


Climate Change and Pastoralism: Traditional Coping 
Mechanisms and Conflict in                                                    

the Horn of Africa

Edited  by  Mulugeta  Gebrehiwot  Berhe  and  Jean-‐Bosco  Butera    

  

  

  

AAU  Logo  

  

Institute for Peace and Security Studies, Addis Ababa University 
and 

University for Peace, Africa Programme
                                 Addis Ababa, Ethiopia



Cover photo: © Above: Flickr by Hello Hillary; Below: UNEP NEWS CENTRE  

Copyright © 2012 Institute for Peace and Security Studies and University for Peace 
Design by: View Graphics //www.viewgraphicsandprinting.com 
   
All rights reserved. The views expressed in this book are those of the authors. They do not 
necessarily reflect the views of the Institute for Peace and Security or the University for 
Peace.

ISBN  978 9977 925 769 

To order copies of this book please contact: africaprogramme@upeace.org 

Printed@Eclipse 011 850 12 64



Preface 

The countries in the Horn of Africa, a region known for being a conflict hotspot, 
are actively engaged in finding lasting solutions to regional conflict and fostering 
sustainable development, as a fundamental part of human security. The causes of 
these conflicts range from governance constraints, colonial legacy, post-election 
violence, over ethnic- and clan conflict to competition for resources. These are just 
some of the challenges pertaining to the region. Conflict stands in the way of 
development and progress to take root in the region and it must be addressed in 
order for the region to prosper, and for the nurturing of human security and 
development and secure rights for its peoples.

The Institute for Peace and Security Studies (IPSS) was established in 2007 to 
augment better understanding of conflict in the Horn of Africa, in particular, and 
the continent, in general. The objectives of IPSS are to enhance excellence in 
research and the teaching and learning of peace and conflict issues, to educate 
society about peace, and to serve as a think tank for actors keen to promote peace 
and security in the region. The Royal Embassy of Denmark to Ethiopia has been a 
partner of IPSS from the beginning, both financially and, equally importantly, in 
spirit, and has commended the work of IPSS as an Institute and as a focal point for 
peace and security work in the region.

The Institute has already achieved significant outcomes in its short life. It has 
graduated four cohorts of graduate students and conducted a series of short courses 
for participants from various sectors of Ethiopian society. And recently IPSS 
launched a PhD programme, further strengthening and consolidating its research 
base. IPSS also cooperates with a range of institutions to strengthen networks and 
its ability to act as a centre of excellence on issues of peace and security in the 
region. The Embassy hopes that the work of IPSS will contribute towards the 
development of a research community, which will work to better understand the 
cause of conflict and ways to prevent it.

This book is a step in this direction. The adverse impacts of climate change are 
predicted to severely constrain the lives and livelihoods of Africans. Pastoralists 
are among the most vulnerable population groups. Considering the fact that the 
Horn of Africa has a large concentration of pastoral communities and that 
pastoralist conflicts are rife in the region, many fear that climate change-induced 
scarcity will increase the incidence and severity of pastoral conflicts during the 
coming decades. 
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Research into this phenomenon will assist all actors, for example, policymakers, 
academics, and civil society organisations, to make better, more informed decisions 
on how to approach the enhancement of peace and security in the Horn of Africa. 
We hope that this book will contribute to this goal.

Pernille Dahler Kardel
Ambassador,  Royal  Danish  Embassy  in  Addis  Ababa,  Ethiopia  
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Ambassador, Royal Danish Embassy in Addis Ababa, Ethiopia
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Climate Security and East Africa: A GIS-Based Analysis of 
Vulnerability

Joshua W. Busby, Todd G. Smith, and Kaiba L. White

Abstract 

The 2011 famine in Somalia and the broader drought in the region raised 
challenging questions about what made the region vulnerable to climate-related 
hazards and whether climate change was responsible for the underlying drought 
affecting the region. By drawing on an on-going research project to map chronic 
climate security vulnerability in Africa, this paper seeks to contribute to the first 
question, about understanding the sources of vulnerability. This paper develops the 
idea of climate security vulnerability; the potential for large numbers of people to 
be put at risk of death from exposure to climate-related hazards. This paper applies 
a continent-wide model of climate security vulnerability to East Africa and 
identifies the hot spots of concern, based on the confluence of physical exposure, 
population, household and community resilience, and governance and political 
violence. We found that large parts of South Sudan, notably in Warrap and Jonglei 
states, and southern Somalia, the area affected by famine in 2011, are the most 
vulnerable. Other smaller pockets of high vulnerability are also noticeable in 
western Ethiopia, Eritrea, Burundi, and the Karamoja triangle area of Uganda, 
Sudan, Kenya and Ethiopia. Our maps of water scarcity, based largely on data of 
past droughts and precipitation variability, are compared to preliminary findings 
of a mid-21st century climate projection. Most notably, we find parts of southern 
Somalia are projected to be vulnerable in the future and have historically faced 
severe droughts and water scarcity. Finally, we discuss the policy implications of 
our findings and include an overlay of World Bank and African Development Bank 
active projects in the region on our vulnerability maps. These suggest that foreign 
assistance dollars from these institutions have been directed to areas with better 
governance and lower overall vulnerability, rather than highly vulnerable areas 
like Somalia and South Sudan. 

1. Introduction

In summer 2011, in the wake of a crippling drought, the world witnessed the worst 
humanitarian crisis to affect the Horn of Africa in two decades. Failed rains across 
two agricultural cycles in late 2010 and early 2011 led to crop failures, loss of 
grazing areas, and constricted drinking water supplies. Together with rising food 
prices, agro-pastoralist communities across the arid Horn ran down their food 
reserves and lacked the resources to purchase sufficient food to feed their families. 
Pastoralists faced significant loss of livestock. 

