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eXeCutiVe summary

the east and central region of africa – comprising the great Lakes region and the Horn of africa 
– has a long history of civil strife, political violence, health epidemics, famine, and economic 
instability.  the challenges facing the east and central africa region today are complex and 
interdependent.  Consequently, the region is particularly vulnerable to climate change on several 
fronts.  First, the region’s ability to adapt to a changing physical environment is jeopardized by 
poor governance, scant resources, drought, ethnic conflict, and population growth.  Moreover, the 
direct and indirect effects of climate change will likely exacerbate these social, political, economic, 
and environmental challenges facing the region.  Second, the nations of east and central africa 
are highly disposed to climate-related hazards like drought and flooding.  Climate projections for 
the coming decades depict heightened climatological stress in the region as rainfall becomes less 
predictable, temperatures rise, and dry seasons lengthen; thus climate-related weather hazards 
are likely to continue.  Lastly, east and central africa is home to high levels of human-induced 
environmental stress, like deforestation and extensive land use, which exacerbates the climate-
related environmental changes and the ability of rural households to adapt to the effects of climate 
change. 

given these salient characteristics of east and central africa, this report presents a model of 
vulnerability that places special emphasis on the physical and environmental contributors to climate 
change in the region.  the model of vulnerability presented here also incorporates underlying 
political, social, economic, and demographic factors as key determinants of the effect of climate 
change on livelihoods.  as such, this report outlines the potential impact of climate change on 
human security in the region and identifies areas of concern.  this assessment identifies western 
ethiopia, southern Sudan, eastern Burundi, and the tri-border region between uganda, Sudan, and 
the democratic republic of the Congo (drC) as the most vulnerable to climate change.  the high 
levels of vulnerability are driven by different contributing factors in each of these areas, ranging 
from poor socioeconomic conditions to high historical frequency of climate-related hazards and 
elevated environmental stress. 

Human-induced environmental stress and physical exposure to climatological events are central to 
this vulnerability model.  Some countries like ethiopia, Burundi, tanzania, and Somalia are exposed 
to elevated levels of environmental stress from activities such as deforestation and intensive 
agriculture.  these four countries in particular have been cutting more than 1 percent of their 
forests annually and have over 75 percent of the labor force employed in agriculture.  Furthermore, 
some future climate projections anticipate an increased frequency of extreme weather events that 
already affect east and central africa, such as droughts, flooding, fires, desertification, and coastal 
erosion.  this model shows that northern uganda, northern drC, southern Sudan, and western 
ethiopia have been the sites of a significant number of these extreme weather events. 

Low levels of socioeconomic development and governance also increase vulnerability to climate 
change.  For example, poor health care and infrastructure and low investment in human capital 
expose populations of ethiopia, the drC, Burundi, and southern Sudan to otherwise preventable 
consequences of external shocks.  High rates of malnutrition in the east african highlands make 
entire communities more susceptible to climate-sensitive infectious diseases like malaria and 
dengue fever, and poor physical infrastructure makes it difficult for vulnerable populations such 
as pastoralists to access basic health services.  Poor governance indicates a lack of institutional 
capacity to respond to these pressing, chronic human security issues.  Consequently, countries like 
Somalia, the drC, and Sudan are less likely to exhibit the ability to respond or adapt to climate-
related crises under changing conditions in the future. 

the countries of east and central africa are diverse, and myriad underlying characteristics influence 
the variations seen in vulnerability to climate change across the region.  national and sub-national 
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differences in vulnerability to climate change cannot be attributed to only one factor, but rather 
a collection of diverse factors specific to even the smallest geographic areas.  this report aims to 
provide detailed information about the region to help target aid and adaptation policies to the 
sub-national areas of east and central africa in most need. 

