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Executive Summary 

This study forms a part of the Situation Analysis prepared by the Consortium on Ecosystems and 
Poverty in Sub-Saharan Africa (CEPSA) for the Natural Environment Research Council, which is 
managing the Ecosystem Services and Poverty Alleviation (ESPA) Research Programme sponsored 
jointly by the NERC, the Department for International Development and the Economic and Social 
Research Council. The analysis of the semi-arid ecosystems of Sub-Saharan Africa is divided 
between three sub-regions (Southern Africa, the Sahel and Eastern Africa), and this Synthesis reports 
on the second of these. 

The aim of this document is to provide a situation analysis of the relations between ecosystem 
services and poverty in the Sahel, using two types of knowledge: (1) learning from stakeholder 
consultations by group discussions at levels from local to international, and in several countries, using 
as a guide six key questions identified in the project proposal; and (2) evidence selected from the 
literature on natural resources management in the sub-region. The analysis was carried out between 
September, 2007 and January, 2008. 

As the time-frame excluded the possibility of working in all 10 countries of the Sahel sub-region, the 
countries sampled for stakeholder consultations and for synthesising research experience are: 
Senegal, Niger, northern Nigeria, and Sudan. Even within these countries, it was necessary to be 
selective. In selection, it was understood that the purpose was to highlight potential areas for 
research, rather than to carry out a comprehensive survey. 

The key sub-regional patterns are summarised as follows: 

1. Bio-climatic regions based on latitudinal rainfall distribution characterised by high variability 
and a downward trend from the 1960s to the 1990s; 

2. Natural vegetation zones which follow average rainfall from thorny savanna to grassland 
steppe, strongly sensitive to variability on a year-to-year basis; 

3. Rapidly changing land use from natural formations to cultivated land and fallows; 

4. Diversity of governance institutions and systems (francophone v Anglophone; statutory v 
customary law; state institutions v ‘traditional’; centralised inertia v decentralisation, etc.). 

Stakeholder consultations at 7 locations were linked with in-depth research reported elsewhere. The 
Sub-regional Workshop was held at Katsina, Nigeria, with international attendance. 

The importance of ecosystem services to the well-being of the poor. Based on intensive stakeholder 
consultations and case studies, the importance of ecosystem services to poor people and to rural 
communities as a whole are verified in detail in the Sahelian context. There are practical difficulties 
both in defining and ‘targeting’ the poor where a majority of the population are vulnerable to livelihood 
and food insecurity owing to environmental variability. A major issue is policy neglect of the true value 
of ecosystem services, which is now being addressed in ground-breaking valuation studies. Skilful 
adaptation to risk, based on local ecosystem services, is supplemented by an increasing use of 
distant alternative incomes sources, especially in cities. 

Drivers of ecosystem change. Critical drivers are identified as follows: 

1. An increasing trend in rainfall, 1982-2006, but accompanied by high variability, late starts and 
shorter rainy seasons; 
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2. Increasing rural population densities, and demand for subsistence  production, despite rapid 
urbanization, and intensifying linkages between regions and markets for food commodities; 

3. A vigorous response to market demand on the part of rural producers, who have switched 
their production from export to urban markets in many areas of the Sahel; contrary to some 
claims, food grain production kept up with population growth 1967-2004 at constant average 
output per capita, and this reflects intensification of production over vast areas where new 
land is no longer available for clearing;  

4. Increasing livestock holdings, significant switches from cattle to small ruminants, and rapid 
herd reconstitution after droughts, reflecting buoyant prices driven by urban demand; 

5. Critical technological advances (e.g., early maturing crops, crop-livestock integration, labour-
saving ploughs and carts); 

6. Income diversification through adaptive migration in response to new niches, mainly in cities. 

Trends in ecosystem services. Complex linkages – many not understood – between drivers and 
trends, and data shortages, constrain analysis based on cause and effect. Five major trends are: 

1. A ‘greenness’ index derived from earth satellite data shows a significant positive trend 1982-
2006, which suggests (but cannot confirm) an increase in plant bio-productivity. Dominantly 
influenced by rainfall, the correlation between the two variables is imperfect, suggesting a 
role for management in explaining this counter-intuitive finding. The length of the growing 
season shortened and the amplitude of variation between growing season and intervening 
dry seasons increased. Such changes must affect ecosystem service provision and call for 
research into the processes involved on the ground. 

2. Land use change data 1961-2002 focus attention on the transition from natural vegetation to 
agricultural land uses, with accompanying (and largely unquantified) implications for 
biodiversity and plant bio-productivity. Numerical and cartographic data are cited from 
northern Nigeria and Niger. 

3. Soil health and productivity have been diagnosed as degrading in global studies projecting 
results of sample measurements. However the true significance of these findings is under 
debate in view of the productive achievements of Sahelian farming systems. Farmers favour 
organic methods, but a scarcity of inputs is attested by all stakeholders.  

4. Tree management in the Sahel is favouring the protection, and often planting, of trees on 
farms, a notable change from relying on natural woodland for fuel and other products, and 
reflecting a scarcity and increasing valuation of trees. 

5. Biodiversity loss, although critically important to ecosystem services and change, and 
probably widespread, is poorly supported by reliable data or cost estimates. 

Management strategies and interventions. First, an analysis of local adaptation to environmental 
change is developed. This hinges on the concept of a transition from less to more sustainable 
practice, its determinants and conditions. Appropriate external interventions are then characterised in 
terms of negotiated institutional change, new knowledge, safety nets, integrated ecosystem 
management, and micro-scale. Trade-offs are involved at all levels. There is need for a wider 
development paradigm in which ecosystem management is embedded, and for real decentralisation. 
Key entry points are suggested: new collaborative partnerships, markets, resource tenure, locally-
driven technology improvements, and alternative intervention structures offering greater continuity 
and better co-ordination.  

Capacity gaps are identified in the areas of: communication, negotiation, knowledge management, 
infrastructure provision and in finding new roles for the private sector. Knowledge gaps are identified 
in: relevant technology, legal knowledge, market opportunities, understanding decentralisation and 
change, and in relating ecosystem services to a wider model of development. 
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1.Introduction and aims 
 
The aim of this document is to provide a situation analysis of the relations between 
ecosystem services and poverty in the Sahel, which is the largest and most well-populated 
dryland (arid and semi-arid) region in the world. The opportunities for reducing poverty 
through and with sustainable management of ecosystem services are examined, and the 
perspectives of Sahelian stakeholders are sought out and summarised.  The analysis was 
carried out between September, 2007 and January, 2008. The specific requirements are to: 

·  Provide evidence of the importance of ecosystem goods and services for human 
well-being, especially for poverty reduction, and not restricted to provisioning 
services; 

·  Explore the linkages between ecosystem services and poverty (and vulnerability) and 
the factors that influence these linkages, such as the drivers of change and trade-
offs; 

·  Identify knowledge gaps that need to be filled through longer term research, so that 
appropriate policy, management and technological  interventions can be 
implemented; and 

·  Identify strengths and weaknesses in management capacity for ecosystems and their 
services. 

Two types of knowledge have been used in this assessment: 

·  Learning from stakeholder consultations by means of group discussions at several 
levels and in several countries, using as a guide the key questions which were 
identified in the project proposal, and invited contributions from collaborators working 
in research institutions in the Sub-region; and 

·  Evidence selected from the literature on natural resources management in the Sahel.  

In aiming to balance these two types of knowledge, we aim to create space for fresh thinking 
drawing on both published science and local experience of governmental actors, NGOs, and 
communities. 

The information in this assessment is organised according to the following key questions: 

·  Which ecosystem services are important, and in what ways, to the well-being of the 
poor? 

·  What recent trends have been observed in the supply of these goods and services? 

·  What factors are driving these trends? 

·  What knowledge gaps exist that limit the implementation of strategies or interventions 
to manage ecosystems better for the well-being of the poor? 
 

·  What capacity exists, or needs to be developed, to manage ecosystems for the 
benefit of the poor? 
 

·  What should be the priorities of research to better address these constraints? 
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The definitions of key concepts used in this analysis, for the sake of compatibility, follow 
those used in the Southern Africa Situation Analysis of this project, and are summarised as 
follows: 

Poverty and well-being.  A broad definition of poverty is the deprivation of well-being due to 
a lack of material assets or income, low levels of health provision, poor or no education, 
chronic or short-term food insecurity, inadequate nutrition, vulnerability or exposure to risk, 
and a lack of ‘voice’.1 The last of these takes poverty beyond the conventional economic 
measures. The concept of well-being lays greater emphasis on the social welfare indicators 
and helps correct the conventional emphasis on economic indicators, and is consistent with 
Sen’s concept of ‘development as freedom’.2 

Risk and vulnerability.  The concept of vulnerability includes exposure to risk (harmful 
livelihood impacts) and the lack of capacity or capability to respond to its consequences. 
Thus it may be either a cause or a consequence of poverty. Living with risk is especially 
characteristic of dryland livelihoods. (In this report, the term drylands is taken to be 
synonymous with the ecological zones arid and semi-arid.)  

Indicators of poverty and well-being.  There are many indicators of poverty, both global 
(applicable everywhere) and national (specific to the governmental requirements of a 
particular country). As this analysis relates directly to the achieving of the MDGs, the 
indicators of $1 /day and $2 /day are relevant.  However an important distinction is between 
‘absolute’ poverty and relative poverty which discriminates among a given population to take 
account of equity and distributional considerations. This is more relevant to access to 
ecosystem services which is highly differentiated at a local level. 3 Average national 
indicators have little value and are not reproduced here. 

Ecosystem services. These may be defined as  

‘the conditions and processes through which natural ecosystems, and the species 
that make them up, sustain and fulfil human life. They maintain biodiversity and the 
production of ecosystem goods such as seafood, forage, timber, biomass fuels, 
natural fibre and many pharmaceutical industrial products and their precursors. In 
addition to the production of goods, ecosystem services are the actual life supporting 
systems, such as cleansing, recycling g and renewal, and they confer many 
intangibles, aesthetic and cultural benefits as well’4 

The conventional typology of ecosystem services is as follows: 

·  Provisioning services (products or goods, e.g., fodder, fuelwood, non-timber 
forest products, water) 

·  Regulating services (or ‘buffering’, e.g., run-off reduction and soil water 
infiltration) 

·  Cultural services (non-material benefits, e.g., recreation, aesthetic, spiritual) 

                                                 
1 World Bank, 2000 
2 Amartya Sen, 1999 
3 Philip Franks, Contribution to Eastern Africa Sub-Regional Workshop, Nairobi, 10 January, 2008 
4 Daily 1997.See also UNEP/IISD, 2004 
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·  Supporting services (necessary for the other ecosystem services (e.g., 
biodiversity, soil fertility) 

 
Some services cross categories, and there are ambiguities in defining agriculture and 
livestock producing activities. In the Sahel, small-scale resource users may mix exploitation 
of naturally regenerating vegetation with crop production on the same plots, allow natural 
cross-pollination of cultivars, or blur the distinction between natural rangeland and fodder 
crops or residues. 
 
Trade-offs.  This term refers to the ecosystem service losses from one land use system in 
converting to another, for example, the loss of biodiversity in natural woodland in converting 
the land to agriculture. It is implicit in most changes wrought by humans in natural 
ecosystems. 
 
Drivers.  Any factor which changes the structure or function of an ecosystem is referred to as 
a driver.5 Drivers may be divided into direct and indirect (or proximate and remote drivers). 
Examples of the first are climate change, land use change, technology; of the second, 
demographic growth, economic change such as markets, change in governance. 
 
Thresholds. A threshold is defined as ‘a break-point between two regimes of a system’,6 or 
a ‘situation in which a social and/or ecological system changes or ‘switches’ from one state 
to another’.7 While well-researched in ecological theory,8 this concept has not yet been 
successfully extended to the understanding of human systems in contexts such as that of 
the Sahel. 
 

                                                 
5 Millennium Ecosystem Assessment, 2003 
6 Walker and Meyers, 2004 
7 Shackleton et al, 2008: 8 
8 Reynolds and Stafford Smith, eds., 2001; Reynolds, Stafford Smith et al., 2007 
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2. Study area 
 
 
2.1.Countries 
 

The countries that comprise the Sahel (i.e., those having all or a large part of their territories 
within the arid and semi-arid zones) are shown in Table 2.1. 

Table 2.1: Sahel countries with selected indicators  

Country 
(west to 
east) 

Population  

(millions) 

Popn 
growth 
(%/yr) 

Area 
(1000 
km � ��

Gross 
National 
Income 
per 
capita  

Rural 
poverty 
(%) 

Urban 
poverty 
(%) 

Human  

Development  

 Index(2005) 

Senegal 11.9 2.3    197 750 40 24 0.499 

The 
Gambia 

   1.6 2.3      11 310 61 48 0.502 

Mauritania     3.2  2.7 1025 740 61 25 0.550 

Mali 13.9 2.9 1240 440 76 30 0.380 

Burkina 
Faso 

13.6 2.7    274 460 51 16 0.370 

Niger 14.4 3.2 1267 260 68 30 0.374 

Nigeria 144.7 2.4    924 640 36 30 0.470 

Cameroon  16.7 2.2    475 1080 50 22 0.532 

Chad 10.0 2.4 1284 480 67 63 0.388 

Sudan 37 2.1 2505 810    

Sources: UNDP Human Development Report 2007/08;  World Bank 
(http://econ.worldbank.org ); OECD, Web Atlas of West Africa 

 As a varying proportion of the national territory and population falls into arid or semi-arid 
zones (notably, about half of the Nigerian population and a third of that of Cameroun) these 
figures are not necessarily compatible. 

2.2 Sub-regional patterns and trends  

Fundamental geographical configurations have had a major impact on the ecosystems and 
the nature of their use by human populations, in particular a latitudinal pattern of ecological 
zones dependent on rainfall, which is influenced in turn by a west-east orientation of the 
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West African coastline (replaced in the eastern Sahel by the equatorial rain forest). Two 
major river systems contradict this pattern by running north-south across the Sahel (the 
eastern Niger-Benue system and the Volta River basin), while two run from south to north 
(the Nile and the Shari-Logone systems). Because wetlands are scarce in the Sahel, these 
rivers and their many tributaries have a major impact on the distribution and use of 
ecosystems. 

2.2.1 Bioclimatic regions.  Rainfall in the Sahel falls in the months July to September and is 
governed by the movements of the Inter-Tropical Convergence which brings moist maritime 
air from the Atlantic Ocean into the interior as far north as 14-15 degrees of latitude. There is 
a strong correlation with latitude, average annual rainfall diminishing northwards at rates in 
the order of 100 mm per degree of latitude (though actual rainfall at any one place is both 
variable and unpredictable). There are long dry seasons and short rainy seasons, with 
average annual rainfall falling from >600 mm on the border of the sub-humid zone to <200 
mm on the border of the hyper-arid zone. The bio-climatic zones may be described in 
various ways, but a useful classification is Saharan, Sahelian, Sahelo-Sudanian and 
Sudanian (Fig. 2.2.1). However the bio-climatic zonation is not stable in space, as the rainfall 
isohyets have migrated southwards during the past four decades.  