Fighting in the Rain: Monthly Rainfall Extremes and Social 
Unrest in Africa 

Todd G. Smith1

Abstract

Over the past two decades, studies in the environmental security literature have 
examined the relationship between rainfall variation and conflict outcomes in an 
attempt to better understand potential future consequences of climate change on 
political stability. The literature, however, has yet to converge on a consensus 
about the nature of the relationship or the causal pathways involved. Case-based 
studies have presented several potential mechanisms but lacked generalizability 
while empirical studies have focused almost exclusively on international or civil 
war onset as the dependent variable to the exclusion of other types of conflict. In 
this paper I advance the literature in two significant ways. First, using the newly 
released Social Conflict in Africa Dataset (SCAD), I broaden the commonly used 
definition of conflict to include strikes, riots, demonstrations and communal 
conflict, both violent and non-violent. Second, I use deviations in monthly rainfall 
patterns as the independent variable rather than annual aggregates as used by 
earlier empirical studies. This is more appropriate because: (1) climate scientists 
predict increased intra-annual rainfall variability and more frequent extreme 
events – droughts and floods; and (2) changes in historically established rainfall 
patterns can negatively affect agricultural productivity in African countries reliant 
on rain-fed agriculture. I find that, on the continental scale, receiving overly 
abundant rainfall in a given month significantly and substantially increases the 
likelihood of social conflict, but receiving too little rain does not seem to have such 
an effect, at least in the short-term. When the analysis is limited to the nine 
countries of IGAD and EAC, the significant effect of too much rain disappears and 
receiving too little rain actually reduces the likelihood of unrest. I argue that 
receiving too much or too little rain leads to conflict through distinctly different 
causal mechanisms. Additional research using this approach complemented by 
case study investigations is needed to illuminate causal mechanisms between 
rainfall variability and conflict. 

1. Introduction

The dramatic political tumult in Tunisia, Egypt and Libya in early 2011 has quite 
clearly demonstrated how social or political unrest can be politically destabilizing 
and can quickly spread throughout an entire region. While decades of political 
repression undoubtedly created conditions ripe for revolution, worsening economic 
conditions in the recent past clearly played an important role in triggering the 

1 This material is based upon work supported by, or in part by, the U. S. Army Research Laboratory 
and the U. S. Army Research Office under contract/grant number W911NF-09-1-0077. 
*
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While countries throughout the region were affected by the drought, the 
consequences have been most severe in Somalia, where as many as 3.7 million 
people were estimated to be food insecure (of which 3.2 million were deemed to 
need life-saving assistance to prevent starvation). Analysts estimated that more 
than 29,000 Somali children under five died between May and the end of July 2011. 
In Somalia, with the absence of a functioning state and an ongoing civil war, aid 
organizations had difficulty providing the necessary services to prevent the 
situation from escalating into a full blown disaster. Malnutrition and mortality led 
the United Nations (UN) to declare parts of southern Somalia to be suffering from 
famine in July 2011. In August 2011, that famine zone was later extended to 
include more extensive portions of the southern part of the country. 

With the Somali state virtually absent and unable to provide emergency relief 
services, and international aid organizations initially constrained from operating in 
the region because of violent intimidation from the al Shabaab militia, Somalis 
responded the only way they could; they left. The crisis led to a mass exodus of 
internally displaced persons as villagers fled rural areas to violence-plagued 
Mogadishu in the hopes of securing food aid. The crisis also spurred hundreds of 
thousands of Somali refugees to make the difficult journey across state borders to 
Kenya and Ethiopia, where refugee camps swelled to unprecedented numbers. 
Dadaab, a town in eastern Kenya, houses four refugee camps; the complex became 
the largest refugee camp in the world, with its intended capacity of 90,000 housing 
in excess of 440,000 people. The UN estimates that as many as 12 million people 
were affected by the crisis, seen as the worst drought to affect the region in 60 
years (the Famine Early Warning System Network (FEWSNET), 2011). 

Beyond the heartbreaking suffering, the famine in Somalia and the broader drought 
in the region raise challenging questions about what makes the region vulnerable to 
climate-related hazards and whether climate change is responsible for the 
underlying drought affecting the region. By drawing on an on-going research 
project to map chronic climate security vulnerability in Africa, this paper seeks to 
contribute to the first question, about understanding the sources of vulnerability. 

Some observers of the famine have suggested that politics and the absence of 
governance in Somalia were overwhelmingly important in explaining the crisis, 
and why famine stops at the borders between Somalia and its neighbours (Barder, 
2011; Carr, 2011). Others have suggested that drought is becoming more frequent 
in the region, a telltale sign, in their estimation, that anthropogenic climate change 
is already affecting East Africa (DeCapua, 2011; Good, 2011; Hersh, 2011; Sachs, 
2011). 

Our own view is more nuanced. While acknowledging the importance of politics, 

Fighting in the Rain: Monthly Rainfall Extremes and Social 
Unrest in Africa 

Todd G. Smith1
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abundant rainfall in a given month significantly and substantially increases the 
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an effect, at least in the short-term. When the analysis is limited to the nine 
countries of IGAD and EAC, the significant effect of too much rain disappears and 
receiving too little rain actually reduces the likelihood of unrest. I argue that 
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clearly demonstrated how social or political unrest can be politically destabilizing 
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1 This material is based upon work supported by, or in part by, the U. S. Army Research Laboratory 
and the U. S. Army Research Office under contract/grant number W911NF-09-1-0077. 
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our model of chronic climate security vulnerability gives equal weight to physical 
exposure and political factors, alongside population density and a basket of 
household and community resilience indicators. Our model of climate security 
vulnerability is designed to identify the places where large numbers of people 
could be exposed to mass death as a result of exposure to climate-related hazards. 
At the same time, we also acknowledge that scientific understanding about the 
likely effects of climate change in East Africa is contested, with many climate 
models suggesting that the region is likely to become wetter with climate change 
rather than drier. Given that the La Niña effect is thought to have an especially 
strong influence on the drought of 2011, we think it is premature to ascribe 
causality to anthropogenic climate change. 

Even if climate change has an uncertain causal relationship with the 2011 drought, 
we think it is appropriate to identify the places of potential concern that, if past 
climate hazard exposure is any guide, are likely to be vulnerable in the future. At 
the same time, we report some initial findings, based on regional climate model 
projections for Africa, that we hope provide some purchase for the expected future 
consequences of climate change in East Africa. 

