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Introducing the Regional Diagnostic Study  

The Adaptation at Scale in Semi-Arid Regions (ASSAR) Consortium seeks to deepen 

understanding of climate vulnerability and adaptation in semi-arid regions, and help 

transform current adaptation practice to a mode that achieves proactive, widespread 

adaptation embedded in development activities. The project works at multiple scales, but 

with a central focus on advancing adaptive livelihoods for vulnerable groups. As part of the 

!{{!w ǇǊƻƧŜŎǘΣ ǘƘŜ 9ŀǎǘ !ŦǊƛŎŀ ǘŜŀƳΩǎ ǿƻǊƪ ŎƻƴŎŜƴǘǊŀǘŜǎ ŜǎǇŜŎƛŀƭƭȅ ƻƴ ŘǊȅƭŀƴŘ ȊƻƴŜǎ ƻŦ 

Ethiopia, Kenya and Uganda. 

This report summarises key findings from the regional diagnostic study (RDS) of the ASSAR 

East Africa team, and identifies major gaps in the existing literature on areas of vulnerability 

and adaptation in East Africa. The discussion provides the foundation for detailed case study 

work planned for the major phase of research, the Regional Research Programme (RRP), as 

well as an underpinning guide to develop a dialogue on adaptation options. 

The ASSAR East Africa team for the RDS phase consists of the University of East Anglia (UEA), 

African Wildlife Foundation (AWF), Addis Ababa University (AAU), and The INTASAVE 

Partnership (INTASAVE). The full ASSAR consortium works in India and Southern, West and 

East Africa. It is led by the University of Cape Town (South Africa) together with UEA, START, 

Oxfam GB and the Indian Institute for Human Settlements.  

ASSAR is one of four consortia funded by DFID ς Department for International Development 

(UK) and the IDRC ς International Development Research Centre (Canada), through the 

Collaborative Adaptation Research Initiative in Africa and Asia (CARIAA) programme. The 

research of ASSAR consortium and CARIAA programme is aimed at new knowledge 

generation related to deepening understanding of the underlying drivers and determinants 

of vulnerability of livelihood systems, the strengths and weaknesses of current adaptation 

practices and policies, and advancing understanding of the constraining and enabling factors 

that determine successful adaptation.  

1.1  RDS objectives and framework 

The objectives of the RDS phase are mainly twofold. First, it is aimed at developing a 

systematic understanding of existing knowledge and perceptions of climate change trends, 

impacts, vulnerability, adaptation strategies, and barriers and enablers to effective 

adaptation in semi-arid regions. As an information product from the RDS, this report 

attempts to provide a synthesis of the current state of affairs in semi-arid East Africa, and to 

enrich understandings of common and divergent system-scale climate-change adaptation 

issues across the region. Second, gaps in knowledge, policy and practice of climate change 

adaptation, as identified in the RDS phase, will also help our team design the research in the 

RRP from a system-scale perspective, and also help inform and refine the more detailed sets 

of specific research foci at each research site. The RDS thus provides a broad regional-scale 

context into which the RRP can be designed to focus on achieving deeper understanding of 

the multi-faceted nature of local vulnerability, adaptation enablers and adaptation barriers. 
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The RDS employed a combination of desk-based studies (review of academic and grey 

literature, policy analysis, project mapping) with a round of stakeholder interviews at 

regional, national and subnational levels. Our RDS framework thus combined a number of 

diagnostic tools so as to develop a framing of vulnerability and adaptation drivers, capturing 

biophysical, socioeconomic, political and institutional processes operating at a range of 

spatial and temporal scales.  

1.2  Audience for this report  

The primary purpose of the report is to capture the current state of affairs and evaluate 

trajectories of change with respect to vulnerability, impacts and adaptation across semi-arid 

regions in East Africa, with a particular focus on Ethiopia, Kenya and Uganda.  It also 

identifies gaps in knowledge, policy and practice with respect to climate change adaptation 

in the region. Therefore, the report can be useful for a wide variety of target audience 

working in the area of climate change adaptation in the region ς including academics and 

researchers, stakeholders from government, economy and policy as well as climate change 

practitioners, I/NGOs, media, grassroots organisations, community groups and the wider 

public.  

1.3  Data gathering methods 

We employed a variety of data gathering methods. An initial stakeholder identification 

exercise helped us to list key country-level (Ethiopia, Kenya and Uganda) and regional level 

(East Africa and Africa) organisations and their key policies, strategies, programmes, projects, 

and events. These include international agencies, governmental, non-governmental and 

private sector organisations, and they are involved in various areas of climate change, 

vulnerability, and disaster risk reduction, with major emphasis on sectors such as agriculture, 

water, economic livelihoods, health, social protection, migration, environmental 

management and conservation. 

Similarly, a project identification exercise was applied for the East Africa region and in the 

focal countries of study (Ethiopia, Kenya and Uganda). A variety of recent and ongoing 

projects were found to be interesting and relevant for our purpose; some of these projects 

are focused on climate change adaptation, vulnerability and resilience themes whereas 

others are broader environment and development projects with close relevance for climate 

change themes. The projects also differ in terms of their scope of operation, geographical 

coverage, area of focus, source of funding and involvement of stakeholders. 

The main component of the RDS was an academic and grey literature review, for which a 

range of documents were collected for East Africa (Ethiopia, Kenya and Uganda) that cut 

across the ASSAR research streams of climate, vulnerability, SEPG (social-economic, political 

and governance dimensions) and adaptation.  

