: PIB supplémentaire per capita, nombre de 
personnes nourries en plus sur la base de la norme de consommation céréalière, taux de diminution de la facture d'importation, 
nombre d'unités de bétail tropical (UBT) nourries en plus dans le cas des zones pastorales, taux de retour sur investissement potentiel 
pour chaque zone agro-écologique. 
 
La dégradation des terres au Sahel et en Afrique de l’ouest :  
 
Une étude de la FAO (2008),  réalisée grâce à des données recueillies sur une période de 20 ans, démontre que la situation globale de 
la dégradation des terres s’est aggravée sur le plan mondial menaçant  ainsi la survie de  près d’un milliard et demi de personnes (soit 
le quart de la population mondiale) qui dépend directement des terres pour leur survie.  Bien que les statistiques varient d’une source 
à une autre, on estime que la dégradation des terres affecte aujourd’hui 46% de la superficie du continent africain mettant en péril les 
moyens d’existence de près de 65% de la population africaine. Les pays sahéliens sont particulièrement sujets à la dégradation des 
terres. Elle  contribue à diminuer les surfaces agricoles utiles et le niveau de la production. La dégradation des terres entrainerait ainsi 
une chute annuelle de près de 3% de la production agricole compromettant ainsi la sécurité alimentaire dans la sous région. Les 
pertes de revenus liées à cette situation sont évaluées annuellement à 9 milliards de dollars américains représentant de 1 à 9% des PIB 
agricole des pays sub-sahariens. 
 
Pour des pays comme le Sénégal et le Niger, on estime par exemple que plus de 40 % des terres sont dégradées à fortement dégradées 
(PANLCD Sénégal, 2001 et PNIA/SDR Niger, 2010). Cela conduit à une baisse tendancielle des rendements dans de nombreuses 
zones agricoles et à la mise en place de systèmes de production non durables. 
 
A contrario, certaines zones du Sahel commencent à « reverdir », à l’instar de ce qui s’est passé dans le Nord du Nigéria dans les 
décennies 50-60. En effet face aux défis environnementaux,  les paysans ont adopté massivement les techniques de régénération 
naturelle assistée, par exemple sur près de 5 millions d’ha au Niger et plusieurs centaines de milliers d’ha au Sénégal et Mali (Botoni 
et al, 2009).  L’Accacia albida constitue l’espèce phare de ces zones, arbre miracle qui permet de fixer de l’azote dans le sol et fournit 
du fourrage en saison sèche. Ailleurs, sur le plateau central du Burkina Faso ou encore la zone des plateaux de l’ouest au Niger, des 
techniques anti érosives (cordons pierreux, demi lunes, banquettes) et de restauration des sols (zai : impluviums remplis de matière 
organique permettant de remettre en culture des sols indurés) ont permis d’améliorer la fertilité sur également des centaines de 
milliers d’hectares. Le tableau 1 suivant donne une idée de ces efforts. 
 
 
 
 
 
 
 
 
 



Tableau 1 : Estimation de l’état de dégradation et des surfaces restaurées dans quelques pays du Sahel  
 

Pays Terres arables ha Terres dégradées ha 
(estimation) 

Terres restaurées (ha) 

Sénégal 3 805 000 2 400 000 Focus sur les Niayes, 
fixation des dunes: 
9000 ha 

Burkina Faso 9 000 000 500 000 ha: plateau 
central 
150 000 ha: Oudalan 
Autres sources : 11 % 
des terres sont très 
dégradées 

Plateau central: 
environ 300 000 ha 

Niger 14 484 000 3 900 000 RNA: environ 5 
million d’ha 
Autres techniques:  
300 000 ha 

Source : Communication CILSS formation des points focaux Centre de coordination des ressources en eau de la CEDEAO, 
Ouagadougou, novembre 2010 
 
La nécessite du changement d’échelle de la gestion durable des terres au Sahel 
 

 Un besoin d’augmentation de la production agricole pour faire face à des besoins de plus en croissant d’une population en 
forte croissance démographique. Les pays sahéliens ont un taux de  croissance démographique de 3% en moyenne. La 
région ouest africaine passera de 350 millions d’habitants en 2015 à près de 500 millions en 2050 si ces tendances se 
confirment. 
 

 L’existence de techniques GRN performantes pour améliorer la productivité et la production agricole 
 
Plusieurs techniques simples adaptées aux petits producteurs et aux populations les plus fragilisées sont disponibles et ont fait leur 
preuve quant à leur capacité à réduire les chocs climatiques tout en améliorant la production agricole.   
 
Ces techniques, reproductibles et maîtrisables par les populations rurales sahéliennes, et adaptées aux contextes agro-écologiques et 
sociaux,   restent accessibles (avec un minimum de subvention) pour les producteurs à faibles revenus.  Il s’agit notamment des : 

‐ aménagements antiérosifs (cordons pierreux, demi-lunes, banquettes anti érosives, haies vives, digues filtrantes, etc.) qui 
améliorent  et augmentent l’infiltration des eaux de pluie. Ces aménagements permettent de conserver les éléments fertiles 
du sol et d’améliorer les réserves en eau qui sont ainsi rendues disponibles   pour les cultures, les pâturages et  les arbres. 
En freinant l’érosion et en optimisant l’utilisation de l’eau à la parcelle, ces techniques ont entraîné des hausses des  
rendements qui contribuent significativement à améliorer  la sécurité alimentaire (cf rapports Etude Sahel). 

‐ Techniques d’agroforesterie, ainsi que des approches visant la gestion communautaire des ressources naturelles : 
l'agroforesterie est particulièrement importante car, bien conçue, elle augmente la résilience des agro-écosystèmes aux 
événements climatiques extrêmes.   

 
Certaines des techniques agro-forestières telles que la protection et la gestion des arbres dans les champs connues sous le terme de 
régénération naturelle assistée (RNA) ont  permis de reverdir plusieurs millions d’hectares à travers le Sahel.  Ces différentes 
techniques permettent d’améliorer assez significativement la production à l’hectare, comme le montre le tableau suivant. 
 
Tableau 2:  Impacts de quelques technologies GRN sur les rendements et la production agricole 
 

Technologie GRN Rendement grain Rendement paille Production agricole  

Cordons  seuls  +39% +21% 

Cordons  + zai +118% +56% 

au moins 200 kg de 
plus à l’hectare. 

Demi-lunes +112% +49% Au moins 800 kg 
de plus à l’hectare 

Zaï +69% +50% plus de 300 kg de 
céréales par ha. 

Source: In Etude Sahel Burkina Faso, 2009 



 
On voit donc le potentiel de ces techniques, si on décide de faire changer d’échelle les investissements à moyen terme en gestion 
durable des terres/restauration des sols, dans les documents de politique agricole. 
 

  Un engagement politique en facteur de la GDT à soutenir 
 

Au cours de ces dernières années, on constate une relance des thèmes GDT/CC dans les agendas politiques.  On peut citer, les 
PAN/LCD, les PANA, les CSIN/GDT, les PNIA ECOWAP. Les documents les plus récents, de politique agricole ou plus focalisés 
comme les cadres stratégiques d’investissement (CSIN/GDT) en gestion durable des terres élaborés dans le cadre de la plateforme 
TerrAfrica continuent cependant de sous estimer les efforts nécessaires pour inverser les tendances de dégradation des terres. On 
citera par exemple l’Initiative 3N au Niger (Les nigériens nourrissent le Niger : I3N) qui prévoit de restaurer 40 000 ha par an de 
terres agricoles. Il s’agit de seulement 1 % des terres actuellement dégradées. 

Les PNIAs (plans nationaux d’investissement agricole) écrits dans le cadre de la politique agricole de la CEDEAO manquent eux 
aussi de chiffres et d’ambitions pour le développement de la gestion durable des terres. Certains pays se détachent néanmoins, 
comme le Sénégal, Togo, le Burkina, le Niger, le Mali, mais avec encore des efforts à faire pour le chiffrage et la planification des 
actions. Voici une typologie rapide de ces PNIAs au regard des efforts consentis en matière de GDT : 
 

• Existence d’un programme précis basé sur des programmes préexistants: Sénégal, Niger, Burkina, Mali 
• Des pays qui affichent la GDT mais avec peu de précisions: Libéria, Ghana 
• Pays qui lancent des programmes diversifiés et ambitieux pour leur zone Nord: Togo 
• Actions manquant de « nuance »:  

– le Nigéria a par exemple prévu de planter 3 millions d’ha de Jatropha (pour la production connexe de biodiesel).  
– Le Bénin vise la plantation d’anacardiers et de Jatropha.  
– La Guinée veut seulement investir dans les engrais organiques et les plantes de couverture.  

On constate que l’entrée pour ces trois derniers pays est unique en matière de GDT, sans analyse au niveau agro-écologique. 
 
 
Eléments de méthode pour une simulation des effets de ces techniques au niveau national : les cas du Niger et du 
Sénégal 
 
La méthode proposée comporte fondamentalement trois étapes. 
 
Etape 1 : Analyse du champ des possibles, par zone agro-écologique 
 
Cette première étape consiste en une analyse des options de GDT possibles par zone agro-écologique, en fonction du niveau de 
dégradation, de l’évolution des indicateurs climatiques (pluviométrie surtout), des types de sols, de la topographie. Cette première 
étape permet de préciser les options techniques d’adaptation pour chaque zone agro-écologique au niveau d’un pays. On renseigne 
les coûts des techniques à l’hectare et leur potentiel en terme de hausse de rendement. 
 
Etape 2 : Mise à l’échelle des options d’investissement à moyen terme pour la lutte contre la désertification 
 
Cette mise à l’échelle utilise les résultats de l’étape un. Dans l’ordre, on fait le point des superficies traitables, par chaque technique, 
en nombre d’hectare, par zone agro-écologique. Puis on fait des choix de mise à l’échelle sur le moyen terme : sur ces zones 
traitables, quelle surface restaurer ou aménager ? Ces choix impliquent des gains pour l’économie, et des coûts, sur une base 
pluriannuelle qui est celle de la durée de vie des investissements. On peut à ce stade séparer ou non les coûts en matière de 
subvention publique et ceux qui seront supportés par les bénéficiaires finaux.  
 
Divers ratios sont ensuite calculés, sur la base des gains consolidés impliqués par les productions additionnelles. Ils peuvent ensuite 
permettre d’influencer les choix d’investissements à faire dans le cadre des politiques : 

‐ taux de retour sur investissement 

‐ nombre de personnes nourries en plus à partir des productions nationales 

‐ nombre d’UBT nourries en plus 

‐ économies sur la facture d’importation 

‐ gains de PIB par habitant 

 
Les sources de données sont disponibles sur différentes bases de données régionales ouest africaines qui peuvent être complétées par 
des sources de données nationales. 
On citera en particulier : 
Pour les productions agricoles: www.countrystat.org 
Pour les prix des denrées: www.resimao.org 
Pour les données liées à l’occupation des sols, à leur dégradation : les cartes « land use land cover » (LULC) du Centre Régional 



Agrhymet, pour certaines zones d’Afrique de l’Ouest. 
Pour les bilans céréaliers : les rapports de mars du CILSS/Agrhymet. 

 
Etape 3 : Comparaison avec les objectifs des politiques 
 
On compare à ce stade : 

‐ les flux d’investissement passés  

‐ les objectifs des politiques en vigueur 

‐ pour in fine les améliorer en ajustant les rythmes de décaissement  

Exemple de la GDT dans les politiques du Niger : 
• 4 millions d’hectares dégradés 

• 10 millions d’hectares environ cultivés tous les ans 

• Des rendements en mil qui sont passés de 600 à 400 kg/ha en 20 ans 

• Des rendements sorgho qui sont passés de 700 à 500 kg/ha en 20 ans 

• I3N: prévoit d’aménager 150 000 ha sur 2012-2015, soit 40 000 ha/an environ (1% des terres dégradées) 

• Le CSIN GDT: prévision de 145 000 ha restaurés et 200 000 ha de RNA sur 2011-2015, soit 30 000 ha et 40 000 ha par an  

• Le PANA: pas de propositions chiffrées, 8 communes pilotes 

Par rapport à ces données de base, on peut tenter une simulation de la mise à l’échelle des investissements et calculer divers ratios qui 
ont du sens pour l’action politique.  Il faut partir pour cela de la carte des sols du Niger, qui correspondent à des zones agro-
écologiques bien distinctes : 
 
 

S Sols du Niger (source PNIA/SDR) :  
• En jaune: sols sableux 
• Alternance jaune et marron: sols sableux et plateaux 
• En kaki au sud est: alternance de sols sablo argileux et sableux 
• En bleu: sols alluvionnaires 
• En orange: sols ferralitiques 



On fait ensuite des choix d’investissements en GDT en fonction de ces zones, en proposant des changements réalistes d’échelle dans 
les rythmes d’aménagement. In fine, on peut calculer par exemple les gains de production attendus au plan national et le nombre de 
personnes nourries en plus. 
 
Tableau 3 : simulation des effets de la mise à l’échelle annuelle de la GDT au Niger 
 
Régions du Niger Tillabéri Dosso Tahoua Maradi Zinder Totaux 
superficies en mil 
2011 (ha) 

1430000 1190000 1290000 1670000 1275000 

6855000
rendement en mil 
2011 (kg/ha) 

310 520 450 410 420 

  
zone agro-écologique plateaux de 

l'ouest 
plateaux de 
l'ouest 

plateaux 
ferrallitiques de 
Tahoua 

plaines 
sableuses du 
centre 

plaines 
sableuses du 
centre 

  
techniques de GDT 
idoines et hausse de 
rendement par ha 

demi lunes  
 
+ 800 kg/ha 

demi lunes  
 
+ 800 kg/ha 

zai + RNA 
 
+ 1000 kg / ha 

RNA et fumure 
organique 
+ 500 kg / ha 

RNA et fumure 
organique 
+ 500 kg / ha 

  
nombre d'ha 
traitables 

50000 60000 60000 80000 60000 

310000
coût total restauration 
en $ 

14500000 17400000 33000000 28800000 21600000         115 300 000  

hausse de production 
attendue en tonnes 

40000 48000 60000 40000 30000 

218000
nombre personnes 
nourries en plus (en 
tenant compte de la 
norme de 
consommation 
céréalière au Niger: 
230 kg/an/capita et 
des pertes et 
semences de 15 %) 

147826 177391 221739 147826 110870 805652
croît annuel de la 
population (3,3 % / 
an) 87186 70620 92862 99462 99297 449427
diminution de la 
facture d'importation 
en $ (avec maïs 
importé à 400 $ la 
tonne) 

                   74 120 000   
taux de retour sur 
investissement pour 
l'économie nationale 
en année 1           64%
 
 
On voit que l’effort proposé permettrait de nourrir 800 000 personnes en plus à partir de la production nationale du Niger. 
 
Cela équivaut aussi à une diminution de la facture d’importation (en maïs venant des pays du golfe de Guinée) de près de 75 millions 
de dollars si on valorise la tonne de ce maïs importé à 400 $. 
 



La même simulation au Sénégal nous donne les résultats suivants. 
 
Tableau 4 : simulation des effets de la mise à l’échelle annuelle de la GDT au Sénégal 
 
 
Régions du Sénégal St Louis Matam 

et Louga 
Thiès Diourbel Fatick 
et Kaolack 

Tamba Kolda 
Sédhiou et 
Kaffrine 

Ziguinchor totaux 

superficies mil 2011 en 
ha 

          100 000              457 000              215 000                7 000                  779 000    

fourchette de rendements 
mil 2011 en kg/ha 

200-260 550-835 625-785 580   

zone agro-écologique zone 
agropastorale  

bassin arachidier 
sableux 

zone soudanienne 
sols ferralitiques 

zone soudano 
guinéenne sols 
lourds 

  

techniques de GDT 
idoines et hausse 
rendement par ha 

demi lunes + 
800 kg / ha 

RNA et fumure 
organique + 500 kg / 
ha 

RNA + zai + 1000 
kg / ha 

RNA + zai + 
1000 kg / ha 

  

nombre d'ha traitables             65 000              150 000                90 000                7 000                  312 000    

coût total restauration en 
$ 

      18 850 000          54 000 000          49 500 000          3 850 000            126 200 000    

hausse de production 
attendue en tonnes 

            52 000                75 000                90 000                7 000                  224 000    

nombre de personnes 
nourries en plus (en 
tenant compte de la 
norme de consommation 
céréalière au Sénégal: 
185 kg/an/capita et des 
pertes et semences de 15 
%) 

          238 919              344 595    413514 32162            1 029 189    

croit annuel de la 
population (2,5 % / an) 

            53 575              120 925    42475 16850               233 825    

diminution facture 
d'importation en $ (avec 
riz importé à 600 $ la 
tonne) 

                114 240 000    

taux de retour sur 
investissement pour 
l'économie nationale en 
année 1 

        91% 

 
 
On constate dans le cas du Sénégal qu’un investissement de 300 000 hectares de sols restaurés par an permet un surplus de 
production qui dépasse de loin le croit démographique et permet d’économiser plus de 100 millions de dollars d’importation de 
céréales. 
 
Implications pour les politiques publiques : 
 
Les résultats de l'analyse montrent que dans le cas du Sénégal comme du Niger, ces différents résultats sont avantageux pour 
l'économie et la sécurité alimentaire nationale et que la mise à l'échelle de la GDT doit être pour ces pays un axe fortement doté de 
leurs politiques agricoles. 
 



La région Afrique de l’Ouest importe tous les ans près de 10 millions de tonnes de céréales, dont deux tiers de riz. Sans efforts 
renouvelés pour une production vivrière durable et en augmentation, elle sera dans le moyen terme très vulnérable aux chocs de prix 
provenant du marché international. La mise à l’échelle de la GDT fait partie des solutions à ce problème. Elle doit se faire cependant 
en respectant et systématisant certains principes : 
 

- Mixer GDT et apport raisonné d’engrais chimiques, la gestion durable des sols au sahel ne peut se faire seulement avec des 
actions classiques de GDT, des apports de phosphore notamment sont indispensable, car c’est la carence principales des 
soles de cette région. 

- Renouveler les associations de techniques de GDT pour la restauration de certaines zones agro-écologiques : les techniques 
largement diffusées après les sécheresses des années 1970 et 1980 doivent être revisitées pour s’adapter aux nouvelles 
tendances du climat : évènements climatiques violents, entrée de nouveau dans une période qui semble humide. 

- Faire un plaidoyer large sur le potentiel des techniques de GDT et leur mise à l’échelle dans le cadre des politiques 
agricoles, en associant fortement la société civile, les organisations paysannes, la recherche, les services techniques 
nationaux. 

- Créer des fonds d’adaptation au changement climatique et de lutte contre la désertification dans le cadre des politiques 
agricoles régionales, de l’UEMOA et de la CEDEAO, pour soutenir les bonnes pratiques et l’effort d’investissement à 
moyen terme des Etats. 

 
Un grand constat peut être fait, en guise de conclusion. Les sommes qui seraient allouées annuellement à la mise à l’échelle de la 
gestion durable des terres sont du même ordre que celles déployées dans le cadre du traitement des crises alimentaires. Construire la 
résilience des populations vulnérables via la GDT pour les mettre à l’abri des chocs alimentaires est une impérieuse nécessité, réaliste 
sur le plan budgétaire. 
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ABSTRACT: It is internationally acknowledged that GDP is a poor welfare measure of economic performance or society 

well-being - as it often ignores the true values of non-renewable resources - and ultimately people aim at false targets 

(Stiglitz, 2008). Since the ’70, researchers have worked towards generating methodologies to better reflect these missing 

GDP values into actual development indexes (Measure of Economic Welfare, 1973; Index of Sustainable Economic Welfare, 

1989; Genuine Progress Indicator, 1990). Fast growing economies have felt necessary migrating from traditional to Green 

GDP (GGDP), which includes unaccounted loss of assets.  There was much debate in Rio+20 and the ensuing review of 

MDGs, as to how and which particular indicators should be included in a Green GDP (Lomborg, 2012), but this would 

require a balanced judgment to establish a comprehensive integrated sustainable development index. Green GDP accounting 

doesn’t include land depreciation (Zhishen, 2011): it only attributes on-site value to land. Also, externalities and land 

services beyond agricultural productions - such as common ecosystem services - are usually not accounted for. When 

marginal social costs of land degradation are higher than marginal private costs, the resulting rate of degradation is higher 

than socially optimal, and total social welfare is suboptimal (von Braun, 2011). The research aims at assessing current green 

indexes relevance to land use - beyond agricultural production - and at identifying ways and means to bring them into the 

global environmental and sustainable development agenda with particular regard to land degradation neutrality. 
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1. INTRODUCTION 

Many scientific studies on land degradation conducted in the last decades have focused on driving forces of desertification, 

mostly addressing biophysical factors. Very often, they led to visualizations of outcomes - usually maps - which are very 

powerful means of communication but they don’t really serve the purpose of intergovernmental consultations nor do they 

facilitate setting of thresholds, indicators and targets.  

More recently, effects of land degradation have also been addressed but always as a means to integrate elements relating to 

the assessment of land degradation. It is particularly with the new initiative on “economics of land degradation”, the loss of 

ecosystem services and the benefits that human beings derive from them - i.e. the direct and indirect costs of land 

degradation - will be fully accounted for (Nkonya and al, 2011). 

However, the scientific studies has taken into account the parallel work on statistic standards only to a limited extent, 

particularly those of the Systems of National Accounts (SNA, 2008) and the Integrated Environmental and Economic 

Accounting (2003). The World Bank, recognized that environmental goals are far from being met, partially due to the lack of 

measure of natural capital and the goods and services it provides (World Bank, 2012). As a result, it has constructed a 

comprehensive wealth accounts, including natural capital accounts for agricultural land, forests, protected areas and subsoil 

assets. 

As we strive to move towards more eco-friendly production and consumption patterns, the modern notion of “green growth” 

in particular its “green GDP” measure, has received particular attention (UNEP, 2009). An internationally agreed definition 

of a “Green GDP” index is to date lacking and how to effectively implement it still remains an academic exercise in most 

countries, despite the guidelines of the System for Integrated Environmental and Economic Accounting (SEEA). Broadly 

speaking, Green GDP refers to a wide array of adjusted GDP metrics that correct for social and environmental costs that 

traditionally have no monetary values. Unfortunately this measure does not include costs born to society as a result of land 

degradation.  

The United Nations Convention to Combat Desertification (UNCCD), as the only legally-binding agreement dealing with 

land degradation, is currently confronted with the following challenges and opportunities: 

(a) While other global environmental and sustainable development processes rely on indicator measures and global targets 

as a “communication sign language” and baseline reference for intergovernmental negotiations, in the UNCCD process there 

isn’t yet an internationally agreed metric, nor index, to address land degradation suitable at the global, regional or national 

level or local. This results in an obstacle for effective interaction between the scientific community and policy makers; 

(b) Although the UNCCD process has initiated the debate on indicators to measure the implementation of the Convention 

and the extent, severity and socio-economic aspects of desertification and degradations since its very inception (INCD, 

1996), it is only that with the adoption of the 10-year Strategy that the process can rely on a number of indicators that 

measure the impact of the Convention implementation (UNCCD, 2007). However, these indicators have been temporarily 

adopted by the Conference of the Parties (COP) and only two of them are retained as compulsory with regard to the new 

Performance review and Assessment of Implementation System (PRAIS) established under the Convention. As such, after 

some fifteen years since its entry into force, the Convention has not succeeded in establishing a common framework for the 

monitoring and assessment of progress in its implementation; 



(c) Due to the fact that land degradation is a complex and cross-cutting issue, many relevant indicators have been 

developed by the scientific community as well as by relevant international organizations and agencies, including of the 

United Nations (UN) systems, but none of them has received outstanding attention neither in the agenda nor in the 

deliberations of the UNCCD governing bodies. As matter of fact, no measurement of land degradation developed in a 

number of parallel scientific processes has been adopted and used in the UNCCD intergovernmental consultation process; 

(d) The outcome document adopted at the UN Conference on Sustainable Development (UNCSD) includes recognition of 

“the need for urgent action to reverse land degradation” and a pledge to “strive to achieve a land degradation neutral world in 

the context of sustainable development” (UNGA, 2012).  However, there are no targets directly relating to combating 

desertification and land degradation in the Millennium Development Goals (MDGs). Member States at the UNCSD agreed 

to launch a process to develop a set of sustainable development goals (SDGs) as a tool for pursuing focused and coherent 

action; they resolved to establish an inclusive and transparent intergovernmental process open to all stakeholders, with a 

view to developing global sustainable development goals to be agreed by the General Assembly (UNDESA, 2012).   

This paper is not designed to provide a blueprint solution. Rather, it intends to cast light on several elements that deserve 

attention and which would need to be considered towards the development of a metric that could be reliably used as a 

government statistic or environmental-adjusted macroeconomic index. We argue and point towards a possible economics 

approach that would have to be holistic, innovative, inclusive of key disciplines and one which should capitalize on, and 

reinforce the knowledge so far acquired on a cross-cutting problem like land degradation.  Unless a discussion process is 

urgently initiated in this direction and with reference to the ensuing MDG, countries will never know towards where and 

what exact target should their policies fighting land degradation be geared to. 

2. MACROECONOMIC INDICES AND THEIR RELEVANCE TO LAND DEGRADATION  

2.1 Basics of macroeconomic indices 

In general terms, an indicator is a quantitative or a qualitative measure derived from a series of observed facts that can reveal 

relative positions and directions of change through time. An “index”, also referred to as “composite indicator”, is formed 

when several individual indicators are compiled together (OECD, 2005).  The purpose of a composite indicator is to measure 

multi-dimensional concepts that cannot be captured by a single indicator alone.  In this way, composite indicators, reduce 

unwieldy business or scientific data into easily understood terms.  The multi-dimensions inherent in a composite index 

typically represent a set of most important and representative parameters and therefore are bound to always have assigned 

weightings based on personal subjectivity (Nardo, Saisana et al, 2005). When these multi-dimensions are referring to the 

current status of particular areas of the country’s economy it is commonly referred to as “macroeconomic index”.    

An often arbitrary figure used as the initial value of an index, is called the baseline value and it is usually equated to 100 as a 

point of departure to examine trends and for ease of international comparisons.   All future values of the index are then, 

comparisons against the base value. An adjustment is nothing more than a subtraction, or addition or multiplication or 

division applied to a variable or number, in order to account for imbalances in baseline variables.  Carrying out an 

adjustment on an index reduces unnecessary data variability so that more precise comparisons across groups can be made 

and therefore helps a group’s predisposition to behave differently from the outset.  

2.2 Some methodologies and composite indicators relevant to land degradation  

Universal Soil Loss Equation (USLE). It is a mathematical model used since the ’30 that describes soil erosion processes in 

temperate agriculture. The USLE was developed and further refined for use at the farm-plot level through the Soil Loss 

Estimation Model for Southern Africa and revised further into the Revised Universal Soil Loss Equation (Wishmeier, 1976). 

Environmentally Adjusted Net Domestic Product (EDP). EDP is an environmental accounting aggregate (UN, 1993) which 

is obtained by subtracting the costs of natural resource depletion and environmental degradation from net domestic product 

(NDP) and dividing it by the total population of the country of reference. An upward trend of EDP would imply a more 

sustainable economic growth.  Nonetheless, the issue of soil depletion is not accounted for. 

Environmentally Adjusted Productivity Index. This index examines agricultural productivity adjusting for damage done to 

the environment through pesticides taking into account consumer welfare thorough calculations of implicit shadow prices. 

(Rezek et al, 2004).  This index however only uses nitrogen and pesticides in the production function simulator.  

Global Land Degradation Assessment (GLADA). It is an assessment of causes, status and impact of land degradation 

developed by FAO. Net Primary Productivity (NPP), Rainfall Use Efficiency (RUE), Aridity Index (AI) and rainfall 

variability and erosion were monitored with remote-sensing imagery. These indicators were interpreted based on a global 

land use system map, which also adds socio economic determinants. How the various indicators are related and combined is 

still debated among scientist (Nkonya et al, 2011) 

Land Degradation Index (LDI). It was developed by the Global Land Degradation and Information System (GLADIS) and 

describes various aspects of status and trend of land degradation using six categories: biomass, soil health, water resources, 

biodiversity, economic production, social and cultural.  Current work strives to incorporate socio-economic factors and not 

only physical determinants of land degradation (Nachtergale, 2010).  Likewise, the Land Degradation Impact Index is a Land 

Degradation Index weighted by population and poverty.  Nonetheless, this index aims at a global assessment and cannot be 

used for national and subnational planning (Kellner, 2011). 

Land Productivity. Land productivity dynamics are calculated from satellite observations. Elements that influence biomass 

production of an ecosystem and its variations in the rate, quantity and timing, are factored in.  Although Land-Productivity 



Dynamics provides a consistent overview across European countries, the use of this new metric cannot be applied to highly 

localized decision making (Cherlet et al, 2012).  

3. TOWARDS DEFINING A HOLISTIC INDEX ON LAND DEGRADATION  

The purpose of the indices is ultimately to inform individuals of “unsustainable” behavior, shifting attention from national 

income accounting/scientific-based, to people-centered policies.   

The ideal approach would be one that enables an integral approach participation and evaluation, applicable to global and 

local scales, which also takes into account perception of experts as well as local people, building on existing pools of 

knowledge, using qualitative and quantitative data applied to wetlands and drylands.  

More and more attention is now being paid to incorporating socio-economic factors and not only physical determinants of 

land degradation as the aforementioned GLADIS example.  But more work still needs to be done to ascertain which socio-

economic factors to select and how to include them in an economic assessment of land degradation (von Braun, 2012).  This 

paper should be also seen as a complementary contribution to the current efforts made in the economics of land degradation 

initiative. 

3.1 Potential variables supported by welfare economics 

Land degradation undermines many of the fundamental processes, especially nutrient, water and carbon cycling, which 

undermine the integrity of ecosystems.  Many of these processes are already well researched and understood (GEF, 2006). 

Land degradation is the single greatest threat to the integrity of ecosystems that affects directly the food security and welfare 

of local populations (FAO Factsheet 2).   

Our intention would be to capture in this index, those important end-effects that impinge on the well-being of society as a 

result of land degradation. An environmentally-adjusted macroeconomic index can be used to assess or at best approximate, 

welfare losses arising from overuse or exploitation of land. According to the Food and Nutrition Library 2.2, welfare effects 

- as a result of soil degradation - have been measured by the: (a) Changes in the number of food-insecure households or 

malnourished children; (b) Amount of food consumed from farm production; (c) Level of rural household income or 

consumption; (d) Degree of community-level food self-sufficiency; and (e) Rates of migration.   

Effects on national wealth have been measured by changes in the aggregate amount or quality of agricultural land. Effects on 

agricultural supply have been measured by changes in average crop yields or aggregate crop production, aggregate market 

supply, export or import levels, and level and variability of crop prices.  Economic losses have been assessed by comparing 

the value of lost production, the value of inputs needed to compensate for lost nutrients, or current or discounted future 

income streams to farm income, national income, or economic growth rates, or by measuring changes in input efficiency.    

Furthermore, when available income and expenditure data for less developed countries are often unreliable or patchy to 

account for welfare losses (Booysen et al, 2005) alternative approaches exist that avoid money metrics, using instead socio-

economic factors such as rates for morbidity, crime, life-expectancy, energy consumption per capita etc.   

Likewise, indices are informative of the extent of success, but cannot explain processes in determining the outcomes.  This 

can be also remedied by establishing an ‘accompanying’ index alongside the macro-economic index, based on variables that 

are largely responsible for explaining progress and processes (Masset, 2010).  

In selecting the socio-economic variables, we also argue that the discipline of welfare economics has ample sound theory and 

tools to offer in understanding the plurality of welfare conceptions, including what variables could be counted and measured; 

Osberg (1998) specifies four main dimensions of economic well-being that can be operationalized, showing how these can 

be summarized in an index for the purpose of policy debate. Other measures of welfare in a dynamic context are given by 

Fleurbaey (2009) and Jones (2011).  An applied case study for a developing country making use of the International Well 

Being Index is also documented in Tililouni et al. (2006) and current policy attention is being geared towards new 

developments in measuring well-being (Haut Commissariat Au Plan, 2012) and through interdisciplinary approaches among 

at least researchers from 49 countries (International Well Being Group, 2010).  

To this end, available principles of accounting economics must be at best integrated with those from existing environmental 

economics because, if land and soils are being overexploited to the detriment of present and future welfare, then, this should 

be made visible today in national welfare accounts.   

3.2 Available technical tools 

There are over ten comprehensive global land degradation assessment studies displaying the extent and severity of land 

degradation worldwide applying various techniques (von Braun, 2011; Pillido et al, 2011).  Such studies differ in their 

approach, techniques and scales of application. 

There is also a vast range of well documented literature on how to systematically enhance the construction of an index or 

composite indicators, for analytical and policy making purposes.  An outstanding methodology is that contained in the report 

of OECD (2005) and the Joint Research Center (2005).  These documentations show the many methods available to assign 

weights to indices such as principles component analysis, to normalize indicators, to adjust them with “equivalence scales” 

(FAO, 2005) and to rank them using “Borda ranking” schemes (Emerson, 2011). SEEA also offers guidance in setting up a 

system of environmental accounting, which was used in China to arrive at its own Green GDP measure (Rauch, Chin, 2010).   



There is also much to learn from the example given by the Intergovernmental Oceanographic Committee of UNESCO 

(2004), which made progress in implementing an operation ecosystem approach to fisheries crafting indices and indicators 

applied within their framework, in order to communicate these effectively to policy makers.   

3.3 Proposed criteria 

The statistical dimensions and criteria are thoroughly detailed in sources drawn from IMF, Eurostat and OECD (OECD, 

2005).  Accordingly and in coherence with their specifications, an environmentally-adjusted macroeconomic index for land 

degradation should build on existing knowledge and expertise, that is: 

(a) Integrate socio-economic variables particularly those relating to welfare economics with biophysical variables to reflect 

the effects of land degradation; 

(b) Take into account soil depreciation due to desertification and land degradation, in order to support land degradation 

neutrality targets that may be developed within the consultations on sustainable development goals; 

(c) Be entirely developed on existing, accredited datasets, and therefore be easily accessible without creating additional 

costs - particularly for the least developed countries - and validated in other international processes. 

(d) Developed on long-term data series, so as to allow measurement of changes over time and tracking possible trends; 

(e) Represent status and evolution of the effects of land degradation at the global, regional and subregional levels, while 

being consistent with indicators commonly used at national and subnational levels;  

(f) Be linked to other global environmental and sustainable development threats, particularly climate change and loss of 

biodiversity; 

(g) Rely on common statistics standards such as the UN System for Integrated Environmental and Economic Accounting.  