This paper applies our continent-wide model of climate security vulnerability to 
East Africa and identifies the hot spots of concern. The paper is divided into four 
sections. In the first, we develop the idea of climate security vulnerability and 
explain our emphasis on exposure to extreme weather events. In the second section, 
we explain our methodology. In section III, we report our findings, which include 
our maps of chronic vulnerability and preliminary findings of a mid-century 
climate projection. In the fourth section, we discuss the policy implications of our 
findings and include an overlay of World Bank active projects in the region on our 
vulnerability maps. 

We find that large parts of South Sudan, notably in Warrap and Jonglei states, and 
southern Somalia, the area affected by the 2011 famine, are the most vulnerable. 
Other smaller pockets of high vulnerability are also noticeable in western Ethiopia, 
Eritrea, Burundi, and the Karamoja triangle area of Uganda, Sudan, Kenya and 
Ethiopia. As Figure 1 shows, the most vulnerable areas in our composite map of 
chronic vulnerability, the dark red areas, largely correspond to Somalia’s famine 
zone, identified by FEWSNET (see Figure 1, page 68). 

2. Climate security vulnerability 

Growing out of the environmental security literature of the 1990s (Homer-Dixon, 
1999; C. Kahl, 1998; C. H. Kahl, 2006; Levy, 1995; Percival & Homer-Dixon, 
1998), a host of studies since 2005, largely from think tanks, advocates, and the 
broader policy community, have identified climate security concerns as a distinct 
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issue, with weather-related effects of climate change—droughts, floods, storms, 
and cyclones—contributing to dislocation and migration, competition over scarce 
resources, and, in turn, functioning as a “threat multiplier,” that could increase the 
risks of conflict and even state failure. This grey literature has run ahead of 
academia with recommendations, (Campbell et al., 2007; CNA Corporation, 2007; 
Fingar, 2008; Herman & Treverton, 2009; High Representative and the European 
Commission to the European Council, 2008; Podesta & Ogden, 2008; Solana, 
2008; UN Security Council, 2007; WBGU, 2007) even as the scholarly community 
has questioned whether or not climate change is associated with the increased 
likelihood of civil conflict (Gleditsch, Nordås, & Salehyan, 2007; Nordås & 
Gleditsch, 2009; Raleigh, Jordan, & Salehyan, 2008; Salehyan, 2008). 

Most of the scholarly work in this arena relies on quantitative data on historic 
rainfall, drought, or storm patterns and seeks to ascertain whether climate 
phenomena are correlated with the increased frequency or onset of violent conflict, 
controlling for other factors (Buhaug, 2010; Buhaug, et al., 2008a; Burke, et al., 
2009; Hendrix & Glaser, 2007; Levy, et al., 2005). To date, the findings of this 
literature have been mixed and somewhat disappointing, in part because of the lack 
of adequate data (Buhaug, et al., 2008b; Busby, 2009a, 2009b). More importantly, 
by focusing on the links between climate change and conflict, the academic 
community has narrowed its conception of security to lose sight of more pressing 
and imminent threats posed by extreme weather events like the on-going drought in 
East Africa. Extreme weather events already pose a security challenge for which 
both national governments and the international community need to prepare. 
Extreme weather events—such as Hurricane Katrina, cyclone Nargis, Pakistan’s 
floods of 2010, and Australia’s of 2011—require the mobilisation of militaries for 
humanitarian relief.1 If scientists are right that climate change will deliver more 
numerous and/or more severe events like these, (Intergovernmental Panel on 
Climate change (IPCC), 2007a) then governments will increasingly need to divert 
attention from urgent war-fighting efforts or from protecting the homeland to 
address these sorts of events (Busby, 2007, 2008). 

Can scholars of security studies, who typically seek to explain past patterns of 
conflict and violence, offer any insight on how to identify areas of potential
concern? By coupling innovative geospatial mapping techniques with insight about 
governance and political violence, we have developed an approach to map sub-

1 Scientists continue to debate whether anthropogenic climate change had anything to do with these 
particular events. Large concentrations of people and infrastructure concentrated on coasts or along 
rivers in environmentally degraded locations indubitably transformed such weather episodes into 
human disasters. Even if the science of attribution of specific events remains unproven, and the likely 
regional consequences of climate change remain uncertain, the expectations in the aggregate are clear: 
climate change should yield a world of more extreme weather events (Ananthaswamy, 2010; Curry, 
2011; Lehmann, 2011; Pielke Jr., 2011; Tebaldi, 2010). 
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national security vulnerability to climate change, defined as situations in which 
large numbers of people are put at risk of mass death as a result of climate related 
phenomena. Our approach is based on the recognition that security vulnerability is 
about more than physical exposure to climate hazards. It is a function of other 
contributing factors, including demographics, household and community resilience, 
and governance and political violence. This approach offers a way to identify “hot 
spots” of concern at a sub-national level, enabling scholars to focus on these areas 
for further case study investigation and for national governments and the 
international community to prioritise resources accordingly (Friedman, 2010). 

We emphasise the potential security consequences of climate change, including but 
not limited to conflict, to encompass situations where weather-related phenomena 
put large numbers of people at risk of mass death. The security focus makes our 
work different than the United Nations International Strategy for Disaster 
Reduction (UNISDR), which focuses on mortality and economic losses from 
disasters (UNISDR, 2009). We are especially interested in the impact of climate 
related hazards where physical exposure, compounded by other sources of 
vulnerability, will likely put large numbers of people at risk of death and suffering, 
which local emergency rescue personnel cannot cope with. In those instances, 
emergency relief will often require the mobilisation of domestic and foreign 
militaries. In some cases, such crises will make internal conflict more likely and 
contribute to other potential security outcomes of interest, including internal and 
international migration. 