The grey literature search produced an initial listing of identified documents and their major 

highlights. In total, there were 109 grey literature documents that were found to be 

relevant: Kenya (47); Ethiopia (20); Uganda (18); Regional (24). These were further screened 

and then reviewed using a standardised template.  
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The academic literature search was carried out using the RDS methodology shared across 

the ASSAR consortium. It consisted of all relevant literature (peer reviewed articles and book 

chapters) published between 2005 and 2014. The search included Web of Science/ Web of 

Knowledge bibliographic database, using a range of potentially applicable keywords and 

ǘƘŜƛǊ ŎƻƳōƛƴŀǘƛƻƴǎΥ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ !b5 Ŝŀǎǘ !ŦǊƛŎŀΩΤ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ 

!b5 9ǘƘƛƻǇƛŀΩΤ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ !b5 YŜƴȅŀΩΤ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ !b5 

¦ƎŀƴŘŀΩΤ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜ !b5 ǾǳƭƴŜǊŀōƛƭƛǘȅ !b5 Ŝŀǎǘ !ŦǊƛŎŀΩΤ ΨǎŜƳƛ ŀǊƛŘ !b5 Ŝŀǎǘ !ŦǊƛŎŀ !b5 

ŀŘŀǇǘŀǘƛƻƴΩΤ Ψsemi ŀǊƛŘ !b5 Ŝŀǎǘ !ŦǊƛŎŀ !b5 ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΩΦ 

Non-relevant literature and duplications were discarded. In total 150 relevant academic 

publications were identified for further review. These were the categories of literature 

based on their country of focus: Kenya (67); Uganda (14); Ethiopia (43); and Regional (26). 

Information from these articles was then entered in the spreadsheet template developed for 

use across the consortium.  

The articles identified in the academic review were diverse, covering: a wide range of 

biophysical and socio-economic issues; a number of sectors (e.g. agriculture, 

environment/resource management, disaster risk reduction, development, infrastructure, 

water, health, communication), various themes (e.g. adaptation, impacts, vulnerability, 

enablers and barriers), geographies (rural, peri-urban, urban) and climatic trends (past and 

future scenarios). While these articles focus on east African nations of Uganda, Kenya, and 

Ethiopia, there are also some articles referring to other parts of eastern Africa (e.g. South 

Sudan, Somalia, Tanzania) or other parts of sub-Saharan Africa. The review also drew on 

broader articles on themes of climate change, vulnerability and development that do not 

have a regional focus. 

We also carried out preliminary governance analysis of risk management issues and climate 

change adaptation in East Africa and the three focal countries, through interviews in 

November 2014 and February 2015 with a number of stakeholders in Ethiopia, Kenya and 

Uganda. These interviews were focused on exploring the governance-adaptation nexus in 

these countries. The round of interviews are seen as a scene-setting stage for a much more 

detailed analysis of governance at multiple scales planned in the RRP. 

1.4  Entry point of the RDS in the development-climate space 

In East Africa the RDS takes a people-centred approach meaning that we view people as the 

ǾǳƭƴŜǊŀōƭŜ ΨǳƴƛǘǎΩ ƻŦ ƛƴǘŜǊŜǎǘΣ ƴƻǘ ǎŜŎǘƻǊǎ ƻǊ ǎȅǎǘŜƳ ǇǊƻǇŜǊǘƛŜǎ per se. So the scale of focus of 

vulnerability and response to risk is inherently local ς but rooted in an understanding of how 

that vulnerability and adaptive capacity is affected by (and interacts with) social-ecological 

factors and processes operating at higher scales. We also aim to take an integrated 

approach in that we try to conceive of vulnerability and adaptation existing within a complex 

web of climatic and non-climatic conditions and dynamics. As literature sources from the 

RDS phase of research suggest, there are a number of key determinants and drivers shaping 

vulnerability of the poor in East Africa. 

Lƴ ƻǳǊ ŀƴŀƭȅǎƛǎΣ ǿŜ ǎŜŜƪ ǘƻ ŜȄǇƭƻǊŜ Ƙƻǿ ǇŜƻǇƭŜΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ Ŏlimate change is rooted in 

wider aspects of livelihoods and development trajectories, but also how adaptation to 
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climate change may need to look beyond business-as-usual approaches in development and 

environmental management. The slightly contradictory implications of these two points are 

important to tease out. The first suggests that adaptation actions should effectively be 

mainstreamed within wider development goals and practice, which might also smooth the 

path to their implementation. The second suggests, however, that effective adaptation may 

in some cases require transformational rather than incremental change (which is seldom 

likely to face a smooth path to implementation).   

Based on the findings from the RDS discussed in this report, our intention in the RRP is to 

research potential adaptation across a spectrum of incremental to transformative forms, but 

to do this in a critical manner. This goes beyond looking just in terms of narrow fit to the 

problem and to practicalities of implementation. It also includes the wider social (including 

gender) and governmental dimensions, including implications of adaptation options for 

unintended social consequences, justice and equity issues, and wider impacts on poverty 

reduction.  

1.5  Structure of the report 

The structure of this report is as follows. After this Introduction Chapter, there are six other 

chapters:  

¶ Chapter 2 outlines the regional to sub-national context of East Africa. 

¶ Chapter 3 discusses climate change, trends and projections in the region. 

¶ Chapter 4 focuses on risks, social dimensions of vulnerability, and their dynamics.  

¶ Chapter 5 explores the adaptation-development spectrum of actual and potential 

responses to risks. 

¶ Chapter 6 offers a preliminary analysis of the issues of governance that surround 

climate risk management. 