introduCtion

east and central africa, which comprises the great Lakes region and the Horn of africa, has a long 
history of civil unrest, political violence, serious health epidemics, famine, and economic shocks.  
the region remains particularly vulnerable to these hazards due to persistent poor governance, 
lack of resources, ethnic strife, commodity-based economies, population growth, and lack of 
adequate health care and infrastructure, among other factors.  the region has also been the site 
of devastating exposure to climate-related hazards. in 2011, nearly 12 million people throughout 
the region were subject to extreme drought conditions, with large parts of Somalia enveloped in 
famine.  these precarious systemic factors and climatic conditions could have significant influence 
on the region’s ability to adapt to a changing environment.  at the same time, the direct and indirect 
effects of climate change could exacerbate the social, political, economic, and environmental 
challenges facing the region. 

today, the confluence of factors affecting east and central africa are both troubling and complex.  
the underlying political, social, economic, and environmental contexts of the region could be 
the key determinants of the effect climate change will have on people’s livelihoods.  as such, this 
report outlines human vulnerability to climate change in the region and identifies areas of concern 
based on a broad definition of vulnerability.  Human-induced environmental stress and vulnerability 
to extreme weather events are central to this model.  there is no attempt made to show direct 
causality between climate change and human or political outcomes.  rather, climate change is 
assumed to be a multiplier of existing problems.  First, vulnerability is defined as an interaction 
among environmental, political, social, and economic factors that are relevant in the regional 
context.  Second, this report investigates each of these factors and how they can determine an 
area’s vulnerability to climate change.  next, initial findings and analysis are presented.  then, 
a case study of ethiopia is presented for an in-depth analysis.  Finally, recommendations are 
presented for responding to regional vulnerability to climate change. 

part 1: regional ConteXt

the countries of east and central africa—Burundi, the drC, djibouti, eritrea, ethiopia, kenya, 
rwanda, Somalia, Sudan1, tanzania, and uganda—have struggled with significant political and 
institutional challenges since decolonization in the late 1950s and early 1960s.  Many of these 
countries experienced the rule of notorious dictators such as idi amin in uganda and Mobutu 
Sese Seko in present day drC.  Political structures range from authoritarianism in eritrea, to 
state failure in Somalia, to moderately democratic regimes in tanzania, rwanda, and ethiopia.2   
Many governments in east and central africa experience high corruption, and lack capacity to 
effectively address the immense challenges facing their countries.  Compounding these political 
and institutional challenges, the region has grappled with persistent violence: all countries except 
tanzania have experienced notable civil conflict within the last 30 years.  today, the drC, Sudan, 
and Somalia are still plagued by violence and civil unrest. 

ethnic tension has been another enduring problem in the region.  the 1994 genocide of tutsis 
in rwanda was perhaps the most egregious case in the region’s history.  More recently, the 2008 
election violence in kenya between the kikuyu majority and the Luo and kalenjin supporters of 
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raila odinga, and the Sudanese conflicts between arab and non-arab africans have brought 
violence to the region.  these conflicts point to the deleterious effect ethnicity can have on 
complex internal struggles for power.  ethnicity complicates governance and efforts to build 
national identities, as many ethnic groups are marginalized from the political process. 

east africa hosts tens of millions of semi-nomadic pastoralists.3  Pastoralist communities depend 
largely on local ecology and domesticated livestock, and they generally live in “resource-scarce, 
climatically marginal and highly variable conditions.”4  Pastoralists are difficult to integrate into 
the political process due to their nomadic nature.  these communities often cross international 
borders in search of water and pasture for livestock.  in recent years, pastoralists’ livelihoods have 
been threatened by drought, desertification of semi-arid grazing lands, and increased farming 
land use.  Water scarcity and smaller grazing areas have increased contact between pastoralists 
and farmers, leading to increased tension and conflict over resources.  Cases in Sudan and kenya 
have led scholars and the media to claim that these clashes are climate-induced conflicts.  While 
a causal link between climate change and conflict is not well established, the degradation of 
grazing land and the subsequent clashes between pastoralist and farmers is one example of how 
the effects of climate change could bring added stress to the region.