Even before the famine of 2011, Africa had been buffeted by a number of climate 
related weather events over the previous decade that were, in damages and lost 
lives, severe enough to qualify as disasters. In the period 1999-2010, climate 
related weather “disasters” in Africa, according to the Emergency Events database 
(EM-DAT), killed more than 12,500 people, made homeless 2.8 million, and 
affected in the order of 190 million people (Centre For Research on the 
Epidemiology of Disasters (CRED), 2011). Of these, a significant share of deaths 
(30%), people made homeless (36.5%), and affected populations (52.2%), occurred 
in East Africa, defined for the purposes of this study as the eleven countries 
comprising the regional groups, the Intergovernmental Authority on Development 
(IGAD) and the East African Community (EAC). These include Burundi, Djibouti, 
Eritrea, Ethiopia, Kenya, Rwanda, Somalia, South Sudan, Sudan, Tanzania, and 
Uganda.

Though a number of high profile “disaster” events of all kinds in the 2000s were 
located outside Africa—such as the 2004 Asian tsunami, the 2010 Haitian 
earthquake, the 2010 Pakistani floods—Africa typically received a large percentage 
of resources from bilateral donors and the international community for disaster 
assistance. Between fiscal year 2000 and 2009, the U.S. government allocated 
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more than 58% of its total humanitarian funding for disasters to Africa ($14.6 
billion of $25.3 billion in constant 2009 dollars), with a significant share of these 
funds dedicated to East Africa, particularly to Sudan, Ethiopia, and Somalia.2 For 
example, in fiscal year (FY) 2009, of the more than $2.1bn the U.S. government 
spent on disaster relief in Africa, nearly 70% was directed to East Africa, with 
more than 40% of the total directed to Sudan and another 16% to Ethiopia. East 
Africa also commanded more than 70% of U.S. humanitarian funding in FYs 2005, 
2006, 2007, and 2008 (USAID-OFDA, 2010). 

Our approach ranks locations within Africa in terms of their relative security 
vulnerability to climate change. The vulnerability rankings are relative to other 
African countries rather than the entire globe. Thus, countries and localities 
exhibiting low relative vulnerability within Africa may still be highly vulnerable to 
climate change, compared to the world as a whole. The challenges posed by 
climate change are not uniformly distributed within East Africa. In order to identify 
areas of security vulnerability and prioritise limited resources, it is not sufficient to 
say “Ethiopia is vulnerable” without explaining which parts of Ethiopia are 
particularly vulnerable and for what reasons. In the next section, we explain our 
methodology more fully. 

3. Methodology 

The consequences of climate change are likely to emerge based on the confluence 
of various forms of vulnerabilities.3 We consider four broad processes important in 
an area’s overall total vulnerability to the security-related consequences of climate 
change. They are: 

Climate Related Hazard Exposure: First, at a minimum, areas must be 
physically exposed to climate related hazards to be considered vulnerable. 
Population Density: Second, policymakers are generally more concerned 
about places where people live. Therefore, all else being equal, more 

2 Within that total, 65% of USAID’s Office of Foreign Disaster Assistance (OFDA) funding was 
spent in Africa (about $2.45 billion of $3.8 billion in constant 2009 dollars). This expenditure 
included spending on complex emergencies, particularly for Darfur (which may have some relation to 
historic drought conditions). Exclusively climate related disasters accounted for about 12% of 
OFDA’s total (excluding complex emergencies but including floods, droughts, fires, winter 
emergencies, typhoons and food security). The Department of Defense (DoD) assists in about 10% of 
the overseas’ disaster emergencies. Between FY 2005 and 2010, the Joint Staff in the DoD estimated 
the DoD assisted in 30 disasters, 21 of which were weather related, though only one was in Africa 
(the Algerian floods of FY 2006). This estimate does not, however, include additional efforts by the 
Combatant Commands (Office of Partnership Strategy and Stability Operations (PSO), 2010; USAID-
OFDA, 2010).  
3 This section builds on our previous research in Busby, et al. (2010).
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densely populated areas that are highly exposed to climate related hazards 
tend to command more attention from decision-makers.  
Household and Community Resilience. Third, the first line of defence for 
many people will be what resources they have at the household and 
community level to protect themselves from physical hazards and enable 
them to respond in the event of climate related emergencies like floods, 
droughts, or storms. Communities where many people are sick and have 
inadequate access to health care and basic amenities are likely to be less 
resilient than those that are healthier and have greater access to services. 
Where people are poorly educated, they may have fewer entrepreneurial 
skills to avoid those hazards or minimize their effects.  
Governance and Political Violence: Fourth, weather emergencies 
frequently exceed the ability of local communities and emergency services 
to respond adequately, requiring national level mobilisation to rescue 
people from rising waters or from being trapped under rubble and to 
provide food, water, and shelter for people left homeless or otherwise 
affected by extreme weather events. Countries with poor or unstable 
governance, however, may be less able or even unwilling to provide such 
services, especially in areas with a history of political violence. Venal and 
incompetent governments can transform even small physical effects, like 
the modest drought in Somalia in the early 1990s, into major humanitarian 
disasters. Failing a national response, the international community—i.e. 
foreign militaries, humanitarian relief agencies, and Diaspora 
communities—may marshal resources to respond. Some countries, 
however, can be difficult places for these actors to operate. Many 
international organizations withdrew from Somalia in the 1990s and 
insecurity in some regions continues to be a challenge for many relief 
agencies. Foreign journalists have been severely restricted in Eritrea and 
the international community may be unaware of emerging humanitarian 
crises in the country. Places with a history of violence may be more 
difficult to deliver services to and may have additional localised 
governance challenges. 

Our operating assumption is that the most vulnerable places are likely to be those 
where high physical exposure to climate related hazards conjoins with high 
population density, low levels of household and community health and education, 
and poor governance and widespread political violence. 

Each of these four baskets—physical exposure, population density, household and 
community resilience, and governance and political violence—is represented in our 
maps by observable and measurable indicators. In all but the population density 
basket, multiple indicators have been selected to represent the basket. We selected 
these particular indicators based on review of the existing literature, with some 
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statistical tests to eliminate indicators that were highly correlated. We also selected 
these indicators with the intention of identifying sub-national data sources for a 
continent where data availability is problematic. 