¶ Chapter 7 provides concluding discussions on barriers and enablers to adaptation 

and knowledge/research gaps. 
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CHAPTER 2 

Regional to sub-national context in southern Africa 
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East Africa: The Regional to Sub-national Context 

To provide the context for analysis of vulnerability and adaptation interventions, this 

chapter provides a brief overview of socio-economic, political and environmental/ecological 

characteristics of East Africa region and the three target countries of the RDS (i.e. Ethiopia, 

Kenya and Uganda). 

2.1 Socio-economic, governmental and environmental characteristics and 

dynamics of the region 

2.1.1 Environmental characteristics and dynamics 

East Africa is characterized by great topographical diversity with elevation that ranges below 

sea level in the rift valley system to high and rugged mountains and flat-topped plateaus. 

The highlands are commonly dissected by deep gorges and incised river valleys. The complex 

topography has created many local climatic conditions that range from hot deserts over the 

lowlands to very cold mountain ranges like the Simien Mountains and Ars-Bale Highlands in 

Ethiopia, and Eastern Arc Mountains in Kenya.  

There are also complex annual rainfall cycles in the region. For example, over much part of 

Ethiopia, Kiremt (June ς September) is the main rainy season (NMA, 2007; Mekasha et al., 

2014), while March-May and September/October-November are the main and small rainfall 

seasons in Kenya, Tanzania, Uganda and southern part of Ethiopia (Omondi et al., 2014; 

Dinku et al., 2008). In Ethiopia, the mean annual rainfall ranges from 1,600ς2,122 mm in the 

highlands of the western part of the country, and a lowest rainfall from 91-600 mm in the 

eastern lowlands of the country. Similarly, the mean annual temperature in the country 

ranges from 22.20 C in the lowlands to 40 C in the highlands, and the highest mean 

temperature is 310 C in the lowlands at the Denakil Depression (Awulachew et al., 2010).  

In East Africa, rainfall variability is the main climate and weather element affecting 

ecosystem services, agricultural production, and socio-economic development of the region 

- exacerbated by frequent drought and flood events (Demeke et al., 2011; Dinku et al., 2008; 

Omondi et al., 2014).  The rainfall pattern also influences water availability and food security 

in the region. For example, about 60% of the total land area of the Inter Governmental 

Authority on Development (IGAD) sub-region comprising of Djibouti, Eritrea, Ethiopia, 

Kenya, Somalia and Uganda is classified as arid, receiving less than 500 mm of rainfall 

annually (Funk et al., 2008). 

Due to the complex topography and microclimatic conditions, the region harbours many 

types of flora and fauna and is rich in wildlife and biodiversity (NMA, 2007). National parks 

and protected areas cover 16% of the land area in East Africa (UNEP, 2013). However, due to 

extreme climatic factors (especially recurrent drought) and human interventions (e.g. 

charcoal production, agricultural expansion and illegal hunting), the biodiversity of the 

region has been negatively affected during recent decades. For example, in Kenya there has 

been a national and local decline in wildlife populations by over half, as recorded from aerial 

censuses between 1977 and 2007 (Homewood et al., 2009; UNEP, 2013). Lack of alignment 

of conservation priorities at macro-level with development priorities at household and 
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community levels, and inadequate distribution of benefits from wildlife tourism income are 

often cited as the challenges to integrating conservation and development goals (ibid).  

2.1.2 Demographic characteristics and dynamics 

East Africa is a region of rapidly growing population, typified by its rich diversity of ethnic 

groups. In particular, the semi-arid regions of East Africa are home to an ethnically 

heterogeneous population consisting of a variety of pastoralist and agro-pastoralist groups. 

¢ƘŜ ǊŜƎƛƻƴΩǎ ǇŀǎǘƻǊŀƭƛǎǘ ƎǊƻǳǇǎ can be broadly divided into four main clusters ς although 

each of these include a rich diversity of socio-cultural norms (and gendered cultures), 

production forms and strategies, including varying degrees of mobility or sedentarisation, 

key livestock types, and engagement and dependence on pastoral activities. These include: 

(i) the Karamoja cluster comprising of groups in north-eastern Uganda, south-eastern Sudan, 

north-western Kenya and south-western Ethiopia; (ii) the Boran cluster which includes 

ǇŜƻǇƭŜǎ ƻŦ ǎƻǳǘƘŜǊƴ 9ǘƘƛƻǇƛŀΩǎ ōƻǊŘŜǊ ǊŜƎƛƻƴ ŀƴŘ ƴƻǊǘƘŜǊƴ YŜƴȅŀΤ όƛƛƛύ ǘƘŜ {ƻƳŀƭƛ ŎƭǳǎǘŜǊ 

which covers Somalia, Somaliland, Puntland, Djibouti, north-eastern Kenya and the Ogaden 

region of Ethiopia; and finally (iv) the Maasai cluster of southern Kenya and northern 

Tanzania which includes a small number of agro-pastoralist groups affiliated to the Maasai 

(ODI, 2010).  

One of the important drivers of change in East Africa is the rising population and high 

population growth rate ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ CƻǊ ŜȄŀƳǇƭŜΣ ¦ƎŀƴŘŀ Ƙŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƘƛƎƘŜǎǘ 

fertility rates (5.97 children per woman) (World Bank, 2013). Ethiopia is the second most 

populous country in Africa with an annual population growth of more than 2% (FDRE, 2011).  

It is estimated that the country will have more than 120 million people by 2030. Rising 

population and high population growth rates across East Africa have the potential to greatly 

increase the demand for food, water and livestock forage in the region (Davidson et al., 

2003). Population redistribution through sedenterisation, migration and urbanization are 

also key dynamics in the region.   

2.1.3 Economic characteristics and development dynamics 

East Africa has a largely agrarian political economy, with high dependence of the local 

communities on crop production and pastoralism for their livelihood and employment. 