Fig. 2.2.1: Rainfall and climate zones  

 

 

 

Source: OECD (2007) Web Atlas of West Africa 
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Solar radiation, however, increases northwards, with the result that only in wetlands or 
irrigated systems can plant growth approach its bio-climatic potentials. Evapotranspiration 
exceeds precipitation  for most of the year, except during rainfall events, in the drier areas.9 
Other parameters of rainfall, such as seasonal distribution, intensity, number and frequency 
of rain events, also have an impact on ecosystem productivity (as well as crop 
performance).10 

2.2.2 Rainfall decline  

Between the 1960s and the 1990s, as shown in Fig.2.2.1, average annual rainfall declined 
by 25-30%,11 and this experience, along with very frequent droughts, configures the 
livelihood goals of rural people. It is important to recognise that bio-physical conditions are 
non-equilibrial, that is to say, highly variable from year to year, and in the length of the 
growing season as well as within a given season.12  Despite a rich repertoire of adaptive 
responses inherited from their ancestors (in many cases safeguarded by women), including 
off-farm strategies, the undermining  of the subsistence sector always had, and continues to 
have, grave consequences for Sahelian farming households. Droughts also threaten 
livestock production as many animals are sold or die from starvation.13 

2.2.3 Land use zones.  

Under natural conditions, the Sahel is clothed in open savanna woodland, with the heights 
and spacing or trees reflecting aridity. Thorny species dominate throughout the bioclimatic 
zones shown in Fig.2.2.1, though broad-leaved species become more frequent in the 
southern transition to sub-humid conditions. In wetlands, seasonal waterlogging and high 
levels of salinity (in closed drainage basins such as those of eastern Niger) supported 
woodland dominated by adapted species such as Acacia nilotica and Hyphaene thebaica. 
Prior to the widespread acceptance of the humidity zones sub-humid, arid and semi-arid, 
ecologists termed the south-north sequence of vegetation types Guinea savanna, Sudan 
savanna and Sahel savanna.14 

Relatively dense populations of farmers (who also own livestock) and more sparse 
populations of pastoralists (who sometimes also farm) populate this huge region.15 Their 
impact has generally been to transform vast and ever-increasing areas into rainfed farmland, 
with scattered (protected) economic trees, often planted field boundaries, and a farmed 
ecosystem consisting of a wide range of cross-pollinated grain cultivars, weeds (used for 
animal fodder) and plant pests (such as Striga helmonthica). Rangeland came under 
increasing pressure as livestock populations grew (though set back every time drought 
struck), affecting the distribution of grassland species (favouring invasive or rejected species 
at the expense of preferred ones), heavy lopping of trees, and elimination of some seedlings. 
In wetlands, the dense woodland communities were cleared, unless protected by effectively 

                                                 
9  Kowal and Kassam, 1978 
10 E M Oladipo, contribution to Sahel Sub-Regional Workshop, Katsina, 11-12 December, 2007 
11 Hulme et al., 2001; Mortimore, 2001 
12 Mortimore,1998. That is to say, rainfall does not vary about a constant mean. 
13 Mortimore,1989; Raynaut et al., 1997; Luxereau and Roussel, 1997  
14 Keay, 1947 
15 Raynaut et al., 1997 
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policed bans on cutting, for perennial and dry season cropping, while grasslands were 
intensively grazed during dry seasons by transhumant livestock. (See Section 4.3 for an 
analysis of these trends.)16 

2.2.4 Governance 

Long histories of organised social interaction, precolonial state formation, inter-regional 
trading and markets, competition for territory and the growth of significantly large urban 
settlements were found by the colonial powers (Britain and France) at the turn of the 
nineteenth century. Colonial responses differed, however: the British subscribing to the 
theory of indirect rule (in which significant powers were retained by ‘traditional’ rulers under 
the supervision of colonial officers), and the French preferring more direct rule accompanied 
by a significant diminution of the powers of chiefs.17 In many respects, the French tradition of 
more authoritarian government extended to ecosystem management, especially in the 
appropriation of trees by the state with draconian penalties for unauthorised felling. Although 
the British also introduced a strong protection sector in forestry, the forestry departments 
were more interested in production forestry and the forest reserves became vulnerable after 
independence to farming incursions and woodcutting.18 

For many years, major cities (e.g., Dakar, Niamey, Kano) exerted a strong influence on their 
economic hinterlands, even at great distances.19 Ecosystem services are significantly 
affected by dense rural populations, markets and cities, and very few natural landscapes 
survive without some degree of transformation. A laissez-faire policy prevails in many areas 
relevant to biodiversity conservation and other ecosystem services. 

The diversity of nation states in the Sahel, and a multiplicity of languages and cultures 
(including the division between anglophone and francophone states), are superimposed on 
the complexity of the natural ecological systems.20 This diversity, though belied by an 
appearance of vast, gently sloping topographical surfaces, and an ease of movement since 
prehistoric times, nevertheless warns against blueprint approaches to interventions. The 
ecosystems are managed on a very local scale (Fr. terroirs). Policies confront such 
localisation with some difficulty. Yet owing to increasing access (through transport 
infrastructure, financial flows and now cell phones), the ‘action space’ of Sahelians extends 
far beyond the village territory or ecosystem.21 
 
 
2.2.5 Institutions charged with research and manage ment 
 
Every state has an agricultural research system of sorts, and a forestry department usually 
with a research capability.22 In Anglophone West Africa, it was the forest departments that 
first addressed land use change and ecosystem management on a landscape scale.23  
                                                 
16 Morgan and Pugh, 1969 
17 Lugard,1906; Miles,1994 
18 Cline-Cole et al., 1990 
19 Vennetier (ed.),  
20 Raynaut et al., 1997 
21 Sumberg, J., 
22 E.g., the Institute for Agricultural Research, Samaru, Nigeria; the Institut des Recherches 
Agronomique of Senegal; the Institut Nigerien de Recherche Agronomique National of Niger 
23 Farm and Forest was published by the Nigeria Forestry Department from 1940 till 1953. 
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Some countries have environmental ministries, but their responsibilities for urban 
environments may divert attention from rural ecosystems.24 NGOs are increasingly 
influential, notably in Nigeria and Senegal, but lack resources to take on government on 
major policy issues.25 Local governance systems have not been mobilised effectively with 
regard to environmental issues, in Nigeria if not elsewhere; meanwhile, the village chiefs and 
elders continue to regulate environmental management drawing on an impressive but little 
recognised institutional memory. At the most local scale, neglect or incompetence cannot be 
tolerated.26 

 
2.3 Case studies 
 
Studies at the local level were carried out to validate existing knowledge and understanding 
on the assumption that they are broadly representative of the Sahel as a whole (though such 
an assumption, of course, flies in the face of the proven diversity of Sahelian ecosystems).  
They are summarised in Table 2.3 below. 
 
Table 2.3: Summary of case studies 
 
Case study Location Main ecosystem 

services 
Trends and 
drivers 

Recent 
interventions 
and impact 

1.Senegal27 Diassap,  Thiès 
Région 

Soil fertility, 
planted and 
naturally 
regenerating 
trees, sub-surface 
water, wetland 
soils, fodder 
weeds, NTFPs , 
fuelwood 

 

Diminished soil 
fertility (inability 
to fertilise), 
scarcity of 
browse (nomad 
competition), 
poor investment 
(insufficient 
incentives) 

Senegal’s 
agrarian policy 
non-viable from 
1994, loss of 
subsidies, credit, 
etc, agriculture 
now depressed 

2.SenegaL28 Sob, Njamsil 
Sessène, Dahrou 
Rahmane II, 
Ngodjilème,Diourbel 
Région 

Soil fertility, 
planted and 
naturally 
regenerating 
trees, tree 
biodiversity,sub-
surface water, 
fodder weeds, 
NTFPs, fuelwood 

Low but stable 
soil fertility on in- 
fields (organic 
manure from 
integrated  
farming),but 
falling fertility on 
out-fields (cannot 
afford inorganic 
fertilizer), loss of 
valuable trees 

Senegal’s 
agrarian policy 
non-viable from 
1994, loss of 
subsidies, credit, 
etc, agriculture 
now depressed; 
growing 
investment in 
livestock is a 
project-free 

                                                 
24 The Federal Ministry of the Environment in Nigeria has extensive responsibilities including the 
management of trans-boundary ecosystem management projects  
25 Sahel Sub-Regional Workshop, Katsina, 11-12 December, 2007 
26 Mortimore et al., 2006; Mohammed, S., Contribution to Sahel Sub-Regional Workshop, Katsina, 11-
12 December, 2007 
 
 
 
27 Stakeholder consultation 
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(rainfall decline), 
livestock doping 
better (strong 
meat prices), 
fodder has to be 
purchased 
(insufficient farm 
residues) 

development 

3.Niger29 Sharken Hausa, 
Maradi Région 

Soil fertility, 
planted and 
naturally 
regenerating 
trees, tree 
biodiversity,sub-
surface water, 
fodder weeds, 
fibre from dum 
palm, NTFPs, 
fuelwood 

Falling fertility 
(land scarcity, no 
fallowing, not 
enough organic 
manure, cannot 
afford fertilizers), 
increasing farm 
trees (value of 
NFTPs, need to 
establish land 
claims under new 
land code), 
declining 
biodiversity (less 
rain), fewer dum 
palms (over 
cutting) 

Maradi Rural 
Development 
programme 
(1978-83) had 
little long term 
impact. Project in 
1990s promoted 
farm tree 
protection 
(défrichement 
amélioré), now 
widespread 

4.Niger30 Zinder Region 
(several sites) 

Soil fertility, 
planted and 
naturally 
regenerating 
trees, tree 
biodiversity,sub-
surface water, 
fodder weeds, 
wetland soils, 
forest reserves, 
NTFPs, fuelwood 

Low fertility (not 
enough land to 
fallow), scarce 
NFTPs and 
grazing in forest 
reserves (too 
many 
competitors) 

NGO Community-
based forest 
management in 
the reserves, 
successful so far, 
common 
recognition of 
risks of 
unmanaged 
ecosystem 
exploitation 

5.Niger31 Magami, Maradi 
Région 

Soil fertility, 
planted and 
naturally 
regenerating 
trees, tree 
biodiversity,sub-
surface water, 
fodder weeds, 
NTFPs, fuelwood 

Low fertility (not 
enough land to 
fallow), loss of 
some valuable 
tree species 
(drought), with 
NFTPs 

Distant projects in 
1990s had some 
impact on farming 
practices; 
community tree 
nursery for 
indigenous 
species restored 
with small scale 
assistance in 
2004 

                                                                                                                                                        
28 Pelissier et al., 1966; Faye et al., 2001 
29 Mortimore et al., 2001; Raynaut 1980; Grégoire et Raynaut, 1980 
30 Stakeholder consultation 
31 Raynaut et al., 1997; Mortimore et al., 2006 
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6.N Nigeria32 Dagaceri, Jigawa 
State 

Soil fertility (dune 
sands), planted 
and protected 
trees, fodder 
grasses on 
fallows, tree 
browse, fibres 
from dum palm, 
other NFTPs, 
sub-surface 
water,fuelwood 

Stable but low 
fertility 
(increasing 
manuring but not 
enough to 
compensate for 
removals in 
crops), dum 
palms declining 
(over 
cutting),sub-
surface water 
stable, shrub 
vegetation stable 
on grazing areas 
(protected by 
local legislation)  

Water boreholes 
improved water 
quality; No other 
projects, no 
impact (Agric Dev 
projects too 
distant) 

7.N Nigeria33 Tumbau, Kano 
State 

Soil fertility, 
planted and 
protected trees at 
high density, field 
boundaries and 
cattle tracks only 
source of natural 
fodder, weeds 
important fodder, 
large range of 
valuable trees 
and NFTPs; fuel 
wood; sub-
surface water, 
wetland soils 

Stable soil fertility 
(high inputs of 
organic manure 
from integrated 
crop-livestock 
system), fodder, 
fuel and NFTP 
systems basically 
stable, water 
levels stable; 
wetland soils 
increasingly used 
(market 
opportunities) 

New well some 
years ago; short 
term use of 
inorganic 
fertilizers on a 
small scale when 
Kano Agric Dev 
Programme 
active; no longer 
affordable 

8.N Nigeria34 Kola, Gombe State Soil fertility, 
protected trees, 
browse, NFTPs, 
rangeland, fuel 
wood; sub-
surface water, 
wetland soils 

Declining fertility 
(no fallows), 
fewer trees 
(nomadic 
livestock 
damage),  

World Bank 
project still 
remembered from 
1980s, many 
lessons learnt but 
no follow-up, 
cannot now be 
afforded 
(especially 
inorganic 
fertilizers) 

                                                 
32 Mortimore 1989, Harris and Mohammed, 2003; Mortimore et al., 2006; stakeholder consultation 
33 Mortimore 1993a, 1993b, Harris, 1998; Harris and Yusuf, 2001, stakeholder consultation 
34 Stakeholder consultation 
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3.Methods and data sources 
 
3.1 Conceptual framework  
 
The conceptual framework of the CEPSA study is shown below.  
 
Fig. 3.1 CEPSA conceptual basis 
 

 
 
 
 
 
 
3.2 Desktop analysis  
 
A suite of thematic inputs was arranged with collaborating scientists located in Senegal, 
Burkina Faso, Niger, and Nigeria. These contributions were presented and discussed at the 
Sub-Regional Workshop at Katsina on 11-12 December, 2007. The content of the papers is 
incorporated into this text in the appropriate places. The lead writer carried out remaining 
analysis.  
 
As it would have been impossible to carry out an adequate review of all documentary 
sources in the time available, given the size of the literature in English and French, the 
number of countries in the sub-region and the need to carry out stakeholder consultations, a 
selective approach was taken based on four countries (Senegal, Niger, Nigeria and Sudan) 
where CRAC-GRN and the lead author had access to previous research, project experience 
and networks. It is believed, on the basis of validation at the Sub-regional Workshop, that the 
findings of this report are representative of the Sahel. All sources have been acknowledged 
in the relevant places in the text. 
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Ecosystem services are not normally the subject of statistical surveys, and where attempts 
have been made to quantify them, these are at country not regional level. Remotely sensed 
earth satellite data were accessed and an analysis was commissioned for the study. OECD 
mapped data on population and urbanization (the West Africa Long Term Perspective Study) 
and maps of relevant variables for West Africa (Web Atlas of West Africa) are used. 
Standard country data was accessed from the World Bank database and other sources. 
Land use data and country-level crop and livestock production data are available from the 
FAO (FAOSTAT). Soil nutrient estimates and degradation estimates are available in the 
World Atlas of Desertification and publications of the International Soil Research Institute at 
Wageningen. At country level or district level data have been accessed concerning land use 
change, soil fertility status and other themes. The IUCN’s latest regional assessment covers 
similar ground.35  

 
3.3 Stakeholder consultations 
 
An explicit effort was made to consult stakeholders at all levels, and this effort consumed the 
greater part of the project lifespan. For the purpose of this analysis, stakeholders and their 
functional roles in the management of ecosystems and construction of livelihoods of poor 
people are classified as follows: 
  

  Level    Function 
International   science, co-operation 
National government  policy, regulation 
Local government  NR governance 
Communities   distribution of access and benefits 
Resource users  management, livelihood construction 
Traders, communicators exchange, linkages 
Programmes, projects promotion of best practice, sharing of 

knowledge 
Researchers   generation of new knowledge 

 
Sampling of stakeholders was necessarily opportunistic, owing to time constraints. Given the 
number of countries, size and diversity of the Sahel, we could not consult everybody nor visit 
every state. However, the sampling frame was made as wide as possible, and given the 
‘unity in diversity’ that characterises the sub-region, the emergent consensus that is reflected 
in the detailed consultation records is believed to be a valid representation of Sahelian 
perceptions. It is believed that such a consensus is necessary to balance scientific priorities 
that are driven by debates outside the sub-region, and to begin to build a locally-owned 
response to the challenges of global environmental change. 

Stakeholder  consultations were carried out in groups in the countries and the levels 
indicated in Table 3.3. 

 
 
 

                                                 
35 IUCN, 2007 
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Table 3.3: Design for stakeholder consultations 
 
 
Consultation: 

Country:  

Local level Meso-level National/inter-
national level 

Thematic inputs 

Senegal Thiès  Dakar Donor perspective, ESS 
valuation, IUCN 
interventions, empowerment 

Niger Zinder   Resource tenure, CRAC-
GRN intervention, GEF 
intervention , Policy and 
livestock perspectives 

N Nigeria Jigawa, Kano 
States 

Katsina, Gombe Abuja Biodiversity management, 
markets, IUCN 
interventions, GEF support 

Sudan   Khartoum  

Sub-region    Medium term vegetation 
(NDVI) change, lessons 
from long-term change 

 

The consultations were guided by a set of questions which in turn were developed from the 
key questions formulated in the Project Proposal. These were not always suited to the 
stakeholders in question, some were duplicative and some too wrapped in jargon to 
translate. The main heads were: the importance of ecosystem services to poor peoples’ 
livelihoods and the linkages between access to them and poverty; drivers of ecosystem 
change; observed trends; the management of ecosystem services and of project 
interventions; and knowledge and capacity needs.  

3.4 Case studies  

It was decided to conjoin, where possible, stakeholder consultations with case studies 
drawing on previous work in specified localities, normally associated with the collaborating 
team. They are summarised in Table 2.3 (above). The perspectives obtained from these are 
incorporated in the text in appropriate places. 
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 4 Results 
 
4.1 The importance of ecosystem services to the wel l-being of the poor  
 
 As discussed above, there is no universally functional definition of poverty in the Sahel, 
though differentiation in levels of well-being are recognised in every community. Stakeholder 
consultations showed us that almost everybody regards themselves as commoners (e.g., 
Hausa: talakawa). Almost all rural people depend directly on the use of ecosystem services, 
either as owners or as employees in the system of production. Crop and livestock production 
both make use of soil fertility (nutrients, biological organisms, and soil moisture), natural 
vegetation, and local water sources. During food sufficiency crises, they may turn away from 
these activities and exploit alternatives available in the ecosystem. Only those wealthy 
enough to store food between seasons or buy food commodities brought to the area through 
markets can be said to be less directly dependent on the local ecosystem. However, since 
most West African societies are structured vertically as well as horizontally (by means of 
strong family ties, kinship claims, and patron-client relationships), food shortages may have 
levelling as well as differentiating effects, depending on local circumstances.  
 
Thus in addressing the linkages between poverty and ecosystem services, we begin by 
emphasising that ‘the poor’ are not a discrete social class whose relationship with ecosystem 
services differs in any fundamental way from that of others. Given the high risk associated 
with living in the Sahel, the most relevant indicator of poverty is an inability to cope with its 
consequences, having to divest oneself of assets and increase one’s dependency on others. 
Those who can cope better (e.g., Hausa: masu hali) stand the best chance of emerging 
stronger, and a key aspect of this is an enhanced access to ecosystem services (e.g., 
through buying land from desperate owners, and being able to use more hired labour to 
access its benefits). In Niger and Sudan, stakeholder consultations prioritised decision 
making capacity and resilience, among a range of poverty indicators, on which opinions 
differ from area to area.  
 
Box 4.1a illustrates the management of biodiversity in a Sahelian village. 