Within each basket, indicators are assigned weights and aggregated. Following 
conventions among many studies that employ indexes, such as the Human 
Development Index (HDI), Vulnerability Resilience Indicators Model (VRIM), and 
the Commitment to Development Index (CDI), all four baskets have equal weight 
in the final vulnerability analysis.4 We then classified the vulnerability categories 
into quintiles with the least vulnerable 20 percent represented by yellow and the 
most vulnerable 20 percent represented by the colour red. These quintile 
classifications are relative to the rest of Africa, not the rest of the world. So, while 
all of Africa might be vulnerable to climate change, some areas are more 
vulnerable than others (see Figure 2 for a representation, page 68). We also 
conducted some sensitivity analysis to see how our maps of hot spots changed with 
different weights attached to different baskets. 

From the four baskets, we developed a composite map combining all four baskets 
of vulnerability. We started the process by mapping physical exposure to climate 
related hazards on its own and then created an additional map of population density, 
another of community/household resilience, and, finally, a fourth map of 
governance and political violence. At each stage, we also created a map adding 
each new dimension to the previous one (such as climate exposure + population 
density). We then mapped the difference between the simpler map and the more 
complex one, which allowed us to identify the places that showed up as more or 
less vulnerable with the addition of each basket. 

As our composite model of vulnerability demonstrates, places that are physically 
exposed to climate hazards and are densely populated may be resilient to climate 
change because individuals and communities are better prepared to protect 
themselves and their governments are willing and able to help when needed. But in 
several countries in East Africa, this was not true. The incremental addition of our 
population density, household/community resilience, and governance/violence 
baskets showed the value of a more holistic approach to vulnerability. 

4. Findings

We used historic exposure to climate-related hazards to represent physical 
exposure. Models of future climate vulnerability for Africa notoriously engender 

4 The Human Development Index adopted a more complex methodology in November 2010. For a 
discussion of the virtues of equal weights in composite indices, see Stapleton and Garrod (2007). For 
a discussion of problems with equal weight-based indices, see Chowdhury and Squire (2005).
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widespread disagreement among scientists about what is likely to happen. For that 
reason, we began with past exposure to climate-related physical hazards (see Table 
1 for a list of data sources). Later in the paper, we included some early findings 
from our collaborative work with climate modellers, that aimed to provide a better 
job of mirroring past weather patterns in Africa and which produced data on 
timescales and indicators that would be more useful for policy audiences than 
existing global climate models. 

Our map of climate hazard exposure shows that in the 10 countries under 
investigation (11 counting South Sudan), those most exposed to extreme climatic 
events are much of Sudan, pockets of western Ethiopia and northern Kenya, the 
Karamoja region of Uganda, part of the Somali coast surrounding Mogadishu, and 
two pockets in Tanzania, which correspond to the Serengeti National Park and 
Selous Game Reserve (see Figure 3, page 69). For the most part, these are areas 
that are already arid or semi-arid and where food security and livelihood are 
already tenuous and failing rains can have a more adverse effect. 

Table 1: Climate related hazard exposure data 
Hazard Type (weight) Data Source Year(s) of Data Used 

Cyclone Winds (.17) UNEP/GRID-Europe 1975-2007 
Floods (.17) UNEP/GRID-Europe 1999-2007 
Wildfires (.17) UNEP/GRID-Europe 1997-2008 
Aridity (Coefficient of 
Variation) (.17) UNEP/GRID-Europe 1951-2004

Droughts (.17) Global Precipitation Climatology 
Center (GPCC) 1980-2004

Inundation (Coastal 
elevation) (.17) USGS DEM 1996 

However, where these effects occur in sparsely populated areas, like the Tanzanian 
parks, they may not generate great concern. Whether or not physical exposure to 
climate hazards actually translates into large-scale potential loss of life, damage, or 
security consequences, like those explored in this paper, ultimately depends on 
other factors, the first of which is whether large numbers of people live in an area 
that is physically vulnerable. Because this work focuses on the direct impact to 
human populations, we excluded unpopulated areas from our analysis. 

Our population map, which relies on data from Landscan, show that the most 
densely populated areas in East Africa are central Ethiopia, the Great Lakes or 
Uganda, Kenya, Tanzania, Rwanda, and Burundi, and the area around Nairobi (see 
Figure 4, page 69). 

We next created a map of household and community resilience and added it to 
climate related hazard exposure and population density (see Table 2 for data 
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sources). This basket includes eight national level indicators—two in each category. 
In the education basket are national level indicators for adult literacy rates and 
primary school enrolment rates. Similarly, we relied on national level indicators for 
the access to healthcare. These were national health expenditure per capita and 
nursing and midwifery density. The health basket includes a national level 
indicator for life expectancy at birth and a more finely tuned sub-national indicator 
for infant mortality rates. The daily necessities basket is the highest resolution with 
two sub-national indicators; percentage of underweight children from Center for 
International Earth Science Information Network (CIESIN) and an indicator of 
access to improved water sources, at the first-level administrative division that we 
constructed from USAID, UNICEF, and WHO household survey data. 

As shown by Figure 5 (page 70), large areas and, in some cases entire countries—
for example Sudan and Uganda—in this basket appeared in the same quintile even 
though there may have been some sub-national variation (see Figure 5). At the 
regional level, however, there was high variation between the IGAD/EAC 
countries. Uganda and Kenya are among the most resilient countries in Africa 
while Somalia and large areas of Ethiopia are some of the least resilient. 

Our final basket measures the potential effectiveness of any governmental response 
during and after exposure to climate hazards and whether or not an extreme 
weather event becomes a disaster. Five variables comprise this basket: (1) 
government accountability, (2) government effectiveness, (3) global integration, 
(4) political stability, and (5) presence of political violence. We used national-level 
indicators for the first four variables to develop a national composite score for each 
variable. We combined these scores with sub-national data on political violence to 
create a final quintile score for individual grid cells (see Table 3 for data sources.) 