Agriculture is a major contributor to the regional economy, contributing to 40% of GDP in 

the region as a whole (Nyasimi et al., 2013), and about 75% of labour force across East Africa 

is engaged in agriculture (Salami et al., 2010).   

The constraints for development and service delivery in arid and semi-arid areas of East 

Africa include: remoteness, low population density, pastoral mobility and poor 

infrastructure (Morton and Kerven, 2013). However, agricultural, industrial and 

infrastructure development trends act as drivers of change in the region, and Kenya, Uganda 

and Ethiopia have seen rapid development of the service sector in recent years (Salami et al., 

2010). For example, Ethiopia is experiencing rapid economic changes in recent years. In 

2012/13 the respective shares of agriculture, industry and service sectors in the GDP in 

Ethiopia stood at 43%, 12% and 45%. The share of the service sector to GDP increased from 

38% to 45% in the past 10 years while the share of agricultural declined from 52%t to 43% in 
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the same period (UNDP, 2014). However, agriculture will continue to be the main source of 

employment.  

Countries in East Africa have outlined ambitious long-ǘŜǊƳ ŘŜǾŜƭƻǇƳŜƴǘ Ǉƭŀƴǎ όŜΦƎΦ YŜƴȅŀΩǎ 

Vision 2030, UgaƴŘŀΩǎ ±ƛǎƛƻƴ нлплύ ǘƻ ǘǊŀƴǎŦƻǊƳ ƛƴǘƻ ƛƴŘǳǎǘǊƛŀƭƛǎƛƴƎ ƳƛŘŘƭŜ ƛƴŎƻƳŜ ƴŀǘƛƻƴǎΦ 

The Ethiopian government has developed a Growth and Transformation Plan that lays out 

growth, development, and industrialization targets up to 2015. The plan is directed towards 

lifting the country to middle-income status by 2025 and sustaining rapid and broad based 

economic growth through programmes such as agricultural intensification, small to large 

scale irrigation, infrastructural development, and food security programmes (FDRE, 2010, 

2011; MoFED, 2012).  

Amid these development dynamics and drivers, climate change is bringing a new dimension 

ǘƻ 9ŀǎǘ !ŦǊƛŎŀΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŀƴŘ ŦƻƻŘ ǎŜŎǳǊƛǘȅΦ ¢ƘŜ ǊŜƎƛƻƴ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƘƛƎƘƭȅ ǾǳƭƴŜǊŀōƭŜ ǘƻ 

climate variability and change (as detailed in the following sections), in part due to low 

economic and institutional capacity to deal with the impacts (SID, 2012; UNEP, 2013).  

Indeed it is claimed that climate change is already negatively impacting upon development 

progress and will continue to undermine socioeconomic wellbeing of East African people 

(Davidson et al., 2003). While most of the semi-arid regions in East Africa are prone to 

droughts, there are also instances of frequent floods (e.g. Awash area of Ethiopia).  

2.1.4 Agriculture sector and dynamics 

Most of the farming activities are rainfed (Varghase, 2007). For example, 9ǘƘƛƻǇƛŀΩǎ 

agriculture is dominated by rain-fed, small scale production systems (Bryan et al., 2009; 

Deressa et al., 2009; Demeke et al., 2011; Di Falco et al., 2012). Irrigation development in 

the country is estimated at merely 5 to 6% of the developable potential of 3.7 million ha 

(Awulachew et al., 2010).  The cultivated land in Ethiopia is estimated to be 16.5 million ha 

(22% of the total land suitable for agriculture) and per capita cultivated land holding 

averages only around 0.5 ha (FDRE, 2011). 

Similarly, in Kenya potentially irrigable land is estimated to be 540,000 ha of which only 

52,000 ha or 9.6% of the potential has been developed (UNEP, 2006). Cultivated land area is 

estimated to be 4.5 million ha, which comprise 28.5% of the total potential suitable for 

agriculture (FAO, 2003). However, land productivity potential in high and medium potential 

lands in Kenya is affected by a number of factors: soil erosion, decline in soil fertility, soil 

salinization, crop and livestock diseases and fragmentation of landholdings (UNEP, 2006). 

Particularly, in the pastoralism predominant areas of the Kenyan lowlands, crop productivity 

is reported to be hampered by a combination of physical, environmental and socioeconomic 

factors, including gradual resource shrinkage and tenure insecurity (ibid.). 

In the case of Uganda, cultivated arable land area is estimated to be 6.8 million ha, which is 

only 48% of the total potential (FAO, 2003). Land constitutes between 50-60% of the asset 

endowment of the poorest households in the country (World Bank, 2003). Crop and 

livestock disease, soil degradation, lack of access to improved agricultural inputs, weak 

agricultural extension systems, inefficient markets, increasing land fragmentation and 

unreliable weather are some of the factors reported to be contributing to the declining crop 

yield of smallholder farmers in Uganda (UNEP, 2006, 2011; Devereux 2009). 



16 
 

2.1.4.1 Pastoralism and agro-pastoralism 

In East African countries, pastoral communities live in arid and semi-arid areas making their 

living from rangelands or from a mix of livestock-crop system in the case of agropastoral 

communities (Slegers and Stroosnijder, 2008). Hence pastoralism and agro-pastoralism play 

ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ƭƛǾŜƭƛƘƻƻŘ ƻŦ ƭƻŎŀƭ ŎƻƳƳǳƴƛǘƛŜǎ ŀƴŘ ŜŎƻƴƻƳȅ ƻŦ 9ŀǎǘ !ŦǊƛŎŀΩǎ ǎŜƳƛ-

arid regions. For example, in Ethiopia, which has largest livestock population in Africa, 

livestock production contributes about 30% of Gross National Product (GNP) and 12ς15% of 

total export earnings (Biazin and Sterk, 2013). Since pastoralists are living in areas of harsh 

climate characterized by very low and erratic rainfall, their livelihoods have traditionally 

been built around coping mechanisms (e.g. indigenous water resources and rangeland 

management strategies) to manage chronic water and pasture shortages (Homann et al., 

2005). 