4. POLICY-ORIENTED RECOMMENDATIONS 

This paper has made a case for establishing an environmental-adjusted macroeconomic index for land degradation. Potential 

variables, technical tools and proposed criteria have been identified in Chapter 3. In this regard, some policy-oriented 

recommendations that Parties and other stakeholders, particularly development partners and the scientific community may 

consider are:  

(a) Such index should be conceived and developed within the existing multilateral environmental agreements, notably the 

UNCCD, in order in order to become a reference metric for intergovernmental consultations geared towards target setting; 

(b) The development of the index should be supported by the most relevant and state-of-the-art knowledge of driving 

forces, but mainly tailored to the socio-economic effects of land degradation. As such, it should be supported by the ongoing 

studies on economics of land degradation; 

(c) The index should be framed in the intergovernmental process aiming at developing global sustainable development 

goals relating to land degradation neutrality, to be agreed by the UN General Assembly; 

(d) Consultations on such an index should be housed by appropriate scientific mechanisms within the UNCCD process, 

including the proposed Intergovernmental Panel on Land and Soil. 

5. CONCLUSIONS 

This paper has recognized and documented the need to establish a “lighthouse” index - an environmentally-adjusted 

macroeconomic index - to assist intergovernmental processes in navigating through options and choices for strategic 

planning and policy.  It does not pretend to put forward a one particular index but rather it has identified specific 

requirements using a combination of scientific and proposed economics literature, and using identified existing tools, 

methodologies and datasets already available.  To this end, this paper makes first steps in gearing a process towards 

objectively capturing and measuring the socio-economic effects of land degradation.  For the present time, only a single, 

credible metric - much in the same manner as the GDP index has done so far - will be capable of influencing policy making.    
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ABSTRACT: Brazil ratified UNCCD in 1997. The objectives of the convention must be translated and enforced into national 

public policies. The study aims at assessing UNCCD implementation in the country, identifying major actions and milestones, 

establishing relevant phases and future challenges. Three phases were identified: the first one (1997-2004) describes the efforts to 

establish baseline knowledge, to characterize major desertification processes and to define Desertification Susceptible Areas 

(ASD). National Action Program to Combat Desertification (PAN-Brasil) is the benchmark of this phase; the second (2004-2011) 

is marked by the establishment of the National Committee to Combat Desertification (CNCD) and the strengthening of actions of 

Brazil´s Federal States that contributed for the releasing of State Action Programs (PAE) in all 11 states comprising ASD. 

Furthermore, Brazil’s Early Warning System for Drought and Desertification has been under planning since 2010; from 2011, the 

focus in on the strengthening of participatory management and operationalization. The Ministry of Environment coordinates 

actions with several environmental development funds to combat desertification. GOB granted about 11 million dollars to combat 

desertification projects, and 100 million in soft-loans until June 2012. Moreover, CNCD has been enhanced to ensure 

participatory management, for empowering the strategic role of stakeholders. Comming challenges are the approval of the 

National Policy to Combat Desertification and the establishment of a government plan to build up sustainable livelihoods in 

semi-arid environments, improving population resilience by the adaptation to drought and climate change, assuring 

environmental balances, sustainable production and social inclusion. 

Keywords: Fund, Desertification Susceptible Areas, Adaptation, Inclusion, Participatory Management. 

1. INTRODUCTION 

 The Desertification Susceptible Areas (ASD) comprises areas under influence of desertification processes. These areas 

represent 16% of Brazilian territory, and with a population of 30 million people. The Brazilian semi-arid is considered to be the 

world’s most populous (Santana, 2007). Congregation of multiple land use systems, human impacts, low resilience to climate 

change, droughts and an accentuated degree of poverty (Brazil’s semi-arid comprises about 65% of the extremely poor of the 

country) leads to a complex scenario, demanding strong public policies to reduce and reverse negative impacts, and to strength 

water, food, energy and environmental security in Brazil’s ASD. In this way, Brazil signed the United Nation Convention to 

Combat Desertification and Mitigate the Effects of Drought (UNCCD, 1994) in 1994, ratified in 1997 (BRASIL, 1997; BRASIL, 

1998). Since then, the objectives of the UNCCD have to be translated and enforced into national public policies by Brazil’s 

Federal Government (GOB). 

  The study aims at assessing UNCCD implementation in the country, identifying major actions and milestones, 

establishing relevant phases, goals and future challenges.  

 

2. RELEVANT PHASES AND GOALS 

 In this study three main phases were identified. The first one (1997 to 2004) describes the efforts to establish a baseline 

knowledge about desertification, identifying the major processes in the country (deforestation, overgrazing, misguided irrigation 

and mining activities) and defining priority areas for action, the ASD. National Action Program to Combat Desertification - 

PAN-Brasil (MMA, 2004) is the benchmark of this phase. The document provides an appraisal of desertification processes and 

establishes guidelines for national public policies in compliance with UNCCD demands, Pluriannual Investiments Plan (PPA) of 

GOB, and The Declaration of Semi-Arid Region, with demands raised by the region’s civil society and channelled by The Semi-

arid Articulation– ASA during COP-3 (MMA, 2004).  

 The second phase, comprising 2004 to 2011, is marked by the establishment of the National Committee to Combat 

Desertification (CNCD) (BRASIL, 2008) and strengthening of actions in Brazil´s Federal States. In this way, GOB directed 

resources through the international cooperation to support the implementation of State Action Programs (PAE) in all 11 states 

comprising ASD (MMA, 2005). Each PAE has upgraded the appraisals of desertification processes and database of states, 

providing guidelines for state and local actions, and highlighting the most affected areas. Furthermore, Brazil’s Early Warning 
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System for Drought and Desertification has been under planning since 2010, an initiative of Ministry of Environment in 

cooperation with National Institute of Spatial Research (INPE).    

 The third phase (2011- ) is focused on the strengthening of participatory management and operationalization of public 

policies. The Ministry of Environment coordinates actions with several environmental development funds to combat 

desertification, establishing an integrated financial strategy. GOB granted about 11 million dollars through coordinated actions 

between Combat Desertification Department (DCD/SEDR/MMA) and Climate Change Fund (FClima), Brazilian Biodiversity 

Fund (FUNBio) and Brazilian Environmental Fund (FNMA). Moreover, soft-loan resources sum almost 100 million dollars until 

June2012 (FClima via Brazilian Development Bank-BNDES). Rio+20 final document (UN, 2012) highlighted the need of 

incentives and resources as a strategic effort to reverse land degradation and desertification. GOB answers this demand by 

supporting the adoption of combat desertification good practices (funds for sustainable rural practices and social technologies for 

environmental conservation and control/combat/mitigate land degradation, to PAE implementation, etc), the improvement of 

industrial energy efficiency (soft-loan for industries that uses firewood as main fuel), etc.       

 Moreover, CNCD has been enhanced to ensure participatory management, for empowering the strategic role of 

stakeholders. The agenda of combating desertification is handled by CNCD as a crosscutting and multidisciplinary theme. The 

forum is deliberative and advisory, allowing the social empowerment and the cooperative construction of decisions, encouraging 

implementation of plans, training programs, scientific studies, dissemination of knowledge, etc. 

3. POLICY ORIENTED RECOMMENDATIONS 

 The establishment of a participatory forum to discuss and deliberate about combat desertification matter is a priority 

public policy to improve the construction of participatory decision making process. In parallel, the experience of use instruments 

from related public policies (e.g. environmental policies for conservation, social inclusion) for the creation of an integrated 

financial strategy to support and enhance the operationalization of combat desertification programs and plans is a strong goal to 

work as a transversal agenda and integrate the government actions, optimizing the efforts in municipalities, states and in a macro-

regional level, and avoiding the overlap of competences and unnecessary outlays. 

 

4. CONCLUSIONS 

 The implementation of UNCCD is a challenge for the countries involved, due to the complexities to lead and 

implement a crosscutting agenda aimed to integrate government and civil society activities. There is a wide range of initiatives to 

combat desertification in Brazil (e.g. poverty alleviation in ASD, water security, social inclusion of rural population in semi-arid, 

etc). The stakeholders have find alternatives to integrate and earmark activities to combat desertification, in order to reduce 

overlapping and optimize investments (resources, scientific research, technical works, etc). CNCD, as a participatory committee, 

contributes to the enhancement of measures to combat desertification through the integration of stakeholders, enabling the 

management of the theme in a constructive way. On the other hand, GOB attends the UNCCD, taking into account its 

commitments to the convention’s agreements, strategy and operational objectives. These are met through government policies, 

resource funding and the operationalization of plans, programs, projects, etc.   

 Coming challenges are the approval of the National Policy to Combat Desertification by the Brazilian Congress and. 

the establishment of a government plan to build up sustainable livelihoods in semi-arid environments, and to orient people’s 

adaptation to drought and to climate change, ensuring environmental balances according to sustainable production and social 

inclusion with conservation and preservation in ASD landscapes.  
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ABSTRACT: Water scarcity remains a problem in Europe. Although there have been significant technological improvements 

over the last few decades, and per capita withdrawal is actually decreasing in several countries, there is still a need to assess and 

monitor the withdrawal and consumption of water resources. We map both water withdrawals and consumption for the public, 

industrial (manufacturing), energy, and agricultural sectors. Water withdrawal statistics for the reference year 2006 were 

compiled from EUROSTAT, AQUASTAT, and national statistical and environmental agencies, where possible at regional level. 

The sectorial withdrawal maps were then created by disaggregation of these figures to the associated sectorial land use classes. 

Public water was assigned to the combined resident and tourist population density maps, industrial withdrawals to industrial land 

and selected infrastructure, and energy withdrawals to the most intensive industry class. Agricultural withdrawals were assigned 

according to the livestock density maps, and the irrigated areas. We projected water withdrawals to 2030 using a combination of 

historical water withdrawal trends, forecasted land use change, and various other driving factors (ie. population and tourism 

growth, industrial GVA, and energy consumption projections). The impact of withdrawals in all sectors on the water supply was 

assessed by calculating the water exploitation index at regional level, that is, the ratio of water withdrawn to that available. The 

final maps indicate both the regions which are currently experiencing water stress, and those which are predicted to by 2030. 

Keywords: Water withdrawal, water consumption, land use projections, water scarcity  

1. INTRODUCTION 

A first step towards facilitating sustainable water use in Europe is the awareness of the temporal and spatial trends in actual 

withdrawal and consumption per sector. In doing so we gain a deeper understanding of the driving forces of changing water use, 

and can also highlight regions where such pressures lead to unsustainably high total water consumption.  We present here the first 

results of a module being developed at the Institute for Environment and Sustainability to assess sectorial water withdrawals and 

consumption in Europe. We compute and map water use in the public, industrial, energy, and agricultural sectors. In as far as 

possible actual statistics on water withdrawals for each sector were spatially disaggregated using proxy data and forecasted land 

use. Forecasted withdrawals were estimated based on the future modelled trends in land use and, where available, projections of 

the proxy data. Maps were produced in millimeters per year at 5 km resolution. While industrial and energy withdrawals were 

assumed to remain constant throughout the year, we could compute monthly public water withdrawal maps, and daily agricultural 

withdrawal maps. The total mapped withdrawals, when compared to the modelled water availability, can give us an indication of 

the extent to which the water resources in each river basin are exploited. This Water Exploitation Index (WEI) (EEA, 2010a) is 

calculated here at sub-catchment level for the reference year 2006 and the projected year 2030. 

2. METHODOLOGY 

Since the methodology used to map the sectorial withdrawals was different depending on the data availability, we briefly present 

each sector individually here. 

2.1 Data Availability 

The water withdrawal statistics used were the annual average for the period 2005-2007, taken from the OECD/EUROSTAT Joint 

Questionnaire on Inland Water (Nagy et al., 2007; EUROSTAT, 2011), which provides country-level statistics on annual 

freshwater abstraction by sector. Where data was incomplete or missing we used the 2003-2007 average annual withdrawal from 

FAO – AQUASTAT (2011). 

2.2 Models used 

2.2.1 EUClueScanner 

The projected land use maps were computed using EUClueScanner (Lavalle, 2011). The Corine Land Cover map (EEA, 2009) 

for 2006 was used as the reference year, and a baseline scenario was used to model the 2030 land cover for the EU27 countries. 
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The model exogenously takes into account the latest economic and social trends available through the integration of data from 

sector-specific models. 

2.2.2 LISFLOOD & LISQUAL 

The water availability for both 2006 and 2030 was computed using the LISFLOOD model (Van Der Knijff, 2010). Recently, an 

additional model, LISQUAL(de Roo et al, 2012), has been developed, which can be used to assess several aspects of water 

quality and quantity for various future scenarios. We used LISQUAL to compute the Water Exploitation Index for both water 

abstractions and consumption. 

2.3 Industrial and energy water withdrawals 

All water used for industry (manufacturing purposes) was assumed to be withdrawn within designated industrial areas. Where 

refined Corine Land Cover maps were available (Batista e Silva et al., 2012), the water withdrawals were disaggregated to the 

appropriate industry classes (industry and commercial units; port areas; airports; and mineral extraction sites). Energy water 

withdrawals were assumed to be completely used for cooling during electricity production; we therefore attributed this 

withdrawal to the thermal power stations recorded in the European Pollutant Release and Transfer Register data base (E-PRTR, 

2011). In order to calculate water withdrawals for 2030, we first computed a “change factor” per country. We assumed the 

driving force for industrial water withdrawals in time to be the GVA for industry (%increase/year, for EU25, from GEM-E3, 

2012), and for energy withdrawals to be energy consumption (POLES output, 2012, %increase/year). Looking at historical data 

(1990-2010), there is a trend towards more efficient water use in both sectors due to technological improvements, and therefore, 

on average, a decreasing water use per unit in Europe.  The average (decreasing) trend in total industrial and energy water 

withdrawals for 2000-2006 was taken as an “efficiency factor” (-1.33 %/year for industry, and -1.69 %/year for energy) to correct 

for this observation. This factor was subtracted from the (increasing) trends given by the GVA and energy consumption for each 

country: 

Country change factor (%/yr) = ∆ GVA for industry (%/yr) – efficiency factor (%/yr) 

Country change factor (%/yr) = ∆ energy consumption (%/yr) – efficiency factor (%/yr) 

 

The energy water withdrawal map for 2006 was multiplied directly by this change factor (x24 years) to compute the 2030 energy 

water withdrawals. For the industrial sector, the country-level total withdrawal in 2030 was first calculated, and then 

disaggregated to the projected industrial land as modeled by EUClueScanner. 

2.4 Public water withdrawals 

Public water withdrawals were assumed to be those made by residents and tourists in urban areas, so that the spatial distribution 

of the withdrawals was assumed to be directly related to the combined population and tourist density. Since tourists tend to have 

a higher water-use than residents, the tourist density maps were given a greater weight when assigning the water withdrawals – 

we used a ratio of 300/160 (Gössling et al., 2012). Population density maps were available for 2006 at 100m resolution (Batista e 

Silva et al., in press). Tourist density maps were created using the regional number of nights spent by non-residents, and the 

number of bedplaces (EUROSTAT). The monthly distribution of tourism was calculated using the country-level percentage of 

nights spent per month (EUROSTAT). The total number of tourists per month at regional level for each country was 

disaggregated to the appropriate Corine Land Cover classes (urban fabric, green urban areas, and sport and leisure facilities). The 

number of nights spent abroad by residents per quarter year was also calculated and subtracted from the population density maps. 

The final map, to which the country-level public water withdrawal statistics were disaggregated, was then calculated as: 

 

Weighted number of “users” per pixel = Population density map 2006 – outbound tourism map (quarterly)  

+ 300/160*inbound tourism density map (monthly) 

 

A population density map for 2030 was computed, using population projections from EUROSTAT, and projected land use maps 

for 2030 from the EUClueScanner100 model. Both the tourist density maps and the nights spent abroad maps were multiplied by 

a specific predicted annual growth factor taken from the Tourism vision 2020 projections (WTO, 2000).  The temporal (monthly) 

and spatial distribution of tourism was kept constant. The public water withdrawal per capita was also kept constant, so that the 

total public water withdrawals for 2030 directly reflect the projected population and tourism densities. 

2.5 Agricultural water withdrawals 

Irrigation requirements were estimated based on Wriedt et al. 2008. The generation of the irrigation map followed a two-step 

procedure. First, irrigated area was distributed to crop categories at sub-regional level based on statistical information and 

distribution rules. Next, the regional information was disaggregated to a high resolution dataset based on the crop distribution and 

a global irrigation dataset (Siebert et al., 2005). Based on crop growth, soil water and the EPIC nutrient model, irrigation water 

requirements were estimated on a daily basis at a 10 x 10 km grid scale assuming unlimited irrigation. For 2030, the projected 

land use map computed by EUClueScanner was used. In addition, daily maps of livestock water withdrawals were calculated 
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based on the specific water requirements and spatial distribution of each type of livestock. The livestock water requirement map 

series is based upon the Food and Agriculture Organization of the United Nations (FAO) livestock density maps (FAO, 2012) for 

2005 (described in Robinson et al 2007).  Actual livestock figures for 2005 as given by the Complete and Consistent database 

(Witzke et al, 2011) made available through the Common Agricultural Policy Regionalized Impact Modeling System (CAPRI, 

2012) are used to refine the livestock density maps. A series of water requirements per livestock type data is taken from the 

literature in order to compute water requirements per livestock type on a daily basis.No projection of this map has been made as 

yet, and the 2006 map was kept constant for the calculation of the WEI. 

2.6 Sectorial water consumption 

Of the total water withdrawn for each sector, a portion is ‘consumed’, that is to say removed from the direct environment through 

evapotranspiration, conversion into a product or otherwise. The remaining water is returned to the environment either directly, or 

after use, so having an altered quality level. For each sector we assumed a percentage of the total withdrawals to be fully 

consumed. Table 1 shows these figures, originating from available literature (UN WWDR, 2009) and expert opinion. These 

average values were then used to compute maps of water consumption (by multiplying this sector-specific value with the water 

withdrawal maps). 

Table 1: Actual estimated sectorial consumption of water. 

Water withdrawal sector Water consumption from literature (%) Assumed water consumption (%) 

Public 10-20 20.0 

Industry 5-10 15.0 

Energy 1-2 2.5 

Irrigation 50-60 (surface); 90 (localised) 75.0 

Livestock - 15.0 

 

3. RESULTS 

3.1 Water withdrawal and consumption trends 

Figure 1 shows the resulting maps for the public and industrial sectors for 2006. In both cases withdrawals are seen to be highest 

in the larger urban areas, where population densities are highest. Northern Italy, the Benelux region, and major cities such as 

London, Paris, Madrid, and Berlin especially stand out. 

 

Fig. 1: Water withdrawal at 5km x 5km resolution for 2006 for the public (left), and industrial (right) sectors. Units are 

millimeters per annum. 

The change in total water withdrawals per country for the public, industrial, and energy sectors was calculated; the results are 

given in figure 2. Public water withdrawals are forecasted to increase in almost all countries (except in Eastern Europe, where 
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values are generally low). Changes range from a decrease in withdrawals of 4% in Latvia, to increases of up to 37 and 53% in 

Luxembourg and Ireland respectively. Industrial withdrawals are expected to increase in all countries. The high percentage 

changes reflect the highly optimistic forecasted GVA for industry. Water withdrawals for use in the energy industry show a more 

varied trend. Large increases are seen in the Eastern European countries especially, whereas most Scandinavian countries such 

decreasing trends, probably reflecting a move away from conventional thermal power plants to more alternative and renewable 

sources. 

 

Fig. 2: Change in sectorial water withdrawals for the period 2006 – 2030 for the public (left), industrial (center), and energy 

(right) sectors. 

3.2 Water Exploitation Index 

The Water Exploitation Index (WEI) for both the total abstracted (WEIabs), and total consumed water (WEIcns) were calculated 

using LISQUAL as: 

WEIabs = abstraction / (external inflow + internal flow) 

WEIcns = (abstraction – return flow) / (external inflow + internal flow) 

 

Where:  

internal flow = net generated water (rainfall – evapotranspiration + snowmelt);  

external inflow = inflow from upstream areas;  

abstraction = total water abstraction;  

return flow = water abstraction minus water consumption.  

 

Figure 3 Shows the changes in the water exploitation index calculated both based on the total withdrawals, and actual 

consumption of water. The European Environmental Agency (EEA, 2010b) sets the threshold defining a region as being water 

scarce at a WEIabs of 20%, and as experiencing severe scarcity from a WEIabs of over 40%. The most severely affected regions 

are south and central Spain, Italy, some regions of Germany, and most of Eastern Europe. With the exception of some regions in 

Northern France, most catchments show increasing water exploitation towards 2030. Especially alarming regions are central 

Spain, Sicily, central Poland, and some parts of Hungary and Romania. 
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Fig. 3: The WEIabs per sub-catchment for 2006 (left) and 2030 (right). 

4. POLICY ORIENTED RECOMMENDATIONS 

The excessive withdrawal and consumptive use of water can cause serious problems for both water quantity and quality 

management. Although a large proportion of what is withdrawn is returned to the environment, it is often in a degraded form, 

either chemically, biologically, or physically (eg. cooling water from thermal power plants is often at a much higher temperature 

than the surroundings). Several mechanisms to reduce both water withdrawals and consumption are already well-known, such as 

the re-use of water in irrigation, the reduction of leakages in the distribution system, and water pricing. This study serves only as 

an overview of the general trends seen in 2006, and is a tentative attempt to estimate future withdrawals. It does, however, 

highlight the need for further research and policy attention for all regions, especially in those already experiencing unsustainable 

water withdrawals and consumption, and directly related to that, increasing water scarcity. 

5. CONCLUSIONS 

Sectorial water withdrawals and consumption was mapped for the public, industrial, energy, and agricultural sector for 2006 and 

2030. Although in some specific cases sectorial water withdrawals are seen to decrease slightly over this period, the general trend 

is toward increasing exploitation of water resources in almost all catchments. The computation of the WEI highlighted the 

regions currently experiencing high water stress, and was as mapping those where the 40% exploitation threshold will be 

exceeded in 2030. 
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ABSTRACT: Planning Commission of India has identified 15 resource development regions in the country, also known as the 

Agro Climatic Zones. Among the various regions, the Western Dry Region covers nine districts of the state of Rajasthan. The 

huge portion of Rajasthan is desiccated and houses the biggest Indian desert- the Thar Desert. The forest cover in these nine 

districts is showing a declining trend owing to the land being diverted to cultivation. Besides forests, the area under other land 

uses is also being diverted to cultivation. This can have serious implications on sustainability of the livelihoods and extent of 

poverty of the people in these districts. This in turn has implications on the health and other human development indicators. In 

this paper, the author has used Markov Chain analysis to see the direction of change in the land use pattern in the districts 

covered under the Western Dry Region. The author has also examined the linkages between various human development 

indicators of these districts in light of the changing land use pattern in the districts. 

Keywords: desertification, human development, Western Dry Region of Rajasthan. 

1. INTRODUCTION 

Desertification is the persistent degradation of dryland ecosystems due to human activities and variations in climate. While 

variations in climate has had pronounced effect on desertification, human activities have had more pronounced effect in the 

recent past. Like climate change, desertification is also a growing environmental problem. Currently, 41 percent of the landmass 

worldwide is prone to desertification and around two billion people are affected by desertification and degradation of land 

(Millennium Ecosystem Assessment 2005). The major deserts in the world, particularly in China, Mongolia, Africa and India 

are expanding at an alarming rate. Thousands of hectares of land in the arid and semi arid regions and drylands are becoming 

sand dunes every year. In drylands, water scarcity limits the production of crops, forage, wood, and other services ecosystems 

provide to humans. Drylands are therefore highly vulnerable to increases in human pressures and climatic variability, especially 

sub-Saharan and Central Asian drylands. 

The expansion of deserts implies lesser availability of land for agriculture and allied activities which provide food and livelihood 

security to millions of people across the world. The chief drivers of desertification include deforestation, over grazing, over 

cultivation, logging, pressure of population, industrialization and poor land use practices. Across the world, desertification affects 

the livelihoods of millions of people who rely on the benefits that dryland ecosystems provide. Some 10 to 20% of drylands are 

already degraded, and ongoing desertification threatens many of the world’s ecosystems, including those inhabitated by some of 

the poorest human populations. Therefore, desertification is one of the greatest environmental challenges today and a major 

barrier to meeting ecological and human needs in drylands. A large majority of dryland populations live in developing countries. 

Compared to the rest of the world, these populations lag far behind in terms of human well-being, per capita income, and infant 

mortality. The situation is worst in the drylands of Asia and Africa. Dryland populations are often marginalized and unable to 

play a role in decision making processes that affect their well-being, making them even more vulnerable. If no countermeasures 

are taken, desertification in drylands will threaten future improvements in human well-being and possibly reverse gains in some 

regions. 

Planning Commission of India has identified 15 resource development regions in the country, also known as the Agro Climatic 

Zones. Among the various regions, the Western Dry Region covers nine districts of the state of Rajasthan. This region accounts 

for 51.2 per cent of the total geographical area of the state, 30.5 per cent of state's human population and 42.6 per cent of states' 

livestock population. These districts are (1) Bikaner (2) Jaisalmer (3) Barmer (4) Jodhpur (5) Churu (6) Nagpur (7) Sikar (8) 

Jhunjhunu (9) Jalore. The district (1) to (5) formed the sub-zone of Arid Western Plain, the districts (6) to (8) formed the sub-

zone of Transitional Plain of Inland Drainage and the 9th district formed the sub-zone of Transitional Plain of Luni Basin. 

 The huge portion of Rajasthan is desiccated and houses the biggest Indian desert- the Thar Desert. The forest cover in these nine 

districts is showing a declining trend owing to the land being diverted to cultivation. Besides forests, the area under other land 

uses is also being diverted to cultivation. This can have serious implications on sustainability of the livelihoods and extent of 

poverty of the people in these districts. This in turn has implications on the health and other human development indicators.  

Hence it is of importance to know the direction of change in the land use pattern in these districts. It would also be of relevance to 

study the performance of these districts in terms of various development indicators vis a vis various desertification indicators. 

2. METHODOLOGY 

2.1 Direction of change in land use pattern 

To study the direction of change in the land use pattern, Markov Chain Analysis was used. 
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The change in the directions of land use pattern was analyzed using the first order Markov chain approach. Central to Markov 

chain analysis is the estimation of the transitional probability matrix P. The elements P ij of the matrix P indicates the probability 

that land use will switch from ith use to jth use with the passage of time. The diagonal elements of the matrix measure the 

probability that the share of land use will be retained.  

In the context of the current application, eight major land uses were considered. The average share of land to a particular use was 

considered to be a random variable which depends only on the past shares to that land use, which can be denoted algebraically as 

..........................(3) 

Where, 

Ejt = share of land use from ith to jth use during the year t. 

Eit-1 = share of land use from ith to jth use during the period t-1. 

Pij = Probability that the shares will shift from ith use to jth use. 

ejt = The error term which is statistically independent of Eit-1. 

t   = Number of years considered for the analysis  

r   = Number of land uses considered 

The transitional probabilities Pij which can be arranged in a (c * r) matrix, have the following properties: 

0 ≤ Pij ≤ 1 =1, for all i 

There are several approaches to estimate the transitional probabilities of the Markov chain model such as unweighted restricted 

least squares, weighted restricted least squares, Bayesia maximum likelihood, unrestricted least squares, etc. . In the present 

study, minimum absolute deviations (MAD) estimation procedure was employed to estimate the transitional probabilities which 

minimize the sum of absolute deviations. The conventional linear programming technique was used, as this satisfies the 

properties of transitional probabilities of non-negativity restrictions and row sum constraints in estimation. 

The linear programming formulation is stated as 

Min OP* + Ie 

Subject to, 

XP* + V = Y 

       GP* = 1 

        P*  0 

Where, 

0 is the vector of zeroes. 

P* is the vector in which probability Pij are arranged. 

I is an apparently dimensioned vector of area. 

e is a vector of absolute error (1 U 1). 

Y is the vector of export to each country. 

X is the block diagonal matrix of lagged values of Y 

V is the vector of errors 

G is the grouping matrix to add the row elements of P arranged in P* to unity. 

2.2 Development Indicators 

Development is a multidimensional process and its impact cannot be fully captured by a single indicator. A number of indicators 

when analyzed individually do not provide an integrated and easily comprehensible picture of reality. Hence, there is a need for 

building up of a composite index of development based on optimum combination of all the indicators. Composite indices of 

development and desertification have been obtained for the nine districts by using the data on the following developmental 

indicators. 
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Development Indicators 

1. Decadal Growth rate of population 

2. % female population 

3. % of Rural population 

4. % literacy 

5. % female literacy 

6. % households with access to electricity 

7. % households with access to clean drinking water 

8. Crude birth rate 

9. Infant mortality rate 

10. Under five mortality rate 

11. Sex ratio 

12. Work participation 

13. Per capita net district domestic product 

Desertification Indicators 

1. % forest area 

2. % population employed in primary sector 

3. Cropping intensity 

4. % net irrigated area 

5. % irrigation by well 

6. Tractor density 

7. Livestock density 

The composite index developed by Prem Narain et. al , (2009) was used for analysis in this study. The values of the variables are 

not quite suitable for combined analysis. Hence, the variables are transformed into z scores for the combined analysis. Then the 

indices are calculated using the formula  

Di = Ci / C 

Where  

   Pij = (Zij – Zoj )
2 

Zoj= best value of each indicator 

 

           C = Mean of Ci 

          SDi = Standard Deviation of Ci 

 

3. Result and Discussion 

3.1 Desertification and Changing Land Use Patterns 

In order to understand the desertification process in the context of Rajasthan, it is important to understand how the land use 

pattern has been changing in the selected nine districts. One of the first causalities of desertification is natural vegetation. 

Degradation of natural vegetation is also one of its major causes of desertification. History has shown that human beings have 

most often considered the forest as a space that must be cleared in order to develop activities other than forestry (particularly 
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farming), and used, eventually beyond its capacity to regenerate itself, as a wood and forage resource (Lanly Jean Paul, 2003). 

Markov chain analysis was done to observe the changes in the direction of land use. The tables derived from the transition 

probabilities matrices of Markov Chain analysis are given below. The figures in bold show the probability of retention of forest 

area in the nine districts of the Western Dry Region of Rajasthan. Table 1 shows a particularly alarming situation in Churu, 

Jhunjunu and Sikar where the probability of retention of forest land is zero as shown in Table 1. While in Churu, the probability 

is that all of the land under forest will be diverted to non agricultural uses like roads, buildings etc., in Jhunjunu and Sikar, most 

of the land will probably be diverted to agricultural cultivation. The districts that come under the Western Dry Region of 

Rajasthan are already way behind the optimum level of forest cover which is 33.33%. Again, among the nine districts, Jhunjunu 

and Sikar have the highest percent of forest cover, around 8 and 7 percent respectively. If these districts tend to divert their 

already low forest area to other uses, it may have serious implications in terms of increasing desertification and increasing stress 

on the already stressed resources. 

Table 1: Changes in direction of land under forest cover in the nine districts of Western Dry Region of Rajasthan 

 

Forest 

Area under 

non-

Agricultural 

uses 

Barren 
uncultivated 

Land 

Permanent 

pastures & 
other 

Grazing 

land 

Land under 
tree crops & 

Groves 

culturable 

waste land 

Total 
Fallow 

Lands 

Net Area 

Sown 

Bikaner 0.8044 0.0000 0.0000 0.0049 0.0000 0.1907 0.0000 0.0000 

Churu 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Jalore 0.6220 0.1603 0.0000 0.2177 0.0000 0.0000 0.0000 0.0000 

Jaisalmer 0.3503 0.5948 0.0000 0.0549 0.0000 0.0000 0.0000 0.0000 

Jodhpur 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Nagaur 0.2713 0.2755 0.0000 0.0000 0.0000 0.0000 0.0000 0.4531 

Jhunjunu 0.0000 0.0061 0.0000 0.0000 0.0008 0.0500 0.9431 0.0000 

Sikar 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Barmer 0.2427 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7573 

 

Barren and uncultivated land includes land under hilly terrains. Any shift away from this use should be considered as a positive 

sign as it helps in expanding the vegetative cover in the otherwise barren and unused land. In Churu, Jalore, Nagaur, Jhunjunu 

and Barmer the probability of retention of land under this use is nil. In Churu, Nagaur and Jhunjunu the shift has been away from 

barren and uncultivated land has been towards net sown area. This also shows the expansion and intensification of land 

cultivation to meet the increased demand for food.  

Table 2: Changes in direction of Barren and Uncultivable Land in the nine districts of Western Dry Region of Rajasthan 

 

Forest 

Area under 
non-

Agricultural 

uses 

Barren 

uncultivated 
Land 

Permanent 

pastures & 

other 
Grazing 

land 

Land under 

tree crops & 
Groves 

culturable 

waste land 

Total 

Fallow 
Lands 

Net Area 

Sown 

Bikaner 0.0000 0.0000 0.9606 0.0093 0.0000 0.0000 0.0000 0.0301 

Churu 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Jalore 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 

Jaisalmer 0.0000 0.0000 0.2170 0.0000 0.0000 0.4211 0.1697 0.1921 

Jodhpur 0.0000 0.0000 0.5766 0.0000 0.0000 0.0041 0.4193 0.0000 

Nagaur 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Jhunjunu 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Sikar 0.0831 0.1638 0.7531 0.0000 0.0000 0.0000 0.0000 0.0000 

Barmer 0.0000 0.0000 0.0000 0.0000 0.0000 0.6537 0.3463 0.0000 

 

Transformation of rangelands and sylvi-pastoral dryland systems to croplands increases the risk of desertification due to 

increased pressure on the remaining rangelands or to the use of unsustainable cultivation practices (Millennium Ecosystem 
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Assessment 2005). The probability of retention of land under permanent pastures has been zero in four out of nine districts 

(Bikaner, Churu, Jalore and Barmer) as shown in Table 3. This would be an alarming trend considering the livestock population 

of Rajasthan. However, the positive thing about the changing direction of use of permanent pastures is that the probability of 100 

percent shift away from pastures has been in districts has been in the districts where the livestock density is less than the regional 

average.  

Table 3: Changes in direction of Permanent Pastures in the nine districts of Western Dry Region of Rajasthan 

 

Forest 

Area under 
non-

Agricultural 

uses 

Barren 

uncultivated 
Land 

Permanent 

pastures & 

other 
Grazing 

land 

Land under 

tree crops & 
Groves 

culturable 

waste land 

Total 

Fallow 
Lands 

Net Area 

Sown 

Bikaner 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Churu 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

Jalore 0.0000 0.0974 0.0000 0.0000 0.0000 0.0000 0.0000 0.9026 

Jaisalmer 0.0006 0.3220 0.0000 0.3120 0.0000 0.3528 0.0126 0.0000 

Jodhpur 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 

Nagaur 0.1703 0.2950 0.0000 0.1163 0.0000 0.0734 0.0000 0.3449 

Jhunjunu 0.0000 0.0000 0.0000 0.6226 0.0000 0.0000 0.0000 0.3774 

Sikar 0.0000 0.0000 0.0000 0.3434 0.0000 0.0000 0.6566 0.0000 

Barmer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 

Culturable waste lands include land available for cultivation, whether not taken up for cultivation or taken up for cultivation once 

but not cultivated during the current year and the last five years or more in succession for one reason or other.  Such lands may be 

either fallow or covered with shrubs and jungles which are not put to any use.  Any deviation away from the culturable waste 

land would be a positive indication. In Churu and Nagaur, there is no probability of retention of culturable waste lands which 

have shown high probability of being diverted to agricultural use (Table 4). This also indicates high incidence of intensive 

agriculture in these two districts. Bikaner and Jaisalmer being located in the arid western plain and occupying maximum area of 
the Thar desert, show high probability of retention of land under culturable waste. 

