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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 third 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 5 countries of the Eastern Africa sub-
region, only Kenya was sampled for stakeholder consultations and for synthesising research 
experience. Even within Kenya, 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. 

Key sub-regional patterns include those of: 

1. Bio-climatic zones - whose complexity reflects rainfall distribution, and is described in Kenya 
by six agro-ecological zones. There is high temporal and spatial variability.  

2. Land use – most cultivable land is now appropriated and the rest is common rangeland. 
Settlement in progressively drier and lower areas brought increasing risk. Efforts to conserve 
soil and water are impressive, but rangeland may be degraded. 

3. Governance – is critically important in determining access to and benefits from ecosystem 
services, and in permitting or encouraging migration, infrastructure, and tourism which have 
impacts on ecosystem services. Policies on drylands have often been deficient. 

4. Poverty - has many defining parameters but is high in all Eastern African countries, including 
urban and high-potential areas. Mapping its incidence and related variables has explored the 
diversity and dynamics of poverty in Kenya. 

  
Stakeholder consultations were conducted at two locations where a case-study was assisted by in-
depth research findings from other studies. Self-help groups are active in ecosystem management 
initiatives, assisted by a Kenyan NGO. The Sub-regional Workshop was held at Nairobi, with a cross-
section of international stakeholders. 
 
The importance of ecosystem services to the well-being of the poor. Linkages between livelihood 
activities and ecosystem services are explored in the case study area. Improving water access – a 
parameter of poverty - through self-help groups shows the scope for turning ‘vicious’ into ‘virtuous’ 
circles through local institutions. This work is contextualised at national scale in a new valuation of 
ecosystem services in Kenya.  
 
Drivers of ecosystem change. Critical drivers are identified as follows: 
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1. Rainfall variability – managing variability from year to year and from season to season 
remains the uppermost challenge, especially for food insecure poor people. ‘Bad’ seasons are 
42-58% of seasons, and for herders, natural forage can vary by a factor of five.  
 

2. An increasing demand for land – rural population growth has driven subsistence production to 
the bio-physical limits of cultivable land (except in the parks). As families increase in size, 
holdings sub-divide. Intensification is a priority. 
 

3. Growth and liberalisation of markets – relaxation of controls over commodity markets (coffee, 
cotton, maize, milk) over several years had somewhat ambivalent impact according to studies 
of Machakos, but diversification into horticulture and fruit was not impeded by controls, and 
there has been a shift from export markets to production for urban consumers.  
 

4. Energy demand – biomass energy consumption is also related to rural population and to 
urbanization (mostly firewood for the former and charcoal for the latter). Harvesting wood from 
private farm trees is increasing relative to wood from public land. 
 

5. Tourism – largely directed towards the arid or semi-arid lands. However, little income from 
tourism reaches the local population, and poverty rates are high in the vicinity of some parks.  

 
Trends in ecosystem services. Complex linkages – many not understood – between drivers and 
trends, and data shortages, constrain efforts to establish cause and effect. Four major trends are: 
 

1. A ‘greenness’ index derived from earth satellite data shows a complex pattern of negative and 
positive trends 1982-2006. As well as rainfall, there is probably a role for management in 
explaining these patterns. Growing seasons shortened in many areas and the amplitude of 
variation between growing season and intervening dry seasons increased.  

2. Net primary production can be computed using a new methodology and compared with 
human appropriation, an experiment that suggests discordances, especially in urban and 
well-populated arid areas, which are net importers of ecosystem services 
. 

3. Trends in biodiversity are not investigated in depth, but appear to be negative. Better data on 
species loss and on acceptable trade-offs are needed. 
 

4. Soil and water ecosystem services are threatened by continuous cultivation without 
conservation or nutrient replenishment, and global studies have been widely circulated that 
indicate a looming crisis in Africa. Significantly, therefore, farmers in Machakos struggle to 
control erosion losses and to re-fertilise their soils – constrained by the cost of inputs.  
 

Management strategies. On the basis of the case study, and discussions at the Sub-Regional 
Workshop, a characterisation of appropriate intervention suggests that (a) the full potential of 
indigenous adaptation through local institutions should be realised (the Akamba mwethya or self-help 
group was adapted to support soil and water conservation, tree planting and terrace construction); (b) 
accept local agendas, and share knowledge and ownership; (c) prioritise water services as entry 
points; (d) recognise that investment can pay in drylands (as published research shows); (e) approach 
the political economy issue surrounding governance from a rights-based perspective.  

 
To re-position ecosystem services nearer to the centre of policy making, a process is needed to 
engage central government’s finance and planning ministries with environmental and dryland 
development. International agencies based in Nairobi have this agenda in hand. 

 
Capacity requires enhancement at all levels in evaluation of ecosystem services, including pastoral 
systems (a resource for policy) and in linkages with global markets (for development). Both of these 
are also subjects for research, along with priorities such as understanding long-term and short-term 
dynamics and ‘success stories’, the analysis of poverty in drylands, the nature of ecological change, 
the operation of remote drivers of change, degradation and restoration of services, diversifying 
livelihoods, policy research, pastoralism and livestock, and intervention strategies. 
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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 Eastern Africa. The opportunities for reducing poverty 
through and with sustainable management of ecosystem services are examined, and the 
perspectives of a small sample of local 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 and 
advocacy, so that appropriate technology and management 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, 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 culled from the literature on natural resources management in Eastern 
Africa.  

In using these two types of knowledge, we aim to create space for fresh thinking drawing on 
both published science and local experience based on governmental actors, NGOs, and 
communities. 
 
The information in this assessment is organised according to the following 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 bio-physical, social and institutional aspects of Eastern African ecosystems are 
addressed in Section 2.2 below. 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 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) 
·  Supporting services (necessary for the other ecosystem services (e.g., 

biodiversity, soil fertility) 
 

                                                 
1 World Bank, 2000 
2 Sen, 1999 
3 Philip Franks, Contribution to Eastern Africa Sub-Regional Workshop 
4 Daily, 1997. See also UNEP/IISD, 2004 
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Some services cross categories, and there are ambiguities in defining agriculture and 
livestock producing activities. In Eastern Africa, 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 
Eastern Africa. 
 

                                                 
5 Millennium Ecosystem Assessment, 2003 
6 Walker and Meyers, 2004 
7 CEPSA, Southern Africa Synthesis: 8 
8 Reynolds and Stafford Smith (eds.), 2001; et al., 2007 
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2  Study area  
 
2.1 Countries 
 
The countries that comprise semi-arid Eastern Africa (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: Semi-arid Eastern African countries with  selected indicators  
 
Countr
y  

Populatio
n 
(millions) 

Popn 
growt
h 
(%/yr) 

Area 
(1000 
km � ��

Gross 
Nationa
l 
Income 
per 
capita  

Human 
povert
y index 

People 
without 
access 
to 
improve
d water 
(%) 

Human  
Developmen
t 
 Index(2005) 

Eritrea   4.5 3.1   
117.6 

200 36.0 40 0.483 

Ethiopia 72.7 2.0 1104.
3 

180 54.9 78 0.406 

Somalia   8.5 3.1   
637.7 

n.a. n.a. n.a. n.a. 

Kenya 35.1 2.6   
580.4 

580 30.8 39 0.521 

Tanzania 39.5 2.6   
945.1 

350 32.5 38 0.467 

 
Sources: UNDP (http://hdrstats.undp.org/countries/country_fact_sheets); World Bank 
(http://econ.worldbank.org) 
 
As it was impossible to include all or even a representative portion of such a large and 
diverse Sub-region in a short analysis taking place during four months, the assessment 
focused on Kenya. The choice of this country was determined by the presence in Nairobi of 
an important cluster of international stakeholders having interests in drylands: United 
Nations Environment Programme, (UNEP);  United Nations Development Programme 
Drylands Development Centre (UNDP-DDC); United Nations Poverty and Environment 
Facility (UNPEI); World Conservation Union (IUCN) Regional Office; International 
Agroforestry Centre (ICRAF); International Livestock Research Institute (ILRI); CARE 
International; and many other NGOs. ILRI is a partner in the study, Nature’s benefits in 
Kenya: an atlas of ecosystems and human well-being, on which we shall draw heavily in this 
analysis.9 
 
2.2 Sub-regional patterns and trends  
 
A major difference between Eastern and Sahelian Africa is that a broad-based model cannot 
be constructed of ecosystems and services such as that which provides a unifying 
framework for analyses of the Sahel (see Sahel Synthesis). In the following sections, specific 
reference is made to Kenya within the larger Sub-region. 
 
2.2.1 Bioclimatic regions.  
 

                                                 
9 ILRI, 2007 (See Annex 2 for a Summary) 
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The countries of Eastern Africa (including their semi-arid regions) have a diversity of climatic 
regimes, owing to the movements of the Inter-Tropical Convergence (ITC), which follow the 
sun across the equator twice a year, intersecting with maritime air from the Indian Ocean, 
whose broadly south-north coastline interrupts this latitudinal tendency. Northern parts of the 
Sub-region have a Sahelian-type regime (long dry seasons and short rainy seasons in the 
northern summer), while southern areas reverse this pattern on the other side of the 
Equator. Thus the proximity of the equator gives a bi-modal regime to many central areas, 
including much of semi-arid Kenya, where two very short rainy seasons are experienced in 
March-May and October-December. This pattern is however modified by local effects 
caused by a diverse topography of mountain ranges, rift valleys, high plateaus, and vast 
plain surfaces.  
 
In semi-arid areas, bio-climatic resources are typically arranged along a gradient, from the 
foothills of sub-humid, once forested highlands or isolated ‘islands’ of high bio-productivity 
(with annual rainfall >800 mm/ yr), long settled by farmers, through slopes where rainfall 
declines with altitude, into arid plains that support only shrubs or grasses and are too dry for 
agriculture, receiving <400 mm/ yr (distributed in two seasons).  Many streams drain the 
humid highlands, but only two major perennial rivers (the Athi and Tana rivers) sustain 
themselves through the semi-arid and arid zones as far as the ocean. Perennial rivers have 
great local importance in the provision of ecosystem services.  
 
2.2.2 Rainfall dynamics 
 
 Semi-arid areas thus encircle the humid mountains where rainfall exceeds 1200 mm/ yr, 
and occupy the northern and eastern side of the country, as the west is watered well by 
rainfall driven by the ITC (>1200 mm/ yr). Although there is no evidence of long-term rainfall 
decline (as in the Sahel), 11-year and 22-year cycles have been discerned in station data for 
seasonal rainfall.10 However, of greater practical importance for ecosystem service users in 
semi-arid and arid areas is the high variability of seasonal rainfall. Droughts often occur in 
runs of two or more seasons, and food security crises are distressingly frequent, which, as in 
the Sahel, influence livelihood decisions in these non-equilibrial environments (that is to say, 
highly variable from year to year, from season to season, in the length of the growing season 
and within a given season). Improving capacity to predict seasonal rainfall is a target of 
current research and institutional capacity building.11  
 
2.2.3 Land use zones.  In Kenya, natural vegetation zones are complex and vary with 
rainfall and soil conditions - in hill areas, over quite short distances. Rural population 
densities also follow altitude and rainfall, but this is now a consequence of historical inertia 
rather than current preferences. Many highland and western areas are occupied at densities 
of >300/ km2 while vast areas of arid or semi-arid ecosystems carry <20 people/ km2. The 
interface between these extremes is a critical zone. Land scarcity in the well-watered 
uplands motivated farmers to start moving downslope early in the colonial period, opening 
farms in progressively riskier agro-ecozones as ‘crown land’ was first encroached on and 
later released,12 and during the past four decades coming into competition with mobile 
pastoralists in their traditional rangelands. A history of land alienation and European 
settlement, followed by growing economic inequality, rural-rural migration, competition for 
land, and rapid urbanization, have created a complex political economy in which landscape 
transformation reflects many influences besides those of ecological determinants. 
Ecosystem services are significantly affected by dense rural populations in some areas, 

                                                 
10 E.g., Mutiso, 1992  
11 World Agroforestry Centre (ICRAF), Research in progress, 2006; Roger Stern, personal 
communication 
12 Tiffen et al., 1994 
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market pressures from the cities, and land acquisition for urban development. Nairobi in 
particular extends its influence throughout the region.  
 
Although only 19% of Kenya is cropland and associated ecosystems, it is highly 
concentrated in the western, central and eastern highlands and along the coast.13 It is 
believed that agricultural expansion has almost reached its biophysical limits; according to 
many observers, it has exceeded them, with consequent high levels of risk. Over the 
remainder of the country (outside the national parks), the impact of grazing by the country’s 
large livestock population is less certain. Early diagnoses of ecological damage through 
over-stocking have been challenged by non-equilibrial interpretations which view the 
livestock population rather than the ecosystem as the dependent variable.14 Livestock 
densities (measured in Tropical Livestock Units equivalent to 250 kg animal weight) are very 
variable, ranging from >50/ km2 in relatively small areas to zero over extensive tracts of 
desert, according to data obtained from low-flying aircraft.15 Wildlife, measured in the same 
units, are more uniformly distributed at <20/ km2 but achieve densities of >20/ km2 where 
rainfall is higher.16 
 
In the other eastern African countries, some of the elements identified in Kenya also apply, 
but the Horn of Africa is entirely arid or semi-arid while in Ethiopia, only the fringes of the 
highlands qualify for inclusion. Land use in each country requires separate analysis. 
  
2.2.4 Governance  
 
Governance of ecosystem services varies according to country, institutional architecture and 
culture, so that few generalisations are possible. The experience of Kenya is instructive. 
 
For Kenya, given that the greater part of its surface area is arid or semi-arid, it is not 
surprising that the public policy response (on behalf of a government, whether colonial or 
independent, that primarily reflected the interests of highland populations and economic 
interests) should have been often uncertain and sometimes contentious. Interest was 
focused on the critical interface (identified above) where sub-humid met semi-arid under 
conditions of high population densities, hilly topography, and agricultural colonisation of new 
land. In colonial times the African Land Development Board (ALDEV) and other public 
bodies attempted to bring erosion and degradation under control in Reserves such as 
Machakos, using compulsory labour and coercion that reflected a European view that 
Africans were not fit to manage their own ecosystems responsibly.17 The ‘Machakos 
miracle’18 of the 1950s, however, was short-lived. A close association between colonial 
authority and agricultural officers’ well-meaning schemes led to a disaster in ecosystem 
management, as the removal of the first was taken as licence to abandon the second. There 
followed a long period of uncertainty, false starts and mixed messages in development.19  
 
Long-term studies have documented a remarkable turn-around in Machakos District, as 
efforts in soil and water conservation resumed during the 1970s, the benefits of terracing 
becoming apparent on water-scarce but increasingly valuable farmland. Under the umbrella 
of the District Focus policy, more interventions followed, including the Machakos Integrated 
Development Programme (1978-87), and donor-supported activities in many other districts. 