________________________________________________________________ 

Box 4.1a  Management of biodiversity by small farme rs in semi-arid northern Nigeria  

Dagaceri, in Jigawa State, 240 km from Kano, is composed of three ethnic groups living together: Manga, 
descended from the original settlers, Hausa immigrants (Islamic scholars), and Fulbe agro-pastoralists with 
cattle. All groups keep small ruminants and fowls. Subsistence cultivation is wholly dependent on rainfall. Main 
crops grown are pearl millet, sorghum, cowpea and cash crops such as guna (citrus lanatus). The coefficient of 
variability (CV) of annual rainfall is high.    

On uncultivated land (grazing reserves recognized by the local government), the vegetation is a secondary or 
degraded shrubland with continuous ground cover of herbs. An inventory contains over 118 species, including 
trees such as Acacia spp., Adansonia digitata., Ficus spp., Bauhinia thoningii, Combretum glutinosum, Euphorbia 
spp.,Leptadenia pyrotechnica, Maerua spp., Prosopis africana, Staculia spp., Tamarindus indica, Vitex doniana, 
Ximenia spp and Commiphora spp.  The shrubs include Guiera senegalensis and Boscia senegalensis, while the 
herbaceous species include grasses such as Andropogon spp., Eragrostis spp., Pennisetum spp. and 
Schizachyrium spp.    An exotic tree, Azadiracta indica (the neem tree), dominates the tree layer in settlements 
(where it is planted to provide shade and to check wind and water erosion). Individuals or the community may 
own plants, as private or common access property.  
 
Farmers combine several of the following natural resource-based activities to secure their livelihoods: (i) crafts, 
including wood carving and making a variety of products using the fronds of the dum palm (Hyphaene thebaica), 
(ii) wood cutting and selling, (iii) gathering and selling edible wild fruits and leaves, (iv) gathering and selling 
medicinal herbs, (v) making mud bricks, (vi) selling water, (vii) house construction, and (viii) pottery. Other 
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livelihood activities, not based directly on local ecosystem services, are (i) trading,(ii) tailoring and (iii) dry season 
migration. All are located on farm lands within the village area except for the hardwood Prosopis africana.  

When particular parts of plants are used (e.g young leaves, flowers or seeds) there is a seasonal dimension to 
their availability. This is an important factor affecting the abundance of food. Many plants produce leaves and 
flowers at the onset of the rainy season, the annual “hungry period” when food granaries are running low and the 
harvest of the next crop is a long way off. These include Cassia tora, Leptadenia lancifolia, Moringa oleifera, 
Senna occidentalis. However, when rains fail, food is needed through the 6-7 month dry season. There are 
records of natural vegetation being eaten in times of food shortage, but little research on how such natural 
vegetation responds to pressure, or to whom it is available. Famine foods are the most fragile components of 
biodiversity since they are often neglected in non-famine periods. Older people, particularly women, play a 
central role in holding and using information. 

Hyphaene thebaica (the dum palm) deserves special mention. It grows spontaneously in shrub form (kaba) on 
farm and fallow lands.  The shoot is cut to ground level every year and used by both men and women to make   
fans, mats, baskets, hats, rope, string, trays, pot holders, rain garments, donkey panniers, beds, muzzles, 
hobbles, carrying nets, and roof covers, all of which are traded widely. Owing to this pressure, the tree only rarely 
achieves maturity, most often on lower lying wet sites, and a steady decline in numbers has been observed.  

All stakeholders have interests in the ecosystem: in the conservation of wood resources, or in erosion control, for 
example. More specific interests are suggested by key stakeholders in: product values (e.g., neem wood, millet 
or sorghum residues for fodder, Merremia tridentate fodder, Andropogon gayanus fodder); soil fertility benefits 
(yields are better where the litter benefits soil fertility).  

During the drought cycles of the 1970s and 1980s, there were many anecdotal reports of exceptional tree 
mortality in reserved forests and on farmland, and some farmland species have since become scarce, while not 
necessarily affecting the overall densities or structure of the woodland populations. It is not always clear whether 
such mortality was due to increased soil aridity or to heavy lopping or browsing pressure. Where a valued and 
rarely cut species, such as Balanites aegyptiaca, is becoming scarce, it is most likely due to increasingly marginal 
growing conditions. However there are few data. Similarly, over wide areas it has been reported that perennial 
grasses such as Andropogon gayanus gave way to annuals such as Cenchrus biflorus. Such a change, while 
apparently having negative implications for grazing, may not necessarily reduce the carrying capacity of 
rangeland as might be expected (e.g., in the Manga Grasslands: Mortimore, 1989), and  it is difficult to 
generalise.  

On farmers’ fields, numerous tree species are found which are characteristically well-groomed (an musu wanka). 

Among the crop varieties maintained in the village through seed selection and storage each year, pearl millet is 
preeminent. A new fast-maturing landrace (research-bred) spread rapidly from Niger since the drought cycle of 
the 1980s. In a study of the influence of farmer management on genetic variability among 12 differently named 
landraces collected in Dagaceri, Busso et al. (2000) found that individual farmers’ husbandry practices result in 
the isolation of their own group of ideotypes each in its own unique genetic background. Thus the morphological 
characters by which the landraces are known (colour, hairiness, length, etc.) are less significant genetically than 
the farmer’s own cycle of selection, storage, sowing, germination, thinning, and harvesting. This particularity is 
perfectly adjusted to the micro-variations of soil and water in the local ecosystem, and represents the antithesis of 
the homogenised, supplier-dependent, industrialised systems promoted by the seed corporations.  

Source: Salisu Mohammed, unpublished papers 

The diversity and dynamics of Sahelian livelihood systems and the role played by ecosystem 
services in them are well attested in the literature. 36 For the purposes of this Analysis, 
stakeholder consultations were conducted with groups of people in Niger (5 sites in 5 
departments, Zinder Region - total about 500 people), and with a group of 16 deciders in 
Khartoum, Sudan. The findings were validated for Nigeria (at 2 sites in Jigawa and Kano 

                                                 
36 Raynaut et al 1997 
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states – about 20 people), and Senegal (one site at Thiès). The findings were tested against 
those previous work in Senegal, Niger and Nigeria (12 sites) for their general applicability.37 
 
The links between livelihood activities and ecosystem services are shown in Table 4.1. 
 
Table 4.1: Livelihood activities and ecosystem serv ices 
 
       Rainfed farming Cultivable land, soil fertility 
       Wetland farming Wetlands (where available) 

Pastoral (mobile)livestock production 
Sedentary livestock production 

Rangeland, fallows 

Sale of water Sub-surface water 
Collection and/or transformation of wild 
foods/NTFPs 

Woodland, rangeland, farm trees 

Woodcutting and charcoal production (more 
important in Sudan) 

Woodland, farm trees 

Sale of hay and other fodder(Niger, Nigeria, 
Senegal) 

Fallows, crop residues 

Herding contracts (Niger, Nigeria) Rangeland, fallows 
Fishing  Surface water 
Hunting Woodland, rangeland 
Petty trade including house trade Ecosystem, agricultural, livestock products 
Casual labour Farmland, woodland, rangeland 
Seasonal work outside the area (Niger, 
Nigeria, Senegal) 

 

 
The Sahel forms a major agro-ecological zone in which the land use pattern is the major 
differentiator of ecosystem service provision and use, as the table shows. Access to the 
different components of the land use system determines a household’s capacity to adapt to 
failure in a major activity (such as agricultural drought). Changes in land use therefore have 
major significance.38 
 
Access to ecosystem services including those in common property depends less on social 
barriers or exclusion than on the ability of a poor person to command the necessary labour 
and skills. The labour constraint has dominated West African production systems in the past. 
In densely populated areas (e.g., Kano), more family labour is available than in sparsely 
populated areas,39 but is increasingly prone to absence on seasonal migration. Inequality is 
expressed in the ability of wealthier persons to command the labour of others, and poverty is 
summed up in the dilemma of having to work for others to the detriment of one’s own 
capacity to harvest ecosystem services.40  
 
The ability of ecosystem services to buffer the poor in times of difficulty, while visible and 
valued, is therefore constrained by land use change and by labour capacity. Trade-offs (e.g., 
loss of biodiversity when woodland is transformed into farmland) are the result of past 
actions taken in pursuit of livelihood objectives, often by those enjoying greater resources, 
and may operate against the interests of poor people (especially women) who switch to 
common pool resources when farming or livestock production cannot provide all their needs. 
Ownership of land and what is on it, security of tenure on common property, and availability 

                                                 
37 Faye et al., 2001; Mortimore et al., 2001; Mortimore et al., 2006 
38 Mortimore et al., 2005 
39 Mortimore and Adams, 1999 
40 Hill, 1972; 1977 
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of common resources, were attested to be critically important by the stakeholders. Thus, 
contributory factors are good social relations and (especially in Sudan) peace and stability.  
 
Policy on the management of ecosystem services for the greater benefit of all stakeholders 
is generally agreed to be deficient, and a first step to improve this situation must be to 
convince central government of both its urgent need and its capacity to act. Reliable and up-
to-date information on the economic importance of wild resources is needed to ensure that 
development policies and investments take account of the full costs and benefits of 
alternative land uses. A new study (Box 4.1b) estimates the economic value of non-timber 
forest products (NTFP), game, and freshwater fisheries in Senegal. The research is based 
on new data, gathered from producers, traders and consumers of wild plant and animal 
products. 
 
 
Box 4.1b The valuation of ecosystem services in Sen egal  
 
Wild plants and game appear to be the most important to poorer households, contributing up to 50% of their 
annual cash income. Estimates of total economic value added in the production and distribution of NTFP 
(excluding game) suggest that about half accrues to primary products, mainly in the form of payments to labour. 
Intermediaries likewise account for a large share of value added, with retailers generating the smallest portion 
and thus earning the lowest profits, on a per kilo basis. However, when differences in operating costs and 
turnover are taken into account, intermediaries are seen to earn the largest profits from trade in NFTP. The 
research suggests that a full accounting of the harvest of NFTP in two major producing regions in Senegal would 
add at least CFA F 1.4 billion per annum (US$ 2 million) to national income. This figure reflects only the value 
added at producer level, based on the available data. Given that primary producers typically receive about 50% 
of the final market value of wild products, we can estimate the annual value added in the entire supply chain at 
between CFA F 1.6 and 3.1 billion (US$ 2.3 to 4.3 million), depending on the share of output destined for higher 
value urban markets. Further extrapolation from the two regions surveyed to the rest of the country, based on 
alternative assumptions, yields an estimated annual value added ranging from CFA F 3.5 to 11.1 billion, with a 
median estimate of about 4.5 billion (about US$ 6.3 million).  The latter figure is equivalent to about 14% of the 
recorded value added in the forest sector in the year 2000, which excludes most NFTP. 
 
These estimates do not include the economic value of fuelwood, charcoal and building materials derived from 
wild plant resources, which are equally significant but largely accounted for in national economic statistics (CFA F 
31.6 billion in 2000). Additional value added would need to be included to account for illegal hunting, while value 
added from sport hunting, wildlife-based tourism and live animal exports is already recorded and generates a 
further CFA F 1 billion per year. 
 
The economic contribution of freshwater fisheries in two of three major fishing areas surveyed was estimated at 
CFA F 9.2 billion per year. This represents value added from production through to wholesale markets but 
excludes value added in retail distribution. Adding home consumption and estimated output in other regions is 
expected to increase the total (wholesale) value added to between CFA F 10.2 billion and 14 billion (US$ 14.5 to 
19.6 million). This is equivalent to 19-26% of the year 2000 reported value added in the marine fisheries sector 
(CFA F 54.7 billion), which ranks first among different sectors of the Senegalese economy. 
 
Annual value added from non-timber wild plants, animals and freshwater fisheries in Senegal  - currently 
excluded from the national accounts – is thus conservatively estimated at no less than CFA F 14 bilion and 
possible as much as 25 billion (US$ 19 to 35 million per annum). 
 
Source: Cheikh Oumar Ba et al, IUCN 2006. See also: Ly, 2006 
__________________________________________________________________________________________ 
 
The results of the research demonstrate the economic significance of wild resources in 
Senegal. The economic results need to be taken into the development planning and policy 
process if their sustainable management is to become a reality in future. Earlier experiments 
in using participatory research appraisal in Nigeria used local knowledge and perceptions as 
a method of valuation, but this approach does not yield outputs that are likely to influence 
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policy makers. Other workers have focused on inventories of wild resources and their role in 
adaptive strategies.41 
4.2 Drivers of ecosystem change  
 
This section addresses the question ‘What are the drivers of the ecosystems’ capacity to 
continue to provide services?’ Drivers may operate at different scales (macro-, meso- and 
local), but in this analysis it makes better sense to deal with them thematically.  
 
4.2.1 Rainfall.  
Rainfall is the primary driver of ecosystem productivity and of output in production systems 
dependent on ecosystem services.42 Superimposed on the strongly latitudinal patterns 
already noted are both long-term trends and short-term variability, which contribute to the 
risks faced by Sahelian users of ecosystem services. Following the decline in average 
annual rainfall (of up to 35%) that occurred between the 1960s and the 1990s,43 there was a 
relative recovery which although hidden by increased variability, shows itself in overall 
positive trends in rainfall between 1982 (the nadir of the second drought cycle) and 2003 
(Fig. 4.2.1). Values of 20-40% are observed across most of the zone, though north of Lat 15o 
N, the trends are not significant. 
 
 
Fig. 4.2.1 Rainfall trends 1982 – 2003   
 

 
 
Source: Herrmann et al., 2005: p 399 
 
Associated changes in the length of the rainy season (shorter), the start of the rains (later), 
and in the number and intensity of rainfall events are less convincingly documented, but on 
the ground there is usually a stakeholder consensus that such changes have occurred. 
 
Climate change scenarios for the Sahel are insufficiently developed to allow the confident 
prediction of rainfall trends. Regional models are required. Contradictory scenarios reported 
by the IPCC indicate a need for caution.44 The Sahel has already experienced changes 
during the 30-year period 1961-1990 which are of a magnitude at least comparable to those 

                                                 
41 Adaya et al., 1997; Eaton and Sarch, 1997; Harris and Mohammed, 2003 

42 Kowal and Kassam, 1978 
43 Hulme et al., 2001 
44 Inter-Governmental Panel on Climate Change, 4th Assessment 
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suggested by global models. Therefore the safest prognosis for ecosystems is continuing 
uncertainty. 
 
 
 
 
4.2.2 Population, urbanization 
 
A second major driver of change is human population growth expressed in increasing 
population densities in rural areas. Changes between 1990 and 2000 are shown in Fig 4.2.2, 
with projections to 2015.45 Data mapped by the West Africa Long Term Perspective Study 
show major increases since 1960 not only in densities but also in urbanization. This process 
has led to a network of 3,000 towns and cities which between 1960 and 1990 had ‘taken in 
66 million new inhabitants and provided them with income and housing’.46 This urban 
expansion is giving an increasing share of the rural population access to markets; more than 
50% of West Africa is considered to be ‘strongly linked to markets’, and this change is active 
in the Sahel, with major urban systems linked, for example, to Kano and Dakar. Road 
infrastructure expansion provides an indicator of this revolution (Fig. 4.2.3). Urbanization is 
supported by high rates of natural increase (often in excess of 3%/yr) in rural areas, but 
despite the rapid growth of cities, it has not yet brought about absolute decline in rural 
populations and densities. 
 
 
Fig 4.2.2a Population density 
 

                                                 
45 Source; CIESIN. Superior data from WALTPS (1994) could not be accessed electronically. 
46 WALTPS, 1994 Summary: p.1 
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Population density
(per square km) Aridity zone

Difference in 
population density 
(per square km)

Source: CIESIN
 

 
 
Fig 4.2.2b,c Population density in the Kano Close-S ettled Zone, Nigeria, 1931-1991  
(categories in order of increasing shading density) 
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Population density, Kano Province, 1931

 
 

Population per sq km, 1991
<75, 76-150, 151-300, >300

 
 
Source: Tiffen (2001) 
 
An example of the demographic driver at work is provided in density maps of former Kano 
Province/ State in Nigeria in 1931 and 1991 (Figs. 4.2.2b and 4.2.2c). The growth of the 
Kano Close-Settled Zone is a phenomenon at least 200 years old according to documented 
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witnesses from 1821 onwards.47 Until shortly after the twentieth century began, about a third 
of cultivated land was left fallow one year in three. This fraction diminished steadily until 88% 
of the surface was under annual cultivation by 1981. Holdings became smaller through 
subdivision on inheritance, and a highly intensive and integrated crop-livestock-tree cultural 
system evolved, with relatively stable soil fertility, crop yields and bio-productivity. Urban 
markets in nearby Kano added to the pressure to produce sustainably. It is not possible to 
evaluate the status of ecosystems in populated areas of the Sahel without taking account of 
demographic drivers. 
 
4.2.3 Agricultural production and markets  
 
The West African Long Term Perspective Study showed that between 1960 and 1990 there 
a major improvement in connectedness in the sub-region, including the Sahel, owing to the 
construction of roads (Fig. 4.2.3a) and market infrastructure. Access to world markets for 
cotton and groundnuts had been achieved largely by rail construction in an earlier era. 
Consequently the state had played a major part not only in provision of infrastructure but in 
buying and exporting (and later in processing) produce. Food commodity production for the 
growing cities, fed by the increasingly dense road systems, opened the door to informal 
marketing systems which grew largely beyond government control, especially in Nigeria.48 
Thus the reach of urban markets extended further into the countryside where it competed for 
ecosystem services with the export crops. It is likely that market demand will soon exceed 
the subsistence needs of rural populations as a driver of ecosystem change. 
 