Table 4: Changes in direction of land under Culturable Wastes in the nine districts of Western Dry Region of Rajasthan 

 

Forest 

Area under 
non-

Agricultural 

uses 

Barren 

uncultivated 
Land 

Permanent 

pastures & 

other 
Grazing 

land 

Land under 

tree crops & 
Groves 

culturable 

waste land 

Total 

Fallow 
Lands 

Net Area 

Sown 

Bikaner 0.0126 0.0197 0.0000 0.0178 0.0000 0.7241 0.0000 0.2259 

Churu 0.0122 0.0000 0.0000 0.0000 0.0000 0.0000 0.9878 0.0000 

Jalore 0.0000 0.0000 0.0000 0.0000 0.0000 0.5009 0.0000 0.4991 

Jaisalmer 0.0011 0.0000 0.0898 0.0211 0.0000 0.8880 0.0000 0.0000 

Jodhpur 0.0000 0.0477 0.0328 0.0000 0.0000 0.4951 0.0000 0.4244 

Nagaur 0.0022 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9978 

Jhunjunu 0.0000 0.2938 0.0000 0.0000 0.0000 0.7062 0.0000 0.0000 

Sikar 0.0906 0.0000 0.0000 0.0000 0.0000 0.1541 0.0000 0.7553 

Barmer 0.0000 0.0000 0.0000 0.0000 0.0000 0.3472 0.6528 0.0000 

 

Churu, Nagaur, Sikar, Jhunjunu and Jalore show more than 70 percent retention of land under net sown area (Table 5). These are 

the agriculture intensive districts of the Western Dry Region. Notable there has not been much shift in the land use away from the 

net sown area in the Arid Western Plain as well. It is also noteworthy that the decadal growth of population is very high (higher 

than the regional average) in the districts that occupy major part of the Thar Desert. This would lead to growing demand for food 

and in turn exert pressure for intensifying the agricultural activities in these districts. This in turn would lead to diverting land 

away from other land use patterns towards cultivation. The proximate causes of desertification are dominated by agricultural 
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intensification. This in turn leads to overdrafting of groundwater for irrigation purposes leading to lowering of water table in 

these regions.  

 

Table 5: Changes in direction of land under Net Sown Area in the nine districts of Western Dry Region of Rajasthan 

 

Forest 

Area under 

non-

Agricultural 
uses 

Barren 
uncultivated 

Land 

Permanent 

pastures & 
other 

Grazing 

land 

Land under 
tree crops & 

Groves 

culturable 

waste land 

Total 
Fallow 

Lands 

Net Area 

Sown 

Bikaner 0.0028 0.0039 0.0000 0.0206 0.0000 0.1485 0.3601 0.4642 

Churu 0.0051 0.0246 0.0005 0.0300 0.0000 0.0084 0.0874 0.8440 

Jalore 0.0026 0.0256 0.0956 0.0487 0.0000 0.0188 0.0569 0.7518 

Jaisalmer 0.0021 0.1176 0.0890 0.0244 0.0000 0.1410 0.1961 0.4297 

Jodhpur 0.0000 0.0335 0.0323 0.0000 0.0000 0.0151 0.3402 0.5790 

Nagaur 0.0008 0.0065 0.0382 0.0428 0.0001 0.0068 0.2011 0.7038 

Jhunjunu 0.0797 0.0027 0.0328 0.0323 0.0001 0.0000 0.0123 0.8402 

Sikar 0.0847 0.0511 0.0069 0.0434 0.0001 0.0135 0.0934 0.7070 

Barmer 0.0108 0.0244 0.0533 0.0695 0.0000 0.0345 0.1187 0.6888 

 

3.2 Linkages between Development and Desertification 

After having looked into the changes in the land use pattern and desertification, it would be of interest to know how development 

is related to desertification. To study the development of the districts it is important to look into the various development 

indicators. A composite development index was developed to study the development of these districts taking into consideration 

13 development indicators for these districts. A similar desertification index was calculated using various indicators which are 

directly related to desertification. The districts having lower indices are better off and hence ranked ahead of those having higher 

indices. The results are shown in Table 6. 

  Table 6: Composite Indices and Ranks of Districts According to Development and Desertification Indicators 

 

 

 

 

 

 

 

 

 

 

In terms of the various development indicators taken into consideration, it was observed that Jhunjunu, Sikar and Bikaner are the 

most developed districts and Jalore, Jaisalmer and Barmer, which are also incidentally the districts having maximum area under 

desert, are the least developed districts.  Jodhpur, Jhunjunu and Nagaur are the districts having worst desertification indicators. 

These districts are relatively in a better position in terms of development indicators. These are also relatively the more populous 

districts of the region. Increasing demand of food in these districts is being met through simplistic attempts of increasing 

production in the short run undermining the conditions for sustainable production in the long run. While increased exploitation of 

scarce water resources through well and canal irrigation has put forward a protection from vulnerability in drought prone areas, 

depleting ground water table arising out of overexploitation of water resources has introduced new vulnerabilities. High tractor 

density in these districts indicate practice of intensive tillage also tend to enhance exposure of soils to increased erosion, and also 

S.No. Districts Development Desertification 

CI Rank CI Rank 

1. Barmer 0.76 9 0.50 3 

2. Bikaner 0.37 3 0.35 1 

3. Churu 0.39 4 0.55 4 

4. Jaisalmer 0.68 8 0.48 2 

5. Jalore 0.67 7 0.67 5 

6. Jhunjhunu 0.30 1 0.71 8 

7. Jodhpur 0.42 6 0.70 7 

8. Nagaur 0.42 5 0.75 9 

9. Sikar 0.34 2 0.68 6 
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threaten bioversity by eliminating the full palette of plants that previously inhabited a given habitat. The mechanization of 

agriculture for various farm operations, for lifting of water from wells and also for transportation purposes is a follow up of green 

revolution in the country. The government credit policies in agriculture sector also prompted the farmers to go for purchase of 

tractor and other farm machines and implements on a large scale.  

The animal population has gone up by more than double during the last 40 years in the districts like Barmer, Bikaner, Churu, 

Jaisalmer and Jodhpur. In fact, these districts are more arid with very high risk in crop farming. In the districts like Jalore, 

Jhunjhunu, Nagaur and Sikar crop based agriculture is equally dominant. In these districts also the livestock population has 

increased over the years. The current livestock density is more than human density in all the districts except Jhunjhunu and Sikar. 

The large number of human population in the eco-fragile region is a cause for problems related to food security and livestock 

population which is more than human population poses problems related to fodder security. The large risk in crop production 

prompts the farmers to resort on livestock based activities. The high growth and shifting composition of livestock population 

indicate the absence of herd planning in relation to carrying capacity of land (Varghese, 1999).  

4. POLICY ORIENTED RECOMMENDATIONS 

Some policy oriented recommendations derived out of this study are 

 High population growth in the region which already has a fragile natural resource base may lead to increasing pressure 

on resources due to increasing demand for food. Hence stress on social development programmes including that of 

higher education is needed to divert the workforce away from land based activities and reduce population growth. 

 The increased mechanization specially use of tractor in land preparation may lead to uprooting of plants and bushes, 

which otherwise would help in sand stabilization in regions having shifting sand dunes. This region requires practicing 

conservation agriculture and the use of resource conservation technologies. Also, the farm credit strategies will have to 

be given a new orientation keeping in view the exorbitant growth of tractors which may adversely affect the vegetative 

growth and sand stabilization process in this eco-fragile area. 

 The over exploration of ground water for agricultural purposes not only makes the investment towards construction of 

wells/tube well unrewarding, but causes for further going down the level of groundwater. Optimal use of water and less 

dependence on well irrigation is needed. 

 Without improving the carrying capacity of land, the indiscriminate growth in the population of animals, particularly 

the exorbitant growth of large animals like cattle and buffalo and small ruminants like sheep and goat may lead to 

deterioration of the eco-system.  

 Intensive agriculture, especially in irrigated area in the districts of Sikar, Jhunjhunu and Jalore may be a problem for 

sustainable agriculture in this region. The area under plough going high in districts like Churu (Net 

Sown/Geographical. Area) poses problem to have arid forests for eco system balance of the region. (one third 

geographical area is needed under forest for balanced eco-system. There is a need to stress on employment based on 

nonfarm activities in this region 

5. CONCLUSIONS 

There is an urgent need for people and planners to recognize desertification as a pressing problem in the Western Dry Region of 

Rajasthan. The large growth rate in the human population in almost all the districts covered under this region pose an ever 

increasing need for generating income and employment opportunities largely dependent on land based activities as the literacy 

rate of the rural population is remarkably low in this region. This is leading to shift in land use pattern in favour of cultivation and 

other agriculture based activities. The increased burden on land arising from agriculture based activities is likely to adversely 

affect the efforts to arrest desertification in the belt. There is an urgent need for policy interventions to prevent desertification due 

to human activities particularly in the more developed districts of the region as they are worse off in terms of various indicators 

that are directly related to desertification and land degradation.  
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ABSTRACT: It is well known that most natural disasters, such as landslides, floods and 
droughts, are directly related to climate variability and particularly to its extremes. Several 
climate change scenarios indicate that the Semiarid of Brazil is very vulnerable. Land use and 
land cover changes in the semiarid region have been accelerated in the last decades due to both 
climatic and human factors. Due to more than 5 centuries of disorderly occupation and the 
fragility of the ecosystem, soil fertility and biological productivity in the semiarid Northeast of 
Brazil have been severely affected. Therefore it is essential to elaborate climate change mitigation 
plans and adaptation actions. To understand landscape changes is challenging because ecosystem 
drivers takes place at a wide spatial and temporal scales. This work will discuss conceptual and 
methodological bases for an early detection system of drought and desertification. For this 
purpose, a geographical database (scale 1:500.000) with physical, environmental and socio-
economic information are being developed, allowing the interaction of drought and 
desertification indicators. The early warning system will integrate remote sensing data and 
weather forecasts that will enable a continuous assessment of the most susceptible areas, 
improving the understanding of the combined effects of drought and desertification. 

Keywords: desertification, landscape changes, Gis. 

1. INTRODUCTION 

Dryland ecosystems are fragile, highly vulnerable to climatic changes, and susceptible to desertification. These 

dryland regions comprise 41% of the global land area and are present in every continent putting at risk more than 1 

billion people who are dependent on these lands for survival (ONU, 1997, Santini, 2005). 

Degradation of these ecosystems refers to a combination of excessive human exploitation (overexploitation) and 

land-management, which goes beyond the land natural capacity, affecting soil, water resources and vegetation, and 

consequently worsening the quality and the availability of these fundamental resources for human life. Ecosystem 

degradation impacts not only human population and their livelihood, but also insect and bird populations and 

biodiversity as a whole. Among the most serious consequences of desertification process are: 1) elimination of 

original vegetation due to an invasive cover presence, with consequent biodiversity reduction; 2) partial or total 

soil loss due to physical (erosion) or chemical (salinity) phenomena; 3) decrease of water resources quantity and 

quality, primarily affecting runoff; and 4) decrease of soil fertility and productivity (ONU, 1997).  

Nowadays, issues of change in patterns and land cover are of great interest due to the accelerated process of 

change that has occurred in recent decades (Aguiar, 2006). The understanding of the causes, feedback mechanisms 

and land use dynamic are crucial for appropriate policy interventions. 

According to Geist and Lambin (2004), desertification is driven by a limited set of variables, being the most 

important climatic factors, economic and population growth. These factors stimulate the expansion of cropland and 

overgrazing.  
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Most of the methodologies for assessment of desertification are based on identifying indicators of different scales. 

These indicators should be based in satellite images, topographic data, climate, soils and geological data. However, 

those data are usually in different geographical projections and scales, hindering the information crossing. 

Thus, the aim of this work is to develop a geographic database that will enable the integration and assimilation of 

bio-geophysical data, and will permit the identification of the desertification process in risk areas. 

In this context, this paper will discuss the conceptual and methodological bases for an early detection system of 

drought and desertification. For this purpose, a geographical database (scale 1:500.000) with physical, 

environmental and socio-economic information are being developed. The early warning system will integrate 

remote sensing data and weather forecasts on software to integrate this information that will possible a continuous 

assessment of most susceptible areas, improving the understanding of the combined effects of drought and 

desertification.  

2. METHODS 

2.1 Study area 

The study area is located in the equatorial zone (1-21ºS, 32-49ºW), covering an area of 1,797,123 km2 and 

representing approximately 20% of the Brazilian territory (Figure 1).  The study area limits were defined by the 

“Superintendência de Desenvolvimento do Nordeste” (SUDENE). 

 

 
Fig.1:  Study area 

 

For all the GIS applications we used the SPRING – Georeferenced Information Processing System (Câmara et al., 

1996). SPRING is a free GIS software and is a product of Brazil's National Institute for Space Research 

(INPE/DPI (Image Processing Division) and is a satellite image processing system with an object-oriented data 

model which provides for the integration of raster and vector data representations in a single environment. 

2.2 Geology, Geomorphology and Pedology Maps 

Geology and geomorphology maps from RADAM Project (Projeto Radam, 1973-1987) are being refined from the 

topographic breakline. The breaklines were created using Digital Terrain Model (DTM) derived from SRTM, at 90 

meters of resolution. Soil maps from EMBRAPA (Jacomin et al., 2005) also are being refined using DTM but also 

taking into consideration information of slope. Both maps are being adjusted on the scale of 1:500.000.  
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2.3 Land Use and Land Cover Maps

Ninety Landsat-TM images (30 m resolution) of

selected and geocoded based on GEOCOVER images (NASA).

from ProVeg Project (Vieira et al.

PROBIO Project maps from the Ministry of Environment

Google Earth were used as auxiliary data

2.4 Sensitivity criteria setting 

The purpose of this stage is to assess the nature and the relative influence of desertification factors and to detect 

the most critical areas (hotspots).

European projects MEDALUS (Mediterranean D

grouped into various uniform classes and

(predisposition). The MEDALUS methodology can be adapted to different climate, environmental and social 

conditions, at different scales. The following four qualities are 

quality and management quality (Figure 

 

 a)  CQI = Climatic Quality Index

I = [(P - PET) / PET] * 100 where:

evapotranspiration (mm), deriving from the sum of the 12 values of average monthly PET.

 b) SQI = Soil Quality Index

slope obtained in the geologic, geomorphologic

 c) VQI = Vegetation Quality Inde

related to fire risk, vegetation cover, drought resistance and erosion protection.

 

 d) MQI = Management Quality Index

enforcement. 

 

Fig.2 - Parameters used for the definition a
Font: Adapted from Santini (2005)
 

The final step is the combination of

(ESA) index as follow: 

Use and Land Cover Maps 

images (30 m resolution) of the dry period (July to September) from 2010 and 2011

selected and geocoded based on GEOCOVER images (NASA). These images were used to update the base map 

et al., 2010) which was based on Landsat images from 2000

Ministry of Environment (MMA, 2007) and the high-resolution images from 

were used as auxiliary data. The map scale is 1: 500:000. 

The purpose of this stage is to assess the nature and the relative influence of desertification factors and to detect 

the most critical areas (hotspots). Thus, due the complex desertification phenomenon and with base in the 

European projects MEDALUS (Mediterranean Desertification And Land Use), each of these parameters 

various uniform classes and for each class is assigned a weight: 1 (no predisposition) and 2 

The MEDALUS methodology can be adapted to different climate, environmental and social 

he following four qualities are evaluated: soil quality; climatic quality; vegetation 

(Figure 2) where: 

CQI = Climatic Quality Index = Aridity Index : is assessed using parameters related the aridity index  

where:  P = average annual precipitation (mm) and PET = average annual 

evapotranspiration (mm), deriving from the sum of the 12 values of average monthly PET. 

SQI = Soil Quality Index:  is defined using parameters such soil texture, parent material

obtained in the geologic, geomorphologic and soil maps.  

= Vegetation Quality Index: this parameter will be calculated with vegetation characteristics 

fire risk, vegetation cover, drought resistance and erosion protection. 

d) MQI = Management Quality Index: will be considered the intensity of land use and policy 

Parameters used for the definition and mapping of the ESAs 
Font: Adapted from Santini (2005) 

is the combination of the four indices which will determine the Environmentally Sensitive Areas 

ESA = (SQI* CQI* VQI* MQI) 1/4 

2010 and 2011 were 

These images were used to update the base map 

s based on Landsat images from 2000. Besides that, the 

resolution images from 

The purpose of this stage is to assess the nature and the relative influence of desertification factors and to detect 

Thus, due the complex desertification phenomenon and with base in the 

of these parameters will be 

1 (no predisposition) and 2 

The MEDALUS methodology can be adapted to different climate, environmental and social 

climatic quality; vegetation 

is assessed using parameters related the aridity index  

PET = average annual potential 

nt material, depth and 

this parameter will be calculated with vegetation characteristics 

will be considered the intensity of land use and policy 

 

Environmentally Sensitive Areas 
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ESAs is defined on a two point scale, ranging from 1 (lower sensitivity) to 2 (high sensitivity) in Table 1. 
 

Table 1. ESAs and corresponding ranges of indices 
 

Type Range 

Low sensitivity 
 

     1 – 1.33  

Medium sensitivity  1.34 – 1.66  

High sensitivity     1.67 – 2 

 

3. EXPECTED RESULTS 

Because desertification/degradation in Brazil reaches almost all Northeast states, it is necessary to understand the 

factors that increase desertification in the study area.  

There are many causes for desertification: climate changes, interdecadal and interannual hydrological changes, 

urbanization, population growth, agriculture (deforestation, burning, improper practices), and soil erosion.  
It is expected that an alert system should include and consider all these aspects to identify the susceptible areas to 

desertification by adopting methodologies that could be applied in a large geographic context. Besides that it 

should provide tools for prevention, mitigation and monitoring of drought phenomena, and also information for 

sustainable planning to decision makers. 
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ABSTRACT: According to the State Programme of Action to Combat Desertification and Mitigate the Effects of Drought 
(PAE/CE), the State of Ceara-Brazil has three centers configured with Areas Susceptible to Desertification which are the 
Hinterlands of Inhamuns, the Hinterlands Irauçuba and Center North and the Hinterlands of Medium Jaguaribe, encompassing 
twelve municipalities and covering a total area of 26.432,65km2. It is known that the problem of desertification in State of Ceara 
acquired more notoriety from the Arid Project which subsidized actions such as the elaboration of the National Programme of 
Action to Combat Desertification and Mitigate the Effects of Drought. Since then, although with a smaller intensity than 
expected, noted that strategies to combat the phenomenon is being implemented in the State. In this context, the objective of this 
study is to conduct a systematization of the major Plans, Policies and Programmes (PPP) in the State of Ceara in the period from 
2004 to 2012. To this end, documentary and bibliographic searches were carried out. The systematization was made taking as 
parameters: objective of intervention, implementation year, managing agency, participation of society, geographical area, 
obstacles faced and benefits from the results obtained. It was found that the low participation, the supervision of PPP and reduced 
integration between policies are factors that limit the implementation and the control of actions. 

 

Keywords: environmental crisis, government intervention, political action. 

 

1. INTRODUCTION 

 

The state of Ceara, located in Northeastern Brazil, has 92% of its territory entered into the Semi-Arid Tropics, has an economy 
based in primitive, predatory and extractive models of the natural resources, thus making it susceptible to desertification. With 
this operation, without awareness of preservation, Leite et al. (1994) found that about 15.128,8 km2, accounting for 10.2% of the 
total territory of Ceara, are under a dangerous desertification processes.  

It is known that an integrated and coordinated information and systematic observation, based on appropriate technology and 
global, regional, national and local plans is essential for understanding the dynamics of the processes of desertification and 
drought and this system is also important to develop appropriate measures to deal with desertification and drought and improve 
the socio-economic conditions (UNCED, 1992). With this systemic thinking, Rodrigues (2006) studied the various factors that 
cause the phenomenon of desertification and found that thirty-one municipalities in the state of Ceara are on a high level of 
susceptibility to desertification, encompassing an area of 33.969km2, corresponding to 22, 82% of the total area of the state. 

With this scenario, given the gravity of this serious environmental problem that affects the territory of Ceara, it is essential to 
development of Plans, Programs and Policies (PPP) which cause significant actions that can help combat the phenomenon of 
desertification. It is good to consider that these PPP should be based on Chapter 12 of Agenda 21 - a document prepared in the 
United Nations Conference on Environment and Development - which has the following programs: 

 

• Developing and strengthening integrated development programs for poverty eradication and promotion 
of alternative livelihood systems in areas prone to desertification; 

• Development of anti-desertification programs and integrating them into national development plans and 
national environmental planning; 

• Development plans for drought and schemes to mitigate the results of drought, devices that include self-
help for drought-prone areas and designing programs to address the problem of environmental refugees 
(UNCED, 1992). 
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Following these recommendations, the state of Ceara developed actions to study and clarify the phenomenon of desertification in 
its territory. Thus, from the 90s of the twentieth century, several researchers have tried to identify the causes, consequences and 
intensity that this serious environmental crisis generated in an area or region. Among the most diverse work produced can be 
emphasized: 

 

• In 1992, when it happened, in Fortaleza, the International Conference on Climate Variations and 
Sustainable Development (ICID) began studies on the issue of desertification in the state of Ceara, with 
the participation of the Fundação Cearense de Meteorologia e Recursos Hídricos do estado do Ceara 
(FUNCEME) that detected through satellite images, areas with obvious signs of degradation susceptible 
to desertification; 

• In 1994, the Conference National and Latin American Seminar on Desertification (CONSLAD) and 
preparation of actions to combat desertification which continued until 1998, however, some actions 
have not obtained the expected results and others have not been implemented due to bureaucratic 
obstacles at both federal and state levels (MMA, 2005); 

• In 1995, development and implementation of the Project Arid coordinated by Department of Planning 
and FUNCEME that was responsible for research on natural resources. This project aims to mitigate the 
impacts of desertification adopting strategies to implement the Sustainable Development (Projeto 
Áridas, 1995); 

• In 1995, the Federal University of Ceara, in partnership with germany research institutions, 
implemented the Waves Program that had as its main objective to study the degradation/desertification 
in production systems in semi-arid region of Ceara in trying to establish the scientific basis for 
formulating strategies economic and ecological sustainable development in semi-arid territory of Ceara 
(MMA, 2005); 

• In 1998, the state government of Ceara represented by the  Superintendência Estadual do Meio 
Ambiente (SEMACE) convened a multidisciplinary group with the purpose of preparing the State Plan 
to Combat Desertification, thus demonstrating a commitment to environmental problem; 

• In 2003, the Programa Selo Município Verde, in order to assign certification will recognize that 
environmental policies successful in improving the quality of life of the municipal population; to 
achieve this certification, the municipality shall, among other things, create Conselho Municipal de 
Defesa do Meio Ambiente  (CONDEMA) that aims to establish the basic guidelines of municipal policy 
environment, establish standards for the prevention, control and environmental monitoring and propose 
plans, projects and expansion and sustainable development of the municipality. 

 

But the state of Ceara not stopped developing actions to combat desertification phenomenon, because it recognizes the 
seriousness of the environmental problem into its territory and its population. So, faced with this situation, this research aims at a 
systematization of the main Plans, Programs and Policies (PPP) in the state of Ceara in the period from 2004 to 2012. Therefore, 
there were documentary and bibliographic research. The systematization was made following as parameters: objective 
intervention, year of implementation, managing agency, society participation, geographic area served, obstacles faced and results. 

 

2. RESULTS AND DISCUSSION 
 
This section is intended to present the plans, programs and policies (PPP) elaborated in the state of Ceara in the period from 2004 
to 2012. We analyzed ten main PPP related to the prevention and combating of desertification and are exposed in Frame 1. 
 
Frame 1 – Plans, Programs and Policies (PPP) to combat desertification in the state of Ceara – Brazil in the period from 2004 to 
2012. 
a. PROÁGUA SEMIÁRIDO 
year of implementation 2008 – 2011 
Objective Contribute to improving the quality of life of the population, especially in less developed regions of the 

country, through planning and management of water resources simultaneously with the expansion and 
optimization of water infrastructure, to ensure the sustainable supply of water in adequate quantity and 
quality for multiple uses. 

Management agency Secretaria Estadual dos Recursos Hídricos 
society participation No Information 
geographic area served State of Ceara 
b. PROGRAMA DE COMBATE À POBREZA RURAL – PROJETO SÃ O JOSÉ 
year of implementation 2008 – 2011 
Objective Implement actions for sustainable rural development, contributing to rural poverty reduction, 
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strengthening participatory strategy and increasing the integration of all actors involved in the process. 
Management agency Secretaria Estadual de Desenvolvimento Agrário 
society participation No Information 
geographic area served It operates in 177 of the 184 municipalities in Ceara, with priority for the 40 lowest index of Social 

Development - IDS. 
c. PROJETO CRÉDITO FUNDIÁRIO  
year of implementation 2008 – 2011 
Objective Develop new model of agrarian restructuring, in which landless laborers and smallholders, through their 

associations, negotiate land acquisition directly with landowners getting reimbursable financing for land 
acquisition and non-reimbursable financing for investment in infrastructure and productive. 

Management agency Secretaria Estadual dos Recursos Hídricos 
society participation No Information 
geographic area served Every State of Ceara, with the exception of the cities of Fortaleza, Maracanaú by Eusebius and to count 

on the rural population and have a negligible economic vocation with potential for industrial 
development. 

d. PEACE – Programa de Educação Ambiental do Ceara 
year of implementation No Information 
Objective Promote internalization, the discipline and the strengthening of the environmental dimension in the 

educational process, in order to prevent and stop the negative impacts on the environment, contributing 
to improving the quality of life in the state of Ceara and improvement of process interdependence Nature 
Society, necessary the maintenance of life on Planet Earth. 

Management agency Conselho de Políticas Públicas e Gestão do Meio Ambiente 
society participation No Information 
geographic area served State of Ceara 
e. PROGRAMA DE GERENCIAMENTO E INTEGRAÇÃO DOS RECUR SOS HÍDRICOS DO CEARA 
year of implementation No Information 
Objective Larger supply and guarantee water for multiple uses and increase the management efficiency of the 

integrated system, promoting the efficient use of multiple and participatory management of water 
resources. 

Management agency Secretaria Estadual dos Recursos Hídricos 
society participation No Information 
geographic area served State of Ceara 
f. PROGRAMA DE DESENVOLVIMENTO HIDROAMBIENTAL 
year of implementation 2000 – 2008 
Objective Promote sustainability of water resources of the State of Ceara. 
Management agency Secretaria Estadual dos Recursos Hídricos 
society participation No Information 
geographic area served Municipalities of Pacoti, Palmácia, Canindé, Paramoti e Aratuba. 
g. PROGRAMA DE CONVIVÊNCIA COM A SECA 
year of implementation 2008 – 2011 
Objective Increase the water security and food security of the state population. 
Management agency Secretaria Estadual dos Recursos Hídricos 
society participation No Information 
geographic area served 152 municipalities in the period from 2007 to 2009, covering 100% of the cities most affected by the 

drought 
h. PROJETO MATA BRANCA 
year of implementation 2008 – 2011  
Objective Contribute to the preservation, conservation, sustainable use and management of biodiversity of the 

Caatinga biome in Bahia and Ceara, promoting the sustainable development of priority areas, with the 
participation of rural communities, living in social criticism, in areas susceptible to degradation. 

Management agency Conselho de Políticas Públicas e Gestão do Meio Ambiente 
society participation Yes 
geographic area served Municipalities of Crateús, Independência, Novo Oriente, Quiterianopólis e Tauá. 
i. PROJETO DE ESTUDOS DE ÁREAS DEGRADADAS SUSCEPTÍVEIS AOS PROCESSOS DE DESERTIFICAÇÃO NO ESTADO 
DO CEARA 
year of implementation No Information 
Objective Classifying and mapping degraded areas susceptible to desertification processes in the municipalities of 

the state of Ceara, in 1:250,000 scale by analyzing physical and biological processes using 
geotechnology. 

Management agency FUNCEME – Fundação Cearense de Meteorologia e Recursos Hídricos 
society participation No Information 
geographic area served Municipalities of Jaguaribe, Jaguaretama, Jaguaribara, Alto Santo, São João do Jaguaribe, Iracema, 

Potiretama,Morada Nova, Limoeiro do Norte, Icó e Orós. 
j. ZONEAMENTO ECOLÓGICO-ECONÔMICO DAS ÁREAS SUSCEPT ÍVEIS À DESERTIFICAÇÃO-ASDs EM 
IRAUÇUBA/CENTRO NORTE E INHAMUNS 
year of implementation No Information 
Objective Investigate the processes of desertification and generate a legal instrument for territorial compatible with 
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ecological, social and economical for areas susceptible to desertification (ASD) of Irauçuba / North 
Central and Inhamuns 

Management agency FUNCEME – Fundação Cearense de Meteorologia e Recursos Hídricos 
society participation No Information 
geographic area served Municipalities of in areas susceptible to desertification (ASD) of Irauçuba / North Central and 

Inhamuns. 
Source: Adapted from CEARA, 2010. 
 

After this explanation, it appears that the state of Ceará is following the actions and programs proposed by Agenda 21. Another 
highlight is the Law 14.198/2008 establishing the State Policy to Combat Desertification Prevention and which, among other 
actions, stimulates political management of natural resources to ensure the necessary territorial integration of such management 
actions to prevent and combat desertification. 

Thus, it is evident that the government of the state of Ceara, universities and civil society are concerned with environmental 
issues and seek to develop programs, plans and policies in an attempt to operationalize sustainable development models in the 
state. 
 

3. CONCLUSIONS 
 

It was found that the low participation, the supervision of PPP and reduced integration between policies are factors that limit the 
implementation and the control of actions. 

With the analysis of Plans, Programs and Policies (PPP) in the state of Ceara many documents have been prepared, and to reach 
their governance, are needed collaborative arrangements of a set of interconnected and diverse social actors. For Fatorelli and 
Mertens (2010), the integration of public policies include actions such as information exchange, transparency and management of 
political conflicts, working together, synergies between policies and the use of common goals in the formulation stage. 
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ABSTRACT: Strengthening of the information and evidence base on the scale and determinants of land degradation is a central 
starting point for designing effective sustainable land management practices. This study conducted in Kenya demonstrates a 
systematic approach of mapping land degradation patterns from national to plot level, and highlights key lessons for policy 
intervention. At national level, the study employed the use of 250-m resolution Moderate Resolution Imaging Spectroradiometer 
- Normalized Difference Vegetation Index (MODIS/NDVI) for the period 2000-2009 to determine the long-term change in 
vegetation patterns as a proxy for land degradation or improvement. Negative NDVI trends (indication of degradation) was 
observed for areas around Lake Turkana and several districts in eastern Kenya while positive NDVI trends (indication of 
improvement) were observed in areas such as Wajir and Baringo. NDVI difference between the baseline (2001-2003) and endline 
(2007-2009) showed that 21% of the land was experiencing a decline in the vegetation cover, 12% was improving, while 67% 
was stable. Detailed field measurements conducted in western Kenya, showed that over 55% of the farms lacked any form of soil 
and water conservation technologies. Soil erosion was the most dominant form of soil loss and most of the major soil chemical 
properties were below the critical thresholds needed to support meaningful crop production. There was a general consensus that 
the productivity of the land resources had declined. Combining methods and approaches for land degradation monitoring and 
assessment enabled capturing different insights on the problem, information that is relevant when designing intervention 
strategies. 
 

Keywords: Kenya, Land degradation, Land resources, Normalized Difference Vegetation Index (NDVI), Sustainable land 
management (SLM) 

1. INTRODUCTION 
Managing land degradation effectively is an information intensive endeavour requiring an in-depth understanding of human-
environment interactions (Reed et al., 2011). Land degradation is a complex process driven by both natural and anthropogenic 
forces. Secondly, land degradation occurs at varied temporal and spatial scales making its quantification a great challenge. 
Effective monitoring and assessment to land degradation therefore requires incorporation of multiple knowledge sources and 
types and taking into consideration the different temporal and spatial scales.  

Over the past years, the number of studies seeking to quantify the extent of land degradation has increased. These studies are at 
global, continental, sub-continental and national levels. Unfortunately such assessments are limited for many regions in Africa 
and Kenya in particular. This could partly be due to the limited capacity among the researchers as well as lack of standardized 
frameworks for assessment of land degradation (Vågen et al., 2010). Several protocols have been developed to educate assessors 
on using observable indicators to interpret and assess ecosystem health. Examples of such protocols or frameworks include the 
Landscape Function Analysis (LFA) (Tongway and Hindley, 2004), Visual Soil–Field Assessment Tool (VS-Fast) (McGarry, 
2004) and the Land Degradation Sampling Framework (LDSF) (Vågen et al., 2010). Effective use of such protocols can facilitate 
rapid assessment of the current conditions of land resources with a potential for longer-term monitoring of environmental change 
(McGarry, 2004).  

Whereas direct measurement is considered the most accurate approach to land degradation assessment, this approach is limited in 
terms of the representativeness of the data obtained (Pickup, 1989), the spatial resolution and patterns and potential to provide 
information on long-term rates of land degradation. Direct measurement approaches are also labour intensive, time consuming 
and costly especially for large areas (Hill et al., 1995, Loughran, 1989). Recent advances in science have led to development of 
techniques capable of rapidly and effectively mapping out areas under threat of degradation. These include remote sensing and 
geographical information systems (GIS) techniques. The opportunities offered by the above advances can be used to map out 
patterns of land degradation at various scales relatively faster and at reasonably low cost (Sanchez et al., 2009).  
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Since cost of mapping, rehabilitating or restoring land degradation is high, there is need to first identify areas experiencing 
significant changes. Such areas can then be targeted for more detailed assessments to determine the types and drivers of 
degradation. Studies have shown that land degradation can express itself in terms of reduction in biological activity (Vlek et al., 
2008). Normalized difference vegetation index (NDVI) can provide a rapid indicator of areas experiencing significant changes in 
vegetation thereby suggesting where to target more detailed land degradation assessment programs (Bai and Dent, 2006).  

In light of the discussion above, this study conducted in Kenya demonstrated a systematic approach of mapping land degradation 
patterns from national to plot level as basis for policy recommendation for sustainable land management 

 

2. STUDY AREA AND METHODOLOGY 

2.1 Study area 
The study was conducted in Kenya at courtly level with a focus on selected districts in western Kenya (Fig. 1). Western Kenya 
region is considered to be at high risk of degradation due to the high population pressure and intensity of land use. The districts 
have some of the highest poverty levels in the country. The diversity in the geomorphology, land use and other demographic 
factors existing in these districts offered a unique opportunity to patterns of land degradation. 