                                                 
13 ILRI, 2007: p 7 
14 Behnke et al. (eds.), 1993 
15 ILRI, 2007: p 9 
16 ILRI, 2007: p 8 
17 Tiffen et al., 1994 
18 The term was coined by E. Huxley in 1953 
19 De Wilde et al., 1967 
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The Ministry of Reclamation and Development of Arid and Semi Arid areas and Wastelands 
was created in 1989, suggesting an unfortunate urban perspective of dryland ecosystems 
that underrates their value 20 (though the name has since disappeared). Many more 
initiatives followed, in general characterised by top-down and poorly coordinated planning. 
 
Governance of semi-arid ecosystems in Kenya now comes under the remit of an integrated 
policy document (Sessional Paper on Sustainable Development of Arid and Semi-arid Lands 
in Kenya, 2005). The ASAL districts cover 80% of the country’s land mass and numbered 39 
in 2005, of which 10 were classified as arid. Annual rainfall is 150 - 550 mm in arid districts 
and 550 - 850 mm in semi-arid districts. ASALs are home to approximately 10 million people, 
over 70 % of the country’s livestock, and 75 % of its wildlife, yet they have the lowest 
development indicators and the highest incidence of poverty. Some 34% of the country’s 
population is distributed at densities ranging from 2 to 329/ km2. The diagnosis of 
development problems in the ASALs is summarised in Box 2.2.4. This illustrates the 
principle, also found in the Sahel Synthesis, that ecosystem management is embedded in 
development and cannot easily be separated from it. (The programmatic intentions of the 
policy are summarised in Section 4.4, Strategies and interventions.) 
 
_________________________________________________________________________ 
Box 2.2.4: Kenya’s policy of arid and semi-arid lan ds 
 
The  Sessional Paper on Sustainable Development of Arid and Semi-arid Lands in Kenya, 
2005, identifies the following barriers to development, many of which have to do with 
ecosystem management: 
 

·  production constraints, limited marketing outlets, and disease prevalence in the 
livestock sector; 

·  unfulfilled irrigation potential, owing to poor management, inappropriate techniques, 
conflicts over land, and inadequate community involvement;  

·  limited potential for increased food crop production, exacerbated by inadequate 
technologies and poor extension; 

·  mismanagement of catchments and overuse of water resources; 
·  unsustainable exploitation of woodlands; 
·  undeveloped mining potentials owing to little investment and poor policy; 
·  inadequate road and electricity infrastructure; 
·  low educational enrolment and performance owing to a lack of teachers and mobility 

of pastoral populations; 
·  inadequate health services owing to distances, costs, the re-emergence of previously 

controlled diseases, and HIV/AIDS; 
·  persistent poverty (over 60% living on less than a dollar a day), owing to droughts, 

conflicts and other livelihood destabilising events made worse by poor policies, lack 
of investment, and ‘regressive socio-cultural practices’; 

·  increasing conflicts owing to migration and a lack of juridical facilities; 
·  vulnerability to droughts, fires, floods, conflicts, environmental degradation, water 

pollution, human, livestock and wildlife diseases, pest infestation, invasive weeds, 
and misuse of pesticides and chemicals. These disasters disrupt normal activities, 
resulting in loss of biodiversity, livelihoods, life, property, internal displacements, 
destitution and the mushrooming of informal settlements; 

                                                 
20 Barrow and Mogaka, 2007 
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·  inadequate recognition of pastoral rights in land law, and unjust allocations of 
communal land to individuals; 

·  unfulfilled potentials for income diversification; 
·  increasing pressures on co-existing local livelihoods with wildlife reserves for tourism, 

whose benefits fail to reach local communities; 
·  gender-related issues; 
·  inadequate priority in research; 
·  weak governance institutions and unresponsive government. 

_________________________________________________________________________ 
 
Other semi-arid countries in the region are lagging behind Kenya in terms of natural 
resource governance, but the problems of poor co-ordination or duplication between policies 
and departments dealing with semi-arid ecosystems and their populations are probably at 
least as serious. The general breakdown of central governance in Somalia, repeated 
hostilities in recent years between Ethiopia and Eritrea, and the marginalisation of Ogaden 
within Ethiopia may be assumed to have set back by years the emergence of consistent 
principles and practice. Poor governance sets back the investment that is badly needed in all 
African semi-arid managed ecosystems. 
 
2.2.5 Poverty 
 
Poverty is most usefully analysed through nationally agreed indicators rather than universal 
ones like the US$1/day guideline. The definition of poverty used by the Kenya Central 
Bureau of Statistics, for example, is based on the minimum amount needed to purchase a 
basket of food worth 2,250 calories per day, with an additional basket of non-food 
requirements (worth about $0.6 in rural areas and $1.3 in urban areas).21 Using this poverty 
line, 53% of the rural population and 50% of the urban were considered poor in 1997. 
Mapping the spatial distribution of poverty shows marked variations across the country as a 
whole, but a sharp tendency to concentrate in the ASALs and in the densely populated 
western districts. ‘However pockets of relatively high poverty frequently adjoin more 
prosperous administrative areas’.22 Poverty density, on the other hand (the numbers of poor 
people per km2), follows overall population density. Thus the spatial and social incidences of 
poverty are distinct and call for an integrated approach. Income inequality (as measured by 
Gini coefficients) is greatest in the vicinity of major towns (rising to over 0.41) and least in 
many ASAL districts where poverty is more uniform (less than 0.35).23 
 
Mapping exposes spatial differentiation in average poverty, but the larger the scale of 
mapping, the more sensitive it becomes to inequalities at the local level, particularly those 
associated with the urban-rural divide. The methodologies developed in Kenya need to be 
extended to and adapted in the other countries. 
 
2.2.6 Institutions charged with management, researc h and policy 
 
Kenya is governed through a hierarchy of Provinces, Districts, Divisions, Locations and Sub-
locations. Specific environmental responsibilities for programmes and projects are often 
vested in districts. At lower levels, issues relating to ecosystem management are treated 
within a general matrix of local administration.  
 
Research institutes (such as the Kenya Agricultural Research Institute) operate through 
central and regional stations, and extension systems are responsible for disseminating 

                                                 
21 ILRI, 2007: p 15; citing Central Bureau of Statistics 
22 ILRI: 2007: p 17 
23 ILRI, 2007: p 21 
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results. Soil and water conservation advice is available on demand, and is normally used by 
private investors before embarking on terracing or drainage works. No institute has an 
overall responsibility for ecosystems as such. 
 
International stakeholders clustered in Nairobi (see Section 2.1) have trans-national 
mandates and are involved in projects both within Eastern Africa and more widely in Africa. 
Considered as stakeholders for the purpose of this analysis, they have contributed important 
insights into poverty-ecosystem linkages. 
 
 
2.3 Case studies 
 
This analysis relies on two case studies (Machakos/Makueni Districts), with stakeholder 
consultations at the local level. 
 
Case study Location Main ecosystem 

services 
Trends and 
drivers 

Recent 
interventions 
and impact 

Nzyaa-Muisyo 
(farmers) Self 
Help Group  

Mbuani, 
Machakos District 

Water, farm trees, 
pasture and soil 

Negative trends in 
soil fertility, and 
erosion where 
terracing 
absent,water 
availability and  
wildlife 

Water and 
erosion control, 
trees and health 
(DANIDA, MIDP), 
sand dams and 
tree nurseries 
(Excellent 
Development) 

 Masimba 
(pastoral) 
community 

Emali, 
Kajiado/Makueni 
District 

Pasture, water, 
trees and soil 

Negative trends in 
water availability, 
soil fertility (and 
erosion) and 
pasture. Positive: 
tree planting 

Pasture growth 
and management, 
livestock 
management, 
crop production 
(HILIKA, KARI) 

 
 
3  Methods and data sources 
 
The rationale for concentrating on Kenya is partly based on resource constraints (see 
Section 2.1), and partly on conceptual grounds. The problematic of semi-arid ecosystem 
management and poverty in Africa is strongly influenced by the Sahel experience on account 
of its geographical size, its large population, the productivity of several streams of research 
and literature, cross-fertilised in two scientific languages, the common experience of a 30-
year decline in rainfall, and the diversity of its nation states, institutions, and interactions 
which has strengthened debate and gained a place for indigenous perceptions and priorities. 
It was decided, therefore, to treat the two sub-regions differently, concentrating in Eastern 
Africa on the cluster of global stakeholders represented in institutions based in Nairobi on 
the one hand, and a single district that has undergone in-depth research and diverse 
interventions on the other. It is hoped in this way to add dimensions to the analysis which 
would have been missed had we merely replicated the Sahel methodology in Eastern Africa.  
 
 
3.1 Conceptual framework  
 
The conceptual framework of the CEPSA study is shown in Fig. 3.1 below.  
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3.2 Desktop analysis  
 
Within Kenya, 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 and the diversity 
and number of countries. A selective approach was taken to Kenya’s literature, based on two 
key bodies of work:   
 

·  At the national scale, the Nature’s Benefits study based at ILRI, Nairobi.24 As this 
study drew on Kenya’s rich statistical resources, especially those of the Kenya 
Bureau of Statistics, which was a partner in the study, it was not necessary for us to 
spend time and resources on statistical searches. 
 

·  At the district scale, long-term studies of Machakos and Makueni Districts carried out 
by Drylands Research (and others) between 1990 and 2001.25 These inter-
disciplinary studies were primarily concerned with natural resources management, 
and they are strongly relevant to ecosystem services and poverty reduction. It is not 
pretended that Machakos and Makueni are representative of all Eastern Africa’s 
drylands. But the questions raised and lessons learnt are widely replicable. 
 

It should be emphasised that the aim of this analysis is not to survey literature but to identify 
key situational issues which may have relevance for future research. All sources have been 
acknowledged in the relevant places in the text. 
 
 

                                                 
24 ILRI, 2007 
25 Tiffen et al., 1994; Overseas Development Institute Working Papers ; Drylands Research Working 
papers 1 – 11 and published papers (all at www.drylandsresearch.co.uk) 
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The Sub-regional Workshop 
 
Although it was desirable to hold this early in December 2007 (as planned in the project 
proposal), owing to the possibility of distraction during the Kenyan election campaign, the 
Sub-Regional Workshop was delayed until January, 2008, even though this was likely to 
affect the achievement of project financial milestones. In the event, the campaign itself was 
peaceful, but unexpected post-election violence and associated security problems very 
nearly caused the cancellation of the workshop. That it was eventually re-convened 
successfully on January 10 was due to the generosity and flexible response of the 
participants.  
 
The thematic contributions, local stakeholder consultations, and preliminary findings were 
discussed at the Eastern Africa Sub-regional Workshop held at Nairobi (in the Eastern Africa 
Regional Offices of the IUCN) on 10 January, 2008. These discussions are on record. 
 
  
3.3 Stakeholder consultations 
 
For the purpose of this analysis, the 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 
Traders, communicators exchange, linkages 
Resource users  management, livelihood construction 
Programmes, projects promotion of best practice, sharing of 

knowledge 
Researchers   generation of new knowledge 

 
Sampling of stakeholders was opportunistic, and limited to international and resource user 
levels. 
 
The consultations in the Sahel were more extensive than those in Eastern Africa. In the 
Sahel we worked in four countries (Senegal, Niger, Nigeria and Sudan) and consulted 
stakeholder groups at local level (three locations), meso-level (two locations) and national 
level (three countries). Thematic inputs were commissioned from 14 scientists and 
development practitioners. These investments of time and resources were considered to be 
minimal for achieving a critical mass in a sub-region of the size and complexity of the Sahel.  
 
The Sahelian narrative and ‘problematic’ are pivotal in understanding arid and semi-arid 
ecology and poverty in tropical Africa. It was hoped that many of the lessons learnt in the 
Sahel would be transferable to Eastern Africa, qualified as necessary, given a knowledge of 
local circumstances. In this Sub-region, it was decided to focus remaining time and 
resources on one major international consultation (Nairobi) and on two local level 
consultations (Machakos and Makueni Districts, Kenya). In these districts, both faming- and 
livestock-based communities were willing to cooperate, and in-depth baseline data were 
already available from previous studies.26 Kenya is considered to have a comparative 

                                                 
26 Tiffen et al., 1994; Gichuki et al., 2000 
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advantage for international stakeholder consultations (see Section 2.1). Eight inputs were 
commissioned from scientists and development practitioners working in or on the Sub-
region. 
 
The village level 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.  
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4  Results 
 
4.1 The importance of ecosystem services to the wel l-being of the poor  
 
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. 
 
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 arid or semi-arid ecosystems, the most relevant indicator of poverty is an 
inability to cope with its consequences, having to divest one’s self of assets and increase 
one’s dependency on others. 
 
The links between livelihood activities and ecosystem services in the Machakos-Makueni 
case study area are shown in Table 4.1. 
 
Table 4.1: Livelihood activities and ecosystem serv ices, Machakos-Makueni 
 
 
Rainfed farming, usually on terraces, for    
annual, seasonal, or perennial crops, fodder 
(residues, boundary or terrace bank grasses, and 
weeds) 

(Privately owned) cultivable land, soil fertility 
(physical, chemical, biological properties) 

Soil and water conservation Deep soil slopes, soil moisture, rocky river beds 
(for sand dams) 

Wetland farming Wetlands (where available) 
Livestock production for milk, meat or hides and 
breeding/fattening; grazing, cutting and carrying 
fodder  

Private grass/shrub rangeland, residual common 
grazing, on-farm crop residues, tree browse 

Bee keeping Trees in private grazing areas 
Collection and/or transformation of wild 
foods/NTFPs including edible and saleable fruit 
or leaves, medicinal products, fodder 

Trees and shrubs on farms, in woodlots, along 
boundaries or terrace banks, in grazing land or 
forest reserves 

Construction (houses, roofs, grain stores), wood 
tools, craftwork 

Trees and shrubs on farms, in woodlots, along 
boundaries or terrace banks, in grazing land or 
forest reserves 

Fuelwood and charcoal Trees and shrubs on farms, in woodlots, along 
boundaries or terrace banks, in grazing land or 
forest reserves 

Water collection for domestic use, watering 
livestock, and irrigation 

Seasonal streams, springs, dams, sand dams, 
piped supply from outside the vicinity 

Tree propagation Nursery sites, water, soil fertility  
House building Soil, water for brick-making 
Fishing  Surface water 
Hunting Woodland, rangeland 
Sacred groves Preserved ‘forest’ in very small lots, 

protected by common consent  
Petty trade including house trade Ecosystem, agricultural, livestock products 
Casual labour Farmland, woodland, rangeland 
Employment outside the area  Plantations, commercial farms, urban 

ecosystems 
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There is variability in access to these services on three scales: topographical (slope, depth 
of soil, soil moisture), rainfall (from sub-humid hilltops to semi-arid lowlands) and social 
(influenced by community status, family, social networks and individual circumstances). In 
times of food scarcity (usually owing to drought) those with fewest options are the more 
vulnerable to hunger and asset loss. Some ecosystem services come under added pressure, 
but since the greater part of the landscape is privately owned, resort to common pool 
resources is constrained. Poverty is defined in terms of food-producing capacity balanced 
against ability to bring income from off the farm or outside the district. In Machakos-Makueni, 
as in most of Kenya’s drylands, hunting and collecting contribute between 10 and 40% of 
cash income and fuelwood or charcoal sales between 0 and 10%.27 Disaggregated to the 
individual or household level, there are variations in dependence on local ecosystem 
services according to ability to purchase imported products. However it is unusual for a 
resident household not to have some rights to field, pasture or trees. 
 