A major driver, therefore, is agricultural production, responding to both demographic trends 
and growing markets. Export markets have been adversely affected by unfair practice in 
global markets. The struggle to put right these structural constraints continues. However, 
improved access to northern markets can no longer be achieved by massive expansion of 
the cultivated area, as happened with groundnuts and cotton exports during the colonial 
period and up to the 1970s.This expansion had major implications for ecosystems as the 
appropriation of farmland reached ‘saturation’ (a state wherein virtually all cultivable land is 
privately appropriated). Intensification is now necessary if Sahelian producers are to 
maintain or increase their share of world markets, and the use (if not importation) of 
inorganic fertilizers is widely promoted as the key. African heads of governments set their 
seal on this strategy at the Abuja Fertilizer Summit in 2006.49 Trade does not necessarily 
harm or benefit ecosystems; mediating factors and local circumstances intervene.50 
 
However, West African producers are shifting to the supply of urban food commodities, 
generally managed through virile and semi-formal marketing systems, and involving long 
distance trade often crossing frontiers (such as the grain and livestock trade between Niger 
and Nigeria).51 Incentives for food producers have driven a positive trend in food sufficiency 
in Sahelian countries, contrary to popular images of the region as persistently food-aid 
dependent (Fig. 4.2.3b). Between 1990 and 2005 cereal production per capita was 
sustained at an average rate of growth just ahead of population. However, growth was slow, 
and imports also trended upwards, with fluctuations reflecting irregular food security crises, 
but always less than 5% of production which nearly doubled during the period.52 Some 50% 
of agricultural production in the most vulnerable zone of the Sahel (affected most by aridity, 

                                                 
47 Mortimore, 1993a 
48 Ariyo et al., 2001 
49 AU, 2006 
50 ICTSD, 2006; Global Mechanism, [2007] 
51 Meagher et al., 1995 
52 OECD, 2007 
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drought, and pests such as locusts) consists of pearl millet, the preferred staple, with 
sorghum, rice, cowpeas and groundnuts following, and cotton and maize having minor 
significance.53 Between 1970 and 2005, millet cropped areas grew by 1.1% in West Africa, 
production by 2%, and yields by 1%.54 The figures for sorghum were 1.1%, 2.1% and 1%. 
These are not popular urban foods, however. A case has been made that, notwithstanding 
supply constraints, food commodity production increasingly depends on demand growth.55 
 
 
Fig.4.2.3a Expansion of the road network in West Af rica, 1975-2005 
 
 

 
Source: OECD, Web Atlas of West Africa 
 
 
 
 
 
 
 
 
Fig 4.2.3b Population growth and cereal production 

                                                 
53 OECD, 2007 
54 OECD, 2007,citing FAOSTAT 
55 Mortimore, 2003; Djurfeldt et al.,2004 
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Source: OECD, Web Atlas of West Africa 
 
 
In the demand push to produce cereal and groundnut crops in Senegal, despite substantial 
reductions in annual rainfall, efficiency gains are apparent in crop water use (1962/3 to 
1992/3), if rainfall is plotted against yield trends in Diourbel where 90% of the land is under 
cultivation (Fig.4.2.3c). This can be attributed to the adoption of new varieties and fertilizers 
until the collapse of the subsidised, state-run agrarian policy which was based on the 
production of groundnuts for export. After 1984/5, the performance of groundnuts dropped 
sharply and that of millet stagnated. Such swings, as well as technical innovations, act as 
drivers in ecosystem change. Throughout the 1960s and 1970s, the groundnut trade had 
motivated farmers (including the well-known Wolof co-operatives) to rapidly extend the 
frontier of cultivation.56 
 
4.2.4 Livestock production 
 
A major driver is the livestock population (illustrated by densities of cattle in Fig 4.2.4a). 
Livestock statistics are notoriously unreliable, and the species composition of herds affects 
their aggregate impact on the ecosystem services used to feed them. After drought events, 
mortality rises. As much as a third of the cattle in Kano State, Nigeria, were lost during the 
1972-74 Sahel Drought.57 But herd reconstitution may take <5 years under good conditions, 
and goats can both withstand different conditions and breed faster than cattle; and changing 
species strategies is a normal management response to risk and opportunity.For example, 

                                                 
 

 

 

56 O’Brien (ed.), 1979; Faye et al., 2001 
57 MM 1989 
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under present conditions it is more profitable and flexible for farmers’ families to invest in 
small ruminants than in cattle, which are more demanding in pasture requirements, more 
‘lumpy’ as investments, and require transhumance if kept in semi-arid farming areas. 
Feedstock is increasingly derived from crop residues rather than from rangeland, which is 
diminishing in area in many livestock producing systems. This too has implications for the 
ecosystem. A map such as that given in Fig 4.2.4a gives only an approximation of pressure 
on ecosystem services, since it does not show seasonal herd movements, which normally 
take a north-south-north orientation, or join wetlands with surrounding upland grazing 
areas.58  Transhumance is threatened by the expansion of farmland, weak titles to 
customary grazing, and political marginalisation of the nomadic groups in urbanising political 
economies.59 
 
 
Fig 4.2.3c Crop yields per mm rainfall, Diourbel (S enegal) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Faye et al (2001) Mil = pearl millet; arachide = groundnuts 
 
 
Source: Faye et el 2001 
 
A ‘livestock revolution’ driven essentially by demand for meat from urban populations whose 
incomes are growing is occurring in many African countries.60 In Senegal, prices of mutton 
and beef rose steadily 1974-96, though real prices were stable for much of the period.61 The 
regulation of ‘dumping’ by European countries in West African markets has benefited 
Sahelian producers who export livestock to the coastal cities. In Senegal, in particular, there 
has been increasing investment in livestock, including a rapid growth in fattening, and this 
activity is not limited to large producers but is enthusiastically taken up by poor households, 

                                                 
58 Hoffmann, 1998 
59 Mortimore, 2001; Tiffen, 2006 
60 Faye and Fall, 2000; Ariyo et al., 2001 
61 Faye et al., 2001 
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women and even children as its low entry costs and minimal risk are attractive. Fig 4.2.4b 
shows, for the period 1960-1996 in Diourbel Region, not only an overall increasing numerical 
trend, but a significant shift from cattle to small ruminants. In Senegal, the livestock markets 
were not strictly regulated, as groundnut and some food commodity markets were. 
Autonomous investments by small producers in livestock may have exceeded those in 
farming. 
 
Fig 4.2.4a Cattle populations in West Africa 
 

 
 
Source: FAO, cited in OECD, Web Atlas of West Africa 
 
 
 
The stocking rates (translating all livestock into standard equivalents – UBT) responded 
dramatically in a fall from 8 ha/ UBT in 1960 to just over 2 ha/ UBT in 1996. This fall –even if 
statistically approximate – configures a dramatic increase in demand for ecosystem services: 
pasture grasses, browse, crop residues, farm weeds, and purchased and traded feeds. 
While generally integrated with farm intensification, through the use of manure, and from an 
economic standpoint suggesting increased efficiency, this increased pressure on 
ecosystems is a driver of change. 
 
 
 
 
 
 
 
 
Fig. 4.2.4b: Livestock in Diourbel Region, 1960-96 
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4.2.5 Technology and skills  
 
Ecosystem services are harvested by a combination of labour and technology, and for 
smallholders in the Sahel, the scarcity of labour, until relatively recently in history, 
constrained the intensification of ecosystem service harvesting. With increasing supplies of 
family labour (under a growing population) and a scarcity of capital to invest in labour-saving 
technology, extra labour is given to operations designed to maximise output of crops (four 
weedings/yr), and to harvest weeds, browse, boundary plants (such as thatching grass) and 
NFTPs. Manure from dense animal populations is carefully recycled on the fields (normally 
in plant-by-plant ‘microdoses’). Box 4.2.5 gives an example of how labour and technology 
management under high population densities may impact on ecosystems. 
 
4.2.6 Income diversification  
 
The diversification of incomes outside crop and livestock production is not new in the Sahel. 
It has been embedded in livelihood strategies of risk-prone and opportunistic ecosystem 
users for centuries. Inaccurate myths surround it: such as the notion of ‘environmental 
refugees’ which ignores the deprivations of poor people through structural, social or political 
disadvantage and places the ‘blame’ for what is seen as a malignant process firmly at the 
door of the environment. It is overly influenced by images of refugee camps set up by donors 
during the drought cycles of the 1970s and 1980s.62 It has also been understood as a 

                                                 
62 De Waal,1989 
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component of a continent-wide process of de-agrarianisation.63 The desire to find 
supplementary or alternative incomes to those available from farming or livestock is a major 
driver of rural-urban migration (whether permanent or seasonal), and naturally increases 
rapidly during times of food insecurity in drought-affected rural areas. Studies have shown 
how complex, goal-driven and rational income diversification is.64  
 
Box 4.2.5: Labour allocations to crop production, T umbau (Kano) 
 

 
 
Labour allocations during a single growing season (1994) on annually cultivated 
smallholdings of <1 ha/ capita show that there is a trade-off between labour time spent on 
the essential tasks of weeding and thinning and that spent on harvesting. When early millet 
is ready for harvest in August, labour is taken off weeding, later to be restored, only to be 
transferred again to harvesting the late-maturing crops in October. These data were 
gathered in an area where the farming population is very dense, at 223 persons/sq km. In 
other words, labour is still limiting at certain times of the year, because the semi-arid rainfall 
regime delivers moisture irregularly (see the bars in the diagram). The community has 
therefore invested heavily in labour-saving technology, in the form of bulls (which have to be 
fed on gathered or purchased fodder) for ploughing and carting. Those who cannot afford to 
buy this technology hire ploughing crews from those who can. 
_________________________________________________________________________ 
 
Source: Mortimore and Adams 1999 
 
 
 
 
Box 4.2.6 shows an example of adaptive migration for income diversification, based on 
village studies in the aftermath of the great Sahel Drought of 1972-74 in northern Nigeria.  
 
                                                 
63 Bryceson et al. (eds.), 2000 
64 Watts, 1983; Mortimore, 1982; Davies,1996; Faye and Fall,2001 
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_________________________________________________________________________ 
Box 4.2.6 Adaptive migration from Sahelian villages  in Kano State, Nigeria, 1974-78 

 
 
 
Farmers in four villages, who reared goats and sheep in addition to farming millet, sorghum, 
cowpeas, and groundnuts, were faced with two successive years of major crop failure in 
1972 and 1973. Using knowledge sourced from previous years, they began to migrate to 
Lagos, >1000 km away, to work as security guards, bringing back their pay. An opportunity 
to supply goats to the booming urban markets of Lagos, especially at religious festivals, 
became apparent and within a few years the farmers of Dagaceri (none of whom had visited 
Lagos before 1973) were chartering a truck to fill with goats and accompanying it south for 
several weeks’ retailing activity, and they continue to do this at least once a year at time of 
writing. Other migrants chose other destinations, and the map shows the associated flows. It 
also illustrates the principal that Sahelian ecosystem services are in demand from distant 
markets within the Sahel as well as overseas. The behaviour of these markets drives change 
in ecosystem service provision. 
_________________________________________________________________________ 
Source: Mortimore (1989) 
 
 
 
 
 
4.3 Trends in ecosystem services  
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Given the multiplicity of drivers identified in the previous section, a great deal is not known 
about their specific impacts on the provision of ecosystem services. We shall discuss five 
categories of change for which some data are available: (1) the ‘greenness’ index as an 
indicator of trends in bio-productivity; (2) land use/ cover change or ecosystem conversions; 
(3) soil health, and agricultural productivity as a proxy indicator; (4) tree growth; and (5) 
biodiversity data. 
 
4.3.1 The ‘greenness’ index as an indicator of tren ds in bio-productivity  
 
Satellite remote sensing has offered a new, synoptic perspective on vegetation variability 
and change, offering continuous and standardized measures across time and space. 
Contrary to the prevailing narrative of continuing and widespread degradation in the Sahel, 
analysis of time series of satellite imagery, particularly vegetation indices, revealed a 
greening trend over most of the Sahel.65 

Caution is warranted in their interpretation. Time series of satellite imagery have been 
available only for the past 25 years. They happen to start at the height of the great Sahelian 
drought and therefore include a few drier than normal years at the beginning of the series 
and end with some better rainfall years recently. So, this observed trend captures the 
upward limb of a natural cycle of variability rather than indicating a lasting trend towards 
greener conditions.  

The long-term (25 year) average NDVI follows the north-south rainfall gradient, which is also 
reflected in the latitudinal arrangement of the aridity zones (Fig. 4.3.1a).   

Trends over time were computed for monthly NDVI values from 1982 to 2006 by fitting 
simple linear functions through the time series of each pixel and calculating the slope of the 
regression line. The greater the slope or trend, the greater the increase of vegetation 
greenness has been between 1982 and 2006. There has been an increase of vegetation 
greenness throughout the Sahel region, which seems to be stronger in the south than in the 
north. This positive trend is accompanied by a positive trend in rainfall (see Fig.4.2.1, shown 
for 1982- 2003) over the same area. This is not surprising, since vegetation greenness is 
strongly driven by moisture availability, particularly in the semi-arid zone, where moisture is 
the main constraint to vegetation growth. North of it, it is so dry that there is almost no 
vegetation that would be affected by rainfall at all; south of it, there is sufficient rainfall so 
that it is no longer the main constraint. Cumulating rainfall into 3-monthly totals takes into 
account the effects of soil moisture in addition to the current rainfall. Distribution of rainfall is 
as important as rainfall totals, but could not be taken into account (at a finer scale than 
monthly) due to limitations of the dataset used. 

A high linear correlation between NDVI and rainfall (Fig. 4.3.1b) suggests a significant 
relationship between the two variables. A linear regression analysis was performed with 
rainfall as the independent and NDVI as the dependent variable, so to be able to “predict” 
NDVI from rainfall. Trends in the NDVI residuals from this regression analysis show areas in 
which vegetation greenness increased more than would have been expected from the 
increases in rainfall and areas in which vegetation greenness increased less than would 
have been expected. The trends in the residuals point to factors other than rainfall, which 
significantly influenced vegetation trends. 
 
Overall trends in greenness obscure a complex picture of vegetation trends that can result 
from several factors. In order to bring out different aspects of the “greening”, trends of 

                                                 
65 Tucker et al., 1991; Eklundh and Olsson, 2003; Herrmann,S., 2005 
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monthly NDVI were complemented with trends in different NDVI parameters. The TIMESAT 
algorithm (Joensson) was used to extract a number of phenological parameters related to 
timing, length and magnitude of the annual growing season. The length of the growing 
seasons (Fig. 4.3.1c) – defined as the period of time between the date when the NDVI first 
exceeds its minimum value of the preceding dry season by 20% and the date when it last 
exceeds the minimum value of the following dry season by 20% – decreased throughout 
parts of the Sahel, whereas it increased in the Sudanian zone. (The increase shown north of 
the Sahel is not significant, as in the hyper-arid or desert zone, vegetation is so sparse that 
growing seasons have little meaning.)  

The NDVI amplitude (Fig. 4.3.1d) – the difference between the minimum NDVI of the dry 
season and the maximum NDVI of the growing season – by contrast, shows an increase 
over the Sahel, which can be due to either of two factors: an increase in the maximum NDVI 
or a decrease in the minimum NDVI. In this case (not shown here), it was an increase in 
maximum NDVI that caused the increase in amplitude, which was so strong that it prompted 
a positive trend in overall NDVI despite a regional decrease in the lengths of growing 
seasons. 
 
These changes observed in proxy variables for ecosystem bio-productivity follow earlier 
studies of the fluctuating border of the Sahara66 and the initial ‘discovery’ of the greening 
phenomenon67  which have set in context the overly influential scenarios of desert advance 
promoted by researchers in the 1970s.68 It is well known that the desert boundaries have not 
been stable over geological time.69 Given the scale of these fluctuations both in time and in 
space, questions about the status or ‘situation’ of ecosystem services in the Sahel must 
therefore be understood in the context of a natural dynamic that underlies the management 
influences that are the contemporary obsessions of global environmental change debates. 

                                                 
66 Tucker et al., 1991 
67 Eklundh and Olsson, 2003 
68 Lamprey, 1988; Ibrahim, 1978 
69 Mainguet, 1994 
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Fig. 4.3.1a: Trends in monthly NDVI (1982-2006)  Source: Herrmann 2008 
 
Fig. 4.3.1b: Correlation of rainfall with NDVI (198 2-2003) Source: Herrmann 2008 

Sahelian Africa: Trends in monthly NDVI 1982 -
2006

By trend, we mean the slope of the regression line of monthly 
NDVI against time:
The greener, the greater the increase of vegetation over time.

Correlation of rainfall and NDVI 1982 - 2003

Source: Herrmann et al., 2005: p. 400

Correlated were monthly NDVI and cumulative rainfall of the 
same plus the two preceding months:
The more red, the more vegetation is driven by rainfall.
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Fig. 4.3.1c: Trends in the length of growing season  (1982-2006)  
 
 

Trends in the length of growing season 1982 -
2006

Growing season is here defined as the period of time 
between the date when the NDVI first exceeds its minimum 
value of the preceding dry season by 20% and the date when 
it last exceeds the minimum value of the following dry season 
by 20%.