Table 3: Governance and political violence data 
Variable Indicator (weight) Source Year(s)

Government 
Responsiveness  

Voice & 
Accountability (.2) World Governance Indicators 2008 

Government 
Response Capacity  

Government 
Effectiveness (.2) World Governance Indicators 2008 

Openness to External 
Assistance 

Globalization Index 
(.2) KOF Index of Globalization 2009 

Government Stability 
Polity Variance (.1) Polity IV Project 2000 - 2009 
# of Stable Years (.1) Polity IV Project 1855 - 2009 

Presence of Violence Battles & Violence 
against Civilians (.2) 

Armed Conflict Location and 
Events Dataset (ACLED) 1997-2009 

sources). This basket includes eight national level indicators—two in each category. 
In the education basket are national level indicators for adult literacy rates and 
primary school enrolment rates. Similarly, we relied on national level indicators for 
the access to healthcare. These were national health expenditure per capita and 
nursing and midwifery density. The health basket includes a national level 
indicator for life expectancy at birth and a more finely tuned sub-national indicator 
for infant mortality rates. The daily necessities basket is the highest resolution with 
two sub-national indicators; percentage of underweight children from Center for 
International Earth Science Information Network (CIESIN) and an indicator of 
access to improved water sources, at the first-level administrative division that we 
constructed from USAID, UNICEF, and WHO household survey data. 

As shown by Figure 5 (page 70), large areas and, in some cases entire countries—
for example Sudan and Uganda—in this basket appeared in the same quintile even 
though there may have been some sub-national variation (see Figure 5). At the 
regional level, however, there was high variation between the IGAD/EAC 
countries. Uganda and Kenya are among the most resilient countries in Africa 
while Somalia and large areas of Ethiopia are some of the least resilient. 

Our final basket measures the potential effectiveness of any governmental response 
during and after exposure to climate hazards and whether or not an extreme 
weather event becomes a disaster. Five variables comprise this basket: (1) 
government accountability, (2) government effectiveness, (3) global integration, 
(4) political stability, and (5) presence of political violence. We used national-level 
indicators for the first four variables to develop a national composite score for each 
variable. We combined these scores with sub-national data on political violence to 
create a final quintile score for individual grid cells (see Table 3 for data sources.) 

Table 3: Governance and political violence data 
Variable Indicator (weight) Source Year(s)

Government 
Responsiveness  

Voice & 
Accountability (.2) World Governance Indicators 2008 

Government 
Response Capacity  

Government 
Effectiveness (.2) World Governance Indicators 2008 

Openness to External 
Assistance 

Globalization Index 
(.2) KOF Index of Globalization 2009 

Government Stability 
Polity Variance (.1) Polity IV Project 2000 - 2009 
# of Stable Years (.1) Polity IV Project 1855 - 2009 

Presence of Violence Battles & Violence 
against Civilians (.2) 

Armed Conflict Location and 
Events Dataset (ACLED) 1997-2009 
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Figure 1: Composite vulnerability and FEWS NET risk of famine 

 

 
Figure 2: Composite vulnerability baskets and indicators 
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Figure 3: Climate related hazard exposure in East Africa 

 

 
Figure 4: Population density 
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Figure 5: Household and community resilience in East Africa 

 

 
Figure 7: Governance, battle and violence against civilians 
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Figure 8: Composite vulnerability in East Africa 
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Figure 9: Composite vulnerability in East Africa using four weighing schemes 
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Figure 10: Change in number of drought days per year from present day to mid-century  

 

 
Figure 11: Drought frequency and intensity (1980-2004) 
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Figure 12: Precipitation coefficient of variation (1951-2004) 

 

 
Figure 13: Aid projects and composite vulnerability in Africa 
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The chart of East African governance ratings in Figure 6 draws on national-level 
data of indicators of voice and accountability and government effectiveness, an 
index of global integration, and measures of political instability to rank IGAD and 
EAC countries against the rest of Africa. From this it is apparent that the region has 
suffered many governance challenges in recent history. Tanzania has the highest 
ranking governance in the region, but still ranks only 16th on the continent, largely 
due to limited integration into the global economy. Kenya has a better global 
integration score but suffers from recent political instability. Unsurprisingly, 
Somalia ranks 53rd, the worst on the continent and Sudan ranks 51st, very near the 
bottom. (In this chart, Sudan includes both Sudan and South Sudan). 

When we incorporate sub-national data on battles and violence against civilians, 
Somalia and Sudan still remain in the worst quintile. Some sub-national variation 
becomes apparent. For example, the civil war against the Lord’s Resistance Army 
in northern Uganda has left a legacy of instability that is still felt, and which is 
reflected in our maps (see Figure 7, page 70). 

Figure 6: East Africa governance indicators  

Putting these four baskets together, we arrive at a composite map of climate 
security vulnerability (see Figure 8, page 71). This map reveals that large parts of 
South Sudan, notably in Warrap and Jonglei states, and Southern Somalia, the area 
affected by the 2011 famine, are in the most vulnerable quintile. Other smaller 
pockets of high vulnerability are also noticeable in Western Ethiopia, Eritrea, 
Burundi, and the Karamoja triangle area of Uganda, Sudan, Kenya and Ethiopia. 

This map of hot spots of chronic vulnerability is largely robust to what weights we 
attach to individual baskets. South Sudan and Southern Somalia appear particularly 
vulnerable across different model specifications (see Figure 9, page 72). 
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While these maps of chronic vulnerability provide a point of departure, places that 
have historically faced intense exposure to floods, droughts, and other climate 
related hazards might not be affected in the same way by climate change. Existing 
general circulation or global climate models have shown wide disagreement about 
the likely effects of climate change on the African continent. 

Models agree that Southern and Northern Africa are likely to get drier, but 
elsewhere, including parts of East Africa, there is less consensus. Based on its 
review of multiple studies, the 2007 IPCC Fourth Assessment concluded: “There is 
likely to be an increase in annual mean rainfall in East Africa” (IPCC, 2007b). The 
A summary of model projections of rainfall by the IPCC report show nearly 20 
models projecting higher rainfall over East Africa in most months.  