 In the case study area, there are circular linkages between poverty and the use of services. 
The converse of poverty – making profits from selling products – is associated by the 
pastoral group primarily with livestock, but the farmers’ group focused on the ability to invest 
in farming, such as purchasing more and/or better land, manure, chemicals to protect trees 
and tree seedling species they cannot provide themselves through tree nurseries. In addition 
lack of cash also limits their ability to roof houses with iron sheets and buy water tanks for 
domestic use.  
 
Water is a key service. The farmers’ group identified the vicious circle created by lack of 
water – although emphasising how a lack of soil fertility makes this worse (Fig. 4.1a).  
 
The group also made the point that if they have a lack of fertile land, then the same vicious 
circle is created, because not only do they get less food and money to invest – but they have 
to invest more in terms of terracing and manure to get the land fertile enough to produce 
enough food – exacerbated of course by lack of water. 
 
The benefits of improved access to water produce ‘virtuous circles’ for poor people affecting 
many elements of the system. If water quality is taken into account, additional links through 
health functions can be discerned. These circularities were identified by the groups 
consulted on the basis of their own experience. 
 
Water is linked to the provisioning services of ecosystems (water for drinking, washing, as 
an input, etc.), the regulating services (wetlands, recharging subsurface aquifers, etc.), the 
supporting services (nutrient cycling, biodiversity, etc.), and the cultural services (tourism, 
recreation, etc.).28 In Kenya as a whole, open surface water is the major source of drinking 
water for 29% of households, mostly in rural areas. Having on average 936 m3 renewable 
water per person, Kenya is designated ‘water scarce’. Most of its surface flow originates 
from eight upper catchments or ‘water towers’ in the central highland region, which occupy 
only 10% of the national territory, and have 7.5 million inhabitants (28% of the population of 
Kenya) of whom half are poor. Rivers then carry water out to the ASALs where it becomes 
progressively scarcer.29  
 
 
 
 

                                                 
27 ILRI, 2007: pp 58, 101 

28 ILRI, 2007: p 41 
29 ILRI, 2007: p 40 
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Fig.4.1a: the water-poverty circle (farmers’ group)  

�
The Masimba community described a different dynamic from a pastoral perspective 
(Fig.4.1b). 
 
Fig.4.1b:the water-poverty circle (pastoralists’ gr oup) 
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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.  
 
When aggregated, ecosystem services generated from drylands (in which a third of the 
country’s population live, very many of them below the poverty line) contribute a significantly 
large proportion of Kenya’s economic product (Box 4.1). 
 
 

Box 4.1 : Valuing ecosystem services  
 

The purpose of this study is to identify and better understand the contribution of dryland 
ecosystem goods and services to poverty reduction, livelihood security and the national 
economy of Kenya. The aim is to influence national and international policy and decision-
making. 

 
The drylands (Arid and Semi Arid Lands or ASAL) of Kenya account for more than 80% 
of the country’s eco-tourism interests and up to 75% of its wildlife population. The 
drylands nonetheless receive insufficient investment – both in terms of financing and 
policy incentives, and are under-recognised for their potential value in national 
development and poverty reduction. On average the people of the drylands are poorer, 
with proportionately fewer social services and less infrastructure than their counterparts 
in high potential areas. Many pastoralists have had their critical dry season grazing areas 
expropriated for other land uses, thereby undermining one of the few integrated land use 
systems capable of supporting life in such harsh lands. Yet the potential, especially of 
the livestock sector, is now increasingly being recognised and there are also many other 
benefits derived from drylands. 

 
The analysis of economic and statistical literature was not able to provide a total 
economic value for Kenya’s drylands, but it does provide a clearer idea of the role of 
Kenya’s drylands in poverty reduction and livelihood improvement, the attainment of 
environmental objectives, and in terms of market value and future potential. Notable 
results of this review include: 

 
·  Kenya’s national livestock herd has been estimated at 33.4 million head, with 46% of 

this herd (or 15.2 million livestock) being kept by pastoralists. Pastoral livestock 
holdings may have a capital value of approximately $860 million with an annual off-
take for meat and hides worth $69.3 million for both subsistence and sale. As 
pastoralists in Kenya generally manage livestock for milk not meat, the total value of 
milk production for drylands  (approximately $134.6 million per annum) is nearly twice 
that of the value of slaughter off-take. Blood is also an important product, but there 
are few estimates of its economic importance. The accuracy of the above figures is, 
however, subject to doubt because no systematic enumeration of ASAL livestock has 
been carried out since 1995, and reasonable projections of herd output are very 
sensitive to estimates of total herd size. 

·  We found few economic studies of dryland crop agriculture and horticulture in Kenya. 
The primary exception was Machakos District (semi-arid but suitable for dryland 
cultivation, with a population of approximately 1.5 million people), where there was a 
sevenfold improvement in the value of agricultural output per sq km between the 
1930s and 1980s and a doubling of yield per capita, accompanied by a dramatic drop 
in rates of soil erosion. We found no adequate studies of the long-term economic 
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costs and benefits of irrigation, despite donor and government involvement in many 
of these schemes. 

·  This review uncovered examples of the economic importance of dryland forests and 
forest products – including timber, gums and resins and charcoal – but no 
comprehensive estimates of the national value of these outputs. Probably about 40% 
of all charcoal producers come from ASAL, and approximately half of the preferred 
and commonly used tree species for charcoal also come from ASAL. A crude 
estimate of the value of the charcoal trade from the drylands is Kshs 16 billion ($0.2 
billion), a figure that does not incorporate the costs of charcoal production in terms of 
environmental degradation and negative impacts on other production systems such 
as pastoralism. 

·  Wildlife conservation in Kenya provides great benefits as part of tourism and income 
to the nation, but rural people do not benefit in a proportionate manner. This has 
resulted in significant losses in wildlife as lands are converted to other forms of land 
use such as wheat and maize cultivation that do offer immediate benefits for rural 
livestock owners and farmers. This situation may be slowly changing with greater 
equity in lease arrangements between the private sector and community groups. 

 
Extracted from:   Edmund Barrow and Hezron Mogaka, 2007  (Summary) 
 
The coincidence of the ASALs with poverty in Kenya is a reminder that the poor are not a 
marginalised minority but rather the majority of the rural population, albeit differentiated in 
terms of ability to cope with risk and turn ‘vicious’ into ‘virtuous’ circles. This has implications 
for intervention strategies (discussed in Section 4.4). 
 
 
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. Focusing now 
on Kenya, we may identify five major drivers: 
 

·  Rainfall variability 
·  An increasing demand for land 
·  Growth and liberalisation of markets 
·  Energy demand 
·  Tourism 

 
 
4.2.1 Rainfall variability 
 
Unlike the Sahel, Eastern Africa has experienced no demonstrable long-term decline in 
annual rainfall, though local stakeholders in Machakos/Makueni insist that there have been 
recent changes in the seasonal rainfall pattern. In particular, the ‘long’ rains of October – 
December are said to be getting shorter and/or less reliable and the ‘short’ rains (March – 
May) are relatively dependable. This, if substantiated, has significance for cropping 
strategies, as some crops (e.g., the main food staple, maize) are grown on a seasonal basis, 
while others (e.g. pigeon pea) are grown on a two-season cycle. 
 
Managing variability from year to year and season to season remains the uppermost 
challenge in the ASALs, especially for food insecure poor people. Periods of above and 
below average rainfall are linked to sea surface temperatures, ocean currents and 
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atmospheric winds in the southern hemisphere (La Nina and El Nino events).30 Vulnerability 
has been inseparable from the problem of drought,31 though in Machakos District, 
dependency on food aid was significantly reduced between 1961 (a major food security 
crisis) and 1990, and attributed to improvements in productivity and incomes.32 In Makueni 
District, one station’s records show no trends in the frequency of bad, fair and good seasons 
when aggregated by decades (Fig. 4.2.1a), though the 1970s were a relatively good decade 
and the 1990s (until 1997) were rather bad.  
 
Fig. 4.2.1a: Decadal distribution of bad, fair and good rainfall seasons at Kibwezi  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Gichuki, 2000a: p 7 
 
Between individual seasons, changes of >100% are common. Long-term experience of 
rainfall variability has enabled a knowledge bank of strategies to be built up, and interviews 
suggest that they know what action to take if they were supplied with reliable seasonal 
weather forecasts, a stated objective of participatory research in progress at ICRAF.33 Kenya 
(at least) has rainfall data from a relatively fine-grained station network, and capacity building 
with regard to data analysis and advisory services is also the subject of ongoing technical 
assistance.34  
 
For livestock husbandry, rainfall variability has profound and well known consequences for 
forage availability, stocking capacity and pastoral management strategies.35 Fig. 4.2.1b 
provides an example from Turkana, Kenya, where research in the 1980s brought about a 
revolution in thinking about livestock strategies in arid Africa, laying foundations for non-
equilibrial models which have since shown their value across a range of pastoral, farming 
and livelihood strategies in African drylands.36 
 
Several global climate change scenarios predict less rainfall in East Africa, but more reliable 
regional scenarios are needed. Meanwhile, strategies designed to insure livelihoods against 
variability remain the best line of defence. 
 

                                                 
30 ILRI, 2007: p 27 
31 Downing et al., 1989 
32 Tiffen et al., 1994 
33 World Agroforestry Centre (ICRAF), Research in progress, 2006 
34 R.Stern pers. comm.. 
35 Sandford, 1983 
36 Mortimore, 1998 
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Fig. 4.2.1b Fluctuations in biomass in Turkana, Ken ya, 1982-87 
 

 
Source: Ellis et al., 1993 
 
 
 
4.2.2 An increasing demand for land 
 
Two facts configure a fundamental driver of ecosystem change in Kenya – a rising demand 
for agricultural land reflecting population growth, and a bio-physical limit to the cultivable 
area of <20% of the national territory. Between the censuses of 1989 and 1999, the 
population grew by 34% to 28.7 million, and has since increased to an estimated 32.8 
million.37 The average density is 56 persons/km2, but this includes both vast areas at 
<20/km2 and also significant areas in densely populated drylands at >300/km2.  
 
The ecological implications of this drive for farmland may be illustrated with data from 
Makueni District, 1948-89 (Fig. 4.2.2). There was a long-term movement of migrants 
southwards from the old upland villages in the north of the district to former crown land 
opened for settlement in the 1950s. But this involved increased agricultural risk in moving 
from agro-ecological zone (AEZ) 2-3 in the sub-humid hills first to zone 4 (semi-arid foothills) 
and later to zones 5-6 (dry plains where crop production is extremely risky). Interviews with 
farmers in four villages in AEZ 5-6 (conducted in 1998) showed that they had mostly come in 
the 1960s, 1970s and 1980s; the area was filled up by the 1990s. A majority had cleared 
their own land from the bush (35%), some had been allocated it by government (13%), and 
some had bought it from other settlers (28%). A market in land had sprung up. On average, 
37% of each holding was under cultivation, and 63% was privately owned grazing land. The 
soil and water conservation technologies – terracing in particular – had been implemented, 
though slopes are on average <5 degrees.38 
 

                                                 
37 ILRI, 2007: p 15 
38 Gichuki, 2000b 
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Fig.4.2.2: Population changes in Makueni District, 1948-89 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Gichuki 2000b: pp 6, 10-11 
 
Rural-rural migration has taken place in many parts of Kenya as migrants from densely 
settled highland areas have bought into other farming areas and former rangeland such as 
the Rift Valley and the Masai grasslands. 
 
In the study of long-term change in Machakos District (1930-1990), the authors put forward a 
simple choice model of farmers’ behaviour when confronted by a shortage of land: intensify 
in situ, find additional land, or migrate (to non-agricultural employment).39 In practice, most 
extended families achieved a composite strategy containing elements of all three. But with 
regard to intensification, which was already proceeding in Makueni District only two 
generations after initial settlement, the key was integrating crop with livestock production 
(Box 4.2.2a).40 This strategy fitted well with that of increasing livestock holdings. 
_______________________________________________________________________ 
 
Box 4.2.2a: Crop-livestock integration and intensif ication in Makueni District, 1990-98  
 
In a context of difficult access to external inputs, crop-livestock integration is the main opportunity for 
farmers to intensify their farming systems (recycling nutrients and using draught animal power). 
Interactions between crop and livestock enterprises are hypothesised to evolve through four stages in 
a process of agricultural and overall economic development41; (1) a pre-intensification phase where 
crop-production and livestock husbandry are operationally separate enterprises; (2) an intensification 
phase where crop and livestock production are integrated, mostly through animal draught power and 
manure linkages; (3) an income diversification phase when investments are made to improve forage 
supply and quality, and; (4) a return to specialisation through commercialisation. Makueni stands 
between phases (2) and (3). 
 
The majority of farmers that keep livestock make use of manure for the maintenance of their soil 
fertility. Manure builds up in the boma where animals concentrate their voiding during the year. 
Unconsumed crop residues fed to livestock add to total organic matter that accumulates in the boma, 
merging with faecal excretions and urine to form manure. Manure is collected during the dry season 
(either between short and long rains or between long and short rains) and transported to the fields 
with the use of ox-cart, wheelbarrow or bags. Cattle also spread their excretions (faeces and urine) 

                                                 
39 Tiffen et al., 1994 
40 Fall, 2000 
41 Powell et al., 1995 
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during grazing hours on croplands. However a majority of farmers recognise that the manure 
produced on their farm does not provide enough organic matter for the maintenance of soil 
productivity. Therefore they spread manure on a number of terraces each year in rotation. They also 
add grass and crop residues to animal excretions in order to increase the volume of organic matter. 
But the use of manure is believed to be risky for plant survival as plants benefiting from it are more 
vulnerable to water stress. Farmers are aware of improved methods of improving manure quantity 
and quality, such as composting, but they contend that labour is a constraining factor.  
 