 

 
Fig. 1: Location of the study site 

 

2.2. Methodology 
Land degradation pattern mapping was conducted at country level where long term variability and trends in vegetation 
productivity were used as a proxy for land degradation or improvement. Two main datasets were used: i) 250 m resolution 
Moderate Resolution Imaging Spectroradiometer Normalized Difference Vegetation Index (MODIS/NDVI) data for the period 
(2000-2009) downloaded from the USGS website (http://glovis.usgs.gov/), and, ii) precipitation data from the gridded climate 
data (CRU TS 3.1 - 0.5°  0.5°) downloaded from the CGIAR-CSI website (http://www.cgiar-csi.org/data/item/104-cru-ts-31-
climate-database) for national level assessment and raingauge rainfall data from the Kenya Meteorological Department (KMD) 
for district level assessment. The NDVI and the mean annual precipitation were subjected to statistical analyses to assess 
variability and trends in vegetation productivity (Vlek et al., 2008, Vlek et al., 2010). This analysis enabled the pixel-by-pixel 
computation of the NDVI-mean annual precipitation –MAP- correlation coefficient and the inter-annual NDVI change which 
were then tested for statistical significance. In addition, NDVI differencing was done by subtracting NDVI averages across two 
time periods: the baseline (2001-2003) and the endline (2007-2009) to give the change in average NDVI for the study area. All 
computations were done in a GIS environment using ArcGIS 9.3.1. 
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The assessment at national level was complemented by detailed field observations and measurements at selected sites in western 
Kenya. This assessment was done following the Land Degradation Sampling Framework (LDSF) (Vågen et al., 2010). LDSF is a 
spatially stratified, random sampling framework built around a hierarchical field survey and sampling protocol using 10 km × 10 
km ‘Blocks’ and ‘Clusters’ of sampling plots. All sampling points are georeferenced for future monitoring of changes. The 
framework employs various standard methodologies for quantifying status of vegetation and soils making it possible to replicate 
and compare results across sites. The indicators of land degradation were broadly classified into three main attributes, namely soil 
and site stability, hydrologic function and biotic integrity (Pellant et al., 2005). Indicators of these attributes included proportion 
of bare ground, dominant vegetation structure, presence of pedestals, presence of rills and gullies, soil surface loss, and indicator 
plant species. The occurrence and/or severity of the indicators were qualitatively and quantitatively measured and scored using 
ordinal or categorical scales. 

Soil samples were collected from plots at 0-20 cm and 20-30 cm depth and analyzed using a combination of two approaches: 
Near Infra Red Spectroscopy (NIRS) (Shepherd et al., 2003) and the conventional wet chemistry approach (Okalebo et al., 2002). 
NIRS is an innovative technique used at the ICRAF laboratory as a rapid and cheap method of analyzing large numbers of 
samples  

 

3. RESULTS 

3.1. Correlation between biomass (NDVI) and inter-annual rainfall 
Figure 2a shows the results of the assessment to determine the correlation between inter-annual NDVI and precipitation for the 
period 2000-2009. The correlation between biomass and mean rainfall was between -0.953 and +0.992. Areas shaded darker blue 
showed that vegetation correlated positively with rainfall whereas those shaded brown show where vegetation correlated 
negatively with inter-annual rainfall. The areas experiencing poor correlation between vegetation productivity and rainfall could 
be pointers of land degradation (poor soils) or improvement (irrigation and afforestation). 

3.2. Pixel-based linear slope of inter-annual NDVI 
The long term annual change in vegetation cover depicted by the inter-annual NDVI change is presented in Fig. 2b and shows 
ranges of between -0.067 and +0.068. Areas shaded blue indicate those with positive NDVI slopes over the 10 year period. Such 
areas can be considered as stable or improving in vegetation cover. On the other hand those shaded brown indicate areas with a 
negative slope of NDVI over time and could point out areas at threat of land degradation. The results show possible land 
degradation patterns in a wide range of districts from the regions considered high to low potential for crop production (red 
circles). These districts include Kitui, Kajiado and Narok in Eastern Province, Kwale, Kilifi and Tana River in Coast province, 
Marsabit, Turkana, Isiolo and Garrisa in North Eastern Kenya, Kakamega, Bungoma in Western, Nyandarua, Nakuru and 
Laikipia in Rift Valley and Kisii, Kisumu and Siaya in Nyanza Province. This widespread pattern of degradation insinuates 
various drivers, which can range from deforestation, overgrazing, etc. On the other hand, areas such as Wajir, Baringo and the 
districts around Mount Kenya (green circles) showed positive NDVI slope pointing implying that these regions are stable or 
improving in vegetation cover. The positive NDVI trends observed in Wajir and Baringo, in particular are very interesting 
considering that these are districts located in the arid and semi-arid lands (ASALs) characterized by low and irregular rainfall 
patterns. The patterns observed corroborate previous studies (Bai and Dent, 2006, Vlek et al., 2010, Vlek et al., 2008, Bai et al., 
2008). 
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Fig. 2: Pearson’s coefficient of correlation between annual NDVI and precipitation (a) and the linear slope of annual NDVI (b) 
for the period 2000-2009 

 

3.3 NDVI differencing 
Results of the NDVI differencing at country level between the baseline (2001-2003) and the endline (2007-2009) showed that the 
absolute and relative NDVI changes ranges were -0.42 to +0.48 and between -74% to +238%, respectively. Figure 3 shows the 
proportion of land that experienced at least 10% change in relative NDVI between the two time periods of consideration. About 
21% (119,598 km2) of the country was characterized by declining relative NDVI while 12% showed areas with improving 
relative NDVI. 

 

 
Fig. 3: Areas of land experiencing at least 10% change in relative NDVI 
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3.4 Land degradation patterns in Western Kenya 
Assessing the vegetation patterns at district level revealed better defined patterns of change often masked when the assessment is 
conducted at national level. For example the inter-annual NDVI change showed that most of the western Kenya region had 
experienced a general decline in net primary productivity over the period of assessment (Fig. 4). The expanse of region having 
negative NDVI trends is predominantly under intensive smallholder crop cultivation. Notable however are the positive NDVI 
values in south west region of Siaya District. This region is located in lowland could be benefiting from longer residual moisture 
and frequent flooding that benefits vegetation even in times of declining rainfall. The region is considered semi arid area climate 
and hence slight changes in NDVI could result in very significant changes being observed.  

 

 
Fig. 4: Linear slope of inter-annual NDVI for the period 2000-2009 for Western Kenya 

 

3.5. Land degradation attributes and indicators 
The most prevalent indicators of land degradation observed in Malava block located in Kakamega North included proportion of 
bare ground, dominant vegetation structure, presence of pedestals, presence of rills and gullies, soil surface loss, and indicator 
plant species. Assessment of the general vegetation structure showed that over 70% of the land was under cropland (Table 1). 
Forests accounted for 8% of the points sampled and represented the Malava and Chesero forest fragments. 

 

Table 1: Vegetation structure in Malava block  

Vegetation structure Frequency Percent (%) 
Cropland 119 73.9 
Wooded grassland 25 15.5 
Woodland 4 2.5 
Forest 13 8.1 
Total 161 100.0 

 



 

6 
 

 

Vegetation cover assessment in the Malava block located in Kakamega North showed that the area has sparse wood cover but 
high herbaceous cover (Table 2). The high herbaceous cover rating is due to the patches of sugarcane production fields that 
dominate the farming systems.  

 

Table 2: Wood and herbaceous cover rating in Malava Block 

Cover rating Wood cover (%) Herbaceous cover (%) 
Absent 34.4 1.3 
<4% 33.1 9.2 
4-15% 17.2 13.7 
15-40% 5.3 29.4 
40-65% 7.3 30.1 
>65% 2.6 16.3 
Total 100.0 100.0 

 

Over 55% of the farms sampled completely lacked soil and water conservation (SWC) technologies (Figure 4). Where present, 
famers used either structural or vegetative SWC techniques or a combination of the two. The most common structures present 
were cut-off drains and drainage trenches, terraces planted with fodder species such as Napier grass, and use of stone bounds and 
trash lines. 

 

 
Fig. 4: Soil and water conservation practices on farms in Malava block 

 

Sheet erosion was the most dominant form of soil loss in the Malava block, and was observed in over 70% of the farms sampled. 
Sheet erosion has a significant impact on the general soil fertility since it involves removal and loss of the top soil layer that holds 
most of the nutrients needed by the crops. 

There was a high variability in soil properties across the farms sampled as evident from the coefficient of variation indicating that 
the farms were highly heterogeneous (Table 3). Most of the farms had soil properties below the critical levels for sustainable crop 
production. For example, over 55% of the farms sampled in the Malava block had less than 2% soil organic carbon. Despite 
variation in the behavior of different types of soils, there is a general consensus that 2% SOC (ca. 3.4% SOM) is a critical 
threshold below which serious decline in soil quality is likely to occur (Greenland et al., 1975, Kemper and Koch, 1966, 
Loveland and Webb, 2003, Pretty, 1998). This implies that the soils in the study area are threatened by degradation if not well 
managed. The soils were also deficient in phosphorus and were acidic. 
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Table 3: Soil properties for Malava block (0-20 cm depth) 

Soil property Min Max Mean Std. dev CV 
Soil organic carbon - SOC (%) 1.0 6.0 2.1 0.82 0.39 

Total organic nitrogen - TON (%) 0.1 0.5 0.2 0.07 0.43 
pH 4.8 5.9 5.2 0.20 0.04 

Cation exchange capacity- CEC (C mol 
/100g) 

5.1 26.6 10.6 3.60 0.34 

Phosphorus- P (mg/kg) 3.3 13.7 6.8 1.82 0.27 

Potassium - K (mg/kg) 67.8 232.5 116.9 27.17 0.23 

Calcium- Ca (mg/kg) 256.7 3,550.4 859.8 471.79 0.55 

Magnesium (mg/kg) 49.3 403.2 129.3 54.81 0.42 

Sodium (mg/kg) 31.6 52.0 40.3 3.79 0.09 

Sand (%) 47.3 73.5 61.3 5.38 0.09 

Clay (%) 17.8 44.6 29.7 5.42 0.18 

Silt (%) 2.5 25.9 7.7 3.12 0.41 

 

There was a general consensus among the land owners that the productivity of the different resources had decreased. Natural 
forests and croplands were scored as the most degraded resources. Decline in productivity of livestock was singled out by 68% of 
the respondents. As for the forests, 94% and 58% of the residents indicated that natural and planted forests, respectively, had 
declined. Fifty seven percent (57%) of the respondents reported that the quantity of the water had declined.  

 

Table 4: Perceived changes in resource productivity in Kabras Division, Western Kenya (N = 126) 

 Crop 
productivity 

Livestock 
productivity 

Natural 
forests 

Planted 
forests 

Water 
quantity 

Water 
quality 

Improved/increased 14.3 24.2 4.9 36.3 12.7 27.8 
Declined/decreased 79.4 68.3 94.3 58.1 57.1 44.4 
No change 6.3 7.5 0.8 5.6 30.2 27.8 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
 

4. CONCLUSIONS 
The study employed a combination of remote sensing, GIS techniques as well as direct field observation methods to monitor 
patterns of land degradation. This enabled a temporal as well as spatial assessment of the environmental changes across the study 
area. The assessment showed that 21% of the land was experiencing significant decrease in the vegetation cover, 12% an 
increase, while the remaining 67% was stable. Whereas using NDVI as a proxy was able to facilitate rapid mapping of the 
patterns of land degradation and improvement across the study area, the loss or gains in above ground biomass are not necessarily 
synonymous with land degradation/improvement. Areas experiencing significant changes in vegetation mainly suggest areas to 
be targeted for more detailed field observations and measurements. The patterns observed using NDVI depend on the resolution 
of the data and the scale of assessment. The high complexity of ecosystems means that land degradation cannot be viewed from a 
single lens but by examining indicators associated with ecosystem attributes or factors of interest. The indicators used were 
associated with soil, vegetation or water status. The selection of which indicator to use must take into consideration the objective 
of assessment, time, expertise and resources available. Repeatability when using or interpreting the indicators for land 
degradation can be a challenge if there is no standardized protocol to guide assessors. The Land Degradation Sampling 
Framework (LDSF) and similar other protocols can help in training and standardization of measurements to ensure repeatability 
and comparison across sites. Capacity building of the land degradation assessors is needed to ensure effective use of the 
protocols, identification and rating of the indicators of land use change. To facilitate future monitoring, there is need to have the 
sites georeferenced for ease of re-visits in future. 
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Abstract:- Rehabilitation activities have significant potential in restoring previously degraded areas, thereby increasing the 

economics of the area. Despite such qualitative assertions, quantitative economic impact of rehabilitation in Ethiopia and 
specifically in the study area is hardly ever assessed. This study attempted to quantify the major costs like soil loss cost 

through yield loss cost, rehabilitation cost and the economic benefit of rehabilitation to the rural livelihood through Income 
Generation (IG) and communal land Value Addition (VA) assessment. Subsequently extrapolation scenarios were built to 

ballpark the future maximum benefit from this area and other agro-ecologically comparable large scale communal holdings. 
The rehabilitation outputs economically assessed are tree volume, biomass, soil carbon, and grass fodder. The results from 
this area showed that, beneficiaries increased their annual income (IG) with an average 100% using only the benefit from 

fodder, while the value added (VA) to the area until 2008 was 4,111,783Birr (Birr is Ethiopian currency 9.97Birr=1USD, as 
of 2008). The future maximum income expected from this site is more than 2,000%; while, rehabilitating the total communal 
holdings in the area would result in over 5,000% increase, from the current average per capita income. However, to realize 
this, it will require thorough research for the development of such markets for different bio-geographic zones and evolving 
appropriate working plan prescriptions. More over the possibilities of linking these services to international protocols in the 

field of conservation of natural resources, global warming, and world trade have to be explored to take advantage.
Key words: Communal land, rehabilitation, IG, VA, and scenario.

1. Introduction
Controlling severe erosion through rehabilitation is a common denominator which the Ethiopian government and Non-
Governmental Organizations (NGOs) recognized and committed hundreds of millions of dollars every year (Herweg and 
Ludi, 1999) to the restoration of such eroded communal holdings. Despite this hefty capital investment, success in terms of 
adoption and sustaining the benefits of rehabilitated areas has been limited. This is thought to be due to the lack of 
information on the merits and demerits of rehabilitation (Liu et al, 2008). Moreover, studies showing the cost of communal 
land erosion and the ecological economic benefit of rehabilitation are lacking. Considering the present limitation, this study 
attempted to quantify economic contribution of rehabilitation outputs like tree volume, fodder, and tree, grass and soil 
carbon which either add the areas value or generate income to the beneficiaries. Those rehabilitation outputs priced but not 
currently marketed, add value to the area such as carbon and those outputs that can be priced and marketed, generate income 
to the beneficiaries such as fodder.  

2. Methodology
2.1. Cost of Erosion and Rehabilitation investment 
Measurement of the eroded area was conducted based on techniques reported by Stocking and Murnaghan (2000) that 
consider the area of the soil eroded. For estimating the yield lost from this area, secondary data was collected from local 
agricultural office operational documents indicating an estimate of the financial cost as a result of yield loss from this cross-
section. The cost of erosion obtained from yield loss in each year since the area was severely eroded till rehabilitated was 
then compounded to the study year’s (2008) using eqn1. 
      P= a (1+i) n -----------------------------------------eqn1

Where P -is present value of money or compounded value            a -is the previous amount or Principal lost
               i -is interest rate or index that is 3%                                    n -is number of years the principal is obtained

The other cost is rehabilitation investment cost which includes, the entire financial expenditure from commence of the 
rehabilitation to the last maintenance cost. This cost estimate was obtained from the organization which invested on the 
rehabilitation of the study and other areas which were averaged to provide mean value of 100,695Birr/ha. 

2.2. Present rehabilitation benefits
Tree volume and its financial value:- The merchantable wood volume of standing trees (V) is estimated using a standard 

formula as a function of; diameter at breast height (DBH), height (h) and form factor (f). 
V=fBh---------------------------------------------eqn2

where B - Basal area at breast height = π/4xD2 D - Diameter at Breast Height   h - Tree merchantable height.            f=0.425
The dimensions of crown used in crown volume estimation are: crown width and crown area, crown depth.
Vc = Πdb

2 hc/12------------------------------------eqn3

Where:   Vc - Crown volume, m3         db - diameter at base of crown, m            hc - crown depth, m
The merchantable wood volumes and crown volumes determined by these equations were financially valued based on the 
nearest local market price for tree wood and leaves. 

Tree biomass:- There have been many studies with models for estimating above ground tree biomass, however; the model 
by Chave et al. (2005) was chosen, because it incorporates data from different tropical environments and countries also relies 
on model selection based on penalized likelihood.
(AGB)mst=exp(-2.977+ln(ρD2H))------------------------------------eqn4

Where:          AGB-Above Ground Biomass, (kg)        ρ-density of wood (kg/ m3)
                       D-Diameter at breast height (m)                    H-Height (m)   



The efficient and effective method to determine belowground biomass is from knowledge of above ground biomass (Pearson 
et al., 2005):
BGB = exp (-1.0587 + 0.8836 x ln AGB)----------------------------eqn5     Where: BGB = Below Ground Biomass, (kg)

Grass biomass:-Estimation of the biomass of grass species was done by the destructive harvesting method of Taddesse, 
(1997) where samples of grass were harvested from quadrates 50 by 50 cm and separately air-dried for several weeks and 
measured and values are extrapolated for the whole area over seasons and years.

Sequestered carbon and its monetary value:- This study is concerned with evaluating carbon pools not just biomass pools, 
hence carbon content of dry biomass was estimated using;
C = Biomass * 0.47-----------------------------------------eqn6

Where: C-Carbon sequestered by a tree or grass species and      Biomass-AGB/BGB or grass biomass amount 

Soil carbon:-The soil was Systematically sampled (Benjamin, 1992) using a 5*5 meter grid scheme to represent the soil
organic matter and analyzed using Kjeldahal method(Walkely and Black, 1934) to estimate Organic Carbon (OC) in the soil, 
and the laboratory results were scaled up to determine OC mass found within the whole study area soil. 

Carbon price:- As there is at present no binding national market place for carbon in Ethiopia, reference was made from 
international markets. The Voluntary Emissions Reductions prices for afforestation/reforestation mixed species are 0.5-
45USD/tCO2e; where CO2e = Carbon *3.667 (Walkera et al., 2008). 

Fodder value:- In order to measure the value of fodder, the local market was assessed and the agricultural office documents 
were scrutinized, over the years and seasons providing 1tonn grass sold for 363.6Birr. The total fodder present was used to 
determine the benefit from the entire fodder available in the study area.

2.3. Future maximum yield and large scale benefit
The future maximum benefit is estimated using the maximum yield potential of the area (Table 3). The maximum biomass, 
volume and fodder yield amounts were determined via equations 1, 2, 3, 4, and 5 above. In this maximum yield estimation, 
grass biomass and fodder yields show no increase over the years. Similarly soil carbon, once reached its maxima
(Schumacher, 2002), will have insignificant change over the years. 

The monetary benefit from the future maximum yield was estimated using the present market price, as the current market 
volatility hampers any estimate of future prices. The future maximum benefit from the rehabilitation outputs was then 
discounted to the present (2008) using eqn7. 

      ---------------------------------------------------------------------------------eqn7

Where    P -is present value of money or discounted value                a -is the future amount or Principal found
                i -is interest rate or index is 3%                                            n -is number of years the principal is obtained 

Large scale benefit-The study extrapolates the area’s maximum yield monetary benefit to large scale Amhara region 
communal land holdings that occur in comparable agro-ecology as the study area. 

3. Result
3.1. Cost of Erosion and rehabilitation investment
The study area which was 13.26 ha had been yielding a grass fodder 40ton/ha/year before the severe erosion completely
stopped its yield in 1998. The yield loss since then until the rehabilitation in 2004 was 5304tons or 716,000Birr. The total 
cost expended in rehabilitating this area is 367,325Birr;

3.2. Present yield and benefit 
The average local prices obtained from the local market and the agricultural office documents show that the area after 
rehabilitation gained about 2,632,266Birr from a merchantable wood volume of 16m3 and crown volume of 13,299m3. The total 
carbon sequestered in the study area was 5,069tons or in monetary terms 559,517Birr. However, these monetary values were 
not realized as the trees are young for use and were not marketed for carbon. The fodder from the area yielded 506tons until 
2008 which if sold in the local market would have been 920,000Birr. In practice every year the fodder was distributed 
equally to the beneficiaries who have either used it or sold it nevertheless gained about 800Birr/year/person until 2008.  
Considering both the realized and unrealized benefits, the area added a value of 4,111,783Birr after rehabilitation. 

3.3. Future maximum and large scale yield and benefit 
The maximum yield estimated after the 2008 juvenile trees mature is 1440m3 of merchantable wood and a crown volume of 
491,516m3 or both together earn about 60,120,695Birr in 15-25years time. In comparing the maximum future tree volume 
benefit with that of the present, it shows around 1884% increase in benefit. Similarly the maximum carbon yield in the future 
from this area will be 6,656tons and a monetary benefit of 729, 039Birr which is a130% increase as compared to the 2008 
monetary benefit. 
Comparing the cost of rehabilitation which was 367,325Birr and the benefit of rehabilitation which will be 63,977,734 Birr, 

the income increase per beneficiaries will be approximately 15,310Birr increasing with over 2000%.
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Large-scale yield and benefit extrapolation:-The benefit that is derived from rehabilitating the total communal land
per administrative spatial scales provides the results in Table 1.
Table 1- Expected minimum benefit from the different yield values 

Level of Extrapolation Carbon benefit in Birr Fodder  income in Birr Tree volume benefit in Birr
Regional level 1.49853E+11 37,615,122,775 2.03143E+13
Zonal level 18,731,676,070 4,701,889,600 2.53928E+12
Woreda Level 1,921,197,546 482,245,087 2.60439E+11
Kebele Level 67,198,838 16,867,765 9,109,542,025

The sum of the monetary benefits from carbon sequestration, fodder and tree volume represents the total benefit from 
rehabilitating the large scale communal holdings at those scales. Considering the average cost of rehabilitation
input/expenditure 100,695Birr/ha anywhere in Amhara region Table 2 shows the comparison of the total expenditure against 
the benefit from rehabilitating these larger scales.

Table 2. Expected Cost of rehabilitation, and the subsequent future benefit 
Level of Extrapolation Rehabilitation Expenditure in Birr Obtainable benefit in Birr

Regional level 75,092,255,290 2.03521E+13
Zonal level 9,386,530,419 2.54401E+12
Woreda Level 962,721,069 2.60924E+11
Kebele Level 33,673,652 9,126,485,481

4. Discussion and conclusion
It is evident that erosion in the area contributed to a huge amount of yield loss, the magnitude of which largely depends on 
the area of soil lost. This is mainly because the area of the eroded soil has overhauled the available area for plant growth. 
The 2008 benefit from carbon sequestration and tree volume estimated in the study area can only be used as a value adding 
byproduct. This means, the current juvenile tree species cannot be marketed for construction or fuel wood due to their small 
size or amount which can only produce petty income or benefit. Similarly the carbon sequestered from all sources in the area 
cannot fulfill the requirement for carbon credit payment. But these outputs have raised the value of the rangeland with the 
assumed future benefit to be gained that means the outputs added value of the rangeland due to the rehabilitation input. The 
value added to the area in monetary terms was 4,111,783Birr, of which the actual income obtained by the 230 beneficiaries 
was 920,000Birr, from 2004-2008. This realized income from fodder is very significant enough to attract the attention of 
farmers or even all stakeholders in managing the rehabilitated area, as each beneficiary household received a fodder amount 
that has doubled their income. These figures indicate that the input or the investment cost amount has already been returned 
and the area has started accumulating profit or maximizing income to the beneficiaries. When comparing the input cost with 
that of the income generated, the area has returned its expenditure cost in two years after rehabilitation. Similarly, if farmers 
invest in the study area rehabilitation, the expendable share that appreciated for each household would be 1,597Birr. The 
expenditure will have been recovered in two years’ time as each year the individual farmer obtained 800Birr per annum 
merely from fodder. This profit suggests the potential for indemnity for banks that extend credit for rehabilitation activities 
performed by farmers. 

                   Figure 1- model Input, Output and Income trend of temporal monetary growth 

The future maximum yield and benefit of the study area increased, when compared with the study period results. This 
extrapolation indicates that the values for input/rehabilitation cost, output/value added, and income generated depicted in 
Figure 2 vary relative to one another in time since rehabilitation. As shown in figure 2, rehabilitation cost was greatest in the 
first year of rehabilitation; however this cost will be recovered as income grows exponentially in subsequent years. This 
point of contact is the time when the rehabilitation site redeems its investment cost. In the juvenile stage of the rehabilitated 
area most of the outputs add value, showing a higher trend of growth for value addition than income generation (Figure 2). 
However, after reaching maximum yield level, the value adding outputs are potentially income generating, after the income 
generation and value addition lines will have similar value trends. Hence future income generation for beneficiaries will 
increase more than 1,500%. The sources of income will also change from mere fodder to carbon credit, fodder and tree 
volume. This figure confidently shows that the long term maximum benefit has provided a better justification or benefit, 
which verifies that rehabilitation investment, is appreciably rewarding if sustainably managed. 
By up scaling the study area results to the large spatial scale administrative area like “Kebele” in Amhara region which has 
an average 690 households and an average communal land holding size of 1372ha would obtain a financial gain of over 



10billion Birr in an average 15-25years after rehabilitation for an expenditure of about 100million Birr. If this amount is 
calibrated to a household level, each beneficiary will earn annually way over a million Birr income for an expenditure of 
about 50thousand each that is insignificant when compared to the amount of share expected. However in this regard it should 
be mentioned that the population number in the future will increase which as well reduces the size of these communal 
holdings and there by the benefits expected from it. Hence such situation might dwindle, the income amount anticipated; 
though not significant enough to nullify these results. For instance, with 2.9% population growth in 2008, Amhara region 
would increase the kebele scale average household number to 1,190 in 15 to 25years time. These new households will 
require more private land, which will also be shared from the available 1372ha communal land, subsequently reducing its 
size. Assuming these increased numbers of households would take half of the communal land; the income expected from 
rehabilitating and sustainably managing the rest of the communal holding would not be less than a quarter of a million Birr 
income per household. Moreover considering the current Amhara region per capita income which is 795Birr per annum, a 
quarter of million per annum expected from the reduced communal land surpasses the current per capita with more than 
5000%. However this calculation is based more on assumptions than precise figures which are currently unattainable to 
approximate. 

5. Policy Recommendation 
 Rehabilitation schemes:- Rehabilitation substantially improves the income capacity of a rural communities with 

weak livelihood security; voicing the urgency of addressing the question of communal land rehabilitation and 
mainstreaming rural poor to the benefits in an integrated manner. This calls for establishing synergy and 
complementarity to beyond production, non-farm activities called communal land rehabilitation. It is also 
necessary to consider the large area coverage of communal land holdings in the region along with the available 
local labor, in order to develop location specific improved rehabilitation and sustainable management schemes. 

 Market Strategy:-Evaluation of rehabilitation projects using economically quantifiable rehabilitation outputs
(carbon sequestration, bio-fuels, water conservation, soil conservation, biodiversity conservation and aesthetics 
and eco-tourism) shows a very significant monetary return for communities. However communities have not yet 
staked claim on some of these products, as their claims have been limited to the products that have been sold 
traditionally in the local markets. Accordingly, rehabilitation projects hitherto have brought no new innovation in 
the product range yet and perhaps it is time to think of these possibilities in the future large scale rehabilitations. 

 Research and Development:- Research is needed for optimization of the production of these outputs, measurement 
of ecosystem services delivered, economic valuation of the rehabilitation components and determining the key 
players in the market. Research is also needed to make appropriate accounting of the amount, suitable for 
producing this new range of benefits and maximizing their production at least cost. Another important area of 
research would be to translate these research findings into working plan prescriptions to enable the communities to 
manage rehabilitations to produce these results at least costs and be able to enter the market with greater 
confidence if they have access to data on the true economic values of the goods and services that they produce. 
Related to this, and perhaps even more important, is the field of research on the issues of leakage, additionality and 
rotation in relation to carbon sequestration and bio-diversity conservation.

 Enabling policy-As a standard development strategy, enabling policies and laws should be developed based on the 
need of the beneficiaries. Moreover, an enabling policy environment is imperative to hasten the development of 
market for rehabilitation goods and services. 
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ABSTRACT:  
The Government of Lao PDR has prioritized poverty reduction in its National Socio Economic Development Plan, and 

plans to achieve it through development of natural resources and commercialization of agriculture practices. As rural landscapes 
transform dramatically from mosaics dominated by subsistence and smallholder farms to commercial mono-crop agriculture in a 
very short timeframe, the capacity of commercial agriculture plantations to alleviate rural poverty is increasingly weighed against 
its potential impacts on ecosystem services, sustainability of land resources and traditional livelihood systems. 

An economic analysis of four land use systems in Northern Lao PDR demonstrates that commercial agriculture 
plantations (rubber and maize) has the capacity to alleviate poverty in the short-run. It, however, exposes land resources to 
serious environmental risks and loss of ecosystem services. By comparison, the traditional land uses that were studied (upland 
rice farming and non-timber forest products collecting) are largely sustainable practices but are unable to contribute towards 
alleviating poverty of rural households.  

Results suggest that longer-term environmental costs can potentially cancel out short-term gains from change in land 
use to intensified commercial agriculture. Also, incentives for conserving ecosystem services (such as REDD+) can have a role in 
supporting and increasing the competitiveness of maintaining land in forests. 
 
Keywords: ecosystem service valuation, cost-benefit analysis, sustainable land use, REDD+, Lao PDR 

1. INTRODUCTION 
Poverty alleviation is the overarching goal in Lao PDR’s five-year National Socio Economic Development Plan (NSEDP) for 
2011-2015, the country’s development blueprint.  The expectation is to sustain continued high rates of economic growth through 
use of natural resources and financed largely by foreign investments. Over the last decade, availability of forest and land 
resources and cheap labour have attracted large flows of foreign direct investments into Lao PDR, particularly to the mining, 
hydropower and agricultural sectors. In the agriculture sector, maize and rubber are two of the more important commercial crops 
in terms of land area, and biofuel crops are also expanding. The total planted area in maize grown has expanded exponentially 
since 2006 and has exceeded 200,000 hectares (ha) in 2010.  Rubber plantations has expanded dramatically from under 6,000 ha 
in 2003 to nearly 30,000 ha in 2007, and almost 250,000 ha in 2010 (Department of Statistics 2011, Douangsavanh et al. 2008, 
Forestry Research Center 2007), this upward trend is now temporary curbed by the government’s recent revision of the plantation 
and concession policy (Vientiane Times 2012, 2011).  

In addition to poverty alleviation and sustained high economic growth, the NSEDP also sets the target to “ensure sustainable 
development by integrating economic development with socio-cultural development and environment protection to the nation’s 
advantage” (MPI 2011). Because agriculture development policies affect how land is used, they will also affect farmer 
livelihoods, ecosystem services, carbon emissions and a host of other variables that has to be considered within a sustainable 
development framework. If Lao PDR is to achieve both poverty alleviation and sustainable development goals of the NSEDP, a 
deeper and more systematic analysis of the multiple consequences of land use decisions is needed, particularly in the context of 
rural farming landscapes in vulnerable upland areas of the country where poverty levels are highest.  
 
Emerging incentives such as the Reducing Emissions from Deforestation and forest Degradation (REDD+) mechanism may be an 
opportunity for achieving poverty alleviation and sustainable development. REDD+ involves payments to forest-rich developing 
nations for achieving long-term reductions in carbon emissions by reducing the extent of deforestation and forest degradation, 
thereby protecting and enhancing carbon stocks (UNFCCC 2009). The REDD+ framework could also produce co-benefits 
including maintenance of ecosystem services (e.g., preservation of biodiversity, soil and water quality) and indigenous 
livelihoods and cultures (Fox et al. 2011, Mertz 2009).  

1.1 Research Question 
The objective of this study is to generate information on the costs and benefits of different land use systems, as incurred by local 
farmers who are actively practicing the land use system, including impacts on ecosystem services, and information on 
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effectiveness of incentives such as REDD+.  To determine how large REDD+ incentives would need to be in order to solicit a 
positive response from farming households to not convert forests, it will be necessary to consider the opportunity cost of the 
alternative agricultural activities. A comparison of the different costs and benefits will provide better clarity about the viability of 
REDD+ and if the commercialization of agriculture can contribute towards national goals of rural poverty alleviation and 
sustainable development.  

The study is set up to answer the following research questions: 

• Is the development of commercial agriculture an effective strategy for reducing rural poverty? 
• How are gains and losses of ecosystem services factored in rational decision-making on land use practices?  
• Can incentives such as REDD be an effective mechanism for supporting sustainable livelihoods and maintenance of 

ecosystem services? 

1.2 Land Use and Socio-Economic Context of Study Region 
Household surveys were carried out in three districts in Oudomxay province in northern Lao PDR to examine the costs and 
benefits related to four different land use practices: rubber and maize plantations, upland rice swidden farming and non-timber 
forest product (NTFP) collection. The gains or losses on ecosystem services were also measured, through environmental health 
impacts on local farmers and on communities downstream. 

Oudomxay province has undergone rapid land use change in recent years, with large swaths of its landscapes transformed from 
forests and upland swiddens into commercial mono-crop plantations. The area planted in maize has been growing at an average 
of 12 percent per year since 2006 to about 28,600 ha in 2010 (NERI 2012). Although only recently introduced to the region, 
rubber covers over 30,000 ha in 2010 (NERI 2012).  Upland rice swiddens has declined by almost half since 2006 and covers 
only around 9,200ha in 2010 (Department of Statistics 2011).  Almost 50% of the expansion in commercial agriculture was from 
conversion of forests, particularly secondary and old fallow forests. This pattern clearly indicates that Oudomxay is moving 
rapidly along the agriculture development transition from subsistence farms to semi-commercial and commercial plantations. 

The farming households surveyed for this study share many similar socio-economic characteristics. All households practice 
diversified farming practices with incomes derived from various sources and crops.  Upland rice swidden farming continues to be 
practiced by all households, though largely as a complementary practice for household food needs. Using the national standard, 
most household incomes fall below the poverty line1 and households that predominantly practice NTFP collection and upland 
rice swidden farming are more likely to be classified as poor and very poor.  The possible exception is households planting 
maize, whose average gross incomes are relatively higher than the national poverty line.  The livelihoods of households 
practicing rubber plantations are also impacted over the short-term, as rubber replaces annual crops, declines in cash income can 
be quite serious for households with little savings or capital over the first 6 years until rubber trees are mature enough to be 
tapped. At the time of survey, most of the rubber plantations in the region are not yet mature enough for latex production.  

The loss of ecosystem services from conversion of secondary and old fallow forests to maize and rubber plantations can translate 
into sizeable costs incurred by not only the farmers but also to surrounding local communities.  While absence of environmental 
baseline data and other research constraints prevent a more comprehensive valuation of ecosystem services, participatory 
assessments with surrounding communities highlights the serious water quality impacts and soil depletion as a result of forest 
conversion.   