Hyper-arid and 
humid areas 
greyed out

 
Source: Herrmann 2008 
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Fig. 4.3.1d: Trends in the NDVI amplitude (1982-200 6)  
 
 

Trends in the NDVI amplitude 
1982 - 2006

NDVI amplitude is the difference between the minimum NDVI 
of the dry season and the maximum NDVI of the growing 
season.
Green: amplitude becomes greater over time.

Hyper-arid and 
humid areas 
greyed out

 Source: Herrmann 2008 
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4.3.2 Land use change 
 
We now turn to the management trends which have interacted with rainfall trends in bringing 
about the ecosystem changes suggested by the residuals of our rainfall-NDVI correlation 
(Fig 4.3.1b). Table 4.3.2 shows in the simplest terms the sub-regional trend for land use in 
West Africa as a whole, in comparison with that for the world. It should be observed that 
West Africa’s land use pattern has undergone more rapid change than that of the world as a 
whole, both in the growth of arable land and of permanent crops, in the 42 years 1960-2002. 
This is a notable finding in that by far the greater proportion of the agricultural expansion 
implied has been achieved with hand technology. 
 
Table 4.3.2: Land use change in West Africa, 1961 -  2002 

 
 
However FAO statistics on land use in Africa are less reliable than its production data, and 
for a more accurate picture it is necessary to examine national or sub-national data. In 
northern Nigeria, for example, data are available for comparison between two periods, 1976-
78 and 1993-95. Levels of intensity are quantified, allowing the complexity of land use 
change to be analysed (Box 4.3.2). This provides a corrective to often over-simplified ideas 
such as ‘deforestation’, ‘overcultivation’ and ‘degradation’. 
 
 
_________________________________________________________________________ 
  Box 4.3.2: Conversion of land from ‘natural’ vegeta tion to agriculture (% area) by 
level of intensity, in northern Nigeria 
 
 
Category Adamawa, 

1976-78 
Adamawa, 
1993-95 

Jigawa, 
1976-78 

Jigawa, 
1993-95 

Kano, 
1976-78 

Kano, 
1993-95 

Intensive 
Agriculture 

23 32 37 69 86 77 

Extensive 
agriculture 

25 30 34 2 3 3 

Savanna, 
grassland, 
forest 

47 38 10 10 6 5 

 
Source: Geomatics International, 1996 
 
The terms ‘intensive’ and ‘extensive’ refer to percentages of surface area recorded as 
‘agriculture’ – thus, in the intricate mosaic of cultivated and uncultivated plots (too small to be 
measured directly), ‘intensive’ refers to areas in which >75% of the surface is cultivated. The 
three states illustrate different dynamic profiles of land use change:  
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·  Adamawa, a less densely populated state, saw growth in extensive agriculture while 
intensive agriculture was stable;  

·  Jigawa, a median density state, saw a rapid increase in intensive agriculture and a 
precipitate fall in extensive agriculture, as intensification proceeded in response to 
land scarcity; and 

·  Kano, a very high density state, saw an apparent decline in intensive agriculture as 
urban expansion took over farmland, and had negligible extensive agriculture. 

 
‘Savanna, grassland, forest’ is a residual category. 
_________________________________________________________________________ 
 
 
Using air photography for 1975 and remotely sensed imagery for 1996, land use change in 
Maradi (Niger) shows an increase in the cultivated area from 59% to 73%, a decrease in 
shrub grassland from 25% to 8%, and a transformation of woodland to open wooded 
savanna (Figs. 4.3.2a, b). 
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Fig. 4.3.2a: Land use in Maradi Department, Niger, in 1975 (air photography) 
Fig. 4.3.2b: Land use in Maradi Department, Niger, in 1996 (SPOT satellite)  

 
 

 
Source: Mahamane (2001) 
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Maradi compares with Jigawa State in Nigeria (Box 4.3.2) where a very rapid dynamic was 
driven by population growth and markets until virtually all cultivable land had been 
appropriated for farming (‘saturation’). In the basin arachide of central Senegal, by contrast, 
the cultivated fraction increased from 82% in 1954 to 93% in 1999,70 a much slower change 
in an already ‘saturated’ landscape with a very high cultivated fraction; the main changes 
have been a small increase in fallowing (owing to a lack of incentives for capitalising 
smallholder agriculture), and a drying out of wet depressions (bas-fonds).71 In Kano, the 
situation was similar, with an increase from 78% in 1951 to 88% in 1981.72 
 
The implications of land use change for ecosystem services are fundamental, though they 
have not been quantified. Decreasing woodland means less fuelwood, timber and NTFPs; 
expanding agriculture means less biodiversity and fauna, and may mean diminished soil 
resources (chemical nutrients, biological agents, moisture). Diminished surface water (as in 
Senegal73) or seasonal waterlogging threatens wetland ecosystem services, such as dry 
season pasture, perennial cropping and small-scale irrigation (e.g., in the fadamas of 
northern Nigeria).  
 
Dam construction, whether or not for irrigation, has drastic and well-known consequences for 
ecosystems including above-site flooding, and below-site flow regime change with impacts 
on plant species, fish populations, grassland composition and richness, and sub-surface 
water flow. The Inland Niger Delta in Mali,74 the Komadugu Yobe river system in northern 
Nigeria,75 and Lake Chad76 are examples of ecosystem services initially taken for granted, 
then subjected to misdirected engineering interventions, and now receiving urgent attention 
with the aim of better planned, more holistic and socially responsible management. These 
profiles are highly specific to site and context, and defy generalisation. (As they have their 
own – extensive – literatures, they are not further explored here.) 
 
 
4.3.3 Soil health and agricultural productivity 
 
According to many analysts, perceived economic and agricultural stagnation in Africa 
generally are linked directly with resource degradation, and at the heart of such degradation 
is nutrient depletion in agricultural soils.77 Estimates of losses in sub-Saharan Africa were 
made at rates of 22 kg N, 2.5 kg P, and 15 kg K/ha/yr, based on data for 1982-84.78 Later, 
these estimates were overtaken by those of another study, which claimed that 86% of sub-
Saharan African countries are losing combined NPK at rates of 60-100 g/ha/yr.79 The World 
Bank estimated that all but three African countries were losing >30 kg/ha/yr of NPK, and 
projections based on such figures were published by other authors.80 
 

                                                 
70 Ba et al, 2000 
71 Mortimore et al., 2005 
72 Mortimore and Adams, 1999 
73 Badiane et al., 2000  
74 IUCN, 2007 
75 IUCN presentation and documents on the Komadugu Yobe project, supplied by D.Yawson 
76 M. Bila: contribution to Sub-Regional Workshop, Katsina, 11-12 December, 2007 
77 UNEP, 1992; Stoorvogel and Smaling, 1990 
78 Stoorvogel et al., 1993 
79 Henao and Banaante, 1999 
80 World Bank, 2003; Sanchez et al., 1997; Gruhn et al., 2000 
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Fig. 4.3.3a: Organic matter by land use, Maradi (Ni ger)(from left to right in each location: 
50-yr fallow; pasture; cultivation without fertilization; cultivation with fertilization (principally 
organic manure). Rainfall diminishes from left to right. Jiratawa has river valley soils. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Issaka, 2001 
 
 
Evidence of crop production over the long term in Sahelian countries (see Section 4.2.4) 
suggests that the picture is more complex than this simple model of degradation admits. In 
the long-settled and intensively cultivated Kano Close-Settled Zone in Nigeria, evidence 
suggests that nutrient levels are being maintained, though at low levels.81 In Maradi 
Department, Niger (Fig. 4.3.3), where rapid settlement, woodland clearances for millet, and 
indicators of a poverty-degradation nexus exacerbated by the drought cycle of the early 
1980s,82  crop production data yielded surprising evidence of stability on average.83 
Increases in the cropped area were insufficient to fully account for this achievement. Soil 
analyses showed that in fact, soil fertility (measured in terms of chemical nutrients) is a 
function of average rainfall as well as the ability of farmers to replenish nutrient balances 
with organic manure.84 
 
 
Chemical nutrients have preoccupied agriculturalists till recently, and physical properties 
(including moisture) have been the target of soil and water conservation efforts. Little is 
known about soil biology, which may play a more significant role in maintaining fertility than 
has been realised, even in drylands.85 Until it has been fully evaluated, a properly balanced 

                                                 
81 Mortimore, 1993b, Harris 1995, Mortimore and Harris 2005 
82 Raynaut et al., 1988 
83 Mortimore et al., 2001 
84 Issaka, 2001 
85 Uphoff et al. (eds.), 2006 
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understanding of the resilience of soil systems is unlikely. Yet this is fundamentally important 
for sustaining both natural ecosystems and human systems.  
 
Additional evidence for long-term productivity of soils under semi-arid farming systems is the 
finding that under both short fallowing and annual cultivation regimes, and different rainfall 
regimes, two Nigerian communities produced an annual output of plant biomass (kg dry 
matter/ ha) that compares favourably with a rainfall-productivity model developed for 
rangeland ecosystems in the Sahel (Fig.4.3.3b).86 Given this observation, it is clear that the 
impact of integrated crop-livestock farming on the ecosystem lies not in reduced productivity 
but in a temporal re-organisation of ecosystem service harvesting: wherein a variable 
proportion of soil resources are subjected to service clearance during a short period, leaving 
them exposed to bio-physical processes such as bare fallowing, wind or water erosion for 
several months.87 
 
Fig. 4.3.3b: Plant biomass production and rainfall,  on Kano farms  (T93, T94, D93), cf. 
Breman’s model 
 

 
 
Source: Mortimore et al 
 
 

                                                 
86 Mortimore et al,1999; Breman 

87 See Penning de Vries and Djitèye, 1991 and Bosma et al., 1996 
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4.3.4. Trees 
 
Woodland clearance for farming has been referred to in Section 4.2.2, and is undoubtedly 
the single largest transformation of natural ecosystems undertaken by the smallholders of 
the Sahel over several centuries, but accelerating after 1920 as population movements were 
freed from security constraints and responded to subsistence and market incentives. 
However this ought not to be construed as ‘deforestation’. Mature trees with economic value 
were often left standing and harvested for branchwood and NFTPs thereafter. The aesthetic 
as well as the economic value of the emerging landscapes was well expressed in the 
Europeans’ term ‘farmed parkland’ or ‘parc’, and early studies were made of the species 
composition and management of these communities.88 However, the colonial foresters, 
driven by an ideology of protection against ‘desertification’ only too readily assumed 
protective responsibilities which took away the incentive of private ownership from the 
resource users.89 As late as the 1960s, both local planners and foreign advocates of ‘the 
fuelwood crisis’ were predicting the end of the farmed parkland,90 while the reservation of 
residual areas of common property woodland by the state – begun early in the century – had 
ground to a halt under pressure from an increasing scarcity of farmland. Production forestry 
struggled against the odds to meet the demand for timber while programmes to promote 
woodlots on private land were financed by donors. 
 
These contradictory processes have produced a range of wooded ecosystems: 
 

·  Forest reserves, set up in uninhabited areas or on steep slopes, and today 
inadequately protected against encroachments, cutting and burning. They are valued 
as grazing by livestock keepers, unless prohibited. 

·  Residual areas of common property woodland, by now heavily cut, often burnt, and 
steadily encroached on by land-hunters. 

·  Woodlots on private land, promoted by interventions but rarely well maintained; often 
using exotic species little valued for NFTPs. 

·  Plantations set up by forestry departments, usually employing quick-growing exotics 
to supply a market for timber, and absorbing a large proportion of the departments’ 
resources. 

·  Farmland, populated by a variable number of species, usually indigenous (but 
including such introductions as mango and neem), and at variable densities 
depending on their age structure and canopy size. These trees regenerate naturally if 
allowed, and desired species may be planted. Both beneficial and adverse effects 
may be felt by crops (e.g., N fertilization by Faidherbia albida; leaf litter; shading out). 
However the supporting nursery infrastructure is everywhere weak. 

 
Given the overwhelming dominance of farmland in most land use patterns found in the 
Sahel, the last of these has become the most important sub-system of arboriculture. 
Considerable interest rests in understanding its dynamics. Every village and even every farm 
differs. For example, Table 4.3.4a shows data from 1-ha plots on farmers’ fields in three 
villages, found close together in the basin arachide of Senegal. 
 
In the Kano Close-Settled Zone, an analysis showed that tree densities of mature trees on 
farmed parkland at varying distances from the city sustained themselves throughout the 
drought cycles of 1972-4 and 1982-3, even though cutting fuelwood for sale is a popular 

                                                 
88 Pelissier, 1966; Pullan, 1974 
89 Cline-Cole, 1994 
90 Greater Kano Plan, 1972;  Worldwatch Institute 
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strategy of farmers when food supplies fail.91 This is attributed to the value of the trees for 
their owners’ use and of their NFTPs as saleable products. Timber volume was also 
estimated. This work showed that in one area of farmed parkland, timber exceeded that 
estimated in a nearby forest reserve, and in two other areas, the volume of timber was 25-
50% that of the reserve - no mean resource.92  
 
Table 4.3.4: Tree populations on Senegal farms 
 
Village Ndiamsil Sessène Darou Rahmane II Ngodjilème 
Seedlings 14 71 16 
Adults 2 38 4 
Mature 16 21 30 
Total 32 130 50 
No. of species 5 3 11 
 
Source: Sadio, Dione and Ngom, 2000 
 
 
Recent surveys in Niger have recorded dramatic increases in on-farm regeneration, which 
has been linked to a change in land tenure.93 Similar processes may be occurring elsewhere 
(e.g., central Burkina Faso). In Niger, the implementation of the ‘land to the tiller’ principle in 
recent legislation has motivated individuals to assert their rights against those of the 
collective family-based production unit. Trees are no longer regarded as the property of the 
state, but of the land occupiers. During the 1990s, development projects promoted the 
practice of défrichement amélioré or the protection of useful volunteers on recently cleared 
or long settled farmland.94 This accorded well with indigenous Hausa practice as exemplified 
in the Kano area. Current conditions are assisting a rapid expansion of this approach. 
Fig.4.3.4 provides an example, in which the canopies of mature trees (mostly found near the 
settlement) may be contrasted with the large numbers of saplings growing in the fields all 
around. 
 
Fuelwood is also available from branch-wood off farm trees and with other materials (e.g., 
cornstalks) can sustain rural households, even at high population densities, without recourse 
to long distance trade. But urban demand has driven the exploitation of common property 
woodlands, or even government forest reserves, often at great distances (>200 km). Cheap 
licences obtained from local governments, quasi-legal or illegal operations at dead of night, 
price competition and other factors promote this trade, but above all, governments’ failure to 
recognise a threat to ecosystem services created by high prices of alternatives (gas, 
electricity, kerosene). However, it is possible that the threat to the woodlands is 
exaggerated. A study of wood fuel exploitation in Mali for urban markets came to the 
conclusion that the needs of urban consumers could be met sustainably for some years.95  
Decentralisation of natural resource management provides a framework for new participatory 
forms of forest management, including marketing of wood.96 
 
 
 

                                                 
91 Cline-Cole et al., 1990 
92 Nichol, J.E., 1990 
93 Yamba et al., 2005; Podgreen, 2007; www.frameweb.org/nigerregeneration 
94 Jouet et al., 1998 
95 World Bank study 
96 Ribot,1995  
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Fig. 4.3.4: Trees on farmland in a terroir in south ern Niger 
 

 
 
Source: Yamba 2008 
 
 
 
4.3.5 Biodiversity loss 
 
Although this is a central concern of environmental sciences at both global and regional 
levels, it is dealt with last because the knowledge base, both for assessing its significance in 
scale and its real costs to communities, is weak.  
 
According to the IUCN, the numbers of threatened species in the Sahelian countries are as 
follows: 
 
 Burkina Faso    15 
 Gambia    32 
 Mali     30 
 Mauritania    39 
 Niger      21 
 Nigeria     253 
 Senegal    58 
 Tchad     23 
 Sudan     n.a. 
 
Looking at such a list, it is impossible to escape the impression that it is essentially an 
artefact of the enthusiasm of local conservation groups, and tells us little of value about the 
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trends of ecosystem services in the sub-region, though much attention is given to the lion 
and the hippotamus97. In examining the project documents for an integrated ecosystem 
management project, a similar impression of essentially casual and subjective data is 
conveyed.98 
 

_______________________________________________ 
 
The list of trends reviewed in Sections 4.3.1 – 4.3.5 is not exhaustive. However scientific 
evidence is sparse, though stakeholders are in no doubt about trends they have observed in 
their own areas. Some resonate with the issues above: 
 

• Pastoral areas are disappearing to farming 
• The quality of pastoral areas is declining 
• Greater livestock numbers increase pressure on the resource 
• Famine foods are harder to find (Niger) 
• Wildlife is disappearing  
• Wood from natural forests is increasingly used   
• People are moving to increasingly marginal areas (Niger) 
• Gum Arabic production is going down (Sudan) 
• Water quality is going down (Sudan) 

 
However this pessimistic perspective is countered by some positive trends: 
 

·  Livestock holdings are increasing for both mobile and sedentary owners 
·  Increased planting and protection of farm trees gives wood and browse (Niger) 
·  Some smaller managed areas have a return of wildlife (Niger) 
·  Beekeeping is increasing, but needs better techniques (Niger) 
·  Fishing is increasing (Niger) 

 
Some potential or short run impacts of these trends have been mentioned. But their overall 
impact on human vulnerability can only be a matter for speculation, since adaptive capacity 
to unfavourable changes is not predictable.  
 