The Makueni-based Agricultural Mechanisation Service has promoted tillage with the ox-plough since 
the late 1940s. By 1975, 91 percent of farmers owned ploughs and 76 percent owned two or more 
oxen42 . The reasons behind the successful use of oxen for ploughing and weeding seen in Makueni 
are of a technical and economic nature. Suitable for most topography and poorly cleaned sites, the ox 
plough saves labour, time and drudgery, assures timely execution of farm operations in a risky 
environment and improves crop yield. In areas characterised by recurrent drought and labour 
constraints, animal traction has enabled farmers to plant on dry soils and in rows allowing for inter-row 
weeding.  
 
Animal traction is also used for water transportation (both cattle and donkeys). In lower potential 
areas, where there are few oxen, donkeys are valued both for ploughing and for transport. 
 
Between 1990 and 1998, Makueni farmers increased their holdings of dairy cattle by 30%, of sheep 
and goats by 12-16%, and of donkeys by 120%, according to the District Livestock Officer’s statistics. 
_________________________________________________________________________________ 
Source: Fall, 2000 
 
Animals are not the only farm investments being made. The Makueni study, which followed 
up the Machakos study of long-term change in 1999-2000, found substantial evidence of 
farm investments funded by both farm and non-farm incomes, but principally the latter (Box 
4.2.2b). These findings are important because Makueni District contains economically 
marginal land and is subject to high risk from variable rainfall. They show that under such 
conditions, farmers do not fear investing, and that productivity improvements can be 
financed from private means. Those interviewed were a cross-section in terms of income. 
Poor people were not excluded. They also show that semi-arid ecosystems can, in some 
circumstances at least, be made to yield more services, with investments in livestock, land 
improvements and farm infrastructure.   
 
Box 4.2.2b: Farm investments in Makueni District, 1 990-98 
 
According to 122 farmers interviewed about the range and scale of their investments (both in  labour 
and in cash), the favourites were terracing (24%), planting fruit or shade trees (20%), clearing bush 
from land for cultivation (13%), house building (12%), education (11%), purchasing livestock (7%) and 
building dams (5%). 
 
Of 45 farmers interviewed in 1999, 44% had made investments since 1989 to begin selling a new 
product or to increase sales of an existing crop. While a few had made numerous investments, most 
farmers had made two or three, totalling an average of Ksh 9,000. Most investments were to expand 
production of grains and pulses, but eight were for oranges, two for cabbages and one for green 
grams. Investments were concentrated in years with good harvests, e.g. 1997/8. Sixty percent of 
investments were for improving production on existing land and can therefore be considered as 
intensification investments. Terracing scored highly as a key investment, followed by tree planting. 
Only 10% were for opening up new cropping areas. Another 15% were for improving storage facilities, 
and a similar number were for transportation. Purchases took the form of new hand tools, ox-ploughs, 
wheel-barrows or materials for new grain stores. Some 17% purchased fertilisers, pesticides or other 
agro-chemicals. Sixty percent of these investments were said to be financed with non-farm income, 
25% from crop sales, and 8% from livestock sales. The wetter villages were more able to use crop 
income, while the drier ones relied more on off-farm income. Enquiries were not made into non-farm 

                                                 
42 Heyer, 1975 
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investments. Only 20% of the sample households had obtained loans from banks or NGOs. About 
65% thought that school fees and books had diverted funds from farm investments, but most 
households said they expected that investments in their children’s education would pay off in future. 
_________________________________________________________________________ 
Sources: Nelson, 2000; Mbogoh, 2000  
 
 
Livestock alone, in areas too dry for farming, are another matter. It has recently been argued 
that intensification is impossible in the mobile grazing systems that occupy much of AEZ 5-6 
in Kenya, and similar areas in the Horn; that there are already insufficient animals (and too 
little carrying capacity) to support the human population at an acceptable standard of living.43 
The quality of natural rangeland is said to be deteriorating and no quick fixes are known for 
reversing its degradation (intensification in situ). The second choice in the Machakos model 
cited above – search for land elsewhere – has been exhausted long ago with the effective 
occupation of virtually all rangelands that followed the sinking of new wells and boreholes in 
previously under-used areas. However the third option – income diversification through 
alternative livelihood strategies – is still open, especially to poor herders whose holdings 
have shrunk to non-viable levels. It remains to be seen whether East African pastoralists will 
exploit mixed livelihood strategies to the extent that their Sahelian counterparts do.  
 
4.2.3 Growth and liberalisation of markets  
 
Nairobi, Mombasa, Kisumu and other cities have increased rapidly in size and 
connectedness with rural producing areas. The high levels of migration and commuting 
between them and their hinterlands and the associated financial flows have greatly 
increased the complexity of rural-urban systems, for example in turning many bi-local 
households into rural producers and urban consumers at the same time.  
 
Export markets for tea and coffee mostly benefited highland producers in humid agro-
ecological zones, but coffee is grown in parts of Machakos-Makueni also. A turning point 
occurred in 1954 when the coffee board began buying from African producers. Coffee later 
ran into difficulties owing to late payments and falling prices and its impact on the semi-arid 
ecosystems remains limited to a small number of locations where growing conditions are 
suitable. However, export markets for green beans and other high-value commodities have 
benefited producers within reach of Nairobi airport, and are sold in the rapidly growing 
Nairobi and Mombasa markets, via buyers who first travelled the district in the 1980s 
promoting these commodities.44   
 
Against this backdrop of steadily increasing demand for food commodities, the liberalisation 
of markets in Kenya is difficult to evaluate in terms of its probable impact on ecosystems. 
The grain trade was finally liberalised in 1993, permits having previously been required to 
move more than two bags of grain between districts. But there was always a significant 
private sector trade.45 Cotton under the Cotton Lint and Seed Marketing Board was 
abandoned by large numbers of producers because of delayed payments; disputed 
ownership of the ginnery in Makueni forced its closure; and private sector alternatives were 
far away and transport costs high. The Kenya Co-operative Creameries enjoyed a monopoly 
in milk marketing until 1992, and by 1996 liberalisation had engendered a large number of 
private traders and processors, including some in Makueni. However, the privatisation of 
animal health services raised the cost of vaccinations and drugs to unaffordable levels for 
many owners. Price controls were removed from fertilizers in 1990, and foreign exchange 
was liberalised in 1993, raising the costs of imported inputs. Their use has however 
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increased. The Kenya Seed Company lost its monopoly in 1996, and a variety of suppliers 
now operate. However, most grain and pulse producers use their own seed as much as they 
can and are reluctant to become over-dependent on purchasing improved varieties – this 
increases risk exposure and held back the adoption of Katumani Composite maize for many 
years. 
 
Farmed ecosystems are thus at the epicentre of a nexus of growing population, urbanization, 
technical change, broadening livelihood strategies, and above all, growing market demand 
which is driving producers to search for higher value products that can valorise investments 
in increasingly scarce land. From 50 to 70% of the surface area is reported to be under 
cultivation in large areas of Eastern Province that receive <800 mm average annual rainfall – 
considered by some to be the minimum for a reliable maize crop, though this must be 
questioned if so many farmers so succeed, and if the investments found in Machakos and 
Makueni Districts are representative.46 Although natural biodiversity is inhibited by 
cultivation, the maintenance of private grazing areas with regenerative capacities, and on 
farmland, of varietal repertoires and mixed cropping systems – not to mention weeds and 
field boundaries – are positive impacts which, together with the vigour of soil and water 
conservation, should ensure that such systems are minimally damaging to the ecosystem.47 
 
 
4.2.4 Energy demand  
 
Increasing populations drive demand for domestic energy which cannot be met from non-
wood sources because prices and supply problems persistently favour wood fuel and 
charcoal, as in almost every country in tropical Africa. Rural and urban households consume 
the majority of biomass energy, but the urban trade is almost entirely in charcoal (Table 
4.2.4). 
 
Table 4.2.4:Biomass energy consumption in Kenya, 20 00 (percentages) 
 
Consumer Firewood Charcoal Wood wastes Farm residues Total 

biomass 
Rural 
households 

40.0 22.0 0.4 7.0 69.4 

Urban 
households 

1.0 17.0 0.2 0 18.2 

Cottage 
industry 

4.0 8.0 0 0 12.0 

Total 45.0 47.0 0.6 7.0 100.0* 
Source: ILRI, 2007 p 98 citing Ministry of Energy * Includes 0.3 % industrial wood 
 
Charcoal comes from private land (82%) and public land (18%). Most rural household 
energy comes from private woodlots or field trees. A transition from reliance on common 
property resources to managed energy production on farms is thus well advanced. Private 
agroforestry consists in cutting branch wood and dead wood rather than felling live trees, 
which are too valuable to treat lightly. Gross revenue from charcoal production alone 
amounts to 41.2% of the value of tea production and 32.6% of the value of horticultural 
exports, according to estimates.48 However, an impressionistic survey suggested that in the 
semi-arid and arid areas as a whole, less than 5% of total income comes from firewood and 
charcoal. 
 

                                                 
46 ILRI, 2007: p 48 
47 ILRI, 2007: pp 67-68 
48 ILRI, 2007: p 100 citing sources 
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No clear relationships emerged from mapping woodlots on farms against poverty rates.49 
Estimated sustainable off-take of wood from the various agro-ecological zones (excluding 
farmland) are also difficult because species, growth rates, population structures of the trees, 
and other variables intervene. The political economy of the wood and charcoal trade may 
also be a factor. What underlies the detail is a shift in values from a view of wood as a free 
and unlimited good to one of managed wood production on private land, as an element of a 
household’s livelihood system. The colonial forestry service took the view that a crisis was 
around the corner and promoted reservations and energetic planting programmes, including 
inside the reserves. In the 1980s, the ‘fuelwood crisis’ was popularised by global 
environmental organisations using estimates of energy ‘gaps’ between consumption and 
supply. A more balanced and pragmatic view that treats rural households as responsible 
ecosystem managers is now gaining ground.50 
 
 
4.2.5 Tourism and conservation 
 
Kenya’s semi-arid and arid ecological zones contain a large proportion of its wildlife, scenic 
attractions, parks and tourist facilities. Tourism in the form of parks and reserves excludes 
agriculture and pastoralism and in this sense acts as a barrier to ecosystem change rather 
than a driver. However, parks are managed to produce tourist benefits for a paying clientele, 
and such management – especially if local ecosystem users were dispossessed at some 
time in the past – represents a form of driver, maintaining a ‘pristine wilderness’ where none 
exists under human occupation and use. The history of parks and conservation under 
‘fortress conservation’ regimes is controversial if not contested and highly value-driven.51 
 
 
Table 4.2.5: Protected areas and poverty in Kenya 
 
Protected area Area within 25 

km of boundary 
(sq km) 

Average 
population 
density 

Average poverty 
rate (percent) 

Nairobi 3,359 725 40 
Lake Nakuru 3,438 179 40 
Masai Mara 3,669 108 69 
Tsavo East 14,358 16 62 
Amboseli 3,000 10 54 
Tsavo West 10,383 24 55 
Lake Bogoria 3,141 58 42 
Shimba HIlls 3,160 124 56 
Meru 5,433 83 57 
Samburu 3,572 15 50 
Source: ILRI 92 
 
Much attention is now drawn to the pressures exerted around park boundaries, especially 
where dense rural populations exist and demand for cultivable land is high. Forest reserves 
that are not important for tourism have been ‘de-gazetted’ under political pressure.52 Recent 
mapping has shown that the poverty rates (proportion of people living below the poverty line) 
are higher than the national average in the vicinity of such parks as Masai Mara, Tsavo East 
and West, and Meru (55-69%).53 These rates are not related to the numbers of visitors, but 

                                                 
49 ILRI, 2007: p 103 
50 Tiffen et al., 1994; Mortimore, 1992 
51 Brockington, 2005 
52 Matiru, 1999 
53 ILRI, 2007: p 91 
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to the general conditions prevailing in the area (Table 4.2.5). But they are a striking reminder 
that the benefits of tourism are failing to make an impact on the inhabitants of the areas in 
question, reducing tourism in social terms to the status of an extractive industry such as oil 
mining. This contradiction between sustainable ecosystem management practised as a 
highly capitalised and potentially profitable system on the one hand and effective poverty 
reduction on the other breaks the link postulated in this analysis between ecosystem service 
provision and poverty reduction.  
 
 
4.3 Trends in ecosystem services  
 
Trends in ecosystem services may measured by ‘objective’ indicators or be recalled by local 
people. The advantage of indicators is that they may be standardised and compatible, and 
extensive in spatial coverage. The advantage of an approach based on peoples’ recall is that 
it can provide insights into processes of change little understood from indicators.  We 
therefore use local stakeholder consultations in Machakos District in conjunction with 
remotely sensed data from the Eastern African Sub-region. 
 
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) net primary production and human appropriation; 
(3) trends in biodiversity; (4) soil health and agricultural productivity; and (5) community 
perceptions of trends in ecosystem services. 
 
 
 
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 (see 
Technical Annex 1). The Normalised Difference Vegetation Index (NDVI) provides a 
standard measure of ‘greenness’ in the spectrum which indicates a property of the 
vegetation believed to be an indicator of bio-productivity. In results recently published, and 
contrary to the prevailing narrative of continuing and widespread degradation, an analysis of 
time series of satellite imagery revealed a greening trend over most of the Sahel.54 
 
While most of the debate about desertification – and consequently research on vegetation 
dynamics and rainfall variability – has been centred on the Sahel region, the largest 
contiguous semiarid area in sub-Saharan Africa, the situation in the drylands of East Africa is 
similar in that intra- and interannual rainfall variability is also high and increases with 
increasing aridity, and vegetation cover also progresses from dry forests in the wetter to 
grassland/shrubland in the drier parts. The factors causing aridity in East Africa, however, 
differ from those in the Sahel (Section 2.2.1). As a result, aridity zones form a more complex 
pattern: the large area of the Ethiopian highlands interrupts the south-eastward extension of 
aridity from the Sahara desert; the entire Horn of Africa is arid or semiarid, with the most arid 
parts located along the coasts of the Red Sea and the Gulf of Aden, with a broad arid and 
semiarid band extending southward; inland, an arid area also exists around Lake Turkana.  
 
 As in West Africa, the long term average NDVI seems to be a good indicator of the aridity 
zone (Fig. 4.3.1a). The proximity to the equator means that the region is dominated by a 

                                                 
54 Tucker et al., 1991; Eklundh and Olsson, 2003; Herrmann et al.,, 2005 
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bimodal rainfall regime, which tends to translate into a bimodal regime of growing seasons.55 
However, the distinction between bimodal and unimodal regimes is far from clear-cut, as 
some areas may have two growing seasons for certain plants but not for others, or some 
years may have two distinct growing seasons whereas in others the two growing seasons 
may merge into one.  
 