2. ANALYTICAL FRAMEWORK 
A simple cost-benefit framework is used to estimate the net revenues from one hectare of land use practice to the individual 
farming household (rubber and maize plantations, upland rice swidden farming and forest/NTFP collection).  

Net present value (NPV) for each land use practice is derived by: 
 

 (1) 
 
Where NPVL is the net present value for each land use practice L (US$ ha-1), TRL,t is total revenue for each land use practice L 
(US$ ha-1), TCL,t is total cost for each land use practice L (US$ ha-1), t is the time frame for the analysis (30 years), and r is the 

                                                 
1 Lao PDR Decree No.285/PM dated 13.10.2009 sets the rural poverty rate at 180,000 kip (US$ 21) per person per month or 
2,160,000 kip (US$ 253) per person per year. 
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discount rate (12 percent). For the analysis, market prices were assumed to be constant over the 30 year time period.  Table 1 
below provides detailed descriptions of the four land use practices. 
 
Table 1: Description of the land use practices considered in this study  

Land use practice, L Production cycle Description 
Maize Annual crop 

 
Maize plantations have dramatically expanded in northern Lao PDR, and Oudomxay 
province is the second largest producer in the country with much of the crops 
exported to China. The Provincial Agriculture and Forestry Department has 
promoted maize amongst local farmers, and expansion of maize farms is largely 
from conversion of production and fallow forests (NERI 2012). Maize is mostly 
grown in the mountainous regions and slopes, causing soil erosion in many areas. 
Local maize farming practice is heavily dependent on chemical herbicide use, and 
typically used unchecked, has led to soil degradation, water contamination, farmer 
illnesses, and death of livestock and fisheries. 
 

Rubber 
(self-financed and 
2+3 contract farming 
models) 

30 year cycle, with 
production of latex starting 
at year 7 

The emergence of rubber is driven by both policy and investor interests. The main 
arrangement in rubber plantations is through a ‘2+3’ contract model where farmers 
provide land and labour, and the plantation company provides capital (in the form of 
seedlings, fertilizer and other equipment), technology and access to markets. When 
the trees become productive in 7 years, revenues from sale of latex are shared 
according to conditions set in the initial contract – usually 60% to farmers and 40% 
to the company (NERI 2012). There are also instances where farmers with relevant 
knowledge (e.g. villagers located close to borders with China and Thailand and who 
have worked on rubber farms in these countries), capital and agency (e.g. farmers’ 
groups) can negotiate better arrangements that limit the role of investors or even 
resist their offers if they have already secured market access (as documented by 
Castella et al. 2008). Both scenarios of a self-financed and 2+3 contract farming 
rubber land use systems are modelled here. Due to the region’s geography, rubber 
plantations have expanded into uplands and hill slopes, increasing soil erosion risks, 
and use of chemical herbicides have also caused local health issues. 
 

Upland rice swidden Rotational annual crops, 
with fallow periods 
ranging from 3-7 years  

Upland rice swiddens are normally practiced on a rotational basis moving from plot 
to plot within the same landscape after a certain fallow period. While generally 
considered to be environmentally sustainable, rotational swiddens do require 
extensive land area. This is the predominant traditional farming system in the 
northern uplands of Lao PDR. Pressures from expanding maize and rubber 
plantations are shortening fallow cycles and impacting the productivity, biodiversity 
and ecosystem services from this land use system (Padoch and Pinedo-Vasquez 
2010, Fox et al. 2009).  In the survey region, expanding maize and rubber 
plantations have generally come at the expense of old fallow and secondary forests. 
 

Forest/NTFP  
(with and without 
REDD+ incentives) 

Daily activity Collection of NTFPs is a traditional practice throughout rural Lao PDR for cash 
incomes and subsistence needs. Forest use includes harvesting wild products for 
food and sale at local markets, medicines, fodder, house construction and handicrafts 
production. Forest food contributes substantively to rural household diets, both in 
terms of diversity and weight, up to 80% of non-rice food consumption and between 
30-50% of protein consumption. NTFPs are estimated to have an annual direct use 
value of between US$313-525 per household in Lao PDR (Emerton 2005, IUCN 
2003).  For simplification, the study assumes that REDD+ incentives are applicable 
only to forest land use2. In this way, we can compare the profitability to households 
in converting forest to the other land uses (upland rice swidden, maize and rubber) 
versus maintaining the forest for REDD+ and NTFPs. 
 

 
Following Sasaki and Yoshimoto (2010) and Butler et al. (2009), potential revenues and costs of managing a forest for REDD 
incentive is incorporated into total revenue TRL,t  and total cost TCL,t  for comparison with other land use systems. We assume that 
only land maintained as forest qualify for REDD incentives. Total revenue from each land use L, TRL,t in Eq. (1) is thus: 
 
 TRL,t = RL + Rf,CO2  (2) 

where RL is revenues from land use type L (US$ ha-1) and Rf,CO2 is carbon revenue to REDD project beneficiaries from land use 
in forest, f (US$ ha-1). Carbon revenue Rf,CO2 is in turn defined by: 

                                                 
2 REDD+ incentives could also target swidden lands, towards lengthening fallow periods and increasing carbon stocks in fallow forests, and 
thereby also increasing co-benefits of biodiversity and other ecosystem services such as maintenance of water and soil quality (Fox et al. 2011, 
Padoch and Pinedo Vasquez 2010). We do not consider REDD+ to swidden in this study due to lack of detailed information on the rotational 
agriculture patterns across the entire landscape of the study area.  
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 Rf,CO2 = PCO2 x CSf  (3) 

where PCO2 is the price of carbon dioxide, CO2 (US$ ton CO2
-1)   PCO2 vary widely in the literature and practice, ranging from 

US$ 2 per ton CO2 (Sasaki and Yoshimoto, 2010) to US$ 4.80 (average price from 11 cases of avoided deforestation projects, 
Hamilton et al., 2008) to US$ 10.30 (€ 8.03 trading price for European Union Allowances on 31/10/12, www.pointcarbon.com). 
A sensitivity analysis is applied using the three different price points.  CSf  is the total volume of aboveground and belowground 
CO2 stored in each ha of forest. The average stocks of aboveground carbon in the old fallow and secondary forests of northern 
Lao PDR is estimated at 52 tons of carbon per ha (Hett et al. 2011) and belowground carbon is typically 20% of the aboveground 
content (Gibbs et al. 2007). Thus, total above- and below-ground carbon stock is 62.4 tons carbon per ha.  Using the Clark (1982) 
conversion factor, CSf  equals 228.63 ton CO2 ha-1. This is well within the range in literature of carbon stocks in similar fallow 
farming systems in the region (Fox et al. 2011, Takeuchi 2010). We assume that Rf,CO2 will be distributed in equal annual 
payments from year 2 through 30 year, and that Rf,CO2 will be distributed to the households who are currently involved in the 
forest/NTFP land use and who will have to incur the opportunity cost of not being able to use the land for another purpose. 

Total costs from each land use type L, TCL,t  in Eq. (1) is: 

 TCL,t = CL, Labor + CL, equip + CL, Env + Cf,CO2  (4) 

where CL,Labor is the cost of labor (or in cases where no wages are paid to household labor, the opportunity cost of labor) in the 
land use L (US$ ha-1), CL, equip is the cost of equipment or tools needed (US$ ha-1) and CL, Env is the average cost of health costs 
caused by environmental degradation (e.g. herbicide contamination), in US$ ha-1. Cf,CO2 is the cost of implementing a REDD 
project in forest land, f (US$ ha-1): 

 Cf,CO2 = CEstab + CMonit (5) 

where CEstab is the initial one time initial cost of establishing a REDD project to meet the standards of the World Bank’s Forest 
Carbon Partnership Facility (FCPF; www.carbonfinance.org). CEstab is US$25 ha-1 to cover the project design document, 
governance and planning, monitoring and measurement, surveying and research, and other costs. CMonit is the annual maintenance 
costs to cover infrastructure maintenance, information, education, and communication, monitoring, and finance and 
administration (Butler et al. 2009, Eggleston et al. 2006) and is estimated at US$10 ha-1 year-1. Monitoring starts in year 3. 

Households will thus decide whether or not to convert the fallow and secondary forests from which they depend for NTFPs to 
another land use (ie. upland swidden rice, maize or rubber) by balancing the expected profits from the other land uses against the 
revenues that could be generated from keeping the forests intact with REDD incentives.  In this case, we assume that households 
have the option and the right to choose any of the three alternative land uses. Following the classical optimal utility model, the 
household’s decision to deforest for another land use, d, depends on: 
 

 (6) 
 

Where if d=0, households will not deforest; and if d=1, households will deforest 

3. RESEARCH RESULTS 

Net Present Values (NPVs) from the land use options indicate that rubber plantation is the most profitable land use option, with 
the 2+3 contract farming arrangement generating about one-third of profits gained in the self-financed model. All the other land 
use systems of upland swidden rice farming, maize plantation and forest/NTFP generated economic losses over the long-term. In 
these three cases, the opportunity cost of labor is the largest share of incurred costs, but this is not factored into the farmer’s 
rational decision-making process as they largely involve family labor which is considered to be free. As such, farmers continue 
with these practices because they are traditional and customary livelihood practices of the region as in the case of upland 
swidden rice and forest/NTFP.  In the case of maize plantations, the cash incomes generated are by far the largest earnings 
available in the region. Results of the NPV analyses are presented in Table 2 below.   

NPVrubber > NPVf, REDD in all the PCO2 scenarios, indicating the rational farmer will decide to convert forest lands into rubber 
plantations, based on the higher expected profits from rubber plantations despite availability of REDD+ incentives. Although 
rubber is the most economically profitable land use option, it is rather unlikely that the average forest/NTFP households will be 
have the upfront capital needed to convert forests into rubber without external assistance. The 2+3 contract farming system 
facilitates this conversion and is the most common arrangement amongst rural farmers, but even so, there is increasing evidence 
that farmers are becoming seriously indebted while waiting 7 years for their trees to become productive (Campbell et al. 2012, 
Arnst 2010).  

http://www.pointcarbon.com/
http://www.carbonfinance.org/
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Table 2: Results of NPV analyses for all land use options  

 Upland 
Swidden Rice Maize Rubber  

(self-financed) 
Rubber  

 (2+3 contract) 
Forest/NTFP 

(PCO2 =0) 
Forest/NTFP 

(PCO2 =$2) 
Forest/NTFP 
(PCO2 =$4.80) 

Forest/NTFP 
(PCO2 = $10.30) 

NPV 
(US$) -4,705  -4,375  1980  661 -96 -69 89 399 

BCR 0.35  0.41  1.57  1.22 0.75 0.88 1.26 1.99 

d (0,1)     1 1 1 1 

 
A quick analysis demonstrated a REDD+ incentive would need to be at least US$ 15 ton CO2

-1 (generating NPV of US$ 665 and 
BCR of 2.61) in order to compete with a 2+3 rubber contract farm.  However, even at the modest carbon price of PCO2 = US$ 
4.80, the NPV for forest/NTFP will generate positive returns, indicating that REDD and carbon values can be a viable incentive 
for conserving forest and maintaining ecosystem services relative to commercial crops such as maize.  The benefit-cost ratio 
(BCR) indicator suggests that forest/NTFP land use with REDD+ incentives of at least US$ 4.80 ton CO2

-1 offers competitive 
returns for the money invested in maintaining the land use. 

4. POLICY ORIENTED RECOMMENDATIONS  
An objective of the study is to generate information to assess if the commercialization of agriculture can support Lao PDR’s dual 
goals of rural poverty alleviation and sustainable development. From the comparison of NPVs from different land use options, we 
can derive policy recommendations that revolve around two points: 1) improving the sustainability and environmental 
management of commercial agriculture practices; and 2) improving the income streams from the more sustainable land use 
systems of upland rice swidden and forest/NTFP.  Recommendations for policy to maximize both the poverty alleviation and 
sustainable outcomes from agriculture development include: 
 

• The expansion and development of maize and rubber plantations has to be accompanied with specific measures to 
prevent environmental degradation.  Capacity building and agriculture extension services on better soil management for 
maintaining fertility and preventing erosion, and proper guidelines in use of chemical herbicides are critical. 

• There are existing laws governing development in environmentally sensitive areas such as steep slopes and upland 
catchment areas, and these laws must be adequately enforced. It is critical that policies to promote agriculture 
investments and commercialization cannot be at the expense of such laws, as they are safeguards to minimize 
degradation of the land resources which is the basis for rural development in northern Lao PDR. 

• Upland rice swiddens and forest/NTFP collection are important customary practices and generally considered to be 
sustainable land uses.  However, households that rely mainly on these activities are typically classified as poor or very 
poor. Initiatives for value-added and alternative multi-crop farming systems with mix of annual and tree crops to 
enhance household incomes and livelihoods are critical. REDD+ incentives, when provided at appropriate levels, can 
be an effective mechanism to support forest conservation and ecosystem service maintenance and to complement such 
income-enhancing activities.   

• Results from this case study demonstrate returns from commercial agriculture land use are not as lucrative as expected, 
and longer-term environmental costs (if they are fully taken into account) can potentially cancel out any short-term 
gains from the land use. As such, decisions on conversion of forests and development of commercial agriculture has to 
be accompanied with environmental mitigation measures, and these factors be fully considered in cost-benefit analyses 
for rational decision-making.  

5. CONCLUSIONS 
The case study of land uses in Oudomxay province has shed light on linkages between ecosystem services and rural poverty: 
 

• Planting commercial crops of maize and rubber has improved cash incomes for the household and hence, contributed 
somewhat to alleviating rural poverty. It has however exposed the area to environmental risks such as soil depletion 
and water contamination due to poor soil management practices and improper chemical use. The costs of these 
environmental impacts are not fully factored within the households’ rational decision-making process as much of this 
information is not fully known or understood.  

• Upland rice swiddens and collection non-timber forest products are currently sustainable land uses, but these systems 
are increasingly vulnerable under the pressure of expanding maize and rubber plantations into old fallow and secondary 
forests. The loss of upland rice fields to commercial crops is also increasing the risks of local food insecurity in future 
as rice production declines. 

• Environmental incentives such as REDD+ can be an important mechanism to compensate farmers for maintaining 
important ecosystem services and forgoing alternative agriculture land use. While REDD+ is shown here to have 
potential to positively impact farmer land use decisions towards forest conservation, it can only be effective if the 
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REDD+ benefits are sufficient, equitably distributed and properly targeted to those households who are incurring the 
opportunity costs.  

• In certain instances, upland swidden agriculture may still be the most rational land use for farmers from economic and 
environmental perspectives, and for cultural reasons (Fox et al. 2009, Padoch and Pinedo-Vasquez 2010). REDD+ 
policies can be directed towards maintaining or rehabilitating traditional swidden systems with sufficiently long fallow 
periods to allow for regeneration of mature secondary forests and maintenance of ecosystem services. 

• In order to further this area of study and to understand the true costs and trade-offs in land use decisions, there is an 
urgent need for comprehensive assessments of ecosystem services in the different land use systems in rural and forested 
regions of Lao PDR.  A baseline of environmental information and rigorous assessments on economic and conservation 
trade-offs are critical to support informed decision-making for achieving both poverty alleviation and sustainable 
development. 
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ABSTRACT: Recently in the Republic of Belarus to questions of the economic (money) 

estimation of land resources is given great significance. The basic purpose of its application 

is the stimulation of the measures, directed toward the solution of the problems of sustaniable 

land use, the levelling off of the social and economic conditions of management on the lands 

of different quality, and also the determination of the value of the ecological and economic 

damage, caused by the degradation of lands. The developed procedure of the cost valuation of 

the agricultural lands and the wetlands and forest lands widespread on the territory of Belarus 

they make it possible to determine the size of the compensation of the harm, caused by it by 

degradation. The corresponding tariffs, expressed in the equivalent of US dollars, are 

affirmed by the President's Decree of the Republic of Belarus from 24.06.2008, № 348. Per 

one hectare of the arable lands the size of the compensation of damage is from 2,600 to 7,800 

US $. Such tariffs are established for meadow, forest and other lands. The size of tariffs was 

determined on the basis of the market cost of the lands, which considers quality, location and 

the type of its use. 

 

Keywords: lands, soils, cost, damage 

 

1. INTRODUCTION 

 

More than 20 types of land soil degradation resulting from natural territorial conditions and 

specific economic use can be found in the territory of Belarus. The main ones include [1]: 

- water, wind, and tillage erosion of soils; 

- chemical pollution (including radionuclide pollution) of land/soil; 

- degradation and deterioration of the properties of soils (especially peat soils) in the 

course of agricultural development; 

- degradation of lands due to peat and industrial materials withdrawal, road construction 

and other types of construction works, as well as flowage and submergence; degradation of 

peat soils in reclaimed (drained) bogs due to peat fires; degradation of forest land reserves; 

- degradation of lands caused by excessive recreational, technical and other 

anthropogenic pressures. 
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Different forms of land degradation in Belarus occur due to natural conditions but are also to 

a great extent related to peculiarities in the use of land reserves and disregard for standards of 

rational use and rules protecting land resources. The process of land/soil degradation may 

accelerate due to climate change of the past few decades, increased frequency and duration of 

droughts, air frosts, hurricanes, excessive precipitation and other natural factors. 

Under these conditions the improvement of the economic control mechanism of regulation of 

land use has the important stimulating role in the fight with the degradation of the lands, 

including unconditional implementation of the paid land use principle, improve the regulative 

function of land tax and rent, promote efficient and environmentally sound land use, improve 

the system of efficient goal-oriented use of payments for land with the aim of protecting and 

improving the land, develop a system of compensatory payments, etc. 

Thus the cost assessment of lands defining economic value of the land lots and cost of a 

damage, caused by degradation of lands has key value. In the conditions of the being formed 

market relations in Belarus such assessment pays off a standard method with use of cost sizes 

of a land rent and the ecological services which are carried out by land resources. 

 

2. PROCEDURE AND THE RESULTS OF THE EVALUATION OF THE 

AGRICULTURAL LANDS COST 

 

As the basis of the development of this procedure serves the rent concept of the construction 

of the ecological-economic (money) evaluation of land resources taking into account the 

special features of the rebound period of the economy of Belarus and the needs for of state 

regulation to the processes of land use. In this case land rent is considered as the steady and 

excess income, not connected with the economic activity of landowners. The cost evaluation 

of lands is understood as terms of money of the economic effect (rent income) brought by 

these lands at their use taking into account a factor of time [2].  

Information basis for calculation of a money evaluation of lands are indicators of the ground 

inventory about amount of lands and their distribution on categories, qualitative structure of 

lands, their distribution by types of using and a property, and also given a cadastral 

assessment of lands of the agricultural enterprises, other statistical materials. 

With conducting of of data on a rent of the agricultural lands as the base the evaluation of the 

arable lands is defined by the relation of size of a land rent to standard of the income of an 

investment, or to the bank percent reflecting the price of a payment for the credit. Other lands 

of agricultural purpose occupied with constant cultures, haying, pasturable and other are 

estimated proceeding from their efficiency in the relation to arable lands. 

For calculating the evaluation of the agricultural lands rent income is calculated by the 

following formula:  

 𝑅 = 𝑃 − 𝐸 − 𝐸 ∙ 𝐾𝑟,    (1) 

where R - rent income in terms of money, US $/ha; 

P - the productivity of the agricultural lands in terms of money, US $/ha; 

E –cumulative production expenses taking into account expenditures for production 

realization, US $/ha;  

Kr - the index, characterizing standard of profitability of production of agricultural 

production in the relation to cumulative expenses. 

 



With the presence of the data about the land rent the money evaluation of the land is 

determined by the relation of size of land rent to the standard of income from the investment, 

or the bank percent reflecting the price of a payment for the credit: 

 V =  (R ∙ K) /Q,     (2) 

where V - the money cost of the land, US $/ha; 

R - rent income, US $/ha; 

Q - rate of pay for the credit (standard of capitalization), % 

K - correction index. 

 

The results of calculation of a cost assessment of the agricultural lands showed that average 

cost of 1 hectare of the agricultural lands of Belarus makes 2,340 US $ from which 1 hectare 

of an arable land is estimated at 3,000 US $, and 1 hectare of a pasture or a haymaking – 

610 US $. 

 

3. DETERMINATION OF AN ECONOMIC DAMAGE AT OF AGRICULTURAL 

LANDS DEGRADATION 

The cost assessment and the size of the damage caused by degradation of agricultural lands, 

should be based on indicators of decrease in qualitative of soils. For this purpose it is 

proposed to use materials of the soil and agrochemical examination of the lands, which 

characterize the level of their biological and economic productivity. 

On the basis of such studies it is possible to calculate in soils of different granulometric 

composition and genetic origin a quantity of content of humus and labile forms of phosphorus 

(Р2О5) and potassium (К2O), and also need for the lime materials for maintaining of pH of 

soil at the level of its optimum. So, counting on hectare of the arable lands on the average 

according to Belarus are contained about 73.5 tons of humus; 430 kg of labile phosphorus 

and 450 kg of exchange potassium, and the need for the limy materials make 25.7 tons per 

hectare. By calculations of authors, for the reproduction of the ton of humus taking into 

account the humification of plant remainders it is necessary to introduce 12.5 tons of bedding 

manure. At a cost assessment of one ton of manure taking into account expenditures for 

transportation and introduction which is equal 17.5 US $, expenditures for restoration of a 

humus of the soil will make 16,200 US $ counting on hectare of arable lands. Cost of 

introduction into soils of labile forms of phosphorus will make 783 US $ and exchange 

potassium - of 203 US $. The cost of the lime materials, used for restoring the optimum 

acidity of soils, is determined at the level 434 US $ per hectare of the arable land. 

Consequently, the cost of the soil layer of one hectare of the arable land is defined as the sum 

of component indicated and will be 17,539 US $. 

The quality of soils is determined by their other properties, which have an effect on the 

productive capacity of obtaining agricultural production. The disregarded factors include the 

gross content of phosphorus, potassium and microelements, reserves of moisture and heat, 

other properties of soils. In this case cost of a humus layer of arable lands reasonably can be 

increased approximately in 1.2 times. Therefore, the total cost of one hectare will make 

20,379 US $. In accordance with the approach proposed are developed the analogous norms, 

which determine the economic value of humus layer on the genetic groups of the soils which 

are represented in Table 1. 

 



Table 1: Cost assessment of soils for calculation of the size of a damage of 

degradation of agricultural lands 

Soil 

groups 

Soil nomenclature Thickness of the soil 

layer, sm 

Cost of the fertile soil 

layer, US $/ha 

1 Rendzic Leptosols (calcaris) 30 51,905 

2 Umbric Albeluvisols (clay) 25 31,078 

3 Umbric Albeluvisols (loamy) 25 20,379 

4 Umbric Albeluvisols (sandy) 20 7,010 

5 Umbric Paragleyic Albeluvisols  25 19,279 

6 Protogleyic, Umbrisoils  25 26,737 

7 Umbric Flavisoils 25 29,101 

8 Ombric Histosoils 30 16,120 

9 Ombric Histosoils (draned) 30 25,841 

10 Eroded soils 20 7,825 

 

4. ESTIMATION OF THE GENERAL ECONOMIC VALUE OF LANDS (ON CASE 

OF STUDY OF PEATLANDS OF BELARUS) 

The general economic value of peatlands included market cost of those resources which they 

have and also cost of the non-material benefits presented by them and services which society 

can use. Such approach is the most perspective, and calculation is conducted on the following 

formula [3]: 

 

TEV= UV+ NUV,     (3) 

 

where TEV – quantity of total economic value; UV - the cost, equal to the value: DUV + 

IUV + OV - use value; DUV - direct use value (size of direct cost of use of resources of 

nature object); IUV - indirect use value (the indirect cost of the use of assimilation (reducing) 

functions of the nature object); OV – option value (the cost of the postponed alternative as 

the possible use of resources and assimilation functions of nature object in the future); NUV - 

nоn-use value is determined by the total quantity, equal EV + BV (existence value + beguest 

value). The size of cost of non-use of natural object (NUV), as a rule, is defined by cost of 

existence (EV), i.e. recreational ability of nature object, or the cost of heritage (BV) 

reflecting first of all social aspects of the importance of natural object for society as a whole. 

With the determination of cost of direct use of peatlands we proceeded from the incomes and 

the expenditures which are forming as a result of preparation of wood and side-line forest 

production, development of ecological and rural tourism, hunting and fishery and calculated 

as normative on 1,000 hectares of lands. Possible kinds of activity and rendered ecological 

services in places of peatlands can be: international tourism; tourist rounds of local 

population; photohunting for rare animals and the birds being under natural conditions; 



collecting mushrooms, berries, medicinal herbs and other production of the wood; rendering 

of services to tourists and the visitors, connected with accommodation, a food and rest. 

Capital (investment) expenditures are determined in a volume of 77,760 US $ taking into 

account 1,000 ha of lands, which, as show calculations, can be paid off for 5-6 years. Possible 

profit to the invested capital can be sufficient high (19.6 %), what is attractive for the 

investor. 

Cost of the indirect use of peatlands, which characterizes obtaining possible income from the 

CO2 sequestration. 

If to take into consideration that on 1 hectare of the area of peat lands as a result of 

photosynthesis of bog vegetation the mass of the connected carbon, according to expert 

estimates, annually makes 3.6 tons, the lump of fixed carbon from the area of 312,600 

hectares will make 1,125,360 tons. In the conversion to СO2 the given quantity will be 

4,079,430 (1,125,360 • 3,625) tons. According to available data the price of 1 t of carbon 

dioxide in the European market makes 13.2 US $. Therefore, the total cost of annually 

connected carbon can make 53,848,000 US $, and taking into account time factor (the norm 

of discount equal to 10 %) in 33,087,000 US $. The cost of water-regulated and other 

functions of the peatlands is estimated approximately, proceeding from their total area 

(312,600 ha) and the price of filtering ability of 1 hectare equal to 265 US $. 

It comprises: on the net income 82,839,000 US $ and to the net discounted income 

50,900,000 US $. Thus, cost of direct and indirect use of peatlands of Belarus of nature 

protection will make: on the net income 142,399,000 US $ and to the clean discounted 

income 87,497,000 US $ per 1 year. 

The sums indicated are represented as the missed benefit, realization of which is immediate 

under the contemporary conditions, first of all because the peatland ecosystems of Belarus the 

most important objects, which determine the volume of quotas to the emission of greenhouse 

gases, trade in which would make it possible to involve investments into the projects on their 

decrease. 

 

5. POLICY ORIENTED RECOMMENDATIONS 

 

At present in the majority of the countries of the former Soviet Union ecologically important 

natural objects, including lands, or at all have no price, or have the understated cost 

valuations. This leads to making of the resourse-intensive and ecologically unjustified 

decisions. The insufficient consideration of ecological factor often leads to the distortion of 

the trend of economic development at all levels of economic activity. Such traditional 

indicators, as a gross internal product, profit, etc. are distorted. Therefore measurement of 

indicators of social and economic development taking into account an ecological factor first 

of all in those branches of an economy which are connected directly with use of natural 

resources – fuel industry, rural and forestry, tourism is important. Introduction of system of 

the integrated economic national accounts providing the accounting of an ecological factor in 

national statistics and reflection with the calculation of a net domestic product of human 

development index and a sustainable development of the country is necessary. 

The cost assessment of lands provides the successful solution of important problems. It is 

possible to attribute to such tasks: the analysis of the motion of the flow of money in the 

interrelation of land resources and economic development; an assessment of level and rates of 

exhaustion or reproduction of soil resources, the determination of the influence of the 



processes of land resources use on the pattern of utilization of other nature and anthropogenic 

resources, which will make it possible to effectively regulate nature-conservation policy for 

purposes of sustainable development of separate territories and to decrease economic damage 

from the degradation of lands. 

 

6. СОNCLUSIONS 

 

The land is the key component of natural capital for retention and improvement in which it is 

necessary the accounting of assets: resources and the benefits from its use and liabilities of 

the economic losses as a result of the soils degradation. For the successful solution of the 

specified problem the cost assessment of lands is represented as the most actual. The last 

should include not only cost of bioproduction made by it, the rendered ecological services, 

but also performance by lands/soils of nature protection functions. 
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ABSTRACT: As conservation and sustainable use are no longer sufficient to halt or reverse land 
degradation and desertification, ecosystem restoration and rehabilitation are now recognized as a 
global priority in terms of human well-being and environmental sustainability. Along with 
conservation and sustainable use, restoration is another essential pathway “to achieve a land 
degradation neutral world in the context of sustainable development”. In addition to improving 
biodiversity and ecosystem functioning which underpins all ecosystem services, there is a 
compelling economic rationale for dryland restoration and rehabilitation activities that create 
jobs, raise incomes, and foster long-term sustainable development. 

Keywords: dryland restoration, rehabilitation, land degradation, cost/benefit, resilience, 
ecosystem services, sustainable livelihoods, biodiversity, dry forests, grasslands, livestock, 
agriculture, agroforestry, arid lands 

1. INTRODUCTION 

Land degradation refers to the diminishment of biodiversity and ecosystem functioning that 
negatively impacts the provisioning of ecosystem services (e.g. food production, access to water) 
and ultimately human health and livelihoods. Degradation is caused by various human activities 
and natural processes intricately linked to climate change and biodiversity loss. In addition to 
unsustainable agricultural and livestock management practices, mining, forestry, and 
urbanization contribute to land degradation and reduced socio-ecological resilience, particularly 
in the dryland ecosystems. As conservation and sustainable use are no longer sufficient to halt or 
reverse these trends, ecosystem restoration and rehabilitation are now recognized as a global 
priority (de Groot et al. 2010; Bullock et al. 2011; Aronson & Alexander 2013) and considered 
essential “to achieve a land degradation neutral world in the context of sustainable development” 
(UNCSD 2012). (see Fig. 1) 
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Fig. 1: A Land Degradation Neutral World in the context of sustainable development 

2. DRYLAND RESTORATION AND REHABILITATION 

By 2030, over half the world’s population will depend on drylands for the provision of critical 
ecosystem goods and services. However, every year, over 12 million hectares in the arid, semi-
arid and sub-humid regions are being degraded primarily due to unsustainable land use 
(Bainbridge 2007). The restoration and rehabilitation of dryland ecosystems is the primary focus 
of numerous national and international programs, with some countries spending over US$100 
million (Bullock et al. 2011; Merritt & Dixon 2011). These efforts involve a broad range of 
activities – from assisted natural regeneration to reinstating landscape connectivity – that protect 
and augment stocks of natural capital. This, in turn, ensures adequate flows of ecosystem 
services which are transformed into benefits to people (e.g. food, fodder, water, and fuel). 
Although natural and social capital are often not included in national accounting, the shared 
vision of ecological economists and restoration ecologists is bringing the foundation of human 
well-being into better focus. 

The restoration and rehabilitation of severely degraded lands is now a prerequisite to sustainable 
use and socio-economic development around the world (Neßhover et al. 2011; Nellemann & 
Corcoran 2010), not least in the dryland ecosystems (Lacombe & Aronson 2007). This should be 
seen as a long-term investment and not some costly burden to bear (de Groot et al. in press). 
When properly designed and implemented, restoration and rehabilitation projects can also serve 
to complement and enhance the benefits derived from conservation and sustainable land 
management. In many low and middle income countries, traditional knowledge and practices 
related to sustainable agriculture, livestock and agroforestry management will be significant 
factors in reversing land degradation trends. In some cases, local knowledge can be effectively 
integrated with western science for restoration outcomes that minimize costs and maximize 
benefits. 

In the dry forests of southern coastal Peru, the recovery of native species, such as the multi-
purpose Huarango tree and its associated flora and fauna, has been successful largely due an 
approach that recognizes people and their cultural diversity as a key part of the ecosystem. By 



using appropriate, low-technology methods of planting with minimal irrigation and engaging 
local communities in a long-term vision, the Huarango Project is now reversing a long history of 
landscape degradation (Whaley et al. 2010). This is a shining example of restoring natural capital 
at the landscape scale in a project which successfully combines bottom-up and top-down 
approaches. 

Clearly it is time to reassess our notion that dryland ecosystems are naturally characterized by 
low productivity and slow recovery, particularly if we consider their bio-physical potential and 
the low level of inputs required to maximize outputs. In addition to improving biodiversity and 
ecosystem functioning, there is a compelling economic rationale for restoration and rehabilitation 
activities that create jobs, raise incomes, and foster long-term sustainable development (TEEB 
2010). In South Africa, the Working for Water/Woodlands programs generate employment, 
conserve soils and habitat, and reduce the cost of water provisioning to urban areas with 
relatively simple, labor-intensive interventions, such as the removal of invasive and planting of 
native species (Woodworth 2006a,b). In many parts of Africa, Asia and Latin America, dry 
forest or woodland restoration and sustainable agro-forestry hold great potential for reducing 
land degradation and the spread of desertification (WRI 2010; Newton & Tejedor 2011). 
Publically available guidance, tools and technologies for restoring dryland ecosystems offer a 
wealth of proven solutions that minimize costs while maximizing benefits (CBD 2012).  

3. KEY MESSAGES TO CONSIDER 

3.1. Conceptual frameworks must lead to practical applications 
First, a simple conceptual framework and common terminology are needed to help communicate 
the LDNW target to decision-makers in the public and private sectors as well as indigenous and 
local communities, and other stakeholders. To be most effective, this framework ought to evolve 
from a transdisciplinary collaboration involving both the natural and social sciences. By reaching 
a more diverse audience, the LDNW target should highlight the dependency of human well-
being on the quality, quantity, and flow of ecosystem services. Emphasis should be placed on the 
full suite of ecosystem services or multiple benefits derived from biodiversity and ecosystem 
processes so that they are captured in land use planning and management. Particular attention 
should be given to the often undervalued regulating and supporting services of drylands, such as 
those provided by soil microorganisms and biological crusts. The resulting framework will help 
facilitate the development and implementation of participatory and cost-effective applications for 
conservation and sustainable use, and the restoration of degraded lands.  

3.2. A multi-sectoral approach will require good governance and strong institutions 
Too often, the various socio-economic sectors of society (e.g. farm, health, water, energy) 
operate independently to secure the delivery of their targeted ecosystem and environmental 
services. Increased cooperation and coordination among these sectors will first require 
recognition of, and accounting for, the manifold functions and processes that link production or 
multifunctional landscapes to ecosystem integrity and resilience. Good governance and strong 



institutions responsible for decision-making and implementation will also be needed to help 
ensure that land tenure and resource rights regimes are equitable and respected. In addition, good 
governance strengthens the institutional links between and among communities, corporations, 
and governments that are needed to facilitate a multi-sectoral approach to long-term natural 
resource management that operates at a variety of scales and levels. 