2.1.4.2 Food security  

One of the major drivers for development dynamics in the region of East Africa and Ethiopia 

in particular is the increasing food insecurity and poverty associated with climate variability 

and environmental degradation (e.g. soil erosion, water shortage etc.) (NMA, 2007; FDRE, 

2010, 2011; Brown et al., 2011; Funk et al., 2008). East Africa is one the most food insecure 

regions due to frequent climate risks (Slegers and Stroosnijder, 2008; Demeke et al., 2011; 

Gray and Muller, 2012). The strong dependence on rainfed agriculture in these areas results 

in a quasilinear relationship between grain yields, seasonal rainfall receipts and food deficits 

(Funk et al., 2008). For example, in Ethiopia, chronic food insecurity affects 10% of the 

population; even in average rainfall years these households cannot meet their food needs 

and rely partly on food assistance (Fraser, 2007; Demeke et al., 2011). It is estimated that 

over 10 million suffer from chronic food insecurity and poor nutrition in Kenya, and 1 to 2 

million are annually reliant on emergency food assistance (30% of children aged 5 years and 

below are still classified as undernourished) (GoK, 2010). In the 25 years to 2006, the 

population of food insecure people is said to have doubled in East Africa, while per capita 

cropped area has declined by 33% and numbers of undernourished people has risen by 80% 

in the region (FAO, 2006). In 2011 the region was hit by a major, drought-related food crisis, 

with an estimated 13 million people affected across Somalia (where famine was declared), 

Kenya and Ethiopia (Oxfam, 2012).  

2.1.5 Infrastructure and hydropower development 

During the last few years, there has also been a huge capital investment in East Africa in 

various areas of infrastructure development, mainly in road networks and transportation, 

communication, and power supply with an aim of expanding the delivery of services (FDRE, 

2010; Block and Strzepek, 2012).  

The global concern towards renewable energy resources (e.g. hydropower) and the rising 

fuel price has prompted the East African governments to promote hydropower development 

to provide carbon-free electric power for domestic consumption and export any excess 

energy to the neighbouring countries. For example, the Ethiopian government is currently 

working to increase the hydroelectric generating capacity from 2,000 MW to 8,000-10,000 

MW at the end of 2015 by constructing three large-scale hydropower projects (FDRE, 2010). 
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Dam construction in dryland Ethiopia raises issues of internal displacement of pastoralists as 

well as changes in the landscape and increased risk of flooding downstream. 

Climate change is also predicted to impact negatively on infrastructure and other vulnerable 

sectors such as energy given the dependence on hydropower. Droughts in East Africa over 

the past several years have caused volatility in inter-annual lake level fluctuations and a 

consequent drop in hydropower production that has reportedly been associated with 

declines in GDP in the range of 1 to 2 % per year (in those years when capacity has been 

significantly reduced) (Nyasimi et al., 2013). 

2.1.6 Politics and governance dynamics 

In terms of the political and government structures, countries in East Africa are generally 

democratic constitutional republics with legislatures determined through periodic multi-

party elections (SID, 2012). Governments across the region have developed short- to long-

term development plans that generally look to achieve economic growth and poverty 

reduction through infrastructure development, human development, capacity building and 

sustainable natural resource management (ibid.). It also needs to be noted that there has 

been a general trend towards decentralisation especially after the 1990s in many countries 

of East Africa. This has been particularly so in the case of the target countries (Ethiopia, 

Kenya and Uganda), as all of them have adopted and promoted policies for decentralisation. 

2.1.6.1 Conflicts and displacement 

Instances of communal conflict and resulting population displacement and migration at 

times have challenged regional security and peace in East Africa. Geographical complexity, 

natural resources scarcity (e.g. famine) and environmental change (e.g. drought and 

desertification), combined with profound poverty and underdevelopment in the region pose 

further challenges. The link between rainfall variability and small-scale conflict and insecurity 

in the semi-arid zones of East Africa are closely linked and also predicted to be exacerbated 

by climate change (Raleigh and Kniveton, 2012). For example, the semi-arid zones of the 

lowlands of the Horn of Africa suffer frequent and sometimes devastating droughts, which 

make the region prone to communal conflicts over pasture and access to water (USAID, 

2012). Among the many reported factors intensifying pastoral and agro-pastoral clashes in 

semi-arid zones of East Africa are: higher population growth, long-term climate change, 

increased alienation of land for irrigated farms or ranches, and disruptions of pastoral 

movements (ibid.).  

Changing settlement patterns have long been noted as a source of crises. For example, in 

Kenya the sedentary settlement pattern among the Turkana was cited as one of the 

recurrent crises in as early as 1985 (ODI, 2010). Due to a lack of security caused by cattle 

rustling and raiding in areas that had better water sources, rainfall and pasture, the 

dominant settlement was in the harshest areas. A similar pattern exists among the 

Karamojong in Uganda (ibid.).  