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 (or decrease) has been between 1982 and 2006. The trends are slightly positive 
over most of the Horn, in parts of Ethiopia and northern Kenya, whereas they are slightly 
negative in southern Kenya and large areas of Tanzania as well as some smaller areas in 
southern Ethiopia (Fig.4.3.1b).56  
 
 
 
 
 
Fig. 4.3.1a: Average NDVI, 1982-2006, Eastern Afric a 
Superimposed aridity zones: hatching – semi-arid; c rosses – arid; dots – hyper-arid 
 

East Africa: Average NDVI 1982 – 2006

 
 
 

                                                 
55 The number of growing seasons was extracted using the TIMESAT algorithm (see Joensson and 
Eklundh, 2004), which analysis time series of NDVI data. 
56 The blocky artifact in Western Kenya and Somalia (Fig. 2.2.1c) results from a pre-processing 
problem at the NASA GIMMS group and will be eliminated with the new version of the data set, which 
is to be launched in mid-2008. 
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Fig. 4.3.1b:Trends in monthly NDVI, 1982-2006, East ern Africa  
 

East Africa: Trends in monthly NDVI 
1982 - 2006

 
Negative trends – brown shades; positive trends – g reen shades 
Fig. 4.3.1c:Trends in NDVI amplitude, 1982-2006 (re gions with unimodal regime) 
Increasing amplitude: purple shades; decreasing amp litude: green shades 
Greyed out: area with bimodal rainfall regime 

Trends in the NDVI amplitude 1982 – 2006 
(regions with one growing season per year)

Greyed out: 
regions with two 
growing seasons

 
 
 



33 
 

 
Fig. 4.3.1d: Trends in NDVI amplitude, 1982-2006 (r egions with bimodal regime) 
Increasing amplitude: purple shades; decreasing amp litude: green shades 
Greyed out: areas with unimodal rainfall regimes. 
 
 

Trends in the NDVI amplitude 1982 – 2006 
(regions with two growing seasons per year)

 
 
 
While such trends are suggestive, they tell us little of what is going on in the ecosystems. To 
probe some relevant phenological parameters, the amplitude between seasons in NDVI 
values, and the length of growing season, were mapped. Areas with one annual growing 
season were computed separately from regions with two growing seasons. Amplitude is the 
difference between the minimum NDVI of the dry season and the maximum NDVI of the 
following growing season. Unlike much of the semi-arid Sahel, Eastern Africa had slightly 
negative trends in most of the unimodal areas with the exception of the Horn, some of the 
semiarid parts of Kenya, and some areas in western Tanzania (Fig. 4.3.1c). For areas with a 
two annual growing seasons, trends in amplitude in the first growing season (i.e., the first 
growing season to begin in a calendar year) were partly positive and partly negative, 
whereas trends in amplitude in the second growing season were mostly positive (Fig. 
4.3.1d).  
 
The length of the growing season has shown a tendency to decrease over the same period 
of time, only slightly in Tanzania and somewhat more markedly in parts of Kenya and 
Ethiopia. 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%. The 
northernmost parts of Somalia, by contrast, seem to have experienced an increase in 
growing season length (Fig.4.3.1e). However, as some of these parts are hyper-arid, trends 
in growing season length are likely to be rather meaningless. In the regions with two growing 
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seasons, no significant trends in the length of growing season seem to have occurred at all – 
slopes all ranged between -0.5 and 0.5 (not shown).  
 
 
 
 
 
Fig. 4.3.1e: Trends in length of growing season, 19 82-2006 (regions with unimodal 
regime) 
Shorter growing seasons: purple shades; longer grow ing seasons: green shades 

Trends in length of growing season 1982 – 2006 
(regions with one growing season per year)

 
 
 
 
Unlike the Sahel, where a dominant trend of indisputable significance has been observed 
from the NDVI data, Eastern Africa presents a confused and ambiguous picture, which 
requires further research to understand the processes responsible and their significance and 
magnitude. Because so many determinants are involved, this will not be a simple exercise. 
The reward for undertaking it will be the potential for strengthening the agronomic relevance 
of seasonal weather forecasting and the possibility of detecting indicators of climate change 
impact on ecosystems.  
 
 
 
4.3.2 Net primary production and human appropriatio n 
 
Another way of looking at ecosystem services at the scale of the sub- region, which goes 
beyond simply analyzing NDVI patterns, is illustrated in Fig. 4.3.2. With the goal of better 
understanding global carbon cycling, Imhoff and colleagues modelled the “human 
appropriation of net primary production” (NPP) and compared it to the total amount of net 
primary production generated in the landscape, thereby creating a “spatial balance sheet of 
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net primary production supply and demand.”57 They derived the human appropriation figures 
from FAO data on products consumed in 1995 by country, combined with a gridded 
population dataset. Net primary production generated on land was modelled using the 
Carnegie Ames Stanford Approach (CASA) carbon model, which incorporates satellite and 
climate data. 
 
 
Fig. 4.3.2: Net primary production and its appropri ation by humans  

 
 
Source: Imhoff et al., 2004 
 
The spatial pattern of net primary production in Eastern Africa roughly equals the spatial 
pattern of average NDVI – not surprisingly, since the time-integrated NDVI is strongly related 
with net primary production. Human-appropriated NPP traces the population pattern, with the 
more densely populated areas of the Ethiopian Plateau, the Rift Valley and Central Kenya, 
the shores of Lake Victoria and the Kilimanjaro region standing out with higher human-
appropriated NPP than their surroundings. Human-appropriated NPP, expressed as a 
percentage of locally generated NPP, reveals an interesting pattern with, of course, urban 
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centres consuming more NPP than is locally generated, some densely populated areas 
consuming more than 60% of the locally generated NPP, particulary in arid Eritrea, and the 
remaining and largest areas consuming far less than half. Though a coarse and rough 
assessment, it brings into question the still widespread claims of overuse of natural 
resources in the African drylands.  
 
 
4.3.3.Trends in biodiversity  
 
The WRI/ILRI study has recorded decreasing, increasing and mixed trends in specific 
ecosystem services in the upper Tana River basin, but since this area lies outside the semi-
arid zone, these findings are not discussed here. In Kenya as a whole, four trends have a 
major bearing on the provision of ecosystem services, including in semi-arid areas: 
 

·  A decline of >60% in the wildlife population of rangelands, shown in density terms 
between 1977-8 and 1994-6 

·  A significant increase in the areas under cultivation – essentially there is now no 
unclaimed cultivable land in the semi-arid zone of Kenya 

·  An intensification of livestock production 
·  A rapid evolution in tenure on former common access rangelands, from large parcels 

of land under Group or Communal tenure to small parcels of land under private 
ownership – whether resulting from formal subdivision of group ranches or informal 
acquisitions by farmers. As land becomes more scarce, tenure arrangements 
become more sensitive. 

 
These trends have huge significance for ecosystem management, as a transformation from 
open grassland (for example) to cultivation under very low rainfall carries increased risks of 
soil desiccation and erosion, reduced biodiversity through the loss of the grassland 
ecosystem, and livelihood risk through the danger of frequent and unpredictable droughts.  
 
 
Conventional responses to the loss of biodiversity, driven by species lists and statistics, 
appear to lack a means of valuing biodiversity and costing the trade-offs between 
biodiversity loss and human benefits. This is needed in the present context since the 
benefits are commonly those enjoyed by poor people. The services they use are 
differentially related to biodiversity – some species or communities being more valuable than 
others. The values they themselves put on preserving valued species also need to be 
factored in. 
 
 
 
4.3.4 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.58 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 1982-84.59 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.60 The World 

                                                 
58 UNEP, 1992; Stoorvogel and Smaling, 1990 
59 Stoorvogel et al., 1993 
60 Henao and Banaante, 1999 
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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.61 
 
Long-term studies of soil management by small farmers both in the Machakos case study 
and elsewhere in African drylands suggest that their achievements in maintaining output on 
land that is cultivated every year challenge the simplistic trajectory that such a model seems 
to assume.62 Indeed there is a struggle, in which resources are only rarely sufficient to 
acquire the inputs necessary to fully replace the nutrients exported in crops. But the 
technologies are known, and sustainability is a fundamental objective of practice. It is even 
written into the social morality of farming: to neglect soil and water conservation, manuring, 
and cultivation is ‘bad’ farming.  
 
Between 1930 and 1987, Akamba farmers in Machakos District increased their productivity 
per capita, valued in terms of maize at constant 1957 prices, by 3.5 times, and in per area 
terms, tenfold.63 Part of this was due to area expansion as extensive crown lands in what is 
now Makueni District were opened for settlement. But part was due to intensification on 
existing farmland, as investments were made in soil and water conservation. Box 4.3.4 
shows that the well-tried conservation practices were quickly introduced to new land when 
the need was recognised. 
 
_________________________________________________________________________ 
 
Box 4.3.4:  Soil and water conservation practices in Makueni D istrict, 1998-99 (percent 
of fields) 
 
In a small survey of farmers’ fields (1998-99), investments in soil conservation were recorded. The 
first site is in the foothills (AEZ 4), and the second is drier, lower and more recently settled (AEZ 5-6). 
The first is long settled, long conserved, and heavily invested; the second is recently settled, and even 
more recently conserved, with lower costs – but is clearly catching up. Conservation uses the 
preferred technique (fanya juu terracing with the earth thrown upslope).  
 
Practice Foothills (AEZ 4); 

settled in 1950s 
Plains (AEZ 6); 
settled in 1970s 

Slopes of 2-4 degrees 11 80 
Slopes of 5-7 degrees 78 20 
Conservation commenced 1950s-1960s 71 0 
Conservation commenced 1970s-1980s 29 12 
Conservation commenced 1990s 0 88 
Tillage by plough 100 90 
Conservation by fanya juu terracing 65 47 
Conservation by grass strips 25 0 
Conservation by trash lines 0 36 
Run-off managed by cut-off drains 10 17 
Soil improvements commenced  100 0 
Per farm   
Estimated investments in terracing and 
drainage, Ksh* 

31,719 13,885 

Estimated investments in terracing and 
drainage, man-days labour* 

211 93 

Source: Gichuki , 2000c    * based on 1998 values per metre  
constructed 

                                                 
61 World Bank, 2003; Sanchez et al., 1997; Gruhn et al., 2000 
62 Mortimore and Harris, 2005; Mortimore, M., 2006 
63 Tiffen et al., 1994: pp 93-95 
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________________________________________________________________ 
 
There is no doubt that conservation activities such as those shown in the Box benefit soil 
physical properties. However, maintaining current inputs of organic or inorganic fertilizers is 
more difficult than conservation work, as inorganics are unaffordable to resource-poor 
farmers (especially after poor harvests) and organics depend on ownership of animals, of 
which no-one ever has enough. Soil analyses showed that in comparison with uncultivated 
control sites, all the major chemical nutrients (carbon, nitrogen, phosphorus, potassium, 
calcium and magnesium) are lower on cultivated sites except where inputs are provided at 
adequate levels.64 Soil biological processes however are little examined and may contain a 
part of the answer. Improved field moisture regimes, composting, tree protection and 
planting (which is increasing on farms65) and agro-biodiversity protection may contribute in 
addition to the obvious factor of livestock management. 
 
 
�
4.3.5. Community perceptions of trends in eco-syste m services 66 
 
The two groups of stakeholders in Machakos and Makueni Districts were asked ‘what 
changes in ecosystem services have you seen in last 20 years?’ 
 
The Nzyaa group of farmers felt that there had been negative trends in soil fertility, water 
availability and wildlife. 
The historical perspective is that there were always portions of “idle” land – or forested land 
– that were protected either by government law or by Akamba custom. Small plots of land 
would act as shrines where sacrifices were made, and it was of course considered very bad 
and unlucky to utilise this land for crops or even to harvest wood (as opposed to collecting 
dead wood) from the indigenous trees that grew there. As time has progressed, the practice 
of sacrificing has reduced dramatically (in part due to the growth of Christianity and the 
discouragement of ‘pagan’ practices).  Unfortunately this has also resulted in many of the 
sacred sites being lost to arable land – causing, of course, reduced bio-diversity of plants 
and wildlife. In addition, many of the larger farms had plots of land similar to shrines where 
trees would be allowed to grow naturally, but as land has been passed on to sons, this land 
use has also disappeared. 
 
Kenya law, during and since independence, has always protected both plantations and 
natural forest in hillside reserves.  On hillsides land above a 45o degree slope is not allowed 
to be farmed.  However, over time many of these areas have been encroached on due to a 
lack of enforcement.  This has also meant that trees on hill sides and hill tops have been 
chopped down – increasing soil erosion and further impacting the ecosystem.   
 
The Nzyaa group argued that population growth has caused greater use of the land for 
farming – increasing erosion where terracing has been poor or non-existent.  Trees have 
been cut down to make way for farming land and to provide for increased demands of 
building materials and fuelwood.  Over-grazing has exacerbated this problem, further 
reducing soil fertility. 
 
The clearing of trees and the increase in farmed land is believed to have reduced water 
availability through increased evaporation. There have also been changes in rainfall 
distribution and amounts. From a semi-arid farmer’s perspective, a reduction in rainfall 

                                                 
64 Tiffen et al., 1994; Mbuvi, 200 
65 Gichuki, 2000d 
66 Excellent Development, Kenya: contribution to Sub-Regional Workshop, Nairobi, 10 January, 2008 
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period has much the same effect as a reduction in total rainfall, because run-off is increased 
and more will disappear into the ocean than before – thereby decreasing the water available 
to the community.  The Nzyaa group state categorically that the rains are starting later and 
lasting for a shorter period.  The traditionally termed “long rains” in March to May are now 
seen as the “short rains” in Machakos – whilst in southern and eastern Makueni the short 
rains often don’t occur at all – and for years have not enabled any significant planting 
beyond short cycle crops such as cow peas.  Low rainfall makes maize very difficult to grow 
in these regions, compared to pigeon peas, sorghum or millets.   
 
Similar negative trends in water availability, soil fertility and pasture were reported by the 
Masimba group of livestock producers.  
 
Reduced water availability is attributed to unreliable rainfall and shorter rainy periods.  This 
has caused a lowering of water tables, meaning that water remains in river channels for 
much shorter periods.  This has also reduced the amount of pasture causing increased soil 
erosion – hence, in future, less pasture due to decreased soil fertility.  The group feels that 
soil fertility has been further reduced by the opening up of former rangeland land for 
agriculture – a result of their reduced ability to sustain themselves from livestock alone. 
 
The positive trend reported by the Nzyaa group is that people are now planting trees on their 
farms, because they realise the impact of losing trees from forests and cultural wood lots – 
including a lack of building materials. 
 