3.3. Public-private and other partnerships will be essential 
Global partnerships are needed to achieve sustained results on the ground. The Rio Conventions 
and other multilateral processes (e.g. UN agencies, GEF, development banks) will be 
instrumental in assisting countries and communities with financing and knowledge transfers, 
including capacity building and training courses at all levels. Local partnerships between 
governments, corporations and communities have been proven successful in leveraging scarce 
resources for restoration and transitioning from degraded and unproductive lands to those that 
are sustainably managed and harvested. Partnerships with communities also convey a sense of 
ownership and engagement that often encourages the use of other forms of capital available 
locally (e.g. human, infrastructure, financial), a key element for scaling up dryland restoration 
activities. Above all, conservation, sustainable use, and restoration should be seen as part of an 
integrated development strategy that involves diverse stakeholders with common goals -- to 
enhance food and water security, provide jobs and sustainable livelihoods, and reduce poverty 
and inequality. 

3.4. Assessments and indicators will be needed to measure progress 
Baseline and periodic assessments, including socio-economic and bio-physical indicators of 
degradation and desertification, will be required to demonstrate and measure progress towards 
the LDNW target. In addition, the “mapping” or spatial analysis of biodiversity and ecosystem 
services will be extremely valuable to decision-makers at all levels in prioritizing restoration 
efforts both in time and space. National, sub-national, and local assessments, mapping, and 
indicators will also be important tools for governments, corporations, and communities when 
formulating action plans and strategies that identify appropriate interventions for reducing land 
degradation. 

3.5. Restoration is not a justification for continued unsustainable land management 
Finally, dryland restoration and rehabilitation should in no way be construed as a rationale or 
justification for continued land degradation nor a substitute for conservation or sustainable use. 
Restoration and rehabilitation activities are an appropriate option in those areas where 
degradation has already occurred and where the drivers of degradation are being minimized or 
eliminated. The objectives of these activities should be biodiversity and ecosystem functioning 
as they are inseparable from ecosystem services. It should also be made very clear that the 
LDNW target is not a global or national compensation scheme to support the status quo, i.e. the 
continued unsustainable management of drylands and their natural capital.  
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Towards	a	Land‐Degradation‐Neutral	
World:	from	science	to	policy	and	law	
Organisers: IUCN (jonathan.davies@iucn.org) and UNCCD (szelaya@unccd.int) 

Experts’	dialogue	and	workshop	at	the	UNCCD	Second	Science	Conference	
…the time has come for the international community to commit itself to a land degradation neutral world by 

setting sustainable development goals on land use, with targets towards achieving zero net land 

degradation. 

This Africa Consensus Statement, developed in Addis Ababa (25 October 2011) and presented at Rio+20, 
calls for concerted action to combat desertification, through the establishment of agreed targets on land 
degradation and rehabilitation of land. Yet the Rio +20 Outcome Document – “The Future we want” – falls 
short of these expectations by simply committing to “strive to achieve a land‐degradation neutral world in 
the context of sustainable development.” Although there is clear global interest in tackling land degradation, 
as evidenced by support for the UNCCD, parties to the UNCCD have concerns over the establishment of 
targets and over how the concept of Zero Net Land Degradation is defined as well as how it can be 
operationalized. 

Moving from science and political rhetoric to securing global commitment is a lengthy and challenging 
process. The First UNCCD Science Conference showed that targets can be established and monitored cost 
effectively. The second Science Conference will show the costs of inaction compared to the benefits of 
action. Nevertheless, science alone is unlikely to sway decision makers and other avenues of discussion need 
to be considered if global leaders are to take tangible action. The objective of this workshop is to examine 

law and policy options and pathways for reaching global consensus on how to achieve a Zero Net Land 

Degradation world, and to identify steps for moving the debate forward. 

Key questions that will be posed and discussed through the dialogue and workshop include the following: 

1. What do we mean by Zero Net Land Degradation?  
2. Where do the disagreements or risks lie regarding definition? 
3. What is the current state of knowledge on ZNLD? 
4. What significant gaps need to be addressed 
5. What steps must be taken to move forward in addressing disagreements and gaps? 
6. What difference would a Protocol to the UNCCD on Zero Net Land Degradation make, and what would it 

look like?  
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The experts’ dialogue and workshop will consist of a combination of presentations, debate and breakout 
groups (in total 180 minutes): 

1. Presentations (45 minutes) 
a. Introduction by the facilitator, Dr Jonathan Davies, IUCN, the International Union for 

Conservation of Nature (IUCN) 
b. Welcoming remarks by Luc Gnacadja, Executive Secretary UNCCD  
c. Zero Net Land Degradation: definitions and divergences (Alan Grainger, University of Leeds) 
d. The Economics of Zero Net Land Degradation (Mark Schauer, GIZ) 
e. Options for reaching a global agreement on ZNLD (Ian Hannam, IUCN World Commission on 

Environmental Law) 
2. Panel Discussion supported by the facilitator (30 minutes)  

a. UNCCD Focal Point France (to be confirmed)  
b. UNCCD Focal Point Brazil (to be confirmed) 
c. UNCCD Focal Point South Africa (to be confirmed) 
d. UNCCD Secretariat (Sergio Zelaya) 
e. Global Mechanism of the UNCCD 

3. Break out groups (45 minutes) 
a. Groups will be convened according to language (6 groups or more / UN languages plus 

Portuguese) 
b. Each group will have a facilitator who is briefed on the topic and will act as rapporteur 
c. Groups will discuss the following questions: 

i. Problems with defining and operationalizing Zero Net Land Degradation  
ii. Challenges and gaps in establishing and monitoring targets 
iii. Options for target setting at national and international levels 

4. Feedback to plenary (30 minutes) 
a. Each group rapporteur will be asked to feedback three key points from the group 
b. All groups discussion will be reported in detail and compiled into a workshop report 
c. All participants will leave their contacts and will receive the workshop report  

Documents		
UNCCD Secretariat Policy Brief Zero Net Land Degradation June 2012: 
http://www.unccd.int/Lists/SiteDocumentLibrary/Rio+20/UNCCD_PolicyBrief_ZeroNetLandDegradation.pdf  

Include others?? 
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ABSTRACT: We already know quite a bit about the coexistence and interdependencies of human communities, animals, and 

plants, but we must learn more about the thresholds that determine whether or not ecological communities can survive in 

drylands in the future. Are some types of ecosystem more resilient to change than others? How easily can degraded land be 

restored? A series of experiments in different sites across European drylands will seek to provide some answers. 

 

The aims and objectives of the large EU-FP7 funded CASCADE project (Catastrophic shifts in drylands: how can we prevent 

ecosystem degradation? www.cascade-project.eu, 2012-2017) are to obtain a better understanding of sudden shifts in drylands 

that may lead to major losses in biodiversity and concomitant ecosystem services. By focusing on drylands in Europe, 

CASCADE will build on existing knowledge regarding shifts in these vulnerable ecosystems and further improve the current 

understanding of the biogeochemical mechanisms underlying sudden and catastrophic shifts. CASCADE aims to further develop 

instruments and tools to predict the proximity of dryland ecosystems to thresholds in such a way that these predictions can be 

used by policy makers and land users, for more sustainable management of drylands worldwide. 

 

A particular challenge for the CASCADE project is to convey complex concepts to non-scientific stakeholders in order to engage 

with stakeholders. In this special session we hope to offer the audience an insight into processes to think about concerning 

stakeholder engagement while generating ideas about land management measures to avoid catastrophic shifts and ways forward 

for the project to achieve maximum impact. 

 

Keywords: Stakeholder engagement, Catastrophic shifts, Sustainable land management, Drylands, Ecosystem services 

 

1. BACKGROUND 

 

Changes in the well-known forest, shrub or grassland landscapes of Mediterranean dryland ecosystems, as they respond to 

environmental changes, are not always easy to understand or predict. When external conditions or pressures (such as climate or 

human land use) change, some ecosystems may respond in a gradual way. For example, an increase in grazing pressure by 

herbivores may lead to a decrease in vegetation cover in drylands. Other ecosystems, however, seem to remain inert to increasing 

pressures, until a threshold is passed. At this point the ecosystem suddenly shifts to a new state, characterized by a different 

structure, species composition and/or functioning (Kéfi et al., 2007). This phenomenon is referred to as a “catastrophic shift” 

http://www.cascade-project.eu/
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(Fig. 1). A catastrophic shift, according to the mathematician René Thom’s catastrophe theory, is an abrupt change in the state of 

a system, which suddenly shifts from one stable state to another. Such shifts to a degraded state that occur in drylands can lead to 

dramatic economic as well as ecological consequences. Current understanding of the causes and characteristics of catastrophic 

ecosystem shifts in Mediterranean drylands is limited, so that it continues to be difficult to predict if or when a shift is going to 

occur, and whether action can be taken to prevent it from happening. The CASCADE Project will address the following key 

questions: 

 

 Why do ecosystem catastrophic shifts occur? 

 Why are some ecosystems more resilient than others?  

 What can be done to prevent catastrophic shifts? 

 Can degraded ecosystems be restored to a former state? 

 

 

Fig. 1: Adjacent areas in Spain (El planeron, Belchite, Northeast of Spain) at the same time of year. What causes the vegetation 

community seen on the left to shift to a degraded landscape (on the right)? (Photos by S. Kéfi, 2009) 

 

CASCADE will investigate a range of dryland ecosystems in southern Europe to study a range of physical and socio-economic 

drivers. Research will focus on 6 study sites in the Mediterranean region, ranging from Portugal to Cyprus (Fig. 2). 

 

 

 

Fig. 2: CASCADE logo and field sites. 1 = Caramulo mountains, Portugal; 2 = Albutera range, Alicante, Spain; 3 = Ayora and 

Mariola ranges, Spain; 4 = Castelsaraceno, Italy; 5 = Messara valley, Crete; 6 = Pegia aquifer, Paphos, Cyprus 
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1.1 Session rationale 

The CASCADE project faces a real and, we believe, not unique challenge in ensuring from the start, that relevant non-scientific 

stakeholders can engage with the concepts being studied, and – of crucial importance – that the management implications the 

project will produce are clear, effective, and appropriate for decision makers and land managers in order to guarantee the 

sustainability, both in economic and ecological terms, of land management strategies in the CASCADE study sites, and drylands 

in general. 

 

Specific objectives of the session are to: 

 obtain a better understanding of how complex concepts such as ecosystem shifts, thresholds, and tipping points may be 

more effectively conveyed to non-scientific stakeholders in order to engage with local land users; 

 generate ideas from a (hopefully!) diverse audience about the type of preventive and restorative measures for 

sustainable management of dryland ecosystems that would address potential catastrophic shifts; 

 develop a set of criteria to be used by potential stakeholders to assess the value of different SLM measures, in order to 

develop sound dissemination outputs for reporting to national and international policy-makers, as well as identify entry 

points for policy changes to ensure maximum policy output; 

 offer the audience an insight into processes to think about concerning stakeholder engagement, and impact creation 

from a large interdisciplinary SLM research project. 

 

1.2 Session structure 

Participants will receive a short questionnaire regarding the topics to be discussed in the ensuing discussion round. 

We will divide the session into two equal parts, the first dedicated to a series of short presentations, the second to interactive 

discussion and concluding remarks. 

 

In the first part of the session, the following presentations will be given (3 x 12 minutes): 

 

1. Introduction of the CASCADE Project and ways in which we plan to involve non-scientific stakeholders; description of 

the ecological concepts to be addressed and the field experiments currently underway. Dr. Susana Bautista, Department 

of Ecology, University of Alicante, Spain 

 

2. Economic assessment of the financial effects of (not) adopting land management measures. How physical aspects can 

be converted into economic quantities and the specific difficulties in doing so for CASCADE. Dr. Luuk Fleskens, 

University of Leeds, UK 

 

3. Channelling science into policy: Enabling best practices from research on land degradation and sustainable land 

management in drylands. Lessons on dryland science-stakeholder interactions and reflections on challenges and 

opportunities for CASCADE. Dr. Lindsay Stringer, Prof. Andrew Dougill, University of Leeds, UK 

 

Subsequently, in the second part the discussion will be structured around the following topics: 

1. SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis of the CASCADE setup for stakeholder engagement; 

2. Themes and terminology for stakeholder engagement; 

3. Inventory and assessment criteria for SLM strategies addressing potential catastrophic shifts 
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2. THE CASCADE PATHWAYS TO IMPACT 

 

2.1 Involving non-scientific stakeholders 

Creating an understanding of ecosystem catastrophic shifts is one thing, but ensuring that that knowledge subsequently finds its 

way to better land management practices and policies is another. To achieve this ultimate aim, in CASCADE we will, 

simultaneously to ecological experiments and model development, identify ecosystem management practices and evaluate them 

according to their resilience to change and their sustainability over time and spatial scale. This assessment will be done in a 

participatory way with the help of stakeholders, including land users and local policy makers (Schwilch et al., 2012). Guidelines 

will be prepared on best practices for ecosystem management. Stakeholders will also be involved in scenario analyses and 

recommendations for up-scaling preventive and restorative measures. This will be done through an analysis of local land users’ 

adaptation strategies across a spectrum of degradation states, providing insight into how people have responded to past shifts, and 

how they are responding as a result of current changes, to potentially avoid such shifts. Looking into the future, scenario analyses 

will be made of promising sustainable land management strategies that increase resilience and move away from a catastrophic 

shift, scaling-up in time and space. These scenarios will be evaluated at multiple scales with policy makers to finally formulate 

policy recommendations for preventive and restorative dryland management and identify entry points to inform policy change. 

 

2.2 Economic assessment of the financial effects of (not) adopting land management measures 

Information on the costs of ecosystem degradation and the benefits of preventive or restorative land management is crucial for 

stakeholder decision-making. Assessing such costs is not an easy task due to various uncertainties and feedback mechanisms. 

Among the most difficult aspects are the timing of costs and benefits and their attribution to stakeholders. An overview will be 

given about economic assessment methods, with special reference to complexities in drylands at risk of catastrophic shifts. The 

economic assessment will be framed along three dimensions (costs and benefits, on- and off-site, and with and without case). 

Costs include the consequences of degradation but also the investment in sustainable land management. Although uncertainty 

over the long-term costs and benefits is the most important, it is shown that even required investments are often not well-known 

and may vary considerably. Some example assessments will illustrate the current state-of-the-art. Plans for CASCADE include 

the development of a tool for cost-benefit analyses linked to soil-water-plant models, which pays special attention to the optimum 

timing of measures that prevent degradation processes. When the models have been applied and analyses concluded, the 

CASCADE recommendations will be evaluated through interviews with land users, community focus groups and experts, and 

through meetings with regional and national policy makers. Data requirements for this approach will be discussed along with user 

engagement opportunities. 

 

3. POLICY ORIENTED RECOMMENDATIONS 

 

3.1 Channelling science into policy: Enabling best practices from research on land degradation and sustainable 

land management in drylands 

Demands are increasing for scientific research to be explicitly and demonstrably policy relevant. Research funders are requiring 

greater returns on their investments and scientists are expected to demonstrate clearly how their research can inform policy and 

regulation to deliver positive consequences for societal, economic and environmental wellbeing. Within the co-evolving context 

of environmental management research in dryland and the policy approaches designed to mitigate land degradation, few 

academic analyses have deconstructed the practical ‘bottom-up’ actions that can help to channel scientific research into national 

decision-making and policy. Similarly, while international platforms developed by the United Nations Convention to Combat 
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Desertification have started to facilitate greater knowledge exchange between scientists and policymakers, analyses have failed to 

consider the powerful informal actions that scientists can take to allow their research to inform evidence-based international 

policy. Drawing on examples in the literature from research on land degradation and sustainable land management across sub-

Saharan African drylands, we identify key enabling activities that help make scientific research more visible, accessible to, and 

compatible with, policy processes at local, national and international levels. We argue that these enablers are applicable to other 

environmental research areas beyond land degradation, and suggest that improved understanding of science into policy processes 

that look across multiple scales and levels will help researchers and policy-makers to better match information supply and 

demand to the mutual benefit of both groups.  

 

4. CONCLUSIONS 

 

Improved understanding of the occurrence of ecosystem catastrophic shifts in drylands is key to informing improved policy and 

practice, but significant benefit can only be expected when such knowledge is co-developed with stakeholders. This special 

session addresses the question how this engagement and impact can be realized within the recently initiated large 

interdisciplinary CASCADE project. The session aligns closely with the Valuation of sustainable land management (SLM) key 

topic of the Conference, and in particular the sub-topics “Awareness raising, research and education on the economics of 

DLDD”; “Good practice in sustainable land management and lessons learned”; and Land and habitat planning”. 

In order to provide a user-friendly communication and knowledge transfer platform, which can be easily accessed by both 

scientific and non-scientific stakeholders, we are in the process of developing an online information system (CASCADIS) on the 

CASCADE website, which will include an interactive presentation of this Special Session with drop-down features that can be 

used by the readers to find basic information on the session, view the presentations and questionnaires, as well as find further 

information according to their interests. We also plan to include video clips as a powerful information sharing tool. 
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ABSTRACT: Climate change is expected to have severe effects on the production of food, especially in dry regions. Many 
models accounting for the effects exist but are specialized to particular agricultural products, agricultural sectors, regions, and 
scales or cannot account for all climatic drivers. To address these issues, a tighter integration of models is needed that can go 
beyond the niches of individual models and address interactions among products, sectors, and scales. Presentations in this session 
will address the use of trade models as a means of integration, show examples of model integration in the Mediterranean and 
other hotspots, examples of integrated land use assessment tools in developing countries and report on on-going or emerging 
international initiatives that will contribute to greater overarching assessments of climate effects on food production and vice-
versa for political stakeholders. The integration of models across spatial scales and disciplines will enhance our understanding of 
measures to cope with climate change, improve land management and secure food supplies. 

Keywords: climate change, food security, model integration, economic models, international networks, policy. 

1. INTRODUCTION 

The world population, which already includes 1 billion under nourished people, is expected to increase from currently 7 billion to 
9 billion in 2050 according to the UN Population Division. The increase in population requires a corresponding increase in food 
production (including measures that reduce food waste and a better distribution of food). Concurrent with the growing population 
weather patterns are expected to change, which will likely have an impact on the food production. Simultaneous droughts in the 
major grain baskets of the world cause peaks in world market prices with repercussions on local food prices. Additional strains 
on food production are set by agricultural land used for urban development, production of non-food crops, loss of fertile soil by 
erosion, and loss of coastal agricultural land due to rising sea levels. Positive effects of climate change like longer growth periods 
due to higher temperatures and higher growth rates due to higher CO2 levels are unlikely to fully compensate the negative effects. 

 
Fig. 1: Conceptual diagram of flows of resources illustrating the effect of climate change on food availability. 

Many specialized models exist that address climate and population effects on food production, consumption, and trade at scales 
from fields to farms, regions, countries, and the globe. These models, however, capture only poorly the cascade of effects and 
uncertainty from climate change to crop growth to market prices to farmers’ entrepreneurial decisions and food prices and 
availability to consumers. 

In this special session, we demonstrate integrated studies that link climate change to economic models. Dono et al. present results 
of a process-based crop growth model (EPIC), which takes into account daily weather and water conditions, linked to a regional 
model using Discrete Stochastic Programming (DSP), which reproduces the choices of farmers under uncertainty about water 
availability and irrigation requirements of crops in an area that represents the classic Mediterranean irrigation conditions. They 
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show that climate change effects on evapotranspiration drastically changes irrigation requirements, water availability in 
reservoirs, and use of groundwater. This has consequences for the composition of crops grown in the simulated area. Dono et al. 
conclude that water management policies and EU cross-compliance rules must be adapted to the change in environmental 
conditions in order to be meaningful, effective, and viable. Looking at the global scale, Gutierrez et al. explore the repercussions 
of strong weather impacts on global wheat market prices. In their study they used a Global Vector Autoregressive modelling 
approach with exogenous variables, which provides a general and practical modelling framework for quantitative analysis of the 
relative importance of different strong weather impacts on agro-food sectors. They show that  drought in one of the leading 
exporting countries strongly influences worldwide wheat prices and food consumption prices as well as grains trade.  Brouwer et 
al. are presenting an overview of economic models and to what degree they can reflect climatic impacts. Models range from farm 
to global in scale and from single crop to multi-crop-multi-constraint types. The more complex a model the harder it is to capture 
effects of severe weather events on individual crops or groups of crops. Thus, the choice of model affects the outcome of food 
security assessments in terms of affordability. The output of several crop, grassland, livestock, and trade models will be 
integrated in the European knowledge hub MACSUR which forms part of the FACCE (Food Agriculture and Climate Change) 
Joint Programming Initiative (JPI). Banse et al. present how the diverse models will be integrated to produce a rich picture of 
future food security in Europe. MACSUR is expected to contribute to and benefit from other international efforts. By 
emphasizing capacity building and involvement of policymakers MACSUR will broaden the understanding of the importance 
and uncertainties of factors contributing to food security. The activity of MACSUR is apt to lead the way for assessing food 
security under climate change in other parts of the world. 

The session allows for stimulating discussions on the approaches and limits of assessing food security under climate change. It 
will act as a starting point for international networking activities among the participants with MACSUR as the facilitator.  
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ABSTRACT: The global World Overview of Conservation Approaches and Technologies (WOCAT) initiative has developed 
standardised tools and methods to compile and evaluate knowledge available about SLM. This knowledge is now combined and 
enriched with audiovisual information in order to give a voice to land users, reach a broad range of stakeholders, and assist in 
scaling up SLM to reverse trends of degradation, desertification, and drought. Five video products, adapted to the needs of 
different target groups, are created and embedded in already existing platforms for knowledge sharing of SLM such as the 
WOCAT database and Google Earth application. A pilot project was carried out in Kenya and Tajikistan to verify ideas and tools 
while at the same time assessing the usefulness of the suggested products on the ground. Video has the potential to bridge the gap 
between different actor groups and enable communication and sharing on different levels and scales: locally, regionally, and 
globally. Furthermore, it is an innovative tool to link local and scientific knowledge, raise awareness, and support advocacy for 
SLM. 
 

Keywords: Sustainable Land Management (SLM), knowledge sharing, audiovisual messages, video, World Overview of 
Conservation Approaches and Technologies (WOCAT) 

1. INTRODUCTION 
A wealth of sustainable land management (SLM) practices, also called SLM technologies and approaches, which improve food 
security and increase income of rural land users while at the same time protecting the environment and natural resources, are 
already in use. However, these practices are insufficiently documented and assessed, and information is not easily accessible. 
Based on the premise that SLM experiences are not sufficiently and comprehensively documented, evaluated, and shared, the 
global World Overview of Conservation Approaches and Technologies (WOCAT) initiative has developed standardised tools and 
methods to compile and evaluate bio-physical and socio-economic knowledge available about SLM (www.wocat.net). Based on 
data from the growing global WOCAT database, SLM practices are presented in an attractive, standardised, soft- and hard-copy 
format (Liniger et al. 2013). However, what is lacking is informative audiovisual material from land users to land users showing 
how SLM works, what problems it solves, how challenges can be overcome, and what benefits – locally, regionally, and globally 
– can be achieved. Against this backdrop, WOCAT is applying video as an innovative audiovisual tool to support and 
complement WOCAT knowledge on innovative SLM technologies and approaches. Through the combination of audiovisual 
information, based on local experiences and scientific knowledge on SLM, a powerful package for knowledge sharing and 
decision-making in SLM is currently being created for use by different stakeholders and for various purposes. The aim is to apply 
video in promoting SLM by reaching out to a broad range of stakeholders acting as intermediaries between land users in rural 
development. 

The overall goal of the project is to enrich and promote knowledge on existing successful and innovative technologies and 
approaches in SLM through audiovisualisation using video and new media to improve resilience and livelihoods of rural 
communities AND improve ecosystem services in areas prone to land degradation. 

The project objectives are: 

 To capture and share SLM knowledge documented in the WOCAT database in an innovative and attractive way through 
audiovisualisation for easy understanding and application for a broad range of stakeholders. 

 To create awareness of the wealth of the WOCAT knowledge and the local, national, and global importance of SLM. 

 To “adWOCATe” for SLM and to assist in scaling up SLM.  

 To enhance capacities of local, national, and regional stakeholders to apply innovative SLM technologies and approaches to 
improve resilience and livelihoods of rural communities. 

This paper will present the main ideas of the project, give an overview of the various products envisaged, and discuss experiences 
gained in a pilot project in Kenya and Tajikistan. 



For Peer Review Only

UNCCD 2nd Scientific Conference

 

2 
 

 

2. USE OF VIDEO FOR DIFFERENT TARGET GROUPS 

Audiovisual messages can be very influential; seeing, hearing, and understanding the commitment of land users is a powerful 
motivation to support the sharing of SLM knowledge. Enabling audiences to view/listen to personal experiences from the ground 
helps them to empathise with land users and understand local realities. In a more general sense, it emotionalises local SLM 
efforts and shows their impacts and global importance. 

The anthropologists and film-makers Barbash and Taylor (1997:1-2) describe the use of film with the following words: “Film 
language is the language of moving, seeing, and hearing. More than any other medium or art form, film uses experience to 
express experience.” In addition, they emphasise that through film one gains access to all sorts of communities, as films (or 
audiovisual material in general) can be seen and evaluated by everybody.  

Applying audiovisual material in SLM therefore has tremendous power to trigger learning processes across societies and cultures 
based on experiences and knowledge sharing. Taking into consideration the relevant target groups in SLM, the project generates 
specific audiovisual messages for: 

 technical staff, extension workers, agricultural advisors, project implementers – at field level 

 planners, project designers, decision-makers, researchers – at (sub-) national level 

 international programme planners, donors – at regional and global level 

These target groups act as intermediaries while the ultimate target group and beneficiaries reached are land users and the public, 
who benefit from more secure production and environmental services.  

2.1 Needs of different target groups 
A study by Agro-Insight (2011) revealed that not enough information on SLM is available in the form of audiovisual material: 

 SLM information needed at field level 

o Extension workers for instance need audiovisual material on SLM for themselves and for training land users 
directly. However, many extension workers rarely use videos to train land users as they are unable to find local 
language videos, do not know where to look for videos, or cannot find videos on the right topic. Therefore, videos 
should be made available in local languages and, for international use, in other languages, e.g. English, Spanish, 
French, Russian, and Chinese. 

o Many land use practices are hard to explain in words only, hence the visual aspect is a key element making video 
effective in training. Furthermore, land users demonstrating the technologies “in an easy-to-understand language” 
is a much more powerful way for creating learning processes than if the same messages are only produced by 
experts. 

o Video is a useful tool to reach illiterate land users and to train people in groups or entire communities. 

 SLM information needed at national level  

o National TV stations are in need of material to fill their environmental programmes. With the spread of rural 
electrification and expanded television coverage, access to TV broadcasts has increased.  

o Planners and decision-makers need convincing material and stories about SLM to advocate SLM in their work 
environment. 

 SLM information needed at regional and global level 

o There is a lack of available good video content on SLM. Although many videos are uploaded onto YouTube it is 
difficult to find good information, e.g. for farmer training purposes, and the information is rather for personal 
home consumption. 

o International programme planners and donors need convincing material and stories about SLM to advocate SLM 
in their work environment. 
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3. VIDEO PRODUCTS FOR KNOWLEDGE SHARING IN SLM 

WOCAT has developed standardised tools and methods for the documentation, evaluation, and dissemination of good SLM 
practices i) at the local / field level, ii) at the (sub-) national and regional level and iii) at the global level (Liniger et al. 2013, , 
Giger et al. 2013). Directly linked to these are the following five outputs produced in the described project:  

1. Establishment of the WOCAT video sharing platform  
2. Creation and sharing of SLM video clips linked to the WOCAT knowledge base  
3. Production of land user to land user SLM training videos  
4. Production of SLM documentaries for national TV broadcast  
5. Creation of SLM awareness documentaries for the global community  
 

 
 
Fig. 1: Overview of the five project outputs linked to the WOCAT knowledge base 
 
The project follows six leading principles to achieve the above-mentioned outputs:  
 
 give voice to land users presenting their personal experiences  
 audiovisualise local and scientific knowledge on SLM  
 share SLM knowledge between land users, experts, planners, and the global community  
 highlight the dependency of land users within watersheds  
 show land users' adaptations to changing environment, e.g. climate change, increasing disaster risk, changing market  

 link local improvements with global concerns about the state of the world  
 

The standardised summaries of SLM technologies and approaches presented through the WOCAT documentation are enhanced 
with five video products (Figure 1). The production of short video clips on SLM practices is based on land users’ experiences – 
or, in other words, audiovisual messages by land users for land users – and builds the basis for establishing the five project 
outputs. Depending on the product and the target group these short video clips are complemented with additional footage such as 
statements of relevant stakeholders. By using Google Earth a ‘zoom in–zoom out’ approach is applied to demonstrate local 
applications of key principles and, at the same time, promote a regional understanding for watershed or landscape solutions. The 
following six guiding themes were defined for the video clips including the main questions to be asked to the land users 
demonstrating the SLM practices and sharing their knowledge: 
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(1) Degradation addressed: What is the land and water degradation problem? Can you show it and its impact (locally / on the 
field and for the neighbours / downstream)?  

(2) Functionality of SLM technology: How does it work? Why does it work, can you show / demonstrate it? Functionality of SLM 
approach: From where did you get the idea to implement the technology? Did anybody help you (who)? Did you get any 
training? Are you organised in a group to further promote SLM?  

(3) Local and regional impacts of SLM: Can you explain and show local and regional impacts of the practices you applied?  

(4) Main costs and local and regional benefits: What are the major costs, inputs, materials needed? Who paid for them? What are 
the main benefits on- and off-site (locally and for neighbours / downstream)?  

(5) Transformation achieved: Can you show the difference without and with the technology? Or can you show the difference 
before and after introducing the technology or approach?  

(6) Adaptation to climate variability and change and benefits for climate resilience (CR) or disaster risk reduction (DRR): How 
does the technology or approach function in hotter or colder years and during unexpected weather events (dry periods, heavy 
storms)? What are the benefits? Can you tell / show us an example where the technology or approach benefited DRR?  

In order to guarantee a wide distribution of the video products they will be embedded in and linked to the websites of the 
international NGO Access Agriculture (www.accessagriculture.org) and the Water Channel (www.thewaterchannel.tv) (see Fig. 
1). In addition, videos are directly linked with the WOCAT Google Earth application, an open access tool that everyone can 
download. Currently the WOCAT Google Earth application user can click on a WOCAT icon in Google Earth and a window 
with a summary of a technology and approach appears. These summaries are coupled with video clips facilitating both reading 
about an SLM technology and approach as well as learning directly from land users through audio‐visual messages (Fig. 2). 

 

 

 

 

 

 

 

 

 

Fig. 2: Audiovisual messages in the WOCAT Google Earth application 

4. PILOT PROJECT KENYA AND TAJIKISTAN 
In the course of the past two years video products were created in two locations where opportunities evolved to work with 
interested organisations and projects. Some of the results can be viewed on the WOCAT website under ‘knowledge base’1; others 
were created for particular audiences and events.  

 4.1 Lessons Learnt from Kenya 
The pilot project in Kenya was realised within the framework of the Green Water Credits (GWC) project in the Mt. Kenya – 
Tana river region (www.greenwatercredits.net). The project was carried out in collaboration with stakeholders from the Kenyan 
Water Authority and members of local River Water Users’ Associations (RWUAs). The GWC project focuses on the connection 
between upstream and downstream land users and their shared dependency on the same water resources. As good water 
conservation upstream is essential and beneficial to the livelihoods of the people downstream as well as for the production of 
hydropower, the efforts of the upstream land users should be compensated by introducing an innovative credit system. As the 
credit system was not yet fully established, the project focused on documenting soil and water conservation efforts upstream, by 
visiting innovative land users and members of the RWUAs, and understanding the regional interconnectedness and dependency 
by documenting short extracts from people’s lives downstream. 

As a first result a short video was produced to show the idea of giving a voice to local land users, connecting them to other land 
users (downstream), and linking local, regional and global views and visions. In addition, short video clips on SLM practices 
were produced which helped shape the six guiding themes described in section 3 of this paper. The ‘zoom in–zoom out’ approach 

                                                 
1 www.wocat.net/en/knowledge-base/documentation-analysis/videos.html 
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was tested and integrated into the video, proving the usefulness of linking the SLM video clips with the existing WOCAT Google 
Earth tool.  

 The different video products were shown to and evaluated with the stakeholders involved in the project and other audiences to 
assess the usefulness for and needs of different target groups and clearly define the five project outputs. Representatives from the 
Kenyan Water Authority emphasised the practical value of SLM video clips for training purposes within the framework of the 
RWUAs, an established platform for knowledge sharing. Land users were particularly impressed by the benefits of using video 
for demonstrating and understanding the differences between plots with and without conservation practices, directly shown and 
explained by a fellow land user in the field.   

4.2 Lessons Learnt from Tajikistan 

Based on the Tajikistan Pilot Program for Climate Resilience (PPCR) where WOCAT together with other partners documented 
70 SLM technologies and approaches2, the video project in Tajikistan was implemented in collaboration with the National Centre 
of Competence in Research (NCCR) North-South (www.north-south.unibe.ch), the Swiss Agency for Development and 
Cooperation (SDC), and CARITAS Switzerland. The aim of the project was to produce SLM video clips for a number of SLM 
practices documented within the framework of the PPCR in order to give a voice to land users and audiovisualise and share 
knowledge about existing SLM practices. A particular focus was given to climate change adaptation and conservation practices 
for disaster risk reduction (DRR). As of now, ten short SLM video clips (Fig. 3) were produced and shown during various local 
and regional conferences and events as well as local SLM training. 

 
Fig. 3: Overview of SLM video clips Tajikistan 

Experiences and feedback from Tajikistan helped to further define and concretise both the guiding themes and the project outputs 
while tailoring them to the specific needs of the different target groups. The application of the SLM videos in the training proved 
again the usefulness and value of audiovisual material for knowledge sharing between land users and in decision support on the 
implementation of practices to mitigate land degradation. In addition, through the videos, the link between scientific and local 
knowledge could be easily established. 

Great interest and potential exists to create an SLM documentary for national TV broadcast (Product 4) where selected SLM 
practices from different districts throughout Tajikistan can be shown with particular focus on SLM for DRR. Producing such a 
documentary, however, would require further resources.  

                                                 
2 To download  the full collection:  www.wocat.net/fileadmin/user_upload/documents/Books/Tajikistan_wocat-collection2011_eng_final.pdf 
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5. POLICY ORIENTED RECOMMENDATIONS 

The described project is based on the need to improve knowledge sharing in SLM, and the need to use it in decision-making to 
reverse current trends in land degradation, desertification, and drought. The use of video is highly recommended due to its ability 
to bridge the gap between different actor groups, enable communication and sharing between a wide range of stakeholders, raise 
awareness, and support advocacy for SLM. With its focus on giving a voice to land users, first-hand knowledge from the field is 
shared with other land users, communities, extension staff, researchers, and policymakers, whereby the difficulties, challenges, 
and benefits are communicated by those who face these issues on the ground.  

Due to the project’s embeddedness in WOCAT tools and databases as well as other channels, a direct link between local and 
scientific knowledge is created: local knowledge is backed with scientific data and scientific data is audiovisualised through the 
use of video. As all of these materials are accessible to the general public, they have great potential to directly inform 
governmental and non-governmental actors as well as communities. In addition, WOCAT’s recommendation to use a 
standardised format allows for a comparison of degradation and conservation trends worldwide. The described project is 
consistent with this strategy and further strengthens the idea of harmonising all efforts of different institutions and projects, by 
offering a platform for knowledge sharing and dissemination at different levels and scales.  

6. CONCLUSIONS 

Experiences from Kenya and Tajikistan confirmed the great value and potential of the use of audiovisual information for 
fostering knowledge sharing in SLM and the usefulness of tailoring different video products to particular target groups. Even 
though the specific focus shifts from one country or region to another (in Kenya a strong focus was given to the watershed and 
the link between upstream and downstream users whereas in Tajikistan climate change adaptation and DRR were highlighted) 
keeping a standardised format for all locations, linked to other WOCAT outputs, is essential as it guarantees comparability and 
applicability on various scales and by a wide range of actors. 

A process of developing new partnerships is ongoing, with the aim of creating a wealth of video products to feed the SLM Video 
Sharing Platform (Product 1) by covering all global ecological zones. In addition, SLM video clips are produced in locations 
where WOCAT is carrying out an evaluation of best SLM practices and a special interest from partners, projects, and donor 
groups exists.   
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ABSTRACT: During the past two decades, valuable knowledge has been generated in the Latin America and the Caribbean 

related to agriculture and climate change.  This study used a bibliometric appraisal of scientific papers to evaluate the state of the 

art on agriculture and climate change.  Scientific production on climate change and agriculture grew exponentially in the 2000´s. 

A meta-analysis of 3180 publications on climate change and agriculture in LAC, published between 1990 and 2011, revealed an 

increasing number of papers from LAC, but concentrated in a small number of countries. Brazil is at forefront (40%), followed 

by Mexico (17%), Argentina (15%) and Chile (7%). Further studies will evaluate available manuscripts and segregate by specific 

topics, but preliminarily data suggest a need to strengthen R&D in Agriculture and climate change, especially in the vulnerable 

countries. Collaboration among countries is another area requiring attention. 

Keywords: Climate Change, Agriculture, Research, Latin America, Bibliometrics. 

1. INTRODUCTION 

Climate change (CC) is impacting and will impact the agricultural production worldwide, and by this way, threats the access to 

sufficient and safe food for the populations specially in most vulnerable regions. At the same time, the agricultural sector 

contributes to emit greenhouse gases (GHG) that are coupled to the global warming effect.  

The vulnerability of the agricultural sector in Latin America and the Caribbean Region (LAC) is not only related to the 

production systems (in a large majority without irrigation use and in locations susceptible to extreme climate events). It is also a 

combination of factors affecting more widely the production, and amongst them human capital (diseases, food and water 

insecurity, low schooling), and some public failures (lack of financing in capital investment, informational problems).  

Climate change connection with agriculture need a focus of Science. In the last decade valuable knowledge and information has 

been produced in the field of agriculture and climate change, i) to assess vulnerability and impacts on food production and their 

socio-economic consequences, ii) to develop adequate adaptive strategies and build resilience of the sector and rural populations, 

and iii) to measure and to mitigate the GHG contribution in agriculture.  

Scientific capacity can be defined as the ability to generate relevant knowledge and to translate it into concrete domestic policies 

(Sagar, 2006; Huntingfor and Gash, 2005; both cited by Kandlikar and al., 2010). CC challenges research communities because 

agriculture require capacity building in order to withstand its negative impacts. So stating current capacities and identifying the 

technology gaps are crucial to build the best policies that agriculture need for appropriate adaptation and mitigation to climate 

change. That includes characterizing the current scientific capacity, the areas in which research is concentrated, its financing, the 

cooperation networks involved, and finally establishing the relation between the scientific production and policy development.  

In LAC there is not systematic information on what researchers, practitioners and decision makers are focusing their efforts. This 

information is essential to identify knowledge gaps as well as strengths, and to promote synergies and collaboration between 

different research groups and programs. In order to fill the knowledge gap, the Economic Commission for Latin America and the 

Caribbean (ECLAC) together with the Food and Agriculture Organization (FAO) initiated a study that describe the big picture of 

scientific capacity on climate change and agriculture, so to reduce as far as possible the problem of uncertainties in decision-

making and facilitate appropriate, early and time-consistent planning in policy and investment.  

This paper offers a preliminary work on the state of the art of research on agriculture and climate change in Latin America. It 

presents the results of analyzing 3186 publications on climate change and agriculture on LAC, as published between 1990 and 

2011. General statistics are provided on the major reviews, most productive countries and the collaboration among them. 

2. METODOLOGY 

The first assumption is that most scientific work on climate change and agriculture´s domain will be published in scientific 

journals. The SCOPUS database as provided by the Elsevire was used to acquire raw material for the bibliometric analysis. A 

manual check of journal abstract confirmed all relevant journals covered. 
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The study contemplates several working hypothesis, but only two of them could be answered by the current phase of the study 

presented in this paper: i) Brazil holds the largest science production on agriculture and climate change in LAC; ii) Research on 

climate change and agriculture in LAC is mainly accomplished by non-Latin American authors. 

2.1 Data collection 

This study implement a bibliometric analysis to assess the evaluation of the production in science papers during the last 20 years, 

especially about the topics studied, as well as the groups and countries with the highest science production in the region, and the 

collaboration in research activities. This bibliometric exhaustive review focused on the principal science reviews related to 

agriculture and climate change, during the period from 1990 to 2011 included, according to the evolution of international climate 

agenda. 

The SciVerse Scopus (Elsevier) database was used, which constitutes one of the largest literature bases reviewed and updated by 

expert peers. The advantage of this search platform is its large coverage, including multidisciplinary fields and a great number of 

sources (science articles, industrial publications, books, conference papers, review editorials and letters, synthesis notes). Above 

all, compared to the other platforms, Scopus database potentially provides a greater visibility for the Latin American production, 

notably because of a better representation of non-English-speaking reviews. According to the Scopus Content Coverage Guide 

(2011), 21% of titles referenced in the platform are published in languages other than English (or in both English and another 

language). The guide adds that more than half of the content does not come from North America, but represents various countries 

of Latin America, among others. 

2.1.1 Keywords definition 

The main issue in this step consists in the construction of the keywords clouds discriminating the publications according the 

topics of agriculture and climate change: the goal of the search on Scopus platform is to be exhaustive; however it has to break 

the back enough of the results universe, to make easier the manual review during the following step. To discriminate the 

publications of the study’s interest, the criteria will correspond to i) keywords related to climate change, ii) keywords from the 

agricultural field, and iii) Latin American geographical zones or names of many prioritized countries of the region. The 

implemented method implies to define some thematic clouds of keywords, encircling the topics of climate change, adaptation, 

mitigation and production management in agriculture.  

 

The selection of keywords is based on the review of relevant literature sample dealing with agricultural adaptation to climate 

change, GHG mitigation, climate change effects and vulnerability in the agricultural sector. Li et al. (2011) point out that in areas 

related to climate change, various used terms are associated to temperature, environment, precipitation, GHG and risk; this last 

term is the most recurrent in the academic production, as in the government one.  

Lastly, 18 countries have been selected as geographical criteria according to the relevance of their agricultural production, and 

associated with “Latin America” and the names of its main subregions.  To be as exhaustive and multidisciplinary as possible, the 

study has to include the publications indexed in many relevant subject areas. 

2.1.2 Data cleaning 

After the automatic search made by SCOPUS provided the initial universe of 3186 papers, a great attention was given to the 

manual review of the title, abstract and keywords of each paper selected. Indeed, an expert review is needed in order to reduce 

the ambiguities of the automatic selection. By doing so, the trial was reduced to 915 registers (see Table 1).  

Table 1: Sample construction  

Inclusion/exclusion criteria Number of articles 

Climate change keyword 443,922 

Climate change + agriculture keywords 76,111 

climate change + agriculture related + LAC keywords 3,186 

CC + Ag + LAC with at least one LAC author  1,860 

Final simple (expect criteria) 915 

All retrieved abstracts, were loaded onto an Excel database for further cleaning of papers with non a Latin-American author, 

duplicate records, publications listed as book reviews and other selection bias made by the automatic search. There was a process 

of triangulation, where one researcher reviewed the other cleaning process, so that many publications have been evaluated by two 
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researchers independently to determine whether it needed to be included or not. A meta-analysis on the topic was potentially 

feasible thanks to the large database build.  

The next step will be a systematic review of the final sample of papers using a tailor-maid questionnaire applied to each 

publication backed up composing the final sample, and extract the most usable information from them.  

3. META-ANALYSIS  

3.1 Growing scientific production on CC & Agriculture as a global trend 

Since 1990 and until then, the Intergovernmental Panel on Climate Change (IPCC) produced four assessment reports including in 

each of them an analysis of the advances made in both field of knowledge about food security and LAC respectively. Kandlikar 

et al. (2010) point out that the countries’ representativeness in the IPCC gives cause for concern. Through a quantitative analysis 

of the science papers and authors represented the IPCC reports, they notice that developed countries (North America and Europe) 

are overrepresented in each report, especially United States, contrasting with the low participation of the “non-annexe 1” 

countries. 80% of the authors of the chapter related to food are from developed countries. Latin America participates by 3.1% of 

the authors total; Argentina, Brazil, Mexico and Peru are the principal nationality of the Latin American authors.  

 

 

Figure 1. Scientific production on climate change and 

agriculture globally and in LAC. Source: SCOPUS. 

Figure 2. LAC scientific production in  agriculture and climate 

change. Number of papers by year. Source: SCOPUS. 

 

Although the global sample on climate change search by SCOPUS could overestimate the representation of the agriculture 

papers, the trend shows an increasing production on the topic globally. Figure 1 shows the increment on the scientific production 

in agriculture and climate change field (dark zone of the graph) which passed from 12% in early 1990´s to 20% of the total by 

2010.  If we consider the papers that related to LAC the scientific production it has grown considerably after 2000, but a lesser 

degree if we consider the articles that have at least one Latin American institution involved (red line in Figure 2). 

Articles with one Latin American author in the total scientific production related to the LAC region represent half of the total. 

Even further, we could hypothesized that language is a barrier for sharing knowledge and that the figures are not presenting 

properly all the scientific production in the region. Kandlikar et al. (2010) mention that an English-speaking author from a 

developing country is 2.5 times more likely to participate in the IPCC reports than a non-English-speaking.  

3.2 Brazil is leading the scientific production in  LAC  

Three countries in LAC, Brazil, Mexico and Argentina, represent almost 75% of the total investment in agricultural Research and 

Development (R&D). The gap between low-income countries and middle-income ones is becoming more marked, especially 

because of the drop in spending of some countries like Guatemala or El Salvador, which are paradoxically more dependent on the 

agricultural sector (data from ASTI base 2008-09) (Pardey and Pingali, 2010). 

Saavedra et al. in 2002 observed an increase in the production of agricultural science papers indexed in the region, and identified 

the main producers as Brazil, Mexico and Argentina. Rojas-Sola and San Antonio-Gomez confirm the leadership of these 

countries Arena et al. (2004) emphasize that Brazil accumulated 52.93% of the regional articles listed in the Science Citation 

Index, 53.56% of the cited articles and 58.92% of the received citations.  

According to our data, 8 Brazilian research institutions produce about 33% of the total publication in Agriculture in the LAC 

region, during the two decades analyzed. Only 6 Brazilian journals report 10% of the entire scientific production in agriculture in 
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LAC. In the climate change and agriculture field it was corroborated the same patter, Brazil produce 40% of the total scientific 

production of the region, followed by Mexico (17%) , Argentina (15%) and Chile  (7%). The Andean region produces 8% of the 

articles with Colombia as a main contributor, Centro America represent just 3.6% with Costa Rica at the forefront.  

Sixty percent of the global scientific production on agriculture is captured by agriculture journals. When analyzing  the scientific 

production on climate change and agriculture in Latin America 28% of it is published via agriculture journals and a 24% in 

environmental journals, showing that a multidisciplinary approach is needed when working in climate change. With the 

involvement of Latin-Americans authors the number of articles published in agriculture journals increases to 34.8%, together 

with environmental journals concentrates about the 60% of the production on CC and agriculture in LAC.  

4. POLICY ORIENTED RECOMMENDATIONS 

Based on the presented results as well as a focus group with researches, organized by ECLAC and FAO, some policy 

recommendations can be resumed as follows: 

-  Collaboration among countries is an area requiring attention for improving the incorporation of climate change in the 

agricultural agenda in the region. In countries vulnerable to climate change but with limited research capacities is vital the 

establishment of solid networks with other countries in the region. Better linkages amongst research institutes and the others 

public and private sectorsal actors which have a great experience and a lot of knowledge and abilities, will help to improve 

research lines and solutions range with a higher social impact of research and a better credibility, legitimacy and rigor. 

-  Better understanding of the current systems, in term of vulnerability and resilience, as well as former and present climate 

changes; stronger knowledge on the extreme events dynamic which impact agriculture and global changes in the sector 

(economical risks, food security, equity, migrations, others); 

-  Better support to create strong and stable research groups giving assistance to policies and programs designing;  Improvement 

of the interfaces to facilitate the communication between science, politics, decisions and policy-makers, and in particular, 

farmers; 

5. CONCLUSIONS 

At this stage of the study, we are presenting the major trends on R&D in the topic analyzed. In addition to the meta-analyses 

performed, further studies will evaluate available manuscripts and segregate by specific topics, for instance desertification. The 

evolution of these terms could describe more precisely the history of new-born science discipline. Furthermore, an extensive 

process of consultation with research organizations and governmental institutions will be conducted to link the scientific 

production with the policy intervention in the region.  
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Scaling-up SLM: What is the missing link?  

Bridging the science-policy-practice divide, and making the case through 
valuation of ecosystem services.  

Website: http://www.theoslo.net 

ABSTRACT: This special session is based on the approach and experience of the OSLO (Offering Sustainable Land-use 
Options) consortium1 on the economic valuation of land and ecosystem services (ES). The special session, which will be held in 
the form of a panel discussion, will illustrate  country case studies and examples where the value of ecosystem benefits has been 
harnessed to stimulate investments that maximized the underlining economic, social and environmental gains. Examples will be 
provided drawing from OSLO’s most recent experiences in applying ES valuation models to promote sustainable land 
management (SLM) at country level (e.g. Cambodia, Panama, Tanzania, Vietnam, Zambia) and organizing expert consultations 
(i.e. UNCCD Scientific Conference, Apr 2013), stakeholder workshops (Kigali, Dec 2012) and public-private dialogues 
(Bangkok, June 2013) to bridge the gap between ES science, policy and practice. While the technical details on the 
methodological aspects of ES valuation adopted by the OSLO consortium will be discussed during the workshop organized by 
the Economics of Land Degradation (ELD) initiative, this special session will focus on the challenges to upscaling and on the 
gaps between science, policy and practice that require additional efforts. In this connection, the session will inter-alia illustrate 
the key role of incentives, market based mechanisms and other enabling activities to stimulate public and private investments.  

Keywords: Natural capital valuation, ecosystem services, sustainable land management. 

1. INTRODUCTION 

The degradation of ecosystems has to a large extent been induced by unsustainable human activities. Humans have both caused 
these changes and are directly affected by them. This positions people at the very centre of the issue and requires them to take 
responsibility and action. Understanding the value of ecosystems and their services is essential to construct preventive solutions 
and conservation methodologies that deliver socio-economic benefits and sustainability. 

Sustainable land management (SLM) provides a viable pathway to green development and has been implemented in a wide 
diversity of geographical and economic contexts. Assessing the variety of available methodologies of Economic Valuation of 
Land (EVL) and understanding their relation to SLM is essential for the identification of land use options that benefit all 
stakeholders. Valuing ecosystem services and approximating outcomes of SLM practices can significantly strengthen the case for 
sustainable development and stimulate responsible land-based investments. 

1.1 The OSLO Consortium 

The OSLO Consortium is a partnership of leading research  scientific institutions, UN agencies, NGOs, companies from the 
private sectors that is applying the EVL approach and methodology to site-specific or nationwide contexts originating from 
demand from our clients which could be a country government or a private sector company. 
 
The OSLO approach involves assessing the net socio-economic benefits of sustainable land and ecosystem management, and 
reducing the risks and uncertainties associated with eco-system smart policies and investments. Through this, benefits in 
sustainable economic growth and poverty reduction, reversing land degradation and strengthening the protection of ecological 
integrity may be realized. Through EVL studies and scenario-based analysis, the OSLO consortium identifies which SLM 
approaches are socio-economically viable and likely to attract investments from either the public and private sectors. 

1.2 The Economic Valuation of Land Initiative 

Through an integrated valuation of the ES that land provides, the EVL Initiative aims to effectively quantify the effects of land 
management practices. The holistic assessment of costs and benefits facilitates more informed decision making and encourages 
the development of sustainable solutions, thus making EVL an integral element of policy and planning processes. 
 
A number of ministries in charge of land, land planning as well as land valuers – particularly in resource rich countries – are 
expressing interest in managing natural capital as a tangible asset, and to focus reducing its depreciation as much as possible. The 
OSLO Consortium directly supports this capacity building work through expert consultations, stakeholder workshops, and 
public-private dialogues. As an example, the workshop organized by the Global Mechanism (GM) and the OSLO consortium in 

                                                 
1 http://www.theoslo.net 
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Rwanda in December 2012 convened high-level officials from the governments of Burundi, Comoros, Eritrea, Ethiopia, Kenya, 
Madagascar, Rwanda, Seychelles, South Sudan, Tanzania, Uganda and Zambia. 
 
In addition to its capacity building workshops, the OSLO Consortium is working to further developing EVL standards, including 
supporting university collaborations to offer advanced courses in ecosystem services;  equipping land valuers with the tools and 
methodologies to carry out EVL; and applying national natural capital accounting standards in collaboration with the World Bank 
WAVES programme. 

1.3 The Panel Format 

The panel discussion format will allow participants to address the complex and relatively young concept of ES valuation from 
multiple viewpoints, and through the varying and multi-faceted angles that best represent the current state of the discipline. The 
panel will also allow for the opportunity to unite knowledge across disciplines and stakeholder groups to provide a new 
perspective on the transition to a green economy for both private and public sectors. A broad spectrum of panellists will ensure 
that EVL and SLM are understood from academic, scientific, business and practical angles. It is expected that the session will 
create the basis for a constructive dialogue and the establishment of platforms to further promote the engagement of the scientific, 
policymaking, business and financial communities in the scaling up of ES valuation and SLM. 
 

2. THE SCIENCE, POLICY, PRACTICE DIVIDE  

The literature reveals important gap s between valuation studies, their policy relevance, significance and uptake of their results, 
and the implementation of recommended actions. Taking wildlife as an example, the use and non-use values that have been 
distributed to reflect people’s preferences to protect wildlife have not translated into sufficient policy or incentive measures that 
are strong enough to translate into modified practices for those whose indirect and direct actions impact the wildlife.  

A recent study coordinated by the OSLO consortium suggested stakeholder engagement allow access to a broader knowledge 
base, allowing parties to understand more about the issue of stake including possibly traditional knowledge about a region. It also 
helps to gain community wide buy-in, and increases the longevity and success of projects.  

Examples of relevant stakeholder groups for valuation studies include locally affected individuals and communities directly 
dependent on the region; downstream urban communities; local authorities and ministries; civil society organizations; special 
interest groups; and local entrepreneurs and business people. These are the key groups that themselves bridge the divide between 
the science, policy and pract ice, and the involvement of critical stakeholders will have a significant impact on the acceptance 
(and implementation) of analysis results from the outset.  

 

3. RESEARCH GAPS  

A current literature review on biodiversity valuation in drylands published in collaboration with the UNCCD and supervised by 
the Global Mechanism (Gallagher, 2013) revealed a number of gaps in coverage of biodiversity valuation in drylands: 

• There is a large regional disparity in terms of availability of economic studies, with a large share of information focused 
on Sub Saharan Africa and relatively little information available in other regions. This emphasis is understandable 
given the importance of drylands in Sub-saharan Africa, but represents a gap in information on environmental and land 
use management in other places. 

• The variable treatment of different value types in existing drylands biodiversity valuation analyses. For example, use 
values were more significant than non-use; and option values were highlighted qualitatively but not quantified in the 
literature. Moreover, in areas with low population densities, low use values were attributed because the number of 
people to hold value was low. This implies a need for more well rounded analysis of value types in valuation studies, or 
at least a greater acknowledgement of these gaps as limitations.  

• Not all drylands ecosystems and services are well represented in the economic literature – wetlands and inland waterways 
in drylands, hot and cold deserts, and steppes landscapes are obvious gaps.  

• Further work on forms of valuation without monetization needs to be done, for example, on environmental-health 
linkages – which are currently not well made.  

• The economic contribution of biodiversity may need to be further unpacked. Making the contribution of biodiversity 
more visible is an important part of decision-making processes concerning land use allocations or concessions or 
implementation of agricultural, pastoral, or wildlife protection policies.  This will also help in a better understanding of 
where costs and benefits are accrued up and down value chains, allowing us to tract supply chains of corporate 
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‘demanders’ of drylands biodiversity. 
• The question of extended time periods and discounting the results of valuation studies is often avoided in the drylands 

biodiversity valuation literature. The key assumption being ignored is that increased ecosystem protection or 
enhancement will improve the flow of benefits over time, and conversely, degradation will disrupt the flow of these 
benefits. This means that the current economic analyses have a dynamic element that is not being captured when 
valuing services for current periods alone.  

The panel discussion will encourage speakers to address and analyze these and other research gaps as part of their discussion of 
the methodological and practical issues facing the EVL initiative. 
 

4. CASE STUDIES 

Country level studies have been conducted by the OSLO consortium in Cambodia (Cardamom mountains, 2011), Tanzania 
(2011), and Zambia (2012). Other studies are underway in Cambodia (2013), Panama (2013), and Vietnam (2013). Each of the 
regions studied are under severe and multiple pressures. There are serious concerns that the existing ES values that they generate 
will degrade unless an effective, comprehensive and coherent approach to the management and maintenance of the land resource 
base is developed and implemented. 

4.1 Zambia 

The study in Zambia (Chabala, 2012) aimed at providing an assessment of the economic value of land resources and benefits 
associated with sustainable land use practices in Kafue district. The Kafue district was selected because of its unique 
characteristics in terms of land use, ecosystem services and economic pressure for land. In addition, it has challenges of land use, 
land degradation and sustainable land management that highlight the concerns elaborated in the NAP for Zambia. Further, it was 
envisioned that data in terms of maps and other digital data sets, market information and other statistics would be collected with 
relative ease compared to other locations. The area is also accessible which made it possible to undertake several field trips when 
validating the data quality. Kafue district has various land ecosystem services that contribute immensely to the livelihood of both 
the local and outside communities. These ecosystems include land for agricultural production, fisheries, forests, fresh water 
consumption, wetland and the generation of hydro power from the Kafue river. The economic value of these ecosystems runs in 
billions of kwacha.  

4.2 Tanzania 

The geographical focus of the study in Tanzania (Majule, 2011) was on the Tabora region. Woodlands are the most extensive 
land cover type in the Tabora Region and are consequently the source of nearly 50% of the potential value of provisioning 
services in the region: it is estimated that the woodlands have the potential to generate provisioning services worth over $700 
million per year. The figure is based on a valuation of all products, including timber, non-timber forest products such as fuelwood 
& charcoal, plants for food and medicinal purposes, the use of forests for grazing, building materials etc. It is calculated at a rate 
of $160/ha/year, a figure that reflects in part data collected in the region but also the findings of a number of studies on the 
provisioning functions of woodlands of this type in Southern Africa and beyond. The bushlands and thickets, which together 
cover 7% of the region, produce a similar range of products but the lower levels of tree coverage in these areas mean that the rate 
of service provision is lower. Here it is assumed to be 50% of the productivity of woodlands, meaning that these areas combined 
generate a potential ecosystem services value of just over $42 million a year. 

4.3 Cambodia 

The study in Cambodia (Soussan, 2011) focused on the Cardamom Mountains, which represent an area of unique significance in 
Cambodia and the wider Mekong Region in terms of the value of their land resources. Few other areas have retained the level of 
integrity of the ecosystems values still found in the Cardamoms and these ecosystems services underpin the livelihoods of people 
living there and provide value to people and economic activities in a much wider area. According to recent studies, the Central 
Cardamoms Protected Forest (CCPF) is the single most biologically diverse and least altered natural region in mainland South-
east Asia7. Contained within the CCPF is a high level of biological diversity, with the presence of globally threatened species, 
and high levels of endemism. The area may contain as many as 46 globally threatened fauna species, and an unknown quantity of 
globally threatened or endemic plants. The area supports around half of the country’s bird, reptile and amphibian species, and 
most of its medium to large mammals. . The region has an estimated biodiversity value of $1.36 billion per year for the study 
area: a major source of ecosystems services values that does not appear in traditional accounting methods for the valuation of 
land resources. In fact, the resources in the Cardamom region have multiple values, many of which have traditionally not been 
taken into account in many planning decisions. 
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5. OBJECTIVES  

The overall objective of this special session is to facilitate an overarching, multidisciplinary understanding of SLM and EVL and 
thus contribute to the identification and promotion of practices benefiting natural resources, societies and the economy. More 
specifically, the workshop will pursue the following objectives: 

1. Foundation of a mutual understanding of the importance of valuation of ES in promoting responsible land use; 
2. Critical review of the available methodologies for EVL, including strengths, bottlenecks, transferability between 

contexts, overlaps and complementarities; 
3. Overview of results achieved to date through case studies, policy -oriented recommendations, enabling regulations and 

pioneering investments; 
4. Identification of research gaps or areas where additional work would be required, in order to bridge the science-policy-

practice gap; 
5. Capacity building, through better understanding of the win-win opportunities offered by SLM, both sectorally and 

geographically;  
6. Exploration of synergies and networking opportunities with the organizations participating in the workshop; 
7. Sharing a vision about the possible role of ecosystem benefits in a “green economy”. 

 
The session will revolve around case studies introduced by keynote speakers that reflect the application and implementation of 
ES/EVL valuation methods. The discussion will unfold methodological and practical issues and will analyze research gaps and 
potential entry points for further development, providing fertile ground for continuing cooperation in terms of methodological 
research, policy uptake and practical implementation. 
 

6. SYNERGIES BETWEEN INITIATIVES 

The Economics of Land Degradation (ELD) is an initiative for a global study on the economic benefits of land and land based 
ecosystems. The initiative highlights the value of SLM and provides a global approach for analysis of the economics of land 
degradation. It aims to make economics of land degradation an integral part of policy strategies and decision making by 
increasing the political and public awareness of the costs and benefits of land and land-based ecosystems. OSLO contributes to 
the ELD initiative through its participation in ELD scientific and coordination meetings, as well as through case studies to assess 
the total economic value of land and identify incentives and financial mechanisms for promoting SLM-smart investments. 
 
As an empirical approach, EVL responds to the need to assess specific situations on the ground by collecting evidence and 
generating figures. The ELD initiative is a broader initiative for a global study on the economic benefits of land and land based 
ecosystems. They tie together because EVL contributes its findings to ELD, which then makes use of these findings and data in 
conjunction with other sources of information, studies and assessments, creating a sort of mosaic picture with a view to 
producing global level reports on the cost of land degradation and the cost and benefits of action that is the cost and return on 
investment to respond to land degradation. 
 

7. COMPLIMENTARY SESSIONS AT THE UNCCD 2ND SCIENTIFIC CONFERENCE 

This workshop is complementary to the workshop organised by the ELD initiative, which will focus on the valuation approaches 
and assessment methods. The ELD workshop will consist of presentations followed by a panel discussion between the ELD 
scientific coordinator, working group leaders, the Secretariat and the other scientists, economists, policy -makers, country officials 
and representatives from civil society present in the audience. This discussion will focus on the relevance of the approach 
adopted by the ELD, opinions on whether to focus on the costs of inaction or the benefits from action, the types of outputs the 
audience would need/expect from the ELD initiative, and should lead to expression of interest to contribute to the ELD initiative 
after the workshop. 
 

8. POLICY ORIENTED RECOMMENDATIONS  

This special session will result in policy-orientd recommendations that directly support the theme of the Scientific Conference, 
namely “economic assessment of desertification and sustainable land management”. The panel discussion will be used as 
foundation for the output of a series of pointers for policy makers, researchers, the business sector and civil society regarding 
SLM and the integration of EVL in land-based decision making processes. It is also envisaged that the main conclusions of the 
workshop will be elaborated in the form of a short commentary or p erspectives piece for a high impact scientific journal, as well 
as publication on the OSLO website.   
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Target audiences and direct beneficiaries of the special session would be UNCCD Focal Point s as well as representatives from 
other institutions in developing countries, which may decide to use land valuation approaches and tools, such as those developed 
by the OSLO consortium, to guide and promote land-related policy reforms and budget allocation decisions that  encourage SLM 
adoption. Other beneficiaries may include representatives from private sector entities that may wish to use the EVL valuation 
methodology to inform their land-use decisions. This special session would also offer an opportunity to the participating 
scientists involved in economic assessments to share with the panelists their views and experiences in the use and application of 
their approaches and models. 
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UNCCD Second Scientific Conference 
Fortaleza, Brazil 
4-7 February 2013 
 
SPECIAL SESSION – 1½ hours 
 
GLOBAL ENVIRONMENT FACILITY SPECIAL SESSION 
Carbon Sequestration – A Valuable Global Benefit of Sustainable Land Management 
 
Outline Agenda and Notes 
This Special Session supports the two conference topic themes of (1) Economic and social 
impacts of DLDD; (2) Costs and benefits of policies and practices addressing DLDD. 
 
Therefore, we shall identify the following themes in our Special Session: 

• the significant investments already being made in the GEF LD Strategy and their impact 
• how a focus on carbon – above- and below-ground – could add value, economically and 

socially, to future GEF investments 
• how we can track and measure the benefits of SLM in terms of carbon sequestered 
• the policies and practices that will enhance the benefits brought by carbon in future GEF 

strategies  
 
Our objectives are to:  
(1) demonstrate the importance of the current work of the Land Degradation Focal Area of the 
Global Environment Facility, with special reference to Sustainable Land Management – SLM - 
and the potential benefits derived from above- and below-ground sequestration of carbon;  
(2) show how GEF investments and strategic planning support the UNCCD;  
(3) consult the scientific community on issues related to SLM that might be included in future 
GEF Strategic plans 
 
 
Presentations 
 
(1)  Sustainable Land Management in the Global Environment Facility – Enhanching 
Ecosystem Services in Production Landscapes     (Presenter - Mohamed Bakarr) – 15 
minutes. 
 
ABSTRACT  
Mohamed I Bakarr  
 
The Global Environment Facility serves as financial mechanism of the UNCCD and provides 
financing through the Land Degradation Focal area, which focuses on addressing desertification 
and deforestation in production landscapes (agriculture, rangelands, and forest landscapes). 
Over the last two decades, the GEF has invested close to $500 million in sustainable land 
management (SLM) projects in more than 50 countries, and leveraged more than $3 billion in 
co-financing through bilateral, multilateral and private sector sources. The focal area 
investment also leverages GEF financing through other windows to maximize potential for 
global environment benefits at scale. This is exemplified by the Sahel and West Africa Program 
in support of the Great Green Wall Initiative, a country-driven initiative for integrated natural 
resource management in the Sahel and broader West Africa region. The program, to be 
implemented by the World Bank, utilized a total of $108 million in GEF resources from 
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multiple windows and builds on a series of planned sustainable development investments of 
nearly $1.8 billion in 12 countries. It will lead to the sustainable management of land, water and 
vegetation on up to two million hectares of production landscapes per country, protection 
against erosion and desertification, and the potential for sequestering 0.5 to 3.1 million tons of 
carbon per year. By financing interventions that improve soil fertility, enhance soil and water 
conservation, increase vegetative cover, reduce soil erosion and run-off, millions of hectares of 
production landscapes can be successfully transformed to enhance sustainable flow of 
ecosystem services for human well-being. Monitoring and quantifying these ecosystems 
services is crucial, especially in light of the need to manage potential tradeoffs and maximize 
synergies for sustained productivity of soils in the landscapes. 
 
(2)  A New Tracking Tool for Carbon Benefits (Presenters: Eleanor Milne and Carlos 
Cerri) – 15 minutes 
 
ABSTRACT 
Eleanor Milne, Carlos Cerri 
 
The Global Environment Facility’s Carbon Benefits Project has developed a suite of tools for 
land management projects to monitor, measure and model the impact of a project on carbon 
stock changes and greenhouse gas emissions (carbon benefits). The tools are freely available 
online with options for projects with different remits, resources and expertise. The Simple 
Assessment is suited to projects with few resources for carbon monitoring and reporting or 
those developing project proposals. It uses pre-populated information in drop down menus and 
is available in five languages. Able to be used via a web portal, it requires information on land 
management activities and where they occur under a baseline and a project scenario. The 
Detailed Assessment has the extra functionality of allowing the user to create their own 
grassland, forest, cropland or agroforestry type. In addition users can replace ‘factors’ used in 
the calculations with their own project-specific measures. This reduces the uncertainty of the 
estimated carbon benefit. It is suitable for projects with more emphasis on carbon reporting. 
The third option uses a dynamic model and is suited to users with a scientific background who 
wish to model carbon stock changes in projects with a carbon focus. Some knowledge of 
ecosystem modelling and geographical information systems is required. 
 
We use the example of “The South West Amazonia Project” in Brazil which considers the 
environmental impact of agricultural expansion in the Amazon frontier area to demonstrate: 1) 
How the Simple Assessment can be used in an ex-ante capacity to explore the impacts of 
different land use scenarios, 2) How the Detailed Assessment runs with project specific 
emission factors to reduce uncertainty 3) Application of the dynamic modelling option to 
estimate the long-term impacts of agricultural expansion on soil carbon stocks in the region. 
 

(3) Soil organic carbon management for global benefits – A review for STAP (Presenter - 
Gerard Govers) – 15 minutes 
 
ABSTRACT 
Gerard Govers, Roel Merckx, Kristof Van Oost, Bas van Wesemael 
 
The total global Soil Organic Carbon (SOC) reservoir exceeds 2000 Pg. Sound management of 
this natural carbon reservoir is critical, both with respect to the mitigation of global climate 
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change and also the maintenance and improvement of soil quality for sustainable land 
management. In this review we analyze the existing literature on SOC dynamics and derive 
principles to guide strategy for SOC management for global benefits. We also identify 
important knowledge gaps that should be addressed to improve understanding of the potential 
response of the SOC reservoir to both natural (climatic) and management practice changes. 
SOC management requires an integrated approach, considering the system/landscape level to 
account for important Organic Carbon transfers between different landscape components of 
agricultural systems. While the use of adequate fertilization is a prerequisite to the increase of 
the SOC storage on arable land, it is far from sufficient: initiatives focusing on improving SOC 
storage and management should not only assess how local social economic conditions may 
affect SOC management projects but should also assess the socio-economic implications of 
such projects. SOC stocks can indeed be increased through sound management but realistic 
targets should be set, based on both socio-economic and biophysical constraints. Scientifically, 
there is a great need for a better understanding of the (interacting) effects of changes in 
temperature, moisture regime and land use on the SOC stock, to reduce the uncertainty of 
predictions on the future evolution of the global carbon stock. Furthermore, we should 
capitalize as strongly as possible on technical advances in SOC measurement to develop 
monitoring techniques that are both more rapid and more accurate, as we will need to assess 
management-induced SOC changes against the backdrop of a baseline that is continuously 
changing in response to both climatic change and increasing atmospheric CO2 concentrations.  
 