 
 
 
4.4 Management strategies and interventions  
 
4.4.1 Local adaptations  
 
The common misconception that Sahelian people (including the poor) lack appropriate skills 
and capacity to adapt to environmental change has been challenged in numerous studies. 
Failures of projects based on technology transfer without situational and contextual analysis 
have forced new thinking on empowerment and mobilisation of local capabilities. 
Understanding of existing or potential local capacity sometimes distinguishes between 
‘coping’ and ‘adapting ’ For example: 
 

                                                 
97 IUCN, 2007, p.20  
98 Integrated Ecosystem Management in Shared Basins between Nigeria and Niger 
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Coping is therefore defined as a short-term response to an immediate and inhabitual 
decline in access to food. Adapting in contrast means a permanent change in the mix 
of ways in which food is acquired, irrespective of the year in question’ 99  

 
The same study distinguishes proximate from structural vulnerability, and finds that  
 

‘Sahelian livelihoods are under increasing threat. . .Structural vulnerability is here to 
stay and intensifies with each cycle of drought and failure to recover from  it. Yet, this 
not entirely a story of gloom.. .if these livelihoods are to be saved, finding out about 
how they are evolving and what local people, who are themselves expert in saving 
their livelihoods, do to confront vulnerability, and thus what can be done to assist in 
making them more secure, is not a luxury, but a necessity’100 

 
The strategies used by local people, both within and outside the natural resources sector, 
have been identified in the preceding sections and will not be repeated. These strategies are 
themselves embedded in livelihoods – ‘adaptation is a way of life’ - in which many needs are 
met besides those of sustainable ecosystem management. For example, when nutrient 
inputs on farms were quantified in two Nigerian villages, the amounts varied among farms 
and between years according to the owners’ capacities to command labour, maintain 
animals, practice inter-cropping, protect trees, purchase fertilizers or manure, and hire 
technology.101 Without resources to counter degradation, ecosystem services may enter a 
declining phase. A transition from decline to sustainable management of ecosystem services 
is a function of capacity, and facilitating capacity is the aim of interventions. 
 
Fig. 4.4.1: A transition model of soil management 

 
 
 
Source: Mortimore 1995 
                                                 
99  Davies 1996, 55 
100 Davies, 1996, 310 
101 Harris, 1998; 1999 
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This model suggests that the measure of success enjoyed by systems such as that of the 
Kano Close-Settled Zone is due not merely to ‘strategies’ practised by different individuals, 
and which might be picked up and promoted in an intervention (like défrichement amélioré), 
but rather to a process that reaps synergies from interacting factors over a substantial period 
of time. For example, the techniques of intensive farming, the acquisition and management 
of animals, the practice of small-scale commerce, the collection of NFTPs, migratory 
networks, local level exchange of information, intelligent research contributions, access to 
markets, economic freedoms and constitutional rights are just some of the elements of the 
‘success story’. The essential problem with the project approach to development, on which 
the idea of ‘interventions’ is unnecessarily dependent, is that it may be incapable of 
delivering such synergies, either because its focus is too narrow, or because its lifetime is 
too short. In a study of ‘success stories’ for the Global Mechanism, such developmental 
experiences (Kano, eastern Burkina, central Plateau of Burkina, perhaps Senegal) are 
termed ‘area development’.102 A newly published work on development economics argues 
strongly for inter-sectoral synergies as a strategy for policy.103 Policy research must have a 
role to play in securing ecosystem services for future generations. 
 
 
4.4.2 External interventions 
 
Lessons can be learnt from interventions at all scales, and it is not appropriate to brand any 
intervention either an unqualified success or a complete failure. Failures do not only occur 
because of technical constraints. Bad management (policies, information, non-
understanding) is often seen by stakeholders as one of the main reasons for negative 
trends. 

Some elements of interventions that appear to be consistent with the arguments of this 
paper are suggested below, with examples: 
 

·  Negotiated institutional change for equitable sharing and management of common 
property resources can work if ownership is successfully transferred to the 
stakeholders without privileging particular interests. Examples: Common Property 
Resource Management/ Participatory Forest Management in Niger (CRAC-GRN);104 
Programme on Shared Management of Common Property Resources in Sudan (SOS 
Sahel International);105 Reduction of Natural Resource-Based Conflict between 
Pastoralists and Farmers (UNDP, Sudan).106 
 

·  New knowledge is needed on the economic values of ecosystem services previously 
neglected in national accounts and in policy. Although it is too early to report impact 
from such studies, the methodology and results obtained are targeted on the 
expected audience of policy makers. Examples: Economic valuation of ecosystem 
services and tourism in Senegal (IUCN, Senegal);107 an evaluation of ecosystem 
services in Niger (IUCN)[not seen]. 

                                                 
102 Reij and Steeds, 2003 
103 Mehotra and Delamonica, 2007 
104 Vogt, Vogt and Bachir, 2007 
105 Egemi and Banzhaf, 2001 
106 Elhassan, 2007  
107 Ba, 2007; Ly, 2007 



52 

 

·  Mainstreaming the environment in national development policy and budgeting. This is 
discussed in the Eastern Africa Synthesis, but is applicable in the Sahelian countries  
also. The intervention takes the form of facilitating a policy process and building of 
capacity within governmental, structures to obtain a central positioning of 
environmental issues (in this case, of dryland environmental, issues) in public policy, 
rather than leaving it marginalised under ministries of environment. Examples: Mali 
and Mauritania programmes are going forward (UNPEI, UNDP)108 
 

·  Safety nets for vulnerable people, as tried in the Inner Niger Delta. These 
programmes aim at assisting those unable to cope with food insecurity by means of 
the ‘coping’ and ‘adaptation’ strategies. Example: Suivi Alimentaire Delta Seno.109 
 

·  Integrated ecosystem management as a developmental framework. Example: 
Integrated Ecosystem Management in Shared Basins between Niger and Nigeria 
(GEF/UNEP). This project will last for eight years, in recognition of the long-term 
nature of Sahelian development given the variability of the natural environment, and 
will adapt/ construct/ facilitate institutional frameworks to carry the principles of 
integrated development and equitable partnerships from project management to local 
communities. Knowledge sharing mechanisms will be central.110 
 

·  Micro-interventions at village level using local knowledge, local institutions and local 
leadership – especially when combined with research in ‘action-research’ 
frameworks. Stakeholders constantly complained that projects are designed outside 
the community without consultation, implemented top-down, and lacking in continuity. 
Example: as part of IUCN’s Commission on Ecosystem Management’s case studies 
of ecosystem management, material (but not financial) support was given to 
consensually-driven projects to start tree nurseries.111  
 

·  Stakeholders suggested the following target needs for development policy: 
- Agricultural intensification 
- Better pasture management 
- Good governance of common property resources 
- Integrated management techniques 
- Flexible and adaptive management 
- Ensuring effective communication systems between different user groups  

·  They also saw the need for investment in ecosystem services, and identified the 
following incentives: 
- Security of resource tenure 
- Information 
- Credit, but properly administered 
- Supportive legislation  
- Better marketing infrastructure 
- Tolerable taxation 
- Innovations 

 
Ecosystem services are not a separate sector, but are managed in a context of a productivity 
problematic that centres on key constraints: a scarcity of farmland, of capital for inputs, and 

                                                 
108 UNPEI [2007]; UNDP-DDC policy presented at Eastern Africa Sub-Regional Workshop, at Nairobi, 
10 January, 2008 
109 Davies, 1996, 109-136 
110 Oladipo, E.: contribution to Sahel Sub-Regional Workshop at Katsina, 11-12 December, 2007 
111 Mortimore et al., 2006 
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of knowledge; risk (owing to variable rainfall); contested resources; low yields and the non-
viability of an inorganic fertilizer-based route to higher productivity; weakly developed 
collective action; and income diversification, through migration, an essential response to 
unpredictable food insecurity, and to limited local opportunities for livelihood betterment.  

Policy occupies the top of the agenda for ordinary Sahelians. This is in sharp contrast to the 
interest of donors in short term, technical projects. This contrast ought to engender new 
thinking, and it is the place of research to promote that. However, a fuller evaluation of 
development policy and interventions in a region as large and diverse as the Sahel is 
beyond the scope and resources of this study. 
 
 
4.4.3 Trade-offs 
 
In economic (and policy) terms, the only workable strategy for managing trade-offs is by 
means of true (real) valuations of all ecosystem services. Until now, many services 
(especially provisioning services) have been extended from a sustainable subsistence basis 
to a market basis (initially export, now increasingly urban) without regard for the costs of 
trade-offs. This was possible when land was abundant and capable of rapid recovery after 
cultivation or grazing cycles. Valuation of some services (especially cultural and spiritual 
services) will continue to be difficult.  
 
If it becomes a policy objective to prevent or promote particular services for reasons that 
transcend strictly economic values, legislation reflecting popular priorities is necessary. This 
will probably not be a suitable area for outside interventions. But negotiations between 
stakeholders must always benefit from clarification of values and beneficiaries within or 
between communities. 
 
4.4.4 Entry points 
 
During the stakeholder consultations there was unanimity on the need to begin every 
intervention at the level of the community of immediate service users, in the specific context 
of their ecosystem and its services, rather than according to a blue-print imposed from 
outside. The logistical implications of this are serious, and new mechanisms need to be put 
in place for initiating and maintaining a framework of shared ownership with not one chosen 
beneficiary community (however ‘representative’) but with all (in a democratic mode); and 
not with self-selected interested individuals but with communities. Not many government or 
donor-sponsored projects appear to have got to grips with this practical implication of the 
decentralisation policies that are a rhetorical reality in most countries.  
 
A wider development paradigm that addresses hunger, health, education, equity and welfare 
in an integrated framework is a necessity to undergird development interventions. Another 
way of saying this is to stress the need for a livelihoods approach. Off-farm income 
diversification and migration have always been disregarded because they fall outside the 
agricultural livestock and forestry sectors, and the government departments, staffed with 
professionals, that oversee these activities. However an urban migrant is not merely a drop-
out from farming. Urban opportunities are perhaps unrealistically perceived by migrants, but 
they continue to drive decisions. A case can be made for placing urbanization at the centre 
of development policy rather than trying to control or stop it.112 If development means 
freedom,113 supportive policies should begin from peoples’ choices rather than imposing 
models of development on them. 
                                                 
112 WALTPS, 1994 
113 Sen,1999 
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Under a federal constitution (Nigeria), there is a tendency for central government to be 
overbearing and ‘initiative’-driven.114 However, it has been suggested by stakeholders that 
the correct entry point at this level is, in fact, to withdraw from intervention in all natural 
resources related issues except policy. The state government can assume greater powers to 
regulate access to ecosystem services, for example. Meanwhile, research can inventory 
indigenous knowledge, identify gaps between indigenous and scientific knowledge, and 
undertake mapping of community needs in relation to knowledge, infrastructure, services 
and local institution building. 
 
Major interventions that are addressed to global priorities (like the MDGs or the UN 
Conventions) do not necessarily relate to local needs as perceived by local people. 
Particularly dangerous in an African context are global or regional banners such as the 
World Bank’s TerrAfrica programme and the Abuja Fertilizer Summit. It is striking that little 
effort appears to be made to relate such priorities to local perceptions. Too easily they can 
be transformed into budgets for developmental hardware whose acquisition and distribution 
become the main activities of the project when it comes to ground in the villages.  
 
An example of an attempt to fulfil the needed approach is provided by the Locally 
Empowered Environmental Management Programme (LEEMP) in Katsina State, Nigeria 
(funded by the EEC). The approach positions the environment centrally and aims at 
demand-driven, not supply-driven development, realised through community mobilisation 
and micro-projects. Governance at all levels is a critical condition of environmental 
sustainability. Provision is made for local agenda-setting, ownership and implementation of 
small-scale initiatives across the board of social welfare and environmental concerns. Thus 
unemployment and education become environmental issues because of the linkages. 
Outcomes rather than outputs are desired (literacy rather than school blocks, for 
example).Small investments like cycles, improved water quality or school attendance have 
multiplier effects.  
 
At the meso-scale there is scope for experimenting with new approaches based on 
collaborative partnerships between state government – which is closer, and perhaps more 
responsive, to local stakeholders than distant central government – and local communities, 
with researchers mediating the linkages. An example of such interaction was staged in 
Gombe, Nigeria, which has a long tradition of dynamic farming.115 Twenty years after its 
closure, a World Bank development project is remembered for both its mistakes and its 
benefits. Building on existing potentials is a superior strategy to starting from scratch.  
 
In considering entry points in relation to research, it is important to note that national policies 
with regard to natural resources are politically sensitive and cannot be expected to listen to 
researchers when out of phase with current issues. For example, the Government of Niger 
has upheld four different policy phases since independence in 1960; the Government of 
Senegal presided over the collapse of its agrarian policy in the 1980s and has since found 
no sure ground; the evolution of the agrarian economy of Kano was profoundly influenced by 
colonial and post-colonial policy swings; and the federal government is (as mentioned 
above) prone to launch initiatives on an unsuspecting public.116 For policy research, timing is 
of the essence. 
 

                                                 
114 Abuja stakeholder consultation 
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Markets in West Africa – since the disbandment of Senegal’s restrictive policies in the 1980s 
– are penetrating increasingly into ecosystem service provision and distribution. As stated 
earlier, markets are not intrinsically either good or bad for the ecosystem. All depends on 
regulatory environments, investment incentives, and prices. Research initiatives are 
currently under way into market chains (Fr. Filières), which follows the logic of the West 
Africa Long Term Perspectives Study. Both in East and West Africa, positive linkages have 
been found between sustainable ecosystem management and markets, with stakeholders 
(when given voice at workshops attended by government officials) adamant on their needs 
for better and cheaper market access.117 Yet development policy, until recently, was overly 
concerned with supply side factors, and when markets were considered, they were usually 
export markets.118 West African markets are not perfect, and many improvements are 
needed to remove such constraints as  
 

- Rent-seeking practices by traders or agents of the state 
- Poor quality control of commodities and livestock 
- Little access to credit by producers or traders 
- Poor rural transport and communications infrastructure 
- Policy instability and inconsistency 
- Fragmented market information 
- Weak service delivery to producers 
- Poorly developed institutions119 

 
The provision not only of ecosystem services but also of social and technical services may 
offer untried opportunities for the private sector.  
 
Resource tenure is very sensitive to political interests and any attempt to intervene in 
ecosystem service provision by this route is probably ill-advised. Simplistic theories about 
private title have been overly influential amongst major donors who are now stepping back. 
Several governments in the Sahel have made mistakes in land tenure law – the Loi sur le 
domaine national in Senegal, the code rurale in Niger, the Land Use Act in Nigeria -  but 
once enacted, such legislation is hard to change because it creates a large new class of 
beneficiaries. However, useful research can be undertaken on the array of new or adapted 
spontaneous institutions for redistributing rights of use to those with the capital and labour to 
work it.120 Land tenure matters because it gives access – or denies it – to many ecosystem 
services.121 
 
Directly targeting ecosystem services, the IUCN has sponsored interventions in forest 
landscape restoration in the Inner Niger Delta region.122 This region (35, 000 km²) is the 
largest wetland in West Africa. Flood forests are hosts sites to 3 - 4 million migrant birds 
every year, and a rich aquatic diversity (manatees, fish, hippopotamus); it provides economic 
value for herders and for woodcutters. But 8 forests have been lost, 22 severely degraded, 
and only 7 remain in a more or less healthy state in the Delta. Key results of the forest 
landscape restoration programme are two forests successfully restored through local 
agreements; the rehabilitation of a hydrological system; and local management plans and 
agreements (local conventions). Success is put down to a combination of techniques, 
participation and governance through new or adapted institutions. 
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There is place for research-donor collaboration, 123 in capacity building for poor and marginal 
actors, facilitating demand for services by poor people, improving the technical and 
economic capacity of women to participate fully, developing partnerships with state 
institutions, peasant organisations, local and regional government, and supporting 
development which enables actors to fulfil responsibilities in the conception and 
implementation of projects or programmes, and to understand the global factors affecting 
local resource management, infrastructure and production systems. If the poorest members 
of the community are most dependent on ecosystem services they also have the least 
power, least authority to determine management, and greatest vulnerability. Such an 
approach however can: 1) define relations between actors, 2) develop a shared vision of 
stake-holdings and the way forward consistent with the natural resources, 3) facilitate a 
transfer of power to local actors and communities in managing natural resources, and 4) 
strengthen and sustain local organisations. This assumes that the state will maintain its 
commitment to decentralisation. Another approach being tried in Senegal is awareness 
building in the specific context of ‘decentralising’ the MDGs to local level, an ambitious plan 
to cross scales.124  

Integrated Ecosystem Management is described as an approach that uses an integrated 
ecosystem method to plan, manage and utilize resources in a sustainable manner.125  Its 
focus is on the linkages and interactions among natural systems, as well as with people. 
This approach recognizes that natural resource management must address social and 
economic issues because humans play a major role in ecosystems. The objective of the 
GEF/UNEP project, ‘Integrated Ecosystem Management in Shared Basins between Nigeria 
and Niger’ is to create conditions for people’s well-being, through sustainable management 
and conservation of ecosystems, by:  

·  Developing integrated and harmonized sub-regional co-operation strategies for 
managing the trans-boundary natural resources; 

·  Strengthening institutional capacity for the conservation and equitable sharing of 
natural resources; 

·  Implementing  common participatory management strategies; and  
·  Involving all stakeholders.  