Some key characteristics of the three target countries Ethiopia, Kenya and Uganda are 

summarized in Table 1. 
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Table 1. Target country summary characteristics 

 ETHIOPIA KENYA UGANDA 

Population 

(2013) 

94 million 

(19% urban) 

44 million 

(25% urban) 

38 million 

(15% urban) 

Human 

Development 

Index (2013) 

0.435; rank 173rd  

(annual HDI growth 

2000-2013 = 3.35) 

0.535; rank 147th 

(annual HDI growth 

2000-2013 = 1.25) 

0.484; rank 164th 

(annual HDI growth 

2000-2013 = 1.63) 

Dryland areas 

9ǘƘƛƻǇƛŀΩǎ ŘǊȅƭŀƴŘǎ ŀǊŜ 

mainly found in the 

south, east and north. 

Arid and semi-arid 

lands cover 63% of the 

country. 

YŜƴȅŀΩǎ ŘǊȅƭŀƴŘǎ ƭƛŜ 

mainly across the 

north and east and in 

the south of the 

country, constituting 

84% of the land area. 

True drylands in 

Uganda occur mainly 

in the north-east, but 

a semi-arid to sub-

humid central strip 

όƪƴƻǿƴ ŀǎ ǘƘŜ Ψ/ŀǘǘƭŜ 

/ƻǊǊƛŘƻǊΩύ ŎƻƴǘƛƴǳŜǎ 

to the southern 

border. 

 Sources: World Bank 2014, UNDP 2015, CIA 2014, ODI 2010 

2.2  Key socio-ecological systems and dominant livelihoods in the drylands of the 

region. 

In general, socio-ecological systems and livelihoods in the East Africa region remain closely 

tied to the natural resource base. In the dryland areas of East Africa, a majority of the local 

communities earn their livelihood from pastoralism (livestock) and agro-pastoralism (crop-

livestock mix). 

The main agro-ecological systems in dryland zones of East Africa range from arid to sub-

humid (Kruska et al., 2003; Seré and Steinfeld, 1996). The dryland in East Africa is mainly 

dominated by pastoralism (often mobile) with some rainfed crop production but also with 

increasing use of irrigated farming (both small- and large-scale) in some areas. There also 

exist fisheries in some wetland areas within drylands, particularly Uganda, as well as peri-

urban and urbanised environments.  

The dominant factor in dryland agro-ecological systems is the availability of water, mainly 

determined by mean rainfall and its reliability and distribution (Seré and Steinfeld, 1996; 

Kruska et al., 2003). Rainfed agro-pastoralism remains the dominant source of livelihoods for 

the rural poor in these areas, however intensification and transition to mixed agro-

pastoralism systems are increasingly marginalizing nomadic and pastoralist systems. For 

example, in Kenya the horticulture sector has experienced significant growth, yet only 

150,000 small-scale farmers are said to participate in this sector, which produces annual 

revenues of about US $2 billion (Salami et al., 2010).  
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Estimates vary but there are approximately 8 million pastoralists in Kenya, 3 million each in 

Tanzania and Uganda, 10 million in Ethiopia, and 8 million in Sudan (Markakis, 1998). East 

!ŦǊƛŎŀΩǎ ŎŀǘǘƭŜ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ǊŜǇƻǊǘŜŘ ǘƻ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ ŀƭƳƻǎǘ оф Ƴƛƭƭƛƻƴ ƛƴ нллр ǘƻ пт 

million in 2010 (SID, 2012). However, there are some issues related to unreliability of data 

on cattle holding by pastoralist communities due to their high mobility and the ability of 

census methods to reach arid and semi-arid areas.  

It also needs to be noted that the dryland pastoral economy in East Africa is characterized by 

high levels of diversification in response to both trends towards sedentarisation and 

fragmentation of rangelands (SID, 2012). For example, in northern Kenya pastoralists have 

increasingly diversified herd structures to include camels given their increased resilience to 

drought. Pastoralists are also increasingly diversifying off-farm income activities such as 

charcoal production, migrant seasonal labour, arable agriculture and eco-tourism to support 

livestock based livelihoods (Naimir-Fuller, 1999; Morton and Kerven, 2013). All of these have 

gendered implications in terms of labour allocations within and across households and 

communities, but these are as yet little understood. Lakeshore communities in East Africa 

already engage in diverse range of activities such as fishing, cultivation, rearing livestock and 

harvesting natural swamp products such as papyrus (Conway et al., 2005). Inland fisheries 

dependency is particularly high for Uganda (Allison et al, 2009).  

Key development indices illuminate the stark socio-economic disparities that remain 

between populations residing within favourable agro-ecological zones and the vast semi-arid 

and arid lands of the region (ODI, 2010). Indicators for life expectancy, school enrolment and 

the Human Development Index are far lower and poverty levels far higher in arid and semi-

arid lands. For example, in Kenya, poverty levels in the arid North Eastern Province were 

70% in 2005/06 compared to the national average of 46.6% (GoK, 2010). Net school 

enrolment rates in primary education have risen nationally from 70% in 2000 to 92% in 2008, 

yet comparable improvements have not occurred in North Eastern Province where the net 

enrolment rate was 31.9% in 2008 (Middleton et al., 2011). Box 1 describes recent efforts in 

Kenya to focus political-administrative attention on the development challenges of the 

ŎƻǳƴǘǊȅΩǎ ŘǊȅƭŀƴŘǎΦ 
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Box 1.  

 

  

Drylands governance in Kenya 

Poor progress in Millennium Development Goals ŀƴŘ ǊŜŎǳǊǊŜƴǘ ŦƻƻŘ ŎǊƛǎŜǎ ƛƴ YŜƴȅŀΩǎ 

drylands led to the establishment in 2008 of a specific drylands ministry, the Ministry for 

the Development of Northern Kenya and Other Arid Lands (MDNKOAL), and a national arid 

and semi-arid land (ASAL) policy for sustainable development in drylands was launched in 

2012  (Birch and Elmi, 2013).  