 
 
 4.4 Management strategies 
 
We begin this Section with an analysis of the ecosystem management strategies employed 
by the Akamba of Machakos District whose own institutions (notably the mwethya self-help 
group) have become renowned in development literature and practice for their capacity to 
adapt to new roles, and in particular, ecosystem management roles over four decades of 
evolution. Previous studies of long-term change in Machakos District have shown how 
critical the mwethya was at a certain stage in the evolution of the ‘Machakos story’ (or 
‘miracle’) of the indigenous transformation of a landscape from uncontrolled erosion to a 
sustainable and capitalised producing system. The analysis that follows makes mention of 
an NGO, Excellent Development Kenya, which has enjoyed considerable success in working 
within this framework. We shall then examine the principles and practice of Excellent 
Development Kenya in order to derive lessons on channelling external capital and 
knowledge into supporting sustainable ecosystem management within such a social 
framework. 
 
4.4.1 Local adaptation: institutional change for im proved ecosystem management in 
Machakos 67 
 
The term “ecosystem” loosely translates into ‘natural resources’ or ‘natural wealth’ in the 
Kamba language.  The community has a long history of managing the ecosystem services 
such as developing pasture, enhancing soil fertility, growing on-farm trees, water harvesting, 
and terracing so as to enhance or improve their livelihoods (crop and animal production, 
firewood and poles for housing). Most of Machakos District is semi-arid and often subject to 
moisture stress. The mean annual rainfall ranges from 500 to 1,000 mm, divided between 
two short seasons. In response to these harsh climatic conditions, and in an attempt to adapt 

                                                 
67 Charles Nzioka, Contribution to Eastern Africa Sub-Regional Workshop, Nairobi, 10 January, 2008; 
Nzioka, 2000 
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and enhance their survival, the Akamba people have had to re-organize their individual, 
household and institutional structures.  
 
A sustainable protection or improvement of any ecosystem requires that management 
practices and institutions take into account the existing resources, blending human, material, 
financial and institutional resources with external resources to produce better management 
practices. Within the Akamba community, Mwethya self help groups have proved to be 
effective vehicles for social change and economic transformation. Historically, the Akamba 
relied on mutual assistance groups to help each other cope with shortages of labour or in 
securing other forms of assistance. These mutual assistance groups have acquired different 
names such as mwilaso, mwethya, or vuli. But regardless of the name used, members would 
assist each other in a reciprocal manner. The mwethya groups have, however, shifted from 
exchanging labour into capital mobilization. Most mwethya groups have now formalized their 
existence through registration with the Ministry of Sports and Social Services. This gives 
them a legal identity and allows them to secure more civil and political recognition. Within 
their communities, these groups are recognized and would always be called upon by civil 
leaders such as the Chief or village manager for public cause. 
 
Capital Mobilization 
Mwethya groups serve on a limited scale as savings and credit institutions. Members pool 
resources together on a rotational basis. Members meet either weekly or monthly to 
contribute for one or two of their members. Each member, however, is only entitled to an 
amount commensurate with his or her contribution. This flexibility recognizes that all 
members have different economic strengths, but allows for interaction and exchange of 
resources despite the inherent inequalities. For example, a primary school teacher would be 
allowed to contribute Kshs. 200 while a farmer would bring in Kshs. 50. Mwethya groups 
also mobilize capital for loans to members at a nominal interest rate, or to non-members or 
even other institutions at a higher rate. This capital allows group members to inject more 
investment than they would otherwise manage by borrowing from the mwethya group rather 
than the formal banks. Mwethya groups (such as that at Kola) also venture into constructing 
shops and rental rooms in the local market, both as a group and as individuals. Participation 
in mwethya groups has therefore facilitated the economic empowerment of members.     
 
Technology/Innovative ideas 
Local mutual assistance groups such as mwethya enhance knowledge on good practice. 
Farm level investment includes terracing, pasture development, tree planting, use of exotic 
breeds of livestock and hybrid forms of fruits such as oranges, avocadoes and mangoes. 
Most of the labour invested in farm development also has origins in the mwethya groups. 
Most of the farmers interviewed in this study indicated that they had obtained ‘new ideas’ on 
farming from the other mwethya group members or through resource persons (agricultural 
extension officers/NGO personnel) brought into the area by a particular group. Said one 
member: 
  

 ‘Mwethya groups are very important to us. We share our poverty and riches. 
In these groups, you get friends, new ideas, motivation to work hard and a 
sense of belonging. Those who do not know how to read or write can learn 
from others in the groups through demonstrations’  

 
Thus institutions such as mwethya groups are well placed to contribute to the diversity of 
ideas and solutions to environmental problems. It is for this reason that development agents 
have found them to be viable conduits of new and innovative ideas on the management of 
ecosystems into the wide community. NGOs such as Excellent Development Kenya can 
provide mwethya groups with funding, and create arenas for collaborative learning (see Box 
4.4.1). These groups have inherent advantages in the promotion of good practice in 
ecosystem management, having the potential to create feedback loops at different scales 
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and contribute to scaling up of innovative ideas and practices. Because their leadership is 
indigenous and locally developed, its ideas gain acceptance easily and percolate to almost 
every individual in the community. Given that most are spontaneous and have multiple 
goals, they have a capacity to remain relevant and resilient for a long time. This capacity to 
self-organize is an important characteristic for building resilience and alternative pathways or 
trajectories for social-ecological systems. Learning is important in adaptive eco-system 
management. Farmers need to be aware of changing national and local market trends and 
farming technologies. Mwethya groups may well do better than the TV and the radio.  
 
Social networks  
 Better management of ecosystems requires that the entire network of interacting individuals 
and organizations at different levels creates the right links, at the right time, around the right 
issues. Social networks create the nodes for interpersonal interaction and ties. By drawing 
on the insights from the Machakos case study, we seek to show how social networks help 
create linkages across scales in ecosystem management and enhance the capacity to deal 
with change and uncertainty. We now discuss the significance of these linkages for building 
resilience in social-ecological systems. 
 
For example, in our discussions with farmers in Machakos, we were told of how longitudinal 
changes in the environment had created a necessity for change. The combined effects of a 
rapid population growth, unreliable rainfall and low soil fertility were factors which have 
induced shared views on how to adopt new ideas to manage the ecosystem. For example, 
water scarcity had seen most women and children spending a lot of time fetching water, to 
the detriment of children’s schooling and parental health. Owing to the shared predicament, 
farmers developed personal ties, and a social network of concerned individuals and 
organizations started to emerge. The emergence of Excellent Development Kenya took 
place at a time when many mwethya groups in Kola were ready for an adaptive eco-
management system. The contact with Excellent Development Kenya provided a cross-scale 
link at a critical time, identified as a window of opportunity by the local farmers that quickly 
led to the adoption of good practices (sand dams, tree growing and terracing). It is important 
to note that knowledge, broad support and funding opportunities were easily mobilized 
through mwethya groups and social networks. 
 
Social networks can also be key mechanisms for drawing on the social memory at critical 
times and enhancing information flows. Understanding ecosystem processes and how to 
manage them is a form of progressive social-ecological co-evolution, and it involves learning 
and the accumulation of ecosystem knowledge and understanding in a social memory. 
Assembling knowledge is sometimes a long term process. The knowledge system itself 
becomes part of the process of social learning about how to deal with ecosystem dynamics. 
Lived experiences are often perceived as better ways of knowledge accumulation.  
 
Trust as part of human capital 
Trust is a fundamental characteristic in these social self-organizing processes for ecosystem 
management. Trust lubricates collaboration, and a lack of trust between people is a barrier 
to the emergence of collaborative arrangements. Mwethya groups rely heavily on trust as the 
basis for social cohesion. Formally registered groups have acquired structures such as 
Chairlady, Secretary and Treasurer and record keeping. However, these structures are often 
maintained to appease ‘external’ donors or agents, who may include local politicians, NGOs 
or development partners. In practice, in the operations of these groups, these offices hardly 
hold.  To a large measure, the bonding found hinges largely on trust.  We therefore posit that 
trust can be a vital ingredient in mobilizing effective strategies for rehabilitating or managing 
fragile ecosystems. In communities where trust is in abundance, collective responses to 
environmental disasters are quick and prompt, and can more easily become self-sustaining.  
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Leadership  
Ecosystem knowledge and understanding that leaders possess can transform the ways in 
which people respond to environmental issues. These are also important in determining 
which trajectory or pathway a community chooses to respond to change.  Leaders can 
provide visions of ecosystem management and sustainable development that frames self-
organizing processes. For example, the visionary leadership of the local Director, Excellent 
Development Kenya has visibly transformed views and perspectives in the local community.  
 
Good leadership can establish functional links within and between organizational levels in 
times of need and facilitate the flow of information and knowledge applied in the 
management of local ecosystems services. It can tap into social networks to create cross-
scale linkages and draw on external sources of information and knowledge, such as 
scientists and practitioners, and make them accessible in a local context. This is exactly 
what the local leadership of Excellent Development Kenya had done in the past. Apart from 
establishing linkages for financial support, the leadership has provided information through 
training and library support to the local community.  
 
Local leadership has also given the mwethya groups latitude for decision-making. This 
process enables critical issues to be addressed by actors at different levels. As they take 
stewardship of different organizational components, they assume different decision-making 
roles, and this is very important for sustaining group cohesion. Such a dynamic structure 
implies flexible coordination of nodes so that subsets of the adaptive co-management 
system can be envisioned as pulsing in active response to change. 
 
Conclusion  
From the foregoing, it is clear that ecosystem management is to a large degree shaped by 
the organizational context in which change is taking place. Anchoring better management of 
eco-systems on existing local institutions could yield more meaningful and lasting solutions 
than imposing ‘external’ ideas.  
 
4.4.2. External interventions that have worked  
 
External interventions need to adapt  
 
Continuing with our case study as an illustration, we may argue on the basis of the argument 
in the preceding section that external interventions can adapt to local ecosystem 
management challenges by scale, institutional and knowledge management based 
approaches. First, the local scale is appropriate because, second, local institutions can  
mobilise existing networks, experience, trust and leadership skills, and third, an equitable 
partnership with local knowledge is built up. Box 4.4.2 illustrates these principles with 
reference to a Kenyan NGO working in Machakos District. 
____________________________________________________________________________ 
Box 4.4.2: Supporting local institutions in ecologi cal restoration and conservation  
 
Technical interventions often failed in the past owing to an inappropriate organisational (or 
institutional) framework. By means of a sound framework, better ecosystem management can be 
used to bring about poverty reduction.  
 
Three interlocked developments hold the key to such a transformation: (1) improved water supply 
(both in quality or health safety, and reduced collection times); (2) improved food security through 
drought resilience and marketing; and (3) improved incomes and health (see Figs. 4.1a, b). Three key 
technologies are (a) terracing farm land, (b) building sand dams, and (c) planting farm trees. Terraces 
conserve water and release it more constantly through the year; sand dams hold back run-off and 
conserve it for use throughout the year; water is used for tree nurseries, greatly increasing the 
success rates of planted seedlings. The benefits include aversion of losses from run-off, soil wash, 
excessive time spent collecting water (usually by children, with negative effects on school 
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attendance), water-borne disease risks, and from timber and NTFPs foregone. Labour time and 
income saved can be (and is) re-invested in land improving measures (such as inter-cropping, fruit 
and vegetable production, zero-grazing systems, bee keeping, seed banks).  
 
The institutional framework is adapted from the mwethya self-help groups described in the previous 
section. The NGO waits to be invited (rather than promoting its capacities), and negotiates with the 
group how much financial support (given only in the form of building materials and technical advice) 
the self-help group needs to supplement its own resources of labour and skills. Sand dams (the major 
capital projects supported by the NGO) are owned and managed by the group from the outset. 
Normally 50% of the costs consist in labour supplied by the group. 
 
The group is self-selecting. It elects a committee and each member commits a minimum of one day 
per week to group activities. Groups may co-operate with other groups especially when large amounts 
of capital are required. The local organs of government (from location chief to division and district) are 
always asked for their approval, but in terms of resources the groups are self-reliant after the NGO 
has withdrawn. However, where more complex water engineering is planned, government water 
officers give advice. Similarly, the NGO engages with agricultural extension and research for technical 
advice.  After building a sand dam and implementing its benefits (e.g., tree nurseries), some groups 
go on to develop other income-earning activities in the district. 
________________________________________________________________________________ 
Source: Simon Maddrell,Contribution to Eastern Africa Sub-Regional Workshop, Nairobi, 10 January 
2008 
 
Fig. 4.4.2:Water sources in four Makueni villages  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Gichuki, 2000e 
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Water is increasingly strategic as an entry point 
 
Water development in Machakos has a long history.68 The granitic geology of the Hills 
makes well construction impossible over large areas, so dependence on springs (in the hills) 
and surface streams (in the foothills and plains) was initially high. The colonial government 
dug many shallow earth dams, and these have continued to be engineered both publicly and  
privately, but they deliver polluted and sometimes infected water, and easily silt up. Newly 
settled villages depended on seasonal rivers, with the accompanying risk of drought, until 
better technologies could be accessed. For example, Fig. 4.4.2 shows the improvements 
achieved in four villages in Makueni District between the time of settlement and 1998.  
Government is now faced with the impossibility of funding adequate water for every 
settlement. Cost sharing is a strategy used to encourage community members to participate 
more actively in the projects they consider beneficial and worth investing their time and 
money in. Between 1994 and 1998, 373 dams were constructed in Makueni District, each 
serving from 15 to 200 consumers. Shared ownership is reported to have corrected an 
undue dependence on government. The construction of private dams, boreholes and roof 
catchments is consistent with this trend, and also reflects improving private resources 
available. 
 
Large scale externally funded interventions 
 
There is local scepticism about the impact of remembered external technical interventions as 
drivers of change in Machakos. The study, More people, less erosion (1994) told the story of 
colonial coercive soil conservation strategies – initially successful from a technical 
standpoint, and leading to the original coining of the expression ‘Machakos miracle’ - and 
their subsequent abandonment after independence (1962) and neglect. These changes 
were recorded photographically at the time. A study of agricultural development conducted in 
the late 1960s concluded with a pessimistic evaluation of the potential for lasting change. 
Then came a dramatic turn-around in the 1970s, driven by local awareness of soil-water 
conservation benefits under erratic rainfall, and the widespread adoption of an improved 
terracing technology. The EC-supported Machakos Integrated Development Programme 
(MIDP, 1978-87) gave financial and technical grants and advice to farmers for soil and water 
conservation work, tree planting, etc. But at the height of this project’s activities, air 
photographic evidence suggests that farmers’ private investments (in terms of miles of 
terraces constructed) exceeded work assisted by project funds. When asked today, some 
respondents take the view that the MIDP’s resources mostly benefited a small minority. 
Since then, private investments in conservation have continued, even during the recession 
of the 1990s (see Box 4.4.5).  
 