Despite the apparent convergence of climate models, suggesting East Africa will 
become wetter with climate change, there are some reasons to be sceptical. First, 
there is less model convergence for all of East Africa. Moreover, the results 
reported by the IPCC are based primarily on global circulation model (GCM) 
projections, which may not be well suited to produce regional climate projections 
in all locations. Third, some studies suggest that East Africa may, in fact 
experience more episodes of drought in the future, and attribute the 2011 drought 
conditions to the emergent effects of climate change—rather than an especially 
strong La Niña episode. Geographer Chris Funk, along with colleagues from the 
U.S. Geologic Survey (which also advises FEWS NET), has made this argument 
most persuasively in a number of studies. In a 2011 paper, with A. Park Williams,
he suggests drier conditions in East Africa will continue because of climate change 
(Williams & Funk, 2011). Funk attributed the lack of rain to warming over the 
eastern Indian Ocean and the extension of the Tropical Warm Pool, which 
originates in Indonesia: 

It’s warmed about a degree over the last 30 or 40 years and maybe 
about half a degree over the last 20. But the reason that it’s important 
is that it’s already really, really warm. And so, as far as we can tell, 
that warming has triggered more rainfall over the central Indian Ocean. 
And that rainfall basically pulls in moisture from the surrounding area 
and prevents it from going onshore into Africa. 

The sea surface temperatures in the Indian Ocean are really well 
correlated with global temperatures. So, the past 150 years, as far as 
we can tell, the Indian Ocean has gone up and down very closely with 
global temperatures. I’m not sure that we fully understand why that is, 
but it seems to be an area that as we’re experiencing global warming 
the Indian Ocean is warming up right in step with that. 
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His views are a bit more nuanced as he noted that other areas in East Africa might 
get wetter the closer they are to Lake Victoria (DeCapua, 2011). 

Given the problems of global circulation models (GCMs) in validating local 
climate patterns at more fine-grained resolution, and the lack of model agreement 
for Africa broadly and East Africa in particular, we have worked to develop a 
regional climate model (RCM) for application over Africa. This model, which is 
derived from the National Centre for Atmospheric Research’s Weather Research 
and Forecasting Model (WRF), aims to validate better than GCMs, meaning that 
the simulations of historic rainfall and temperature patterns are a closer fit with 
historic observed data (at least compared to GCMs). A reasonable validation of the 
historical rainfall and temperature patterns is viewed as a necessary but not a 
sufficient condition for a confident future prediction. While most GCMs focus on 
end of the 21st century projections of 2080-2099, our model focuses on mid-
century projections; a time frame more relevant to policymakers. 

While space forbids a more detailed discussion of the model, we have run a mid-
21st century ensemble under the IPCC AR4 mid-line A1B emission scenario (see 
Cook and Vizy, 2012; Vizy and Cook, 2012 for a full description of the model 
design). We are currently in the process of developing multi-year simulations in an 
effort to capture dynamics in the seasonality of rains. Nonetheless, we can present 
some of the preliminary findings based on the initial ensemble. In terms of drought 
dynamics, which we define as 21 consecutive days with less than a 1mm of rain, 
we find a mixed picture in East Africa. Parts of the Somali coast are projected to 
experience an increase in drought days, as is much of western Ethiopia. However, 
large swaths of the region, including Central Uganda, Northern Kenya, and Eastern 
Ethiopia, are all projected to experience a significant decline in the number of 
drought days (see Figure 10, 73). We expect the next iteration of projections will 
provide more clarity about changes in the seasonality of rain, in terms of timing, 
intensity, and total amounts, as well as the mechanisms that affect these dynamics. 

How well do these patterns of future drought match historic exposure? Here, two 
maps of historic rainfall patterns may be relevant: our maps of drought derived 
from the Standardized Precipitation Index (which captures rainfall anomalies) and 
our maps of the coefficient of variation, which does a better job at capturing areas 
of chronic water scarcity (see Figures 11 and 12, pages 73 and 74 respectively). 

Both the patterns of historic droughts and chronic water scarcity are different from 
projections of future drought days. The areas of congruence are along the Somali 
coast. Of course, these measures of historic drought and water scarcity are based on 
slightly different indicators. It may be more valuable to have comparable before 
and after metrics for future analysis. Nonetheless, on the basis of our composite 
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maps, and the preliminary findings of our climate models, we are confident that 
Somalia’s Southern coast will likely continue to experience continued exposure to 
climate hazards and, given its other problems, be particularly vulnerable in the 
future.

5. Policy implications 

In light of these observations, what are the implications for policy? In the midst of 
an on-going humanitarian emergency in Somalia, there are a number of available 
short-run interventions that could prevent people from dying. However, a number 
of these short-run decisions have long-run implications for the recovery of the 
population and the future of the Somali state, and major implications for the rest of 
the region. Busby has written elsewhere about the short-run emergency needs of 
finance and access as well as the larger challenges of fostering a functioning 
Somali state (Busby, 2011). 

Most observers have focused on the need for a longer-term development vision for 
the region, and indeed, if climate change will have deleterious effect on parts of 
East Africa, as our maps and models suggest, then long-run finance must be 
mobilised to help the region adapt. However, when one looks at the geographic 
location of active projects from the World Bank and the African Development 
Bank (AfDB) (across all sectors, not just adaptation-specific projects), overlaid on 
our climate security vulnerability maps, money is flowing to governments in the 
region—Kenya, Uganda, and Ethiopia—with the most capacity to absorb aid and 
spend the money well (see Figure 13, page 74).  

By and large, multi-lateral donor assistance is not going to countries like Somalia 
and Sudan that may need it the most, in order to minimise the adverse 
consequences of climate change. With Somalia lacking a functioning government, 
and the Khartoum regime still largely an international pariah, these funding 
patterns are understandable, particularly since the Bank may be constrained to 
work with state actors rather than channel money directly to civil society, as many 
bilateral governments do. 

Although the fledgling South Sudan is still struggling to build governmental 
capacity, it will be interesting to see how quickly aid patterns change. Of course, 
the World Bank and AfDB are just two donors and their actions may not reflect 
wider bilateral lending and giving patterns, but they are two very important donors 
and they often reflect broader donor tendencies. It must also be noted that this map 
may not be fully representative of spending patterns, since each dot represents a 
project rather than the amount involved. Some of the projects may account for a 
disproportionate amount of funding and per capita giving may be higher in some 
countries. Moreover, projects could be stacked in a single location, which is not 
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visible in this map. Nonetheless, the dearth of projects in Somalia and Sudan is 
important and raises the question of whether funding should be directed to 
countries that can spend the money well or to those that need it. 