in addition to sociopolitical and economic hardships, the nations of east and central africa are 
highly susceptible to climate-related hazards like drought and flooding.  Climate change is 
expected to exacerbate the climatological stress on the region as rainfall becomes less predictable, 
temperatures rise, and dry seasons lengthen.  east and central africa is home to ecologically 
diverse environments, from the deserts of northern Sudan to the thick rainforest of the drC.  this 
great variation makes it difficult to project which natural events will change in frequency, and by 
what magnitude.  at a minimum, experts expect climate change to increase the frequency of 
extreme weather events that already affect east and central africa including droughts, floods, fires, 
desertification, and coastal erosion.5  extreme weather events have had important consequences 
on the livelihoods and progress of populations in the region, and more intense, frequent events 
like these could have devastating effects.  

according to some projections, the traditionally dry east africa region will receive more rain in 
years and decades to come.6  Furthermore, climate scientists project that rainfall amounts will 
vary widely from year to year.  While increased rainfall could have positive effects, large variations 
in intra-annual rainfall will force farmers to cope with extended dry periods during the growing 
season, which can lead to low crop yields and crop failure.  Persistent, unseasonably heavy rains 
over short periods also pose problems for farmers, with flooding and runoff destroying large 
swaths of land in production.7  roughly 70 percent of the continent’s population is dependent 
on agriculture for its livelihood.8  However, unlike the rest of the continent, the east and central 
africa region relies on a small number of industries and few natural resources.  Consequently, the 
region depends heavily on agricultural commodities as primary exports.  in short, increased rainfall 
variability and unpredictable agricultural production would be significant challenges for a region 
that has few non-agricultural sources of income to smooth economic shocks. 

in addition to economic instability, greater food insecurity, and at worst famine, are known 
consequences of volatile agricultural production in east and central africa.9  unforgettable cases 
of widespread famine in ethiopia from 1984 to 1986 were brought on by drought and severe 
declines in food production, followed by the governments’ lack of capacity to respond to the 
crisis.10  kenya, ethiopia, Somalia, and eastern uganda all faced serious food shortages in 2010 
due to inadequate rainfall, which became much worse in 2011.11  Some researchers predict that 
the number of undernourished people in Sub-Saharan africa could increase by 53 percent by 2030 
due to a combination of drought and diminished agricultural capacity, if adaptation techniques are 
not adopted.12  the region’s dependence on rain-fed agriculture makes it reliant on predictable 
weather patterns, and thus more vulnerable to the projected effects of climate change. 
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Many environmental problems in the region come from an interaction between human induced 
environmental stress and climate-related events.  Widespread deforestation and locally induced 
environmental stress further deteriorate the region’s ability to adapt to climate change.  deforestation 
can cause a number of problems in the region, including lower crop yields, growing desertification, 
water stress, and increased floods and mudslides.13  as witnessed in the March 3, 2010 mudslides 
in uganda that occurred on deforested land, disasters are not just caused by extreme weather 
events but also environmental degradation.14  in addition, the severe deforestation in east africa 
has stressed households by increasing the time it takes them to gather wood for fuel.  

the level of human development in the east and central africa region further contributes to 
populations’ vulnerability to external shocks, with or without climate change.  the populations 
of the region are predominately rural (greater than 75 percent), indicating that a majority of 
households are located far from basic services like health care, telecommunications, water and 
sanitation services, and food markets.15  Furthermore, population growth in the region remains 
quite high—2.04 to 3.69 percent annually16—and will cause scarce services to be spread even 
thinner, reducing already low capacity to serve households.  existing socioeconomic conditions, 
poor health, and few resources for coping expose the populations of the region to life-threatening 
consequences of extreme weather events.  For example, high rates of malnutrition put children in 
the east african highlands at a high risk for contracting climate-sensitive infectious diseases like 
malaria and dengue fever.  Low levels of education and high reliance on subsistence agriculture in 
western ethiopia give populations few livelihood alternatives in the wake of agricultural devastation 
from drought and flooding.  these challenging human development issues in the east and central 
africa region could reach emergency levels when combined with the projected effects of climate 
change. 

Finally, the region is home to the headwaters of