This is not an exhaustive list of interventions, which is outside the scope of a brief 
discussion. The emerging conclusion from these few cases is that self-reliance is growing in 
Machakos, either expressed individually or through groups, and the government is 
increasingly unable to meet all the demands made on it. Interventions that have the best 
chance of success are those that address small scale and localised issues through 
participation and partnerships. Above these is overarching policy, to which we now turn. 
 
4.4.3 Policies that can work  
 
Treating livelihood construction and security as integral with the conservation and rational 
use of ecosystem services, and ecosystem management as a means to the end of welfare 
growth, calls for fresh thinking about policy. This thinking needs to be undertaken at all levels 
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from the local to the national (micro- to the macro-), and ensuring that the macro- is always 
informed by the micro-. Finally, since real issues of wealth distribution are involved, the 
political dimension must be confronted. 
 
Incentives to invest in drylands. 
 
Semi-arid and arid regions may be seen as areas of under-investment (in terms of private 
capital and, often, of public sector investments). Wealthy drylands (USA, Australia) indicate 
that poverty is not predestined.  Work commissioned by the FAO has set out a typology of 
incentives structures which if fully applicable to drylands,69 and the Global Mechanism of the 
UNCCD commissioned a meeting and a report on ‘Why invest in drylands?’70 This showed 
that projects can, under the right conditions, yield an economic rate of return on investment 
in African drylands (Table 4.4.3a);71 and cites work that shows that, following India and 
China, public investments in services (such as infrastructure, education and health and 
water) may yield better-than-average returns on developmental indicators owing to previous 
neglect. In areas where population growth, urbanization, commoditization of food crops and 
other products, agricultural productivity and sustainable land use practices go hand in hand, 
can be understood in terms of positive returns to small-scale, incremental private 
investment, whether assisted or not by external interventions. Market liberalisation, however, 
may be too simplistic a strategy to achieve these ends (the Kenya evidence is inconclusive). 
More knowledge is needed on the interactions between policies, incentives and ecosystem 
management that are specific to particular places and systems. 
 
 
Table 4.4.3a: Returns to public investments in some  African drylands 
 
Project Description Impact ERR (%) 
Soil and water 
conservation, Illela, 
northern Nigeria 

Simple water harvesting 
techniques, 400 mm annual 
rainfall 

9,000 ha treated 20 

Farmer management, 
Office du Niger, Mali 

Rehabilitation of irrigation by 
farmers’ committees 

30,000 ha rehabilitated, 
30,000 ha newly 
irrigated 

30 

Forest management, 
Tabora and Mwanza, 
Tanzania 

Participatory joint 
(Government-Community) 
management 

Dispersed nurseries, 
wood stoves 

12 

Farmer to farmer 
extension, Tigray, Ethiopia 

Participatory extension, 
training, partnerships 

New extension policy in 
16 districts 

n.a. 

Low cost market 
information, Mali 

Electronic market in 
formation and local radios 

11 million listeners n.a. 

Source: Reij and Steeds 2003 
 
It may be objected that the poor do not or cannot participate in investment activities. 
However a realistic review of where resource-poor farmers put their labour and savings on-
farm, despite these things being neglected by many economists, suggests a range of micro-
investments that are borne out by the field studies carried out both in Machakos and in West 
Africa (Table 4.4.3b). 
 
 
 
 

                                                 
69 Knowler et al., 1998 
70 Global Mechanism, 2005 
71 Reij and Steeds, 2003 
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Table 4.4.3b: Some examples of micro-investments 
Investments on the farm Investments in animals 
Clearance and enclosures 
Tree planting and protection 
Regular soil amendments 
Storage structures 
Wet or dry compost pits 
Crop drying floors 
Threshing floors 
Field drains 
Erosion checks: terraces and vegetation strips 
Wells 
Locally made tools, ploughs, carts 
Seed selection, storage and purchase 

Animal pens 
Hen houses 
Tethering equipment 
Riding gear and yokes 
Water vessels and well lifting gear 
Milk containers 
Ceremonial artifacts 
Salt cures 
Feed (for fattening or when scarce) 
Insemination fees 
Immunization 
Purchase of young animals 

Source: Global Mechanism, 2005 
 
 
Governance and rights of access to ecosystem servic es 
 
The importance of defining, differentiating and making explicit the goals of poverty reduction 
policy cannot be understated. To begin, the national objectives must be clear to all 
stakeholders and in particular the NGOs that seek to assist, driven by equity agendas that 
may sometimes (perhaps) collide with local if not national interest groups. From an 
ecosystem service standpoint, the key issue is access to, and benefits from, services at the 
local level, and the contribution of these to poor peoples’ livelihood security. 
 
The NGO, CARE, argues a need for a socially differentiated approach to poverty-ecosystem 
linkages. 72  This begins with the premise that resource degradation is linked with questions 
of access and exclusion, especially of women,73 and with the role of controlling elites. Three 
questions are particularly relevant: 
 

·  The governance of natural resources is not a technical, but a political economy issue 
– who defines the agenda? Do the global or national priorities of conservation and 
tourism conflict with social policy? How do such externalities affect the governance 
of natural resources at the local level? Tanzania, for example, an environmental 
agenda driven by the middle class and the international community needs to be 
grounded in the country, and the needs of rural people. 

·  The rights-based approach implicit in the MDGs raises a question of how the 
advancement of human rights should be pursued by NGOs – via a procedural route 
through specific environmental rights and obligations, or a universalist approach 
through legal confrontation. Different organisations are using both of these routes, 
but the results of their efforts are not well documented. 

·  The poor themselves can be defined in more than one way: those beneath the 
poverty line (the ‘absolute poor’) in a given country or the four billion or so at the 
base of the global pyramid of wealth.  It is quite common for interventions aiming to 
benefit ‘the poor’ actually benefiting local elites rather than the very poor. 

                                                 
72 Philip Franks, Contribution to the Eastern Africa Sub-Regional Workshop held at Nairobi, 10 
January, 2008 
73 CARE, 2007 
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The implication is that a differentiated approach to environmental rights is essential, possibly 
based on the European Convention on Environmental Procedural Rights. Such an approach 
may have to challenge the status quo on equity issues. Policy therefore must embrace a 
vision of the future for the society in question; it is not a technocratic exercise like agricultural 
development. 
 
The law on resource tenure may be out of alignment with the best interests of poor people. 
Several countries have revised land legislation since independence with the unwanted 
outcome of creating new forms of privilege and exclusion which cannot easily be reversed 
because powerful interest groups have been created. After land tenure, water is now 
becoming a priority for legislators. Unpopular legislation can be sidelined by rural 
communities which prefer to observe customary arrangements, but only for a time (until 
national interests want to intervene in the area). It is very difficult to build poor peoples’ rights 
– still less extend them – into legislation on resources as sensitive and jealously guarded as 
ecosystem services. 
 
 
 
4.4.4. Institutional policy processes 
 
It needs to be re-emphasised that a majority of poor people in African drylands are directly 
dependent to a greater or lesser extent on ecosystem services in the rural areas where they 
live, and that even in cities, many poor people retain links with rural ecosystem services, 
through remittances, transfers of food commodities within extended families, or commuting. 
Cities are no longer small and atypical settlements in an ocean of rurality; they are vast in 
scale and totally dependent on food provisioning services which, no matter how much food is 
imported, derive primarily from exploitation of ecosystem services within the country or its 
immediate neighbours. Yet policies till recently have concerned themselves primarily with 
‘development’ (producing goods and wealth from ecosystem services) and only secondarily 
with the care and sustainability of those services. This is changing, but environmental 
policies are still treated as essentially technocratic, fragmented between agriculture, 
veterinary and forestry services, and hence sidelined in ministries of environment 
inadequately empowered to position ecosystem services in the mainstream of policy. But the 
health of ecosystems can no longer to be treated as an option that receives attention as an 
afterthought, when the goals of economic growth have been met.  
 
Mainstreaming the environment in the policy process .  
 
To correct the marginalisation of the natural environment in economic policy, UNDP and 
UNEP came together to form the UN Poverty and Environment Facility74 to reflect a new 
emphasis on environment as a development issue.75 This requires a paradigm shift and 
change of method. In practice, mainstreaming means 

 
�  Engagement of finance ministers in environmental policy and budget 

provision for it, and 
�  Finding a model to attract bigger flows of funding – e.g., carbon trading, 

payments for environmental services – and enabling developing countries to 
capture N-S transfers by means of it. 

 
 

                                                 
74 Still known by its acronym, PEI (Poverty and Environment Initiative) 
75 Philip Dobie, Contribution to Eastern Africa Sub-Regional Workshop, Nairobi, 10 January 2008 
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It involves establishing the links between poverty and environment and their importance for 
pro-poor growth. This includes the relevant governance and institutional factors that affect 
policy and planning. Therefore the PEI bases itself in country ministries of finance (Phase 1). 
Environment ministries are later involved in a supportive role. The next step (Phase 2) is to 
engage directly with the national economic development planning process in order to ensure 
that environment is integrated into the process and the outcome (e.g., PRSP or MDG 
strategy). In Phase 3, focus is sustained on developing capacity for government and civil 
society actors to follow through to implementation. The following African dryland countries 
are currently working with the PEI on policy mainstreaming programmes: 
   

Kenya 
  Mauritania 
  Mali 
  Tanzania  
 
The PEI has identified an entry point for intervention at the top of the policy process, and 
backed this up with a detailed methodology, substantive priority lines for policy and a rebuttal 
of commonly held myths about poverty and the environment.76  
 
Mainstreaming drylands in development planning 
 
Dryland regions often occupy marginal positions in national territories, policy priorities, 
wealth distribution and self-consciousness. The UNDP Dryland Development Centre is 
pursuing a programme to mainstream drylands in national development planning.77  

 
The process begins with assessment of the drylands’ contribution to economic growth, social 
security and sustainable development. There is also an assessment of the ecological, legal, 
political and institutional environment for mainstreaming, and of capacity. A continuous 
process of communication and awareness raising is necessary. Building partnerships, 
defining roles, responsibilities and obligations, planning for participation and consultations 
follow.  Planning must be iterative and integrated, and linked to budgets and funding 
mechanisms. Implementation of the planning/budget framework is then followed by 
monitoring and evaluation of the effectiveness of the process (using process indicators), and 
monitoring and evaluation of impact (using input indicators, and output/outcomes/impact 
indicators). The cycle is followed by revision, adjustment, and perpetuation of the process. 
Lessons learnt include the following: 
 

�  Mainstreaming must be emphasised at the beginning of the planning and 
costing process, e.g., for the MDGs, and in the Ministry of Finance 

�  Champions are necessary to push the process forward 
�  Coordination, supporting policies, and institutional reform are necessary 
�  The private sector should be involved 
�  Mainstreaming must be taken from the national to the district/local level 

 
What is clear is that central (or national) policy must be informed by local experience and 
needs, and not just by macro-economic inputs; and that effective decentralisation must take 
policies back to the district and local level.78  
 

                                                 
76 PEI, [2006]  
77 Anne Chege, Contribution to Eastern Africa Sub-Regional Workshop, Nairobi, 10 January 2008 
78 There was much discussion of these issues in the Sahelian consultations, which is not repeated 
here. 
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These two parallel initiatives are important because they recognise the changed landscape 
of ecosystem management within what used to be called environmental management. To 
say that the major issues are no longer technical does not mean that there is no place for 
technology in managing ecosystems. Still less should it be concluded that scientific research 
(both natural and social) is in any way less necessary in order to understand correctly the 
dynamics that are affecting ecosystems. However, getting the policy environment right, and 
getting ecosystem services further up the agenda in the policy process, appear to be 
preconditions for sustainability in the long term.  
 
4.4.5 Policies for pastoralism  79 
 
Any of the ‘ecosystem service clusters’ observed in the lives of poor people may be taken 
through deeper analysis to a stronger analytical understanding of their environmental 
relations. Pastoralists provide a good example of this principle. As their access to services 
has been adversely affected by resource competition and/or bad policies, they need both 
empowerment and an enabling policy environment in which to re-adjust their livelihoods to 
changing conditions. The risk is that the institutional framework that has supported 
sustainable practices in the past is under threat, and many (for reasons of dire poverty or, 
paradoxically, too rich to care) are falling out of the system. The protection of land rights and 
transhumance corridors, provision of economic incentives to invest, health and education 
provision, political empowerment and freedom to make their own decisions and manage 
their own resources, are among the priorities that supportive policy should take up. 
 
It is important to look at the value of pastoralism and not only on negative impacts. 
Pastoralism is not only an African or developing country phenomenon, but a global one. In 
Sub-Saharan Africa WISP works predominantly with mobile pastoralism. As custodians of 
the ecosystem, pastoralists have evolved communal management institutions, and 
capacities for adaptation and risk management, but are undermined by policy constraints 
and resource competition. Specific ecosystem services used by pastoralists are 
environmental goods and services (e.g. pasture, water, salt, trees), but they also contribute 
to those goods and services, through management and conservation practices. 
 
The patchiness of resources (in space and time) is the very essence of mobile pastoralism. 
A lot of the environmental degradation is related to the breaking down of the approaches 
dealing with this patchiness. Pastoralism is constrained by policy, and if policy improved than 
pastoralism would be more beneficial to the environment. Studies show that policies that 
devolve power and mobility, and secure tenure, benefit pastoralism.  
  
The linkages between poverty and ecosystems in pastoralism centre on the question of 
degradation. What circumstances push them towards less sustainable grazing strategies? 
Do poor pastoralists tend to degrade? Poor pastoralists have been shown to degrade land 
where their mobility is constrained and where they fall out of the pastoral system, so that 
they are not governed by the same resource management institutions. However, rich ex-
pastoralists (politicians and NGO workers) or other investors in livestock may also disregard 
the traditional institutional framework and degrade the land.   
  
It is often assumed by policy makers that pastoralists are poor and the existing management 
system needs replacing. This is not correct, for economic figures help to show that there is a 
great deal more value in pastoralism than often recognized. These values are greatly 
underestimated or poorly disaggregated in national accounts. Milk, fibre and meat production 
makes a large contribution to the economy, and African production systems have 3-6 times 

                                                 
79 Jonathan Davies, Contribution on behalf of the World Initiative on Sustainable Pastoralism (WISP) 
to the Eastern Africa Sub-Regional Workshop, Nairobi, 10 January, 2008 (Summary) 
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greater productivity than US or Australian ranching systems. Indirect values such as tourism, 
carbon sequestration, genetic diversity and cultural services are not usually taken into 
account.   
 