When we look at project commitments from the World Bank, in terms of dollar 
amounts, these trends are largely corroborated, with Somalia and Sudan receiving 
little or no assistance from the Bank and  Ethiopia (somewhat vulnerable) and 
Tanzania (less vulnerable) receiving the largest volumes of assistance. Tanzania 
receives the largest Bank assistance per capita (see Table 4).5

How representative are World Bank projects of broader patterns of overseas 
development assistance? In terms of other donors, the portrait is mixed. When we 
look at AfDB projects by country, some similar patterns emerge, with projects 
concentrated in total dollar amounts and per capita terms in Ethiopia, Tanzania, and 
Kenya. According to AidData, a database of bilateral and multilateral donors and 
recipients of foreign assistance,6 of the nearly $6 billion in African Development 
projects in 2009 and 2010, more than 40% was dedicated to two projects in 
Ethiopia, a project to improve electricity transmission and a smaller project to 
protect basic services. Another 28% was dedicated to Tanzania (AidData, 2010). 

Table 4: World Bank active projects and total commitments as of February 3, 2011 

Country Active
projects

Total amount 
($US mil)

Per capita 
(2008 pop.)

Burundi 14 $414.8 $51.37
Djibouti 7 $50.9 $59.94
Eritrea 2 $75.3 $15.28

Ethiopia 32 $3669.9 $45.47
Kenya 33 $2166.96 $55.90

Rwanda 13 $460.88 $47.41
Somalia 0 $0 $0
Sudan 2 $13.7 $0.33

Tanzania 42 $3120.92 $73.46
Uganda 30 $1708.26 $53.96

Source: World Bank 

5 It should be noted that there are some multi-country World Bank projects not reflected in Table 6. 
There are an additional 11 projects totalling $877.5 million. All of these projects are located in the 
EAC region, except for two that include Somalia. Both of those are fisheries projects in the Indian 
Ocean, which list Somalia, Kenya and Tanzania as recipients. 
6 AidData is a database of bilateral and multilateral donors and recipients of foreign assistance. It 
includes traditional OECD donor countries as well as non-traditional bilateral donors, such as Brazil 
and China and 15 multilateral lending agencies. 
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However, as the earlier discussion of U.S. disaster spending noted, both Sudan and 
Somalia have been major recipients of humanitarian assistance. When we looked at 
AidData statistics of spending for all multilateral and bilateral donors, for which 
information was available, we found more significant spending in Somalia and 
Sudan across all sectors (see Table 6). 

Table 5: African Development Bank active projects and total commitments, 2009-2010 

Country Active
projects

Total amount 
($US mil)

Per capita 
(2008 pop.)

Burundi 2 $75.265 $9.32
Djibouti 0 $0.00 $0.00
Eritrea 1 $15.66 $3.18

Ethiopia 2 $2,474.10 $30.65
Kenya 7 $1,490.09 $38.44

Rwanda 6 $121.61 $12.51
Somalia 0 $0 $0.00
Sudan 0 $0.00 $0.00

Tanzania 7 $1,648.88 $38.81
Uganda 3 $164.50 $5.20
Source: African Development Bank 

In terms of spending on climate adaptation, a cursory approach defined adaptation 
in two ways, a broad definition and a narrow definition. 7  Broadly defined, 
adaptation projects nearly encompassed the majority of the projects, while 
narrowly defined very few of the projects in the region were adaptation-related. 

7 The aid community has yet to agree upon a definition for climate change adaptation aid. Rather, 
several actors have proposed schemes that classify aid based either on purpose or effect. AidData and 
other CCAPS researchers have worked to code aid projects according to these classification schemes. 
The broad definition of adaptation aid is based on the assumption that populations are better able to 
cope with the consequences of climate change when they are healthier and better educated and when 
they have more diverse livelihoods and access to better transportation, shelter and production 
infrastructure. Therefore, many traditional development projects qualify as adaptation aid under this 
broad definition. In contrast, only projects that directly seek to control or lessen the expected 
consequences of climate change qualify as adaptation aid under the narrow definition. Examples of 
such projects are promotion of drought resistant crops in areas that are expected to receive reduced 
rainfall in the future or construction of seawalls to protect against rising sea levels or saltwater 
intrusion in low-lying coastal areas. For more information on these definitions see Weaver and 
Peratsakis (2010). 
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6. Conclusion

Space prevents a more detailed examination of donor giving trends in foreign 
assistance, but it is fair to say that support for the most vulnerable countries in the 
region, such as Somalia and Sudan, has been directed towards emergency crisis 
response rather than long-term developmental needs. Because these countries, 
especially their conflict-ridden southern regions, are subject to recurrent problems, 
including exposure to climate related hazards, and the absence of investment in 
long-term development programs to enhance their resilience, emergency relief 
efforts every few years is required on a massive scale. The neighbouring countries 
in the region, including Ethiopia, Uganda and Kenya, have created relatively better 
social safety nets, food for work schemes, income support, investment in 
agriculture, and income diversification programs, which meant that the 2011 
drought had a less severe impact on affected communities. Still, these countries 
continue to suffer detrimental spill-over effects from their less developed 
neighbours, such as a large influx of refugees. The maps of chronic vulnerability in 
this paper suggest that the agro-pastoralist zones of Southern Somalia and South 
Sudan, among other areas of East Africa, are particularly vulnerable to recurrent 
crisis, given the confluence of physical exposure of large numbers of people in 
communities that lack local resilience, and in states that lack capacity or the 
willingness to assist the population in times of need. In light of these findings, and 
the existing sources of foreign assistance and relief, these maps raise a number of 
questions about where and for what future foreign assistance ought to be directed. 
They are, nevertheless, merely a starting point for these discussions and should not 
be considered conclusive distribution plans. 
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