Policy attention on ASAL development issues may reduce again since the responsibility for 

it now rests within a national ministry (i.e. Ministry of Devolution and Planning) following 

the 2013 elections. However, significant achievements can be attributed to MDNKOAL 

such as the establishment of various permanent institutions focused on ASAL development 

organizations and coordination mechanisms (including ASAL Secretariat, ASAL Stakeholder 

Forum, National Drought Management Authority, National Council on Nomadic Education 

in Kenya) and various ongoing projects such as development of a specific nomadic 

education programme (Birch and Elmi, 2013). 
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CHAPTER 3 

Climate Change trends and projections 
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Climate Change, Trends and Projections 

As a parallel output of the RDS phase, Daron (2014) produced a climatological  report for the 

East Africa region. Box 2 reproduces the summary points from that report, and the 

remainder of this chapter expands briefly on these points. 

Box 2. 

  

Summary Messages from ASSAR (Daron, 2014) 

The climate across East Africa varies from arid to tropical monsoon conditions.  

It is mainly influenced by large scale seasonal atmospheric patterns as well as the proximity of the 

Indian Ocean. Temperatures are relatively high throughout the year for much of the region with 

cooler temperatures experienced in the highland regions of Ethiopia, Kenya and Tanzania. 

Northern regions receive the majority of rainfall in the June to August period, southern regions 

receive the majority of rainfall in the December to February period, and equatorial regions 

experience two rainfall seasons with peaks in October and April.  

Temperature and rainfall vary on seasonal, annual and decadal timescales.  

Over the past half century there has been substantial multi-decadal variability in rainfall. Some 

locations, such as parts of central Ethiopia were unusually wet in the 1970s and unusually dry in 

the 1980s and 1990s. Other regions show the opposite pattern.  

Mean temperatures across the region have increased by 1 to 3°C over the past 50 years.  

The greatest increases are found in central regions, particularly in South Sudan where increases in 

the March to August period have exceeded 3°C.  

Future projections of temperature change show significant increases across the region.  

Temperatures in the central and northern regions are projected to experience the largest 

increases. Though model projections are subject to uncertainties, the projected increases in 

average annual temperatures range from no change to 4°C by 2050. Higher increases are more 

likely under a higher greenhouse gas emissions scenario, and vice versa.  

Rainfall trends over the past 50 years are less evident than for temperature, and there are large 

variations in the direction and magnitude of changes across the region.  

An increase in rainfall in some locations for some seasons is observed but a decrease in rainfall is 

observed in other regions. Overall, trends are weak and hard to detect.  

Future projections of rainfall change show both potential increases and decreases.  

Projections of rainfall vary considerably. There is a tendency of models to project drying across 

the region in the October to March period but at present there is insufficient evidence to support 

either a shift to drier or wetter conditions in the future in most locations.  

The impacts of future climate change on different sectors are complicated by the spread of 

model projections and the complex nature of natural and societal systems.  

The impacts of climate change on water availability are unclear but the increased evaporation 

that is likely to occur with increased temperatures may put additional stress onto vulnerable 

systems. 
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3.1  Historical climate dynamics  

3.1.1 Broad evidence of increasing temperature trend 

There is broad evidence at the regional level supporting increasing trends in temperature 

from climate baselines. Mean temperatures across the region have increased by 1 to 3°C 

over the past 50 years (See figure 1 below). Several studies have reported a warming trend 

has occurred in the region during the last five to six decades at a rate broadly consistent 

with wider African and global trends (Christy et al., 2009). There is also evidence of 

increasing changes in extreme temperature events such as extreme maximum temperature, 

warm days, warm nights and the duration of warm spells (Mekasha et al., 2013; Omondi et 

al., 2014).  

 

Figure 1 

Time series of the land area averaged seasonal temperature changes between 1963 and 

2012, for the four seasons: DJF, MAM, JJA and SON. Source: Daron (2014), using data from 

the CRU TS3.22 dataset. 

 

Regional trends are supported by climate research at the national level. In the Ethiopian 

Blue Nile Basin Mengistu et al. (2013) reported the presence of statistically significant 

increasing trend for minimum temperature over much of the Blue Nile Basin, while 

contrasting trends for maximum temperatures analyzed at the annual and seasonal time 

scales. Historical data from 1951-2006 from Ethiopia shows a warming trend of 

approximately 0.37 °C every ten years in the country (Meikle, 2010). Compared to the 

national average as well as data from the highland regions in the country, the temperature 

increase in the semi-arid lowland regions has been more pronounced. For example, in the 
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southern lowland regions of Borena, Guji and South Omo temperature has increased by 

0.40C in per decade in the period 1950-2000 (Amsalu and Adem, 2009).  

In Kenya mean annual temperatures have increased by 1.0°C since 1960, an average rate of 

0.21°C per decade (McSweeny et al., 2009). A visible indicator of this warming trend has 

been the decline of the Lewis Glacier on Mount Kenya, which has lost 40 per cent of its mass 

since 1963 (MENR, 2002). A climate analysis for East Africa was conducted by Christy and co-

authors examining air temperature trends at 60 stations across Kenya (Christy et al., 2009). 

After spatially interpolating the station based data, the study reports finding a statistically 

significant upward trend in minimum temperature in the Kenyan Highlands region. Omumbo 

et al. (2011) found evidence of a warming trend in observed maximum, minimum and mean 

temperatures at Kericho during the period 1979ς2009. 