The policy gaps are: 
 

• Regulation of transhumance 
• Resource tenure and access 
• Investment in pastoral production 
• Remuneration for ecosystem services 
• Social service delivery 
• Provision of financial services 
• Adapted governance systems 
• Complementary incomes 
• Exit strategies 

 
And the research gaps that follow are: 

• Understanding animal impact on the ecosystem  
• Bringing together range science, social and environmental sciences in a theory of 

rangelands management  
• Understanding indirect values and environmental services, as part of total economic 

value, and developing systems to compensate them 
• Improved data on pastoral populations  
• Promoting private and public investment: business models, support services, 

enabling local entrepreneurs, and enabling local actors to advocate for good public 
investment  

 
 
4.5 . Capacity and knowledge gaps 
 
One knowledge gap stands out in relation to the Eastern Africa Sub-Region, as exemplified 
in the foregoing discussion on Kenya:  

 
The valuation of dryland goods and services 
 
This is essential for securing dryland peoples their ‘fair share’ of national investment, and 
their ‘fair place’ in development planning and policy. The IUCN’s work on Kenya (in parallel 
with studies in Senegal and Botswana) provides a foundation for engaging policy makers on 
the basis of better information about the contributions made by drylands to gross national 
product and income.80 It will be a resource for a sustained engagement with policy along the 
lines set out by the UNPEI (summarised above). 
 
More information on market values will provide a foundation for overturning the myth that 
markets are necessarily bad for ecosystems. There are both good and bad examples of this 
relationship. In our Eastern Africa case study, it is shown that growing markets were integral 
to the transition from degrading to sustainable management over the long term (>30 years).  
Studies are now needed of the dynamics of value in specific ecosystem services and the 
role of access rights.  
 
Economic returns from wildlife . 
 

                                                 
80 Barrow and Mogaka, 2007 
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Fundamental to Kenya’s tourist economy (and to a lesser extent, those of several other 
countries), the wildlife sector suffers from very low economic returns compared with livestock 
production and, where the ecosystem is wet enough, farming. Parks are being surrounded, if 
not encroached on, by cultivation. Outside the parks, wildlife is losing ground to livestock. 
Regulation, the traditional policy response, cannot be effectively enforced everywhere. The 
WRI/ILRI study calculated the trade-offs for each spatial rainfall band and found that only in 
the most arid band can wildlife compete with both livestock and agriculture. ‘If we need to 
compete with these land use[s] we need to increase the returns from wildlife to between 
$100 and $150 per ha per year’.81 This is a policy choice that must be advocated/contested 
by the interested stakeholders in a democratic and rational environment. 
 
Links with global markets 
 
World trade and international migration are impacting increasingly on dryland ecosystems in 
Africa; the idea that dryland peoples live remotely and self-sufficiently, away from market 
influences, is (and was) a myth. In an age when trade is advocated as an instrument of 
development and a route to equity, better understanding and well-informed policy are 
needed.82 
 
Thus the peoples of semi-arid and arid regions in Africa, having been marginalised for the 
greater part of the last 100 years, are finding their place in the larger world. It is unsound to 
expect sustainable livelihoods – together with sustainable ecosystem services – to be 
achieved without such an engagement.   
 
 
4.6 Research gaps and priorities 
 
The main source for this chapter is the discussions that took place at the Eastern Africa Sub-
Regional Workshop (at Nairobi, 10 January 2008).  A quick and subjective listing of some 
research priorities that emerge from the consultative process is given below; it is neither 
conclusive nor comprehensive. 
 
Scale and spatial diversity . Science drives for generic theory and while this helps to raise 
questions of importance, the risk is that the scale differences and connections, and the 
diversity of both ecosystems and human systems in semi-arid Africa should be lost to sight. 
The ILRI study by using mapping techniques has exposed the complexity of these issues in 
just one country. Research explicitly directed to these questions is needed in order to 
increase the rigour of analysis and depth of understanding that can then be communicated 
to policy processes. 
 
Dynamics . Time-bound processes dominate the challenges faced by ecosystem 
management in semi-arid Africa, yet the history of scientific analysis is historically shallow in 
most areas, and time-series data are only now beginning to accumulate. Understanding 
process better can lead to surprises. Very important lessons for management and policy are 
probably still waiting to be learnt. Long-term change studies are needed in a greater variety 
of ecosystems, managed compatibly with studies already completed, and follow-up studies 
of earlier work are needed on system dynamics under the influence of changing drivers. 
 
Success stories . Critical debate on the well documented Machakos experience is 
productive, and should contribute to the design of other long-term change studies, with other 
communities and in different institutional contexts, in order to provide better guidelines for 

                                                 
81 ILRI, 2007  
82 ICTSD, 2007: Global Mechanism, 2007 
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policy; also the sustainability of the ‘Machakos model’ over time (economic cycles, 
progressive trends in land use change, etc.) needs to be monitored. 
 
Communication . Progress is being made in communicating scientific findings to policy 
makers, and lessons are being learnt (e.g., ILRI study: see Annex 2). It is clear that 
research-policy dialogue must be country-specific, though there are also generic lessons to 
be learnt. It is too important to be treated as an afterthought when the ‘real science’ has 
been completed. Developing rigorous methodological guidelines, specific to semi-arid 
African countries, and a cadre of specialist communicators, embedded in government 
institutions, is a research field in itself. 
 
Poverty . The use of the over-simplified concepts of poverty by international organisations 
may heighten awareness in funding constituencies, but does not help very much with 
analysis and locally specific programmes of poverty reduction, which grapple with the 
multiple definitions, dynamics, cultural and economic settings and socially differentiated 
dimensions of poverty in time and place. Developing a better analytical toolkit sensitive to 
semi-arid conditions and populations, and understanding better the interactions between 
social exclusion/privilege, access to/benefits from ecosystem services, winners and losers, 
and dynamics should be a priority. 
 
Ecological  change . Remotely sensed data are now driving the debates on global 
environmental change, and enjoy the advantage of generating compatible indicators for 
large areas. The urgent priority now is to understand what the spectral signatures are telling 
us in terms of bio-productivity on the ground and the drivers of change. Difficult questions of 
cross-scale linkages have to be answered in terms of appropriate methodologies for linking 
site studies with the RS findings. This is much more complex than ‘ground truthing’ and must 
incorporate in-depth understanding of management and its own social, economic, cultural 
and environmental drivers. 
 
Rainfall and other climatological variables . Much more needs to be known about rainfall-
related variables that affect ecosystems, either in nature or mediated through human 
management strategies, and their impact on ecosystem changes observed during the past 
few decades. Only then can the consequences of future climate change (whose directions 
are still contested in tropical Africa) on ecosystem service provision be estimated reliably. 
 
Remote drivers of change . Science has, it is hoped, outgrown simplistic Malthusian models 
of ecosystem change, but this only emphasises that a more sophisticated understanding is 
required of the interactions between remote drivers , including population growth, 
urbanization, global markets and trade discrimination, cultural change (e.g. in dietary 
preferences), increasing incomes, technology, etc., on the one hand, and proximate drivers 
like soil management, biodiversity loss, land use change, etc., on the other. 
 
Degradation . It does not seem that adequate answers are yet found to important questions 
such as: the impact of animals on specific ecosystems; the effects on grasslands of species 
changes, of bush encroachment, or the ecological impact of intense grazing on woodland; of 
land use practices on  soil nutrient balances under cultivation over the longer term; the 
behaviour of economic drivers, such as poverty, alternative livelihood strategies, or  markets. 
The apocalyptic horsemen ‘over-cultivation, over-grazing, deforestation’ so often adduced in 
explanation of an assumed crisis in the drylands are overdue for replacement by more 
rigorous analytical categories. 
. 
Livelihoods . The place of ecosystem services in diversified livelihoods, their dynamics in 
response to external or internal drivers, the trade-offs between conservation and livelihood 
priorities such as education or health expenses, the use of off-farm incomes for on-farm 
investments, and many other strands are integral to an understanding of ecosystem 
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management by poor people. An analytical approach needs to take account of economic 
differentiation, spatial variation and temporal variability in specific ecosystems. The model of 
co-evolving human and ecological systems may have value at this scale. Variability and risk 
are insufficiently understood, both as drivers of livelihood choices, investment choices, and 
ecosystem management strategies, and as targets of policy or interventions. 
 
Valuation of ecosystem services . The ground-breaking IUCN studies should be carried 
forward in additional countries and research carried out: on ways of using them to influence 
policy processes in specific countries; on ways of estimating change over time in values; and 
on incorporating a better understanding of values into envisioning futures for dryland 
ecosystems and their peoples. This work should be coupled with research on Markets as 
beneficial or malignant forces on sustainable ecosystem management, as sources of farm 
capital, etc. Investments by small farmers and livestock keepers also belong here: economic 
studies are needed on incentives for managers to invest in their land, resource tenure, 
knowledge management, market access, social valuation of sustainability, etc; and a better 
case, based on better data, needs to be made for public investment. 
 
Interventions . Given the constant failure of projects to sustain themselves, an alternative to 
the project model is urgently needed (essentially fulfilling a responsibility to share capital and 
knowledge resources); a model that creates local ownership from the outset, fulfils local 
agendas, and ensures continuity through self-propagation. 
 
Policy research . Coherence between policies pursued by different arms of government 
(e.g., social versus environmental policy), mainstreaming drylands and dryland ecosystem 
management in national policy and budget planning, roles for researchers in dialogue with 
policy makers; model futures or envisioning for drylands in a stronger co-learning mode than 
in the past. Mainstreaming drylands calls for data, equity, champions, decentralisation, 
dialogue with policy makers, co-learning and other things; there may be much to be gained 
from comparative studies and from monitoring ongoing experiments. 
 
Livestock  and pastoralism.  Research should support a new vision for creating wealth in 
livestock producing communities based on shared ecosystems (where farming is done), 
rural-urban linkages, employment and exit strategies where needed, a data base for arguing 
the case of mobile pastoral systems where they are the most efficient users of land, more 
information on livestock populations, human livelihoods, and sustainability (given the ‘more 
people, not enough livestock’ thesis and its critics). 
  
Theory . The ‘Dryland development paradigm’ and other theoretical models (resilience 
theory, common pool resources) deserve to be followed up in combination with the applied 
themes listed above.  
 
 
5 Communications and outreach strategies 
 
The drift of this report is strongly towards a strategy of action research that builds on co-
learning partnerships with local people who ‘own’ the work equitably from the outset and play 
a part in its design and execution. The Machakos case study in the foregoing chapters 
illustrates some of the principles involved. 
 
For influencing policy, researchers must penetrate the structures of the policy process at the 
appropriate level: community, local government, province, or national. The WRI/ILRI study 
already has experience in this approach in the context of Kenya’s national planning process. 
At the centre, the UNPEI is developing a new methodology for engagement with national 
development planning from which others can learn.  
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4 Lessons learnt 
 
The goal of co-learning and partnership with research users presents a major challenge of 
how to pursue knowledge goals which have meaning for all stakeholders. The two kinds of 
knowledge shared in this Analysis (see Section 2.1) – scientific understanding published in 
books and papers on the one hand and local knowledge obtained usually by consensus in 
discussion groups – do not sit easily together, and call for a methodology that links them 
more systematically than we have been able to do. As knowledge management is seen 
more and more as a self-conscious and strategic activity, and is written into project plans, 
methods of doing it need to be developed for an African cultural context. (It is possible that 
this writer is unaware of work already done in this field.) 
 
A stakeholder framework has worked well, as it accords equal status to communities, 
government officials, researchers, etc.  

 
 

 
 
 
Technical Annex 1 : Remote sensing technology, strengths and limitati ons 
 
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.83  
 
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 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.84 Maximum value compositing 
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84 Anyamba and Tucker, 2005 
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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 
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).  
  
 
 
 
Technical Annex 2: Mapping ecosystem services and p overty indicators  
 
At the national level (which includes areas outside the drylands) a new source is the study 
Nature’s benefits. An atlas of ecosystems and human well-being (WRI/DRSRS/CBS/ILRI, 
[2007]). Poverty as officially defined is mapped for the country as a whole, and spatial 
correlations sought with a number of related variables (e.g., use of surface water for 
drinking, food crops, irrigation, milk). The spatial complexity of these indicators of well-being 
is effectively portrayed, and possible interrelationships between them are suggested, though 
the authors point out that spatial correlation only takes us part-way to demonstrating causes 
and effects. This work demonstrates two important principles about ecosystem-poverty 
linkages: first that, depending on the definition or indicators used, poverty is a multi-variate 
phenomenon, and second, that spatial patterns matter and need to be understood.  While 
macro-economic approaches to poverty reduction, like PRSPs, must find expression in 
national policy, the relationships which define poor peoples’ livelihood options and strategies 
must be understood at the local level because of this variability. 
 
This project was undertaken over three years, using the framework of the MEA. Main issue: 
human demand for ecosystem services. E.g., Kenya lost more than 60% of big wildlife in last 
30 years, forest decreased from 3% to 1.5%. Despite knowledge of the increasing demand 
and diminishing or endangered supply, science is not being effectively focused on these 
challenges. 
 
The study focuses on mapping, using geospatial analysis: e.g., poverty in relation to ‘water 
towers’ (upper river basins). Method is by spatial correlation of poverty indicators with other 
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variables. A detailed application was carried out for the Upper Tana River. Poverty 
distribution according to indicators was compared with availability of different services (e.g., 
use of surface water for drinking, food crops, irrigation, milk), exposing anomalies, such as in 
Embu where high poverty correlates with good water availability. 
 
Human population and agricultural expansion have led to the conversion of natural 
vegetation to cropland on a large scale (threshold: 500mm rainfall). A significant decline in 
wildlife density occurred with an increase in crop cover, and a slight increase in livestock. 
Very high declines of wildlife occurred in the high rainfall band (over 800 mm) due to this 
process. We observed high returns from agriculture and livestock production compared with 
wildlife: at present wildlife production only pays in the driest areas, hence a need to increase 
the returns from wildlife from 100 USD to 150 USD per ha. A shift from communal to private 
rangeland may also have implications for the loss of some ecosystem services. Community 
projects may help to obtain more income from wildlife.  
  
Land use plans constructed from GIS data can be used to bring stakeholders together to 
plan for the future and avoid unwanted environmental impacts. Communication of findings to 
decision and policy makers is achieved through making information accessible, providing a 
database for PES strategies, equitable sharing of wildlife revenues, community-based 
conservation of biodiversity, and sustainable land use planning; discussions have been 
conducted with the Ministry of Planning on revising some of the District Plans.  
 
Data providers for the study include: FAO Africover; Department of Resource Surveys and 
Remote Sensing; Kenya National Bureau of Statistics; International Livestock Research 
Institute; World Resource Institute; Survey of Kenya; FEWSNET; Ministry of Water; Ministry 
of Agriculture. 
 
(Summary of: Mohammed Said et al.(ILRI), Using Geospatial Information to Connect 
Ecosystem Services and Human Well-Being in Kenya , in a presentation at the Sub-
Regional Workshop, 10 January, 2008).   
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