 
Another and much older (1964) trans-boundary institution is the Lake Chad Basin 
Commission, which brings together all the riparian countries (and some others) for joint 
planning and strategising.126  Management plans for the Komadugu Yobe River Basin (with a 
Trust Fund), the Waza – Logone, Lake Fitri and Lake Chad itself have been prepared. The 
first is being implemented under the IUCN’s management. Transboundary planning 
agreements are also in effect for other major rivers, such as the Niger and the Senegal. 

 
Technology development is still a potentially effective entry point, but only in context and 
user-driven. Research stations are unfortunately regarded as remote and non-
communicative. It is not always easy to point to recent innovations that have changed 
livelihoods for the better, nor improved ecosystem management, but such problems are not 
insuperable. 
                                                 
123 Faye, 2008 
124 The GAIA organisation addresses the challenge of grounding the MDGs in communities in 
Senegal 
125 Oladipo, 2007 
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4.5 Capacity gaps  
 
At all levels, stakeholders’ concerns about capacity were closely related to those about 
knowledge. Capacity needs may be summarised as follows: 
 

·  Ensuring good communication, vertically between levels and horizontally between 
places. It is hard for those at the centre to appreciate the degree of isolation and 
marginalisation felt at the periphery, where all messages travel downwards, and 
sharing is an unfamiliar concept. Mechanisms are needed to rectify this, as well as 
greater awareness. Where ecosystem users are able to, they already travel, 
exchange information and use cell phones. The structures of development need to 
find ways of making use of such technologies and opportunities. The problem is 
particularly stark in environmental matters, because ecosystem services are locally 
managed and appropriated. ‘Co-learning’ should be more than a slogan, and calls for 
targeted actions through appropriate programmes of capacity building. 

·  Decentralisation has created a need for lobbying along new (non-traditional) lines. A 
metaphorical ‘users guide’ is needed to enable negotiations between stakeholders 
and between them and government. Policy choices are made that should reflect local 
consensus as well as the priorities of government (and global interests). 

·  Mechanisms are needed for up-dating local knowledge on technical or other matters. 
Knowledge management is too important to leave to chance and requires new 
institutions. Dissemination of new knowledge is more than distributing leaflets. Self-
help groups suggest themselves as appropriate local acceptors of information or 
knowledge channelled through knowledge banks at other levels. This is a 
responsibility for development projects and calls for inter-departmental collaboration 
in government. 

·  Better infrastructure at all levels is constantly mentioned either as a need or in 
illustration of success stories. It links with communication (above). It is noted that 
local communities, when asked, express needs first, for access (e.g., roads to 
market), and second, for services (delivered to the village).  

·  It is significant that democratisation has already created scope for donors and the 
private sector to find new entry points. The challenge of sustainable management of 
ecosystem services along with poverty reduction calls for innovation at local levels 
and is too big for governments to handle alone. Indeed, disillusionment with 
governance is widespread in rural areas. 

 
4.6 Knowledge gaps  
 
The primary challenge here is to translate a need for ‘people’s knowledge’ into research 
agendas that can make a difference. In response to questions about research, there were 
many references made to ‘ivory towers’ and a characterisation of researchers as those who 
originate from outside, with outsiders’ questions, benefit from free access to local knowledge 
and experience, then go away, never to be seen again. It is not an exaggeration to say that 
a new behavioural model of research is needed in the Sahel as much as new discoveries. 
 

·  Technical knowledge is still needed, though sadly inadequate thus far. First, Sahelian 
production systems are stressed by variability, periodic failures, ever-increasing 
consumption demand, low bio-productivity and the unaffordability of inputs and 
technologies taken for granted in rich countries. This is not to say that significant 
advances have not been made, and continue to benefit masses of poor people – for 
example, quick-maturing millet and cowpeas, animal-drawn ploughs and carts, small-
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scale irrigation technologies. The primary challenge for applied science in the Sahel 
is to crack this productivity constraint. If dependent on chemical fertilizers, a solution 
will raise questions of sustainability, not only of the ecosystem services on which it 
depends, but of the livelihood systems also. 

·  Legal knowledge was given as a need by some stakeholders, meaning that in the 
new environment of democracy (real or imagined), which is replacing an essentially 
authoritarian structure inherited from colonial times, knowledge is needed to navigate 
new structures and legal or administrative instruments especially now that natural 
resources are slowly assuming centre stage and will become themselves the subject 
of more intrusive governance. 

·  Markets and prices assume greater significance as demand grows, products 
diversify, and quality becomes an issue. In the past, export crops were taken to a 
state-controlled board which fixed the product price (and, for example in Senegal, 
many other things, such as credit terms and input supplies). Producers now need to 
make more choices, develop more bargaining power, and become more flexible 
partners in rapidly evolving market chains. Association is a priority.  

·  Decentralisation is a knowledge issue as well as a capacity need. Understanding it 
and turning it to stakeholders’ advantage is not necessarily straightforward, given the 
political economy of Sahelian villages, societies and states. 

·  Understanding social and economic change, new ideas, and opportunities is a critical 
barrier for ageing villagers whose offspring have migrated to town in search of a 
more dynamic environment. It is important, for the continuity of a viable agrarian 
system, that rural areas do not become residual. Ecosystem services will remain 
largely in local hands unless small family farming and herding systems collapse in 
the face of capitalised commercial interests. It is unlikely that such a revolution would 
be good for ecosystem service sustainability.127 

·  Implicit in these priorities is a need for research to be disciplined by an inter-
disciplinary model of development whose configuration has not yet been negotiated. 
This brings us back to the organisation and conduct of research mentioned at the 
beginning of this section. New forms of partnership must replace the ‘colonial’ model 
of (station) research and ‘outreach’ extension in agricultural technology. Progress 
has been made, of course. But Sahelian villagers, and meso-level government 
professionals, agree on a need for something new. 

 
 
 
5. Communication and outreach strategies  
 
On the face of it, this issue is formulated in a language that has been criticised in the 
previous section, and appears to revert to the old model of scientifically or supply-driven 
research that needs to be taken ‘out’ to users. The burden of our consultations in the Sahel, 
however, is that the arrows are pointing in the wrong direction. Communication should begin 
with demand from the users of ecosystem services.  
 
In Section 4.4, examples were given of approaches to this problem that commend 
themselves in terms of consistency with new principles of locally-owned development. They 
do not need to be repeated here. It is not usually possible to show that currently innovative 
initiatives ‘work’ since they are by nature new, and several years of monitoring is always 

                                                 
127 IIED recently completed a major project on Family Farming in West Africa (B. Gueye and 
C. Toulmin) 



59 

 

necessary under Sahelian conditions because of the need to evaluate progress across 
several rainfall cycles, not to mention other sources of uncertainty.  
 
It is clear from the terms of reference for this study that research and development 
engagement must ‘work’ for the poor and not merely a group of privileged beneficiaries. 
However, all villagers use ecosystem services, and enjoy benefits according to distributional 
inequities that are built into the political economy. There is much naivety about helping ‘the 
poor’, especially when it is being done by outsiders. Traditional measures of technology 
‘uptake’ or income enhancement are no longer adequate.  
 
Most stakeholders preferred to think of the poor as including a great majority of the local 
population, and would take the view that an investment at the village level would 
automatically benefit the poor as well as those better off. Reference to the proportion of a 
country’s population considered as poor in rural areas (Table 2.1) lends some weight to this 
view.  
 
Thus it is not considered possible to answer the question, ‘which communication and 
outreach strategies have worked?’ Answers to a second question, ‘What can be done to 
maximise the impact of scientific research on the policy and practice of poverty alleviation?’ 
have been suggested in the foregoing. Both questions should be redefined and taken up in 
any new research programme. 
 

 

 

6.Lessons learnt about the assessment process  

 The following observations arise from the assessment process reported in this Synthesis: 

·  The conceptual language of ecosystems and their management does not correspond 
to easily identifiable categories used by Sahelian people. Translation calls for more 
than merely substituting words. If this agenda for sustaining ecosystems is to be 
taken forward, the issue of conceptual language itself should be researched. 
Furthermore, the questions asked by scientists may be far removed from those 
worrying local people, and addressed to far-off academic journal readers rather than 
to immediate problems of reducing poverty. The irony is that development issues are 
not easy or undemanding of the scientist’s best skills. Signs were observed that 
indigenous scientists are concerned with local developmental problems, though their 
career prospects may depend on their allegiance to ‘international’ (northern?) 
scientific debate. The poverty-ecosystems services nexus is well placed to provide a 
stage for resolving these contradictions, as it must succeed in bring together good 
science with local knowledge, experience, constraints and opportunities. Poverty and 
the environment are central to the world’s future. 

·  Stakeholder consultations are well worth the trouble, but generate data that is difficult 
to use to best advantage (multiple answers to questions, open-ended interviews, 
inconclusive debates, eccentric viewpoints) yet are based on experience – 
experience that cannot be evaluated by an outsider. Better methodologies are 
needed to develop this kind of knowledge into a format that is compatible with 
scientifically derived knowledge (i.e., based on published documents). It is, perhaps, 
analogous to oral history. 
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·  The time-frame for this study was quite inadequate. Funding bodies may feel that the 
compilation of a fast literature review fulfils a need for balanced assessment, but the 
experience of running the Sahel study indicates that unless time is available for 
interaction, the assessment will merely repeat what is known by the scientific 
‘community’ without adequate reflection or validation. The strategic importance of this 
assessment – if a new medium term research programme is embarked on – 
suggests that innovative thinking should be promoted, rather than being crowded out. 

·  The process of re-thinking started by this assessment should be continued alongside 
any new research that is commissioned, using appropriate mechanisms. The 
intellectual resources available in West Africa are impressive, but innovation has 
costs. 

·  West Africa is a huge, diverse and multi-lingual community of nations, with great 
inequities embedded – such as the difference in size and aggregate wealth between 
Nigeria and the other states, the income disparities within every state, the 
competition for land between sedentary and nomadic populations, etc. The Sahel is a 
region within a region. It must stand for its own interest or be subjugated to the 
coastal countries and regions. Much good work has been accomplished by CILSS in 
association with the OECD’s Club du Sahel. It deserves to have an international 
research programme focus on its challenges and opportunities, in particular because 
in its experience of adapting to risk and uncertainty the Sahel could be a bellwether 
for other parts of the world faced with climate change. 
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Annex 1: Remote sensing technology, strengths and l imitations 

Satellite remote sensing has been available since the early 1970s, with the quantity and 
quality of information and resolutions gradually increasing. Remote sensing provides 
spectral measurements of the earth’s surface across the electromagnetic spectrum, with the 
visible and near infrared wavelengths most important for vegetation monitoring. Remote 
sensing data can be described by three resolution characteristics: (1) spatial resolution (area 
on the ground covered by one pixel), (2) spectral resolution (spectral wavelengths recorded 
by the satellite sensor), and (3) temporal resolution (time lapse between two passages of the 
satellite over the same area). All of these resolutions are important for monitoring different 
aspects of the earth and its dynamics, but due to cost-induced and technological trade-offs 
cannot be maximized simultaneously.128  

High temporal resolution remote sensing is an important tool for monitoring the dynamics of 
vegetation. Twenty-five years of high temporal resolution remote sensing data are now 
available from the NOAA AVHRR series, which makes it the longest continuous satellite 
series and the most frequently relied on for long term vegetation monitoring.  

While there are different satellite measures of vegetation greenness, most studies use the 
Normalized Difference Vegetation Index (NDVI), which exploits the distinctly different 
reflectance characteristics of vegetation and bare soil and the red and near infrared 
wavelengths. The NDVI ranges from 0 (no vegetation) to 1 (high vegetation) and has a 
strong relationship with the fraction of photo-synthetically active radiation absorbed by the 
plant and above-ground net primary productivity. 

In this Sahel study, we are using a monthly maximum value, 8-km spatial resolution NDVI 
dataset from the NOAA AVHRR sensor, which has been pre-processed by the NASA Global 
Inventory Modelling and Mapping Studies (GIMMS) group.129 Maximum value compositing 
assures that only pixels without cloud cover, which would depress the NDVI value, are used. 
The rainfall data used are gridded monthly rainfall estimates at 2.5º spatial resolution 
obtained from the Gobal Precipitation Climatology Network (GPCP). These data combine 
satellite observations from different sources and ground measurements where available into 
area-averaged precipitation fields.  

The advantage of using remote sensing data for assessing vegetation is that it yields 
comparable, standardized measurements that are consistent across space and time and, 
unlike ground-based observations and measurements, does not depend on varying data 
collection methods in different locations and at different times. Large areas can be regularly 
monitored at relatively low cost, which would be impossible to cover with field visits alone. 
However, it is crucial to complement remote sensing data with ground data from selected 
times and places in order to obtain robust findings. Few studies so far have addressed the 

                                                 
128 Lantieri 
129 Anyamba and Tucker, 2005 
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issue of scale, and more research is still needed on how to best join detailed local-scale land 
use and management studies with coarse regional-scale remote sensing studies of 
vegetation dynamics expressed in an index of greenness.  

While remote sensing has potential for understanding ecosystem productivity, its limitations 
have also to be understood: The NDVI is an aggregate measure of greenness, which does 
not differentiate between types of green, meaning that shifts from one vegetation type to 
another might go undetected. This underlines the importance of accompanying ground 
studies. Also, relating the greenness measure NDVI to ecosystem productivity and to 
ecosystem services needs more research. 

The coarse spatial resolution of high temporal resolution NDVI data masks finer scale 
phenomena. This presents a challenge in the African drylands, where the landscape often 
consists of a fine mosaic of different land cover types (cropland, trees and grazing land).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 

 

 

 

 

References 

Adaya, A.L. et al.(15 authors), 1997 The hidden harvest: the role of wild foods in agricultural 
systems. Local-level assessment of the economic importance of wild resources in the 
Hadejia-Nguru Wetlands, Nigeria. Research Series Vol. 3 No. 3. London: IIED 
 
AU Africa Fertilizer Summit, 2006 Abuja Declaration on Fertilizer for the African Green 
Revolution, Abuja, Nigeria, 13 June, 2006. African Union 
 
Ariyo, J., 2008 Contribution to Sahel Sub-Regional Workshop at Katsina, 11-12 December, 
2008 
 
Ariyo, J.A., Voh, J.P. and Ahmed, B. 2001 Long-term change in food provisioning and 
marketing in the Kano region, 1960-2000. Drylands Research Working Paper 34. 
Crewkerne: Drylands Research 
 
Ba, C.O., et al.(15 authors), 2006 The economic value of wild resources in Senegal. Gland: 
IUCN 
 
Ba, M.,Mbaye, M., Ndao, S., Wade, A. and Ndiaye, L., 2000 Région de Diourbel: 
cartographie des changements d’occupation-utilisation du sol dans la zone agricole du 
Sénégal occidental. Drylands Research Working Paper 21. Crewkerne: Dryalnds Research 
 
Badiane, A., Khouma, M. and Sène, M., 2000 Région de Diourbel: gestion des eaux. 
Drylands Research Working Paper 14. Crewkerne: Drylands Research 
 
Benjaminsen, T. and Lund, C.(eds.), 2003 Securing land rights in Africa. London: Frank 
Cass 
 
Bila, M., 2008 Contribution to Sahel Sub-Regional Workshop at Katsina, 11-12 December, 
2007 
 
Bosma, R., Bengaly, K., Traoré, M. and Roeleveld, A., 1996 L’élevage en voie 
d’intensification. Synthèse de la recherché sur les ruminants dans les exploitations agricoles 
mixtes au Mali-Sud. Amsterdam: Royal Tropical Institute 
 
Breman, H. and de Wit, C. T., 1983 Rangeland productivity and exploitation in the Sahel. 
Science, 221:1341-47 
 
Bryceson, D.,Kay, c. and Mooij, J.(eds.), 2000 Disappearing peasantries? Rural labour in 
Africa, Asia and Latin America. London: Intermediate Technology Publications 
 



64 

 

Cline-Cole, R. A., 1994 Political economy, fuelwood relations and vegetation conservation. 
Kasar Kano, Northern Nigeria, 1980-1973. Forest and Conservation History, 38: 67-78 
 
Cline-Cole, R.A., Falola, J.A., Main, H.A.C., Nichol, J.E., O’Reilly, F.D. and Mortimore, M., 
1990 Wood fuel in Kano. Tokyo: United Nations University Press 
 
Daily, G.C.,1997 Nature’s services. Washington, DC: Island Press 
 
Davies, S., 1996 Adaptable livelihoods. Coping with food insecurity in the Malian Sahel. 
London/ New York: Macmillan/ St martin’s Press 
 
De Waal, A., 1989 Famine that kills.Darfur, Sudan, 1984-85. Oxford: The Clarendon Press 
 
Djurfeldt, G., Holmen, H., Jirstrom, M and Larsson, R., 2004 The African food crisis. Lessons 
from the Asian Green Revolution. Wallingford: CABI Publishing 
 
Eaton, D and Starch, M-T., 1997 The economic importance of wild resources in the Hadejia-
Nguru Wetlands, Nigeria. CREED Working Paper Series 13, London/ Amsterdam: 
IIED/Institute for Environmental Studies, Free University of Amsterdam 
 