3.1.2 Less discernible regional trend in rainfall record 

Rainfall trends over the past 50 years are less evident than for temperature, and there are 

large variations in the direction and magnitude of changes across the region. An increase in 

rainfall in some locations for some seasons is observed but a decrease in rainfall is observed 

in other regions and overall, trends are weak and hard to detect (Daron, 2014). Over past 

half century there has been substantial multi-decadal variability in rainfall. Some locations, 

such as parts of central Ethiopia were unusually wet in the 1970s and unusually dry in the 

1980s and 1990s. Other regions show the opposite pattern (ibid). 

Figure 2 shows changes to total rainfall for each season for the period 1963 to 2012. Notable 

rainfall change appears to have occurred in the MAM (March to May) season over large 

parts of the region, specifically Tanzania, Kenya and southeast Ethiopia, which have seen 

decreases in rainfall exceeding 100mm. Some highland regions of Ethiopia show drying in 

the JJA (summer) season, whereas areas of South Sudan show increasing rainfall in this 

season. In general, these patterns of change are not consistent across the region and 

therefore signals indicating systematic change are weak.  

 

Figure 2 

The change in rainfall between 1963 and 2012 at each grid cell, according to a linear trend, 

for the four seasons: DJF, MAM, JJA and SON. Source: Daron (2014), using data from the CRU 

TS3.22 dataset. 
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There are major data and knowledge gaps in terms of creating a complete understanding of 

regional trends to the rainfall record, however. Some studies in Ethiopia have identified 

downward trends in some parts of the country - mainly in the eastern, southern and 

southeastern regions (Seleshi and Zanke, 2004; Seleshi and Camberlin, 2006). Similarly 

Conway and Schipper (2011) reported a tendency of downward trends for the Belg rainfall, 

particularly over the eastern part of Ethiopia. However, other studies over central and 

northern parts of Ethiopia failed to show significant trends (Bewket and Conway, 2007; 

Mengistu et al., 2013; Mekasha et al., 2013).  

In Kenya at the subnational level, greater rainfall has occurred during the short rains of 

October to December, particularly in northern Kenya, where the rains have begun to extend 

into the hot and dry months of January and February (AEA Group, 2008; GOK, 2010). In 

contrast, local observations suggest that the long rains of March and April have become 

increasingly unreliable in locations such as Eastern Province (Awuor, 2009). Rainfall intensity 

has also changed, becoming more intense along the coast (MENR, 2002). 

Less discernible regional trend in rainfall intensity  

Studies in Ethiopia have reported the absence of systematic evidence for consistent changes 

in the amount, frequency or intensity of extreme events in the country (Seleshi and Zanke, 

2004; Seleshi and Camberlin, 2006; Bewket and Conwy, 2007; Mekasha et al., 2013). 

However, Omondi et al. (2014) reported the presence of statistically significant decreasing 

trends in total precipitation in wet days greater than one mm over the greater Horn of Africa 

region. However, all the above studies confirmed the presence of high inter-annual and 

intra-seasonal rainfall variability, which is accompanied by drought and flood risks.  

3.2  Future climate changes  

3.2.1 Temperature changes  

Future projections of temperature change show significant increases across the region. 

Temperatures in the central and northern regions are projected to experience the largest 

increases (Daron, 2014). Though model projections are subject to uncertainties, the 

projected increases in average annual temperatures range from no change to 4°C by 2050 

(see figure 3). Higher increases are more likely under a higher greenhouse gas emissions 

scenario, and vice versa. IPCC projections for East Africa include warming of 0.2°C (low 

scenario) to more than 0.5°C (high scenario), 5-20% increase in precipitation from 

December-February (wet months) and 5-10% decrease in precipitation from June-August 

(dry months) (IPCC, 2014).  
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Figure 3 

Time series of temperature change relative to 1986ς2005 averaged over land grid points in 

East Africa in December to February and June to August. Thin lines denote one model 

simulation and thick lines are the multi-model mean. On the right the 5th, 25th, 50th, 75th 

and 95th percentiles of the distribution of 20-year mean changes are given for 2081ς2100 

for the four RCP scenarios. Source: IPCC (2013). 

 

 

 

Lƴ YŜƴȅŀ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǇƭŀǘŜŀǳǎ ŀƴŘ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜǎ Ƴŀȅ ǊŜƳŀƛƴ ƳǳŎƘ ŎƻƻƭŜǊ ǘƘŀƴ ǘhe 

lowlands (Funk et al., 2010). By 2025, western Kenya is projected to see temperature 

increases ranging from 0.9oC to 1.1oC, while temperatures in the southern coastal area could 

increase by an average of 0.5oC and in northeastern Kenya temperatures could rise by 1.1oC 

(Funk et al., 2010). 

Climate projections generated by UNDP (cited in DFID, 2009) for Ethiopia highlight the 

likelihood of mean temperature increases of 1°C in 2020s and up to 3.9°C to 2080s. Using a 
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multi-model dataset the National Meteorological Agency of Ethiopia indicates that the mean 

annual temperature is likely to rise significantly when compared with the 1961-90 level by a 

maximum of 1.1oC by 2030, 2.1oC by 2050 and 3.4oC by 2080 (Weldegebriel and Prowse, 

2013).  

3.2.2 Rainfall changes East Africa  

There is a tendency of models to project drying across the region in the October to March 

period but at present there is insufficient evidence to support either a shift to drier or 

wetter conditions in the future in most locations (Daron, 2014). The impacts of future 

climate change on different sectors are complicated by the spread of model projections (see 

figure 4) and the complex nature of natural and societal systems in eastern Africa.  

 

Figure 4 

 Time series of precipitation change relative to 1986ς2005 averaged over land grid points in 

East Africa in October to March and April to September. Source: IPCC (2013). 

  






































































































