(4) The Value of Soil Organic Carbon: the case for biochar (Presenter - Annette Cowie) – 
15 minutes 
 
ABSTRACT 
Annette Cowie, Bhupinderpal Singh and  Lukas Van Zwieten 

 
Biochar is a potential contributor to climate change mitigation and land management. The 
global technical potential for abatement of greenhouse gas emissions through biochar has been 
estimated at 6 Gt CO2-e annually; biochar has been shown to stimulate plant growth by up to 
100%, and enhance soil water holding capacity. However, sustainability concerns have been 
identified: demand for biochar could encourage deforestation or inappropriate removal of crop 
residues, exacerbating land degradation; biochar may contain toxic components, which could 
contaminate soil; biochar production may contribute to air pollution. Also, biochar systems may 
deliver lower emissions abatement than alternative uses of biomass. 
 
New knowledge of biochar properties and interactions with soil, plants and microorganisms 
gives greater understanding of the benefits and risks of biochar. Biochar properties are 
dependent on the biomass feedstock and the production process: biochars from wood residues 
have greater mitigation value and stability than biochars from manures; biochar systems 
utilising existing biomass residues have greater benefit than systems based on purpose-grown 
biomass crops. At higher pyrolysis temperatures the biochar produced has greater stability in 
soil but there is a lower biochar yield. Life cycle assessment studies have estimated net 
abatement for biochars based on residue feedstocks ranging from 1.7 to 3.1 t CO2e per t dry 
feedstock. The major contributions to abatement arise from organic matter stabilisation, 
avoided nitrous oxide and methane emissions, and displacement of fossil fuel emissions. The 
total abatement can be greater than the CO2 sequestered in biomass, and can be greater than if 
the biomass was used solely for bioenergy. 
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Current research is developing methods to characterise key properties of biochar and allow 
matching to crop and soil requirements. Sustainability guidelines, which could be applied 
within a domestic or international certification scheme, are being developed to manage 
identified risks. 
 
(5) Looking to the Future – a New Land Degradation Strategy. Audience and Panel 
Discussion (Moderator – Michael Stocking) – 30 minutes 
 
ABSTRACT 
Michael Stocking and Five Panel Members (to be nominated) 
  
The current (GEF-5) Land Degradation Focal Area Strategy continues to 2014. It has 
successfully catalysed investments to promote system-wide change necessary to control the 
increasing severity and extent of land degradation. Nevertheless, there is recognition that with 
the current approach the scale of resources necessary to achieve lasting wide-scale benefits is 
far greater than can be provided. New approaches that address ecosystems and natural resources 
as multi-functional units providing co-benefits for the environment and for human development 
need to be developed. This Special Session has suggested that Soil Organic Carbon presents 
one opportunity to meet the challenge. Our final segment of this Session will invite dialogue 
between the audience and presenters on issues and approaches that should be included in the 
new GEF Land Degradation Strategy. Questions to be posed will include: 

• What technologies bring most benefits; and under what conditions? 
• Are there pilot approaches worth replicating? 
• Do we need new or enhanced support systems to support the choice of approach and 

technology? 
• What policies and incentives will be required to deliver truly global benefits?  
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Economics of Land Degradation (ELD) Initiative 

Bridging the science-policy-practice divide, and making a case for tackling 

land degradation through valuation of ecosystem services. 

The Economics of Land Degradation Initiative Secretariat, Deutsche Gesellschaft fűr Internationale 

Zusammanarbeit (GIZ) Bonn, Germany 

See Website: http://eld-initiative.org/ for participating institutions 

 

ABSTRACT: This workshop focuses on the approach and methods considered by the ELD initiative. It is complementary to the 

workshop organised by the Global Mechanism on behalf of the OSLO consortium entitled “Scaling-up SLM: what is the missing 

link?” focusing on practical applications, research gaps and potential entry points for further development. This workshop will 

start with an introductory talk by Anna Tibaijuka, the Minister of Lands in Tanzania (15') current issues related to land 

management in her country. This introductory talk will be followed by a presentation of the ELD Initiative (30’) by UNU-

INWEH (scientific coordinator of the initiative) and working group leaders: the approach taken (estimation of the total economic 

value of ecosystem services, costs of inaction/benefits from action), identified gaps, organisational structure of the initiative, the 

different working groups, their workplans and the needs for contributions, and links to complementary initiatives (TEEB, UK 

NEA, ZEF's Economics of land degradation project). This presentation will be followed by a panel discussion (45') between the 

ELD scientific coordinator, working group leaders and Secretariat and the other scientists, economists, policy-makers, country 

officials and representatives from civil society present in the audience. This discussion will focus on the relevance of the 

approach adopted by the ELD, opinions on whether to focus on the costs of inaction or the benefits from action, the types of 

outputs the audience would need/expect from the ELD initiative, and should lead to expression of interest to contribute to the 

ELD initiative after the workshop. 

  

Keywords: Natural capital valuation, ecosystem services, sustainable land management. 

1. INTRODUCTION 

Land degradation and desertification threaten fertile land throughout the world. The consequences are alarming: smaller harvests, 

reduced availability of clean water, increased vulnerability of the affected areas to climate change and, not least, food insecurity 

and poverty. It is estimated that 1.5 billion people in all parts of the world are already directly affected. In view of the world’s 

growing population, food security is one of the most pressing challenges of our time. 

The Economics of Land Degradation (ELD) is an initiative for a global study on the economic benefits of land and land-based 

ecosystems. The initiative highlights the value of sustainable land management and provides a global approach for analysis of the 

economics of land degradation. It aims to make economics of land degradation an integral part of policy strategies and decision-

making by increasing the political and public awareness of the costs and benefits of land and land-based ecosystems. 

Sustainable land management contributes to livelihoods and consequently to the national economy. Our vision is to transform 

global understanding of the value of land and to create awareness of the economic case for sustainable land management in 

preventing the loss of natural capital, preserving ecosystem services, combating climate change and in addressing food, energy 

and water security. The ELD initiative aims to produce three reports: one to scientific communities, one to political and local 

decision makers, and one to the private sector. 

The discussion will serve as an exceptional opportunity to unite knowledge across disciplines and stakeholder groups to provide 

feedback to the ELD Initiative and suggest constructive ways forward. 

 

2. OBJECTIVE  

The workshop will focus on the achievement of the following objectives: 

1. Raise awareness on possible involvement into the Initiative; 

2. Obtain feedback from a range of audiences on the approach taken by the ELD initiative and its relevance to each 

audience, and more specifically on whether to estimate benefits from action or costs of inaction; 

3. Obtain feedback from a range of audiences on outputs they would expect from the ELD initiative; 

http://eld-initiative.org/
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4. Obtain additional contributions to the ELD initiative after this workshop. 

The discussion will unfold methodological weaknesses and implementation issues and will provide fertile ground for establishing 

new collaborations or developing existing ones. The outcomes of the discussion will also be used to draft after the conference an 

ELD Interim report describing the ELD initiative and its activities, vision, targets and the ELD approach. 

3. THE ELD INITIATIVE APPROACH 

The ELD aims to estimate the total economic value of ecosystem services derived from land, as was done in previous initiatives 

such as the ZEF/IFPRI's Economics of land degradation project, TEEB, UK NEA. The scientific community has not yet agreed 

on whether to consider the costs of inaction or the benefits from action, to be compared to the costs of action. The costs of 

inaction correspond to the benefits from action only when the land is restored to 100% of its capacity to provide food, fuel, 

biodiversity, income from tourism (Fig. 1). If action does not restore land to 100% of its capacity, then the benefits from action 

are lower than the costs of inaction. 

 

Fig. 1: Costs of inaction and benefits from action. 1: costs of land degradation; 2: potential benefits from action; 3: effective 

benefits from action. 

 

4. THE ELD INITIATIVE ORGANISATION 

The ELD initiative is organised as represented on Fig.2. The initiative comprises a policy partnership, a science partnership and a 

science/policy interface. The policy partnership is made of the ELD supporting political partners and donors (core group). The 

science/policy interface is made of the members from the policy partnership, the ELD Secretariat and the Scientific Coordinator. 

The science partnership includes a scientific coordinator (UNU-INWEH), and three working groups: one on the economic 

valuation of options (key global trends and trade-offs, scaling up of successful options), one on policy options and pathways 

(identifying scenarios) and one on data and methodology (valuation methods). 
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Fig. 2: Organisational structure of the ELD Initiative 

 

5. POLICY ORIENTED RECOMMENDATIONS 

The panel discussion will have tangible outcomes: it will both bring valuable input to the envisaged products of the 2nd UNCCD 

Scientific Conference, and provide a series of pointers for policy makers, researchers, the business sector and civil society 

regarding the cost of land degradation to society and the economy. It is also envisaged that the main conclusions of the workshop 

will be elaborated in the form of a short summary to be published on the ELD website (http://eld-initiative.org/). 

 

6.  COMPLEMENTARY WORKSHOPS AT THE UNCCD 2ND SCIENTIFIC CONFERENCE 

This workshop is complementary to the workshop organised by the Global Mechanism and the OSLO consortium entitled 

“Scaling-up SLM: what is the missing link?” focusing on practical applications, research gaps and potential entry points for 

further development. It is also related to the workshop organised by ZEF/IFPRI who are providing in-kind contributions to the 

ELD initiative. Finally, the workshop jointly organised by the IUCN and te UNCCD entitled “Towards a Land-Degradation-

Neutral World: from science to policy”. 

http://eld-initiative.org/
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Bridging the practice-policy gap in sustainable dryland management 
 

 

Edith van Walsum1, Janneke Bruil2, Peter Gubbels3 

1
ILEIA- AgriCultures Network, Wageningen, The Netherlands. E-mail: e.van.walsum@ileia.org 

2
ILEIA- AgriCultures Network, Wageningen, the Netherlands. E-mail: j.bruil@ileia.org 

3 
Groundswell International, Ghana. E-mail: pgubbels@groundswellinternational.org

 

ABSTRACT: This paper explores the main institutional and political factors contributing to the gap between evidence and 
mainstream policies/funding priorities in dryland management.It explores two agricultural paradigms: first, the dominant 
paradigm that favours modernization, economies of scale  and specialisation. Second, the agroecological paradigm, with 

resilience of farming communities and their ecosystems as its central concept. It then discusses a number of practical experiences, 
each  illustrating that agroecological approaches can lead to triple wins: increased  productivity, increased  natural resource 
sustainability and increased food security. But sharing good practices alone is not enough to bridge the gap. The role of research-
based evidence is one among the many variables that influence policy making and implementation. Other variables include 
values, political affiliation, experiences, expertise, stakeholder organisation, the role of the media and pressure. Building agro-
ecological resilience is a challenging concept for policymakers as it requires a fundamental change in agricultural investment 
patterns, towards enabling small-scale family farmers to develop their skills, expertise and voice, and towards full-fledged 
support for the  upscaling of  agroecological  practices.  
 
Keywords: Resilience, agroecology, family farming, paradigm shift,  knowledge building. 
 
 
1. INTRODUCTION 
 
The scientific conference on ‘Desertification, sustainable land management and resilience’ organised by UNCCD is highly 
relevant in the context of the multiple interlocked crises the world is facing today. As per UN estimates, 1.5 billion people around 

the world are directly affected by land degradation, while every year 12 million hectares of land become unproductive through 
desertification. The effects are worsened by climate change. Pastures are scorched, and crops, trees and livestock do not survive.  
 
The impact can be devastating. For example, impoverished dryland communities in the Sahel and the Horn of Africa are 
experiencing high levels of chronic malnutrition, hunger, child mortality and migration, in an environment that is at risk of 
degradation beyond repair. Humanitarian aid to cope with these crises is costing millions of dollars each time and leaves many 
new projects in its wake.  
 
Desertification and land degradation are not just natural phenomena. They are the outcomes of long-term over-exploitation and 

mismanagement of fragile ecosystems. To address these problems, we cannot resort to the same ways of thinking that have led to 
this situation. We need to take a different perspective, which is already presenting itself. 
 
Evidence built up by innovative farmers around the world, an increasing number of  scientific reports  and a growing 
agroecological movement around the world all show that a new paradigm for agricultural development is unfolding that has a 
strong basis in local innovation and resources.  The interesting thing is that this paradigm is emerging out of practical experiences 
on the ground (Altieri and Toledo, 2011; Gliessman, 1998)i,ii.  
 

The UNCCD observes the collective failure to convince policymakers of the existence of effective Sustainable Land 
Management (SLM) approaches as a key factor limiting the dissemination and application of good practice.  This paper will 
explore the main institutional and political factors contributing to the frequent gap between evidence (from practice) and 
mainstream policies/funding priorities. We will draw lessons from experiences in different parts of the world. 
 
 
2. AGRICULTURAL PARADIGMS 

2.1 The dominant model  

The dominant neoliberal model of agricultural development has created conflict and controversy. Policies prioritise export 
oriented, commercial production in areas that have access to more reliable rainfall, inputs, roads and markets. But tens of millions 
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of small-scale farmers who live in fragile drought prone areas, cannot afford industrial inputs like hybrid or genetically 
engineered seeds, chemical fertilizer, pesticides, or irrigation. 
 
The pattern of agricultural investment and the model for agriculture is driven by the interests of large corporations. They use their 
considerable economic and political power to influence important decisions. Agribusiness companies have aggressively promoted 

their products through PR activities, industry lobby groups, funding academic research and directly influencing government 
policy (Holt-Giménez and Shattuck, 2011) iii,. Watchdogs estimate that in 2012 alone, Monsanto has spent $4,730,000 on 
lobbying the US governmentiv.  The patent laws that Monsanto has lobbied for have diminished farmer breeding rightsv. Legal 
assaults of Monsanto against farmers violating their property rights have been reportedvi. 
 
The Green Revolution, beginning in the 1940′s, pushed widespread use of chemical fertilizers, pesticides, and equipment whose 
expense was out of reach for most peasant farmers. Years of water-intensive farming has depleted water tables, while increased 
use of chemicals has severely damaged soil in some areas. During the 1980s, the situation worsened for farmers as structural 

adjustment policies promoted by the World Bank and others, pushed African and other governments to privatise land and focus 
on industrial farming. In addition, large scale ‘development’ projects such as dams, mines and pipelines, also often supported by 
financial institutions, pushed farming communities off their land, increasing rather than alleviating poverty.  
 
Recently, the Bank is playing a key role in the global rush for land by providing capital and guarantees to big multinational 
investors. Oxfam found that more than 60 per cent of investments in agricultural land by foreign investors between 2000 and 
2010 were in developing countries with serious hunger problems, while two thirds of those investors plan to export everything 
they produce on the landvii.  

 
The Alliance for a Green Revolution in Africa (AGRA) is a Gates Foundation-funded multimillion-dollar project that seeks to 
increase food production in Africa by implementing Western-style agricultural techniques, promising high-yield results for food-
insecure populations. The IAASTD (2009) viii found that the adoption of agrochemicals and monocropping, among other 
technologies, have harmed not only the land but also local communities and economies, benefiting transnational corporations 
with “near-total control” of food production.ix 
 
Green Revolution technology however was designed for high potential areas; it bypassed  or negatively affected the dryland 

areas. For these areas there is no blueprint solution because they are ecologically diverse and fragile. The growth-based paradigm 
does not see investment in ecologically fragile and drought prone  areas as being economically feasible. It foresees (and often 
drives) many small-scale farmers and pastoralist communities living in such areas to leave and work in towns and cities or large 
scale commercial plantations or farms.  Food aid is dispensed during periodic droughts and shocks while this perceived 
‘inevitable’ transition goes on.  
 
Interestingly, this situation has also generated space for innovative dryland farmers to try out new  practices, at their own pace 
and according to local needs and possibilities. At least in one respect people in drylands may be better off than those living in 
more endowed areas: their local knowledge systems have been better preserved in most cases, as well as their (knowledge about) 

agrobiodiversity and their local institutions governing natural resources. In times of climate change and economic crisis this may 
well prove to be an important asset. A diverse array of initiatives in dryland areas - the conservation of indigenous seeds and 
breeds, the restoration of traditional water storage structures and the use of local concoctions in pest management -  are part of a 
growing agroecological body of knowledge. 
 

2.2 The way forward: Agroecology for improved productivity, resilience and sustainability 
 
A variety of experiences of farmers, NGOs and scientists over the past decades - many of them in dryland and degraded areas -
have laid the basis for a new agricultural paradigm. A central concept in this new paradigm is the resilience of farming 
communities and their ecosystems.  This concept has two aspects: ecological resilience, coping with drought and climate change, 

and socio-political resilience, the ability of farmers to develop their skills and voices to choose their own development path. 
 
Agroecology sees the farm as a system. A healthy, active soil forms the basis. The core principles of agroecology include 
recycling nutrients and energy on the farm, rather than introducing external inputs; integrating crops and livestock; diversifying 
species and genetic resources in agroecosystems over time and space; and focusing on interactions and productivity across the 
agricultural system, rather than on individual species (Altieri and Toledo; de Schutter, 2011) x. Agroecology is highly knowledge-
intensive and based on techniques that are not delivered top-down but developed on the basis of farmers’ knowledge and 
experimentation. It empowers small-scale farmers, women and men. As farmers gain greater control over their lives, they 

decrease the risk of crop failure or livestock deaths due to drought and degradation.  
 
Farmers reap multiple benefits at once: increased productivity and food security, higher incomes, improved food security, 
adaptation to a changing climate, regeneration of their natural resource base and more autonomy.  Agroecology is one of the 
central recommendations of the IAASTDxi and is often referred to as a practice, a science and a movement. (Wezel et al, 2009)xii. 
Agroecology is now increasingly being adopted and articulated by peasant movements worldwide. 
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The West African farmer umbrella organisations ROPPA co-developed a path to self-determination, promoting the use of 
traditional seeds and animal breeds for food sovereignty, agro-biodiversity, agro-ecological principles, and local markets. 
Importantly, they promote the facilitation of farmers' exchanges in the region and farmer led research, and participatory plant and 
livestock breeding. xiii  

 
To put agroecology into practice requires technological innovation, agriculture policy changes, socio-economic changes, but 
most importantly  a deeper understanding of the complex long-term interactions between resources, people and their 
environment. Agriculture must be conceived of as an ecological system as well as a human dominated socio-economic system 
(Altieri, 2000). 
 
 

 
Cartoon: http://latuffcartoons.wordpress.com/ 
 

2.3 Successful agroecological experiences in dryland regions 
 
Many civil society organisations have worked closely with local communities and interested scientists, to develop and document 
holistic approaches to dryland management. These approaches are powerful because the technical, social and governance 
dimensions are closely integrated.xiv Day by day, successful agroecological experiences are increasing (de Schutter, 
op.cit.).Though  a key feature of agroecology is that it is locally specific and diverse, some initiatives have scaled up massively, 
as can be seen in the Sahel.  
 

The following practical experiences were published in earlier editions of Farming Matters. They show, each in their own way, 
how over the past decades, very diverse yet coherent efforts have been made to strengthen resilience of dryland communities.  
(Farming Matters, earlier called LEISA Magazine, is a quarterly publication of the AgriCultures Network  that shares practical 
experiences in sustainable family farming. It aims to build bridges and create dialogue and debate between farmers, NGOs, 
scientists, policymakers and other stakeholders in sustainable farming around the globe). 
 

2.3.1. The largest transformation in Africa 
 
In southern Niger, there is considerable evidence that sustainable intensification of small farming systems, which integrate food 
production, trees and livestock, using low external inputs, agro-ecological methods, and crop diversification, can “re-green” 

denuded landscapes, reduce risks and improve food security for small-scale farmers.  The best documented techniques include 
“zaï” planting pits, rock bunds on the contour and half moons water catchments. Also very crucial is farmer managed natural 
regeneration (FMNR) of trees: farmers protecting and growing trees on their own land. 
 
This “re-greening” of about 5 million hectares in southern Niger has been described by an informed writer on the environment, 
Mark Hertsgaard as "one of the great success stories in the field of climate change and agriculture" and "the single largest 
environmental transformation in Africa (cited in Rinaudo, T and Yao, S.2009)"xv.  
 

http://latuffcartoons.wordpress.com/
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Due to FMNR, small-scale farmers in Niger are producing an estimated additional 500,000 tons of cereals a year which helps 
feed about 2.5 million people xvi. The World Bank estimates the annual production value of the new trees is at least $US 260 
million, which flows directly back to farm families, either as cash or as produce (World Bank, 2010)xvii. In the region of Maradi 
in Niger alone, in 2008, a very conservative estimate is that 62,000 farm families practicing a full version of FMNR have 
generated an additional gross income of US$17 - 23 million per year, contributing 900,000 to 1,000,000 new trees to the local 

environment  (Haglund, E. et al. 2009)xviii. 

 

2.3.2 Adoption of green manure and cover crops; experimentation with farmers around the world 
  
Participatory research with small-scale farmers around the world evaluated their experiences with the adoption of green manure 
and cover crops. One hundred and forty different systems were studied, involving 41 species. Sixty percent of these systems have 
been developed by farmers themselves. The authors learned that finding acceptable, widely adopted systems for (or preferably, 
with) farmers requires a great deal of flexibility and creativity. Experiences show that systems that produce benefits other than 
soil improvement tend to last longer and continue after the “project” has come to an end. The long time that it takes for positive 
results to emerge is an obstacle to the more widespread adoption of green manure and cover crops. Therefore, it is often 

preferable to choose species that can be eaten, fed to animals or provide some other benefit. One should select species that will 
provide the benefits most desired by the farmers with the least amount of labour. A key learning of the authors is that virtually all 
of this research can and should be done in the field through participatory processes (Bunch, 2003)xix. 

 

2.3.3 Healing the earth: an Ethiopian story  
 
Land degradation is one of the most serious problems facing Ethiopia today. In order to improve crop yield in the region, the 
Ethiopian Government adopted the Sasakawa Global (SG) 2000 package, which is based on high input demanding varieties and 
chemical fertilisers. The Institute for Sustainable Development, an Ethiopian NGO implemented a project using agroecological 
principles and compared its performance with that of the SG package in neighbouring villages. 

 
Practices used included the construction of trench bunds, check dams and ponds; the making and use of compost; the use of 
manure; the planting of trees, forage and grass species; use of genetically diverse seed material and natural pest and disease 
management. Farmers obtained yields equal to those of the high external input farmers while their straw yields were higher. This 
provided them more fodder and composting material. Impressive results in soil and water conservation have been observed 
 
The key to the success of this project lies in the systematic involvement of almost all of the stakeholders. The project offered a 
range of choices and farmers adopted those that suited their ecological and social setting. As the project’s results were 

convincing, it has been upscaled in a large UNDP-supported Programme (Edwards and Belay, 2003) xx.  

 

2.3.4 Water harvesting: community-led natural resource management  
 
India is in water crisis despite its relatively high average rainfall. If 5-10% of the land were used for rainwater collection there 
would be enough water for irrigation and household needs. Initiatives over the past decades, both at community and government 
level, have made use of long-neglected water harvesting traditions.  

This article discusses some of these initiatives and explores how community-led natural resource management can be facilitated. 

Several tiers of institutions were created: policy coordination at state level; implementation and coordination at the district and 
macro-watershed level, and work at village level. Some 1748 women’s groups have been created in 374 villages and together 
they have 25,506 participants. Serious efforts have been made to give local communities power over decision making and control 
over resources. The Watershed Development Committee brings together the important interest groups in the village. 

The authors conclude that the potential of water harvesting is enormous. Improvements usually begin with increases in the 

quality and productivity of croplands as available water increases. This leads to better grass production from the local grasslands 
and slowly increased production of fodder and timber resources from tree and forestlands. But for water harvesting to support 
sustainable rural development, there will have to be a change in the governance of water systems. Decentralized systems of water 
management are needed. These in turn demand a community-based system of natural resource management. The only way this 
objective can be achieved is by deepening systems of participatory democracy and expanding people’s participation at village-
level. By strengthening and emphasising the importance of open forums, common solutions and common natural resources, the 
developing world can make a determined bid to revive dying community spirit and to rebuild its devastated environment 
(Agarwal and Narain, 2000)xxi. 

 

2.3.5 Challenges 
 
However robust the agroecological initiatives are, there are challenges preventing a more comprehensive upscaling. Governments 
and donors still have a long way to go in mainstreaming the agroecological paradigm. This involves enabling small-scale farmers 
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to develop their skills, expertise and voice, while supporting their use of agroecological farming practices.  It requires a truly 
integrated perspective on dryland management, breaking down institutional barriers and improving collaboration between 
stakeholders.  
 
In the past ten years, donors have been giving lower priority to sustainable natural resource management. They shifted their focus 

to farmer integration into global markets and global value chains. However, as Bill Vorley, one of the authors of a report of a 
three year knowledge program recently published by IIED and HIVOS, said: “contrary to the prevailing narrative, and what 
NGOs, policymakers and donors expect, interventions that aim to upgrade small-scale farmers into high-value, formal supply 
chains and modern markets tend to benefit only 2-10 per cent of farmers"xxii. 
 
Many institutions have not yet grasped that building agroecological resilience requires a fundamental change in agricultural 
investment patterns. For example, while the UNCCD argues that it is important to build “production systems based on the 
intensification of locally available and adapted biodiversity, using local knowledge”, its finance mechanism emphasises 

encouraging private sector investments and market-based mechanisms.xxiii  Why doesn’t the UNCCD  mention  the need to invest 
in strengthening small-scale farmers’ capacities and  the  upscaling of local agroecological  practices?  
 
There is enough evidence about the benefits of agroecological approaches. But how can they be translated and integrated into 
long-term policy? Is shortage of scientific evidence a key underlying cause of the failure to mainstream SLM into policy?  Or is 
there a problem with the way evidence is framed and communicated by those involved on the ground? What type of evidence do 
policymakers need to get convinced? What indicators do rural communities use? Should evidence be mainly economic or should 
it include ecological, social, institutional and cultural dimensions of change? 

 
Below, we analyse recent experiences in the Sahel that may help us to find answers to these questions and understand better how 
local initiatives can find their way into political decision making processes. 
 
 
3.  SUSTAINING THE GAINS: AN EXAMPLE FROM THE SAHEL  

 

Regreening Africa is a farmer led innovation movement. In Niger, desertification and soil degradation, low soil fertility, 

unreliable and erratic rainfall patterns combined with high levels of pest attacks make agricultural activities very risky. In some 
zones of Niger, up to 50% of the landmass is totally unproductive because land degradation and erosion have resulted in hardpan 

formation (Rinaud, T and Yaou, S)  
xxiv. This means that when it rains, water cannot infiltrate the hard soil. Extensive water 

runoff and flooding occur, destroying crops and increasing erosion even further. Few farmer families have sufficient organic 
matter to maintain soil fertility. As a consequence, in many parts of Niger, even in good years, many poorer farm families do not 

produce enough food to meet their family’s nutritional needs for more than three to six months.
xxv

 
 
Determined to break this cycle of permanent food and nutrition insecurity, the new government of Niger recently outlined the 
“3N Initiative” (Nigeriens Nourishing Nigeriens”). There is still considerable controversy, however, about the model to follow to 

increase aid and investment in agricultural development. Despite repeated commitments by key donors and the government to 
support small-scale farmersxxvi, agricultural policies and practices often remain biased to farming in more favourable areas, and to 
large irrigation schemes. 
 
However, as noted above, there is considerable evidence that agroecological methods can transform the landscape, and 
rehabilitate degraded land. Where farmer managed natural regeneration and complementary soil and water conservation 
techniques have been practiced in Niger, degraded land was restored to production, crop yields have increased, water tables have 
risen and resilience to shocks has strengthenedxxvii,  Financial benefits through sale of tree products and increased grain and 

livestock production are estimated to be up to $250 per hectarexxviii. FMNR adoption appears to increase household gross income 
by about 46 and 56 USD) per capita, or by between 18 and 24 percent (Haglund et. al, op.cit.).xxix  
 
What is significant about these practices in Niger is that it is largely a farmer led movement. This “re-greening” began in 1985, 
supported by a few NGOs that built on farmers’ knowledge, and farmer to farmer approaches to learning and innovation. 
Supportive policies on decentralised, community based natural resource management, particularly over trees on farmers own 
land, were another factor for success. This combination of learning from farmers, using low cost appropriate technologies, 
supportive policies, and eventually catalytic support by NGOs, contributed to eventually achieving a “critical mass” of practice 

within villages, and spontaneous widespread adoption. The massive increase in tree cover is so widespread, that the effects can be 
seen in satellite pictures comparing landscapes from 1975 to 2003 xxx: 
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However, even with this evidence, the new 3N Initiative in Niger is still largely influenced by the dominant Green Revolution 
thinking, investing in expensive seeds, external inputs, and large scale irrigation. This is limiting the much needed investment to 
further spread agroecological techniques such as farmer managed natural regeneration  which, in addition to increasing 
production, also contribute to resilience to drought, re-greening of the environment, inclusive growth and farmer autonomy. 

 

 

4. BEYOND EVIDENCE 
 

4.1 Understanding the force field 
 
As we can see from the experiences described above, sharing good practices alone is not enough. Use of evidence is only the 
beginning of a political process. Equally important, even when an evidence-based policy is adopted, implementing it properly is 
quite another matter. The role of research-based evidence is one among the many variables that may influence a policy maker 
when public policies are formulated. Some other relevant variables include values, political affiliation, experiences, expertise, 

stakeholder organisation, the role of the media and pressure.   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

When designing a strategy to bring evidence for SLM in dryland regions to the attention of policy makers, it is therefore 
important to understand the strategic opportunities. Mapping the force field in which one operates is one way of getting there- it 
is fundamental to understanding power dynamics and potential windows of opportunity. Some of the key questions that require 

an answer when mapping the force field include: 
  

 What are the existing policies and how do they favour or constrain SLM? 

 What is the political context which shapes decision making related to SLM and what is the role of evidence in this 
context?  

 Who are the “policy makers” that need to be convinced? 

 Who are the actors, including social movements and scientists, supportive of SLM? 



 
 
 

7 

 

 What policy influencing strategies are most effective for each of these actors, and at which moment in time? 

 Which are the factors and actors in the way of agroecological practices being mainstreamed?  

 
Once these questions are answered, and the spectrum of actors and their strengths is drawn out, an effective strategy for the push 
for SLM and agroecological policies in dryland regions can be developed. Strategies to influence policy include advising, 
advocacy, lobbying and activism, which can be informed by either evidence or interest and values.  
 

4.2 Continuing the conversation in a workshop at the UNCCD Scientific Conference 

 
To explore the issues discussed in this paper further, the AgriCultures Network and Groundswell International will organise an 
interactive workshop during the upcoming conference of the UNCCD in February 2013. The workshop is entitled ‘Bridging the 
practice-policy gap in sustainable dryland management’.  Its aim is threefold:  1) To highlight successful experiences of 
integrating agroecology into policy; 2) To analyse the main institutional and political factors contributing to the frequent gap 

between evidence (from practice) and mainstream policies/funding priorities, and 3) To strategize with participants on how to 
overcome these gaps. 
 
Three speakers will share their experiences: 
 

 Paulo Pedro, Semi-Arid Lands Coalition, Brazil 
Topic: The role of family farmers and social movements in strengthening agroecology in Brazil 

 T. M. Radha, AME Foundation/ AgriCultures Network India 

Topic: Knowledge brokering on small-scale family farming in India 
 Bern Guri, African Food Sovereignty Alliance, Ghana 

Topic: Agroecology in policy advocacy in the Sahel 
 

 

What: Workshop at the Special Session of the Committee of Science and Technology of the United Nations Conference on 
Combating Desertification and Degradation  

When: 4-7 February 2013 
Where: Fortaleza, Brazil 

 
 

5. POLICY ORIENTED RECOMMENDATIONS 
 
We will now make a few recommendations to three major categories of  actors in the dryland arena: policymakers and donors, 
CSOs and farmer organisations, and scientists.  
 

5.1 Recommendation to policymakers and donors: Agricultural investment patterns need to change 
 
Mainstreaming the agroecological approach will be a crucial step in the direction of finding structural solutions for major global 
challenges- one of them is the massive degradation and desertification of land. Building agro-ecological resilience requires a 

fundamental change in agricultural investment patterns. It requires enabling small-scale farmers to develop their skills, expertise 
and voice, while supporting their use of agro-ecological farming practices.  It requires a truly integrated perspective on dryland 
management which means breaking the silos and much more collaboration between all stakeholders involved. It also requires 
careful listening to farmer experiences on the ground. 
 
Over the past decade, resources available to CSOs and Farmer Organisations working on degradation and desertification have 
declined due to shifting priorities of donors. Donors should critically review this situation and be open to the catalyst role that 
local level institutions and CSOs can play. They should make resources available to support initiatives to scale up  agroecological 

approaches in drylands, including initiatives that support local knowledge building and sharing.  
 

5.2 Recommendation to CSOs and FOs: Strengthen engagement  with policymakers 
 
The key challenge for CSOs and Farmer Organisations is how to engage with policymakers. It is difficult to convince 
policymakers about the effectiveness of agroecological approaches on the ground.  CSOs have to invest in understanding political 
decision making processes and how to engage and deal with power imbalances, but also in strengthening their technical 
agroecological knowledge,  and in  documenting and packaging  their experiences so that these can be effectively communicated.  
 
The focus should not only be on influencing policies; it is equally important to look at opportunities to support government  in the  

implementation of good policies.  
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5.3 Recommendations to scientists 
 
Numerous agroecological experiences have shown that the involvement of scientists in participatory research processes with 
farmers adds significant value. Scientists can play a key role in bridging between local experience and scientific evidence, but 
they will only be successful if they let go notions of scientific superiority and open up completely to farmers’ wisdom and logic. 

If scientists succeed in this, they are ready for a refreshing  scientific experience that may well lead to many valuable new 
perspectives and insights.  
 
 
5. CONCLUSIONS 
 
Scientific evidence is only the beginning of policy change in dryland management. Capitalisation on successful practical 
experiences requires a deeper grasp of agroecological principles on the one hand, and of  policy processes on the other.  It 

requires curiosity and an open mind.  The call for change is getting louder. Farmers are becoming more and more powerful in 
voicing their concerns and proposals. There is a growing movement of conscious consumers organizations who want  responsible 
food systems. Policymakers are facing the huge costs of disasters caused by climate change, degradation and desertification.  
Part of the solution is within reach; it is time to act. 
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