Egemi, O. and Banzhaf, M., 2001 Programme on Shared Management of Common Property 
Resources, Final Evaluation. Khartoum: SOS Sahel International 
 
Eklundh, L. and Olsson, L., 2003 Vegetation index trends for the African Sahel 1982-1999. 
Geophysical Research Letters, 30, 1430, doi:10.1029/2002GLO16772 
 
Elhassan, B. A., 2007 Reduction of resource based conflict project in Kordofan and Upper 
Nile. Interim Evaluation Report. Khartoum: UNDP 
 
Faye, A., 2008 Contribution to Dakar stakeholders’ consultation, December, 2008 
 
Faye, A. and Fall, A., 2000 Région de Diourbel: diversification des revenus et son incidence 
sur l’investissement agricole. Drylands Research Working Paper 22.Crewkerne: Drylands 
Research 
 
Faye, A., Fall, A. and Coulibaly, D., 2000 Région de Diourbel: evolution de la production 
agricole. Drylands Research Working Paper 16. Crewkerne: Drylands Reseach 
 
Faye, A., Fall, A., Tiffen, M., Mortimore, M., and Nelson, J., 2001 R� gion de Diourbel: 
synthesis. Drylands Research Working Paper 23e.Crewkerne: Drylands Research 
 
Faye, Aliou, 2008 Contribution to Sahel Sub-Regional Workshop at Katsina, 11-12 
December, 2007 
 
Gaye, M., 2000 Région de Diourbel: politiques nationales affectant  l’investissement chez les 
petits exploitants. Drylands Research Working Paper 12. Crewkerne: Drylands Research 
 



65 

 

Geomatics International, 1996 Assessment of land use and vegetation changes in Nigeria 
between 1978-1993. Report to the Forestry Management, Environmental and Coordinating 
Unit, Ibadan, Nigeria 
  
Global Mechanism, [2007] Promoting sustainable land management through trade: 
examining the linkages between trade, livelihoods and sustainable land management in 
degraded areas. Rome: Global Mechanism of the UNCCD/ICTSD 
 
Grégoire, E. and Raynaut, C., 1980 Présentation génerale du Département du Maradi. 
Université de Bordeaux II 
 
Gruhn, P., Goletti, F., and Yudelman, M., 2000 Integrated nutrient management, soil fertility, 
and sustainable agriculture: current issues and future challenges. Food, Agriculture and the 
Environment Discussion Paper 32. Washington, DC: IFPRI 
 
Harris, F.M.A. 1998 Farm-level assessment of the nutrient balance in northern Nigeria. 
Agriculture, Ecosystems and Environment 71:201-214 
 
Harris, F.M.A. 1999 Nutrient management strategies of small-holder farmers in a short-fallow 
farming system in north-east Nigeria. The Geographical Journal, 165:275-285 
 
Harris, F.M.A. and Mohammed, S., 2003 Relying on nature: wild foods in northern Nigeria. 
Ambio, 32/1:24-29 
 
Harris, F.M.A. and Yusuf, M., 2001 Manure management by smallholder farmers in the Kano 
Close-Settled Zone, Nigeria Experimental Agriculture 37:319-332 
 
Henao, J. and Banaante, C., 1999 Estimating rates of nutrient depletion in soils of 
agricultural lands of Africa. International Fertilizer Development Centre, Muscle Shoals, 
Alabama 
 
Herrmann, S., 2007 Contribution to Sahel Sub-Regional Workshop, Katsina, 11-12 
December, 2007 
 
Herrmann, S., Anyamba, A. and Tucker, C.J., 2005 Recent trends in vegetation dynamics in 
the African Sahel and their relationship to climate. Global Environmental Change, 15: 394-
404 
 
Hill, P.,1972 Rural Hausa. A village and a setting. Cambridge University Press 
 
Hill, P.,1977 Population, prosperity and poverty. Rural Kano, 1900 and 1970. Cambridge 
University Press 
 
Hoffmann, I., 1998 Prospects of pastoralism in West Africa. Giessener Beiträge zur 
Entwicklungsforschung, Tropeninstitut Giessen 
 
Hulme, M. Doherty, R., Ngara, T., New, M., Lister, D., 2001 African climate change, 1900- 



66 

 

2100. Climate Research 17: 145-168 
 
Ibrahim, F., 1978 Anthropogenic causes of desertification in western Sudan. GeoJournal, 2-
3:243-54 
 
ICTSD, 2007 Trade and sustainable land management in drylands. ICTSD Programme on 
Agricultural Trade and Sustainable Development. Geneva: International Centre for Trade 
and Sustainable Development 
 
Issaka, M., 2001 Evolution à long term de la fertilité de sol dans la Région de Maradi. 
Drylands Research Working Paper 30. Crewkerne: Drylands Research 
 
IUCN, 2007 Analyse de situation pour l’UICN en Afrique de l’Ouest. Gland: IUCN 
 
Joet, A., Banoin, M. and Jouve, P.,1998 Le défrichement amélioré: une pratique 
agroforestière adopté par les paysans. Bois et forêts tropiques, 255/1 
 
Juul, K and Lund, C.(eds.), 2002 Negotiating property in Africa. Portsmouth, NI: Heinemann 
 
Keay, R. W.J., 1947 The vegetation of Nigeria. Lagos; Government Printer 
 
Kowal, J.M. and Kassam, A.H., 1978 Agricultural ecology of savanna. A study of West 
Africa. Oxford: the Clarendon Press 
 
Lamprey, H.F., 1988 Report on the desert encroachment reconnaissance in northern 
Sudan21 October to 10 November, 1975 Desertification Control Bulletin 17:1-7 
 
Lugard, F.D., 1906/1970 Political memoranda. London; Frank Cass 
 
Luxereau, A. and Roussel, B., 1997 Changements écologiques et sociales au Niger. Paris: 
L’Harmattan 
 
Mainguet, M., 1994 Desertification. Natural background and human mismanagement. 2nd 
edn. Berlin: Springer Verlag 
 
Mahamane, A., 2001 Usages des terres et évolutions végétales dans de department de 
Maradi. Drylands Research Working Paper 27. Crewkerne: Drylands Research 
 
Meagher, K., Ogunwale, S., Ahmed, B., Abdulsalam, Z., Omolehin, R., and Sani, A., 1995 
Cross-border trade between Nigeria and her neighbours: grain trade and parallel currency 
markets in northern Nigeria. Department of Agricultural Economics and Rural Sociology, 
Ahmadu Bello University, Zaria 
 
Mehotra, S. and Delamonica, E., 2007 Eliminating human poverty. Macroeconomic and 
social policies for equitable growth. London: Zed Books 
 



67 

 

Miles, W.F.S.,1994 Hausaland divided: colonialism and independence in Nigeria and Niger. 
Itahca: Cornell University Press 
 
Morgan, W.B. and Pugh, J.C., 1969 West Africa. London: Longmans 
 

Mortimore, M., 1982 Framework for population mobility: the perception of opportunities in 
Nigeria, in: J.I.Clarke and L.A.Kosinski (eds.), Redistribution of population in Africa, 50-57. 
London: Heinemann. 
 
Mortimore, M., 1989 Adapting to drought. Farmers, famines and desertification in West 
Africa. Cambridge University Press 
 

Mortimore, M., 1993a The intensification of peri-urban agriculture: the Kano Close-Settled 
Zone, 1964-1986, in: B.L.Turner, R.W.Kates and G.Hyden (eds.), Population growth and 
agricultural change in Africa, 358-400. Gainesville: University Press of Florida. 
 
Mortimore, M., 1993b Northern Nigeria: land transformation  under agricultural 
intensification, in: Carole L.Jolly and Barbara Boyle Torrey (eds.), Population and land use 
change in developing countries, 42-69. Washington, D.C.: National Academy Press.  
 
Mortimore, M., 1998 Roots in the African dust. Sustaining the sub-Saharan drylands. 
Cambridge University Press 
 
Mortimore, M., 2001 Hard questions for ‘pastoral development’: a northern Nigerian 
perspective, in: E.Tielkes, E.Schlecht and P.Hiernaux (eds.),Elevage et gestion de parcours 
au Sahel, implications pour le développement. Stuttgart, 101-114: Verlag Ulrich E.Grauer, 
Beuren 
 
Mortimore, 2003 The future of family farms in West Africa: what can we learn from long-term 
data?’ Issue Paper 119. London: Drylands Programme, International Institute for 
Environment and Development 
 
Mortimore, M. and Harris, F., 2005 Do small farmers’ achievements contradict the nutrient 
depletion scenarios for Africa? Land Use Policy,22: 43-56 
 
Mortimore, M. and Adams, W.M., 1999 Working the Sahel. Environment and society in 
northern Nigeria. London: Routledge 
 
Mortimore, M., Harris, F.M.A. and Turner, B., 1999 Implications of land use change for the 
production of plant biomass in densely populated Sahelo-Sudanian shrub-grasslands in 
north-east Nigeria. Global Ecology and Biogeography, 8:243-256 
 
Mortimore, M., Tiffen, M., Yamba, B., Nelson, J., 2001 Synthesis of long-term change in 
Maradi Department, Niger, 1960-2000. Drylands Research Working Paper 39e. Crewkerne: 
Drylands Research 
 



68 

 

Mortimore, M. and Tiffen, M., 2004 Introducing research into policy: lessons from district 
studiesof dryland development in Sub-Saharan Africa. Development Policy Review, 22/3: 
259-286 
 
Mortimore, M., Ba, M., Mahamane, A., Rostom, R.S., Serra del Pozo, P., and Turner, B., 
2005 Changing systems and changing landscapes: measuring and interpreting land use 
transformation in African drylands. Geografisk Tidsskrift. Danish Journal of Geography, 
105/1, 101-118 
 

Mortimore, M., Ariyo, J., Bouzou, I.M., Mohammed, S. and Yamba, B., 2006 A dryland 
application of the ecosystem approach. A study carried out for the World Conservation Union 
(IUCN). Final Technical Report. Milborne Port, England: Drylands Research. 
 
Mustapha, A.R. and Meagher, K., 2000 Agrarian production, public policy and the state in 
Kano region, 1900-2000. Drylands Research Working Paper 35. Crewkerne: Drylands 
Research 
 
Nichol, J. E., 1990 The ecology of wood fuel, in: R.A.Cline-Cole et al., 1990 
 
O’Brien, D. Cruise (ed.), 1979 The political economy of underdevelopment.London: Sage 
 
OECD, 2007 Web Atlas of Regional Integration in West Africa. Paris: OECD 
 
Oladipo, E., 2007 Contribution to Sahel Sub-Regional Workshop at Katsina, 11-12 
December, 2007 
 
Pelissier, P., 1966 Les paysans du Sénégal. Les civilisations agraires du Cayor à la 
Casamance.Saint-Yrieix: Imprimerie Fabrègue 
 
Penning de Vries, F. W. T. and Djitèye, M. A., 1991 La productivité des pâturages saheliens. 
Une etude des sols, des vegetations et de l’exploitation de cette resource naturelle, 
Wageningen: PUDOC 
Podgreen, L., 2007 Trees and crops turn back the Sahara. International Herald Tribune, 
12/02/07 
 
Pullan, R. A., 1974 Farmed parkland in West Africa, Savanna, 3/2: 119-152 
 
Raynaut, C. 1980 Recherches multidisciplinaires sur la region de Maradi: rapport de 
synthèse. Université de Bordeaux II 
 
Raynaut, C., Gregoire, E., Janin, P., Koechlin, J.,Lavigne Delville, P, 1997 Societies and 
nature in the Sahel. London: Routledge 
 
Reij, C. and Steeds, D., 2003 Success stories in Africa’s drylands:supporting advocates and 
answering sceptics. Rome: Global Mechanism of the UNCCD 
 



69 

 

Reynolds, J.E. and Stafford Smith, D.M (eds.), 2001 Global desertification: do humans 
cause deserts? Dahlem Workshop Report 88. Berlin: Dahlem University Press 
 
Reynolds, J.E., Stafford Smith, D.M et al., 2007 Global desertification: building a science for 
dryland development. Science, 316, 11 May 2007: 847-851 
 
Ribot, J. C.,1995  From exclusion to participation: turning Senegal’s forestry policy around. 
World D                                                                                                                                                               
evelopment 23/9:1587-99 
 
Sadio, S., Dione, M. and Ngom, M.S., 2000 Région de Diourbel: gestion des ressources 
forestières et de l’arbre. Drylands Research Working Paper 17. Crewkerne: Drylands 
Research 
 
Sanchez, P., Shepherd, K., Soule, M., Place, P., Buresh, R., Izac, A-M., Mokwunye, A., 
Kwesiga, F., Ndiritu, C., and Woomer, P., 1997 Soil fertility replenishment in Africa: an 
investment in natural resource capital. Soil Science Society of America Special Publication 
51 
 
Sen, Amartya, 1999 Development as freedom. New York: Random House 
 
Seyni, H., 2000 Politiques nationales et investissements dans les petites exploitations 
agricole a Maradi. Drylands Research Working Paper 33. Crewkerne: Drylands Research 
 
Seyni, H., 2007 Contribution to the Sahel Sub-Regional Workshop at Katsina, 11-12 
December, 2007 
 
Shackleton, C., Shackleton,S., Gambiza, J., Nel, E., Rowntree, K. and Urquhart, P, 2008 
Links between ecosystem services and poverty alleviation: situation analysis for arid and 
semi-arid lands in Southern Africa. Report to the Consortium on Ecosystems and Poverty in 
Sub-Saharan Africa.  Grahamstown: Rhodes University 
 
Stoorvogel, J. J. and Smaling, E. M. A., 1990 Assessment of soil nutrient depletion in Sub-
Saharan Africa: 1983-2000, Vol. 1: Main Report, 2nd edn. Wageningen: Winand Staring 
Centre 
 
Stoorvogel, J.J., Smaling, E. M. A. and Janssen, B. H., 1993 Calculating soil nutrient 
balances in Africa at different scales. I – supra-national scale. Fertilizer Research, 35:227-
235 
 
Tiffen, M., 1976 The enterprising peasant London: Her Majesty’s Stationery Office 
 
Tiffen, M., 2001 Profile of demographic change in the Kano-Maradi region, 1960-2000. 
Drylands Research Working Paper 24. Crewkerne: Drylands Research 
 
Tiffen, M., 2006 Urbanization: impacts on the evolution of ‘mixed farming’ systems in Sub-
Saharan Africa. Experimental Agriculture, 42:259-287 



70 

 

 
Tiffen, M., Mortimore, M. and Gichuki, F.,1994 More people, less erosion: environmental 
recovery in Kenya. Chichester: John Wiley 
 
Tucker, C. J., Dregne, H. E. and Newcomb, W. W., 1991 Expansion and contraction of the 
Sahara Desert, 1980 to 1990.Science, 253: 299-301 
 
UNEP, 1992 World Atlas of desertification, 1st edn. Nairobi: UNEP 
 
UNEP/IISD, 204 Human well-being, poverty and ecosystem services. Exploring the links. 
Winnipeg: International Institute for Sustainable Development 
 
UNPEI, [2007] Attacking poverty while improving the environment: practical 
recommendations. Nairobi: UN Poverty and Environment facility 
 
Uphoff, N. et al. (11 editors), 2006 Biological approaches to sustainable soil systems. Boca 
Raton, FLA: CRC-Taylor and Francis 
 
Vennetier, P. (ed.), 1972, La croissance urbaine en Afrique Noire et à Madagascar. Paris: 
Centre National de la Recherche Scientifique 
 
Vogt, K., Vogt, G. and Bachir, A., 2007 Participatory forest management: ensuring equity 
and local governance. Paper presented to the Participatory Forest Management 
Programme, Addis Ababa by CRAC-GRN, Niger 
 
Walker, B.H. and Meyers, J.A., 2004 Thresholds in ecological and sociological systems: a 
developing database. Ecology and Society, 9/2, 3 
 
Watts, M.J., 1983 Silent violence: food, famine and the peasantry in northern Nigeria. 
Berkeley: University of California Press 
 
Ly, O.K., Bishop, J., Moran, D. and Dansokho, M., 2006 Estimating the value of ecotourism 
in the Djoudj National Bird Park in Senegal Gland: IUCN 
 
WALTPS, 1994 Preparing for the future: a vision of West Africa in the year 2020. Summary 
Report of the West Africa Long Term Perspective Study. Paris: OECD/Club du Sahel 
 
Wiggnins, S., 2002 Smallholder farming in Africa: stasis and dynamics, in: D. Belshaw and I. 
Livingstone (eds.) Renewing Development in Sub-Saharan Africa: Policy, performance and 
prospects, 101-120. London: Routledge. 
 
World Bank, 2000 World Development Report, 2000/2001. Washington, DC: The World 
Bank 
 
World Bank, 2003 World Development Report 2003/2004. Washington, DC: The World Bank 
 



71 

 

Yamba, B., Larwanou, M., Hasane, A. and Reij, C., 2005 Rapport etude pilote Niger. 
International resources Group/ Comité Inter-Etats de Lutte contre la Sécheresse au Sahel 
(CILSS). 
 
Yamba, B., 2008 Contribution to Sahel Sub-Regional Workshop, Katsina, 11-12 December, 
2007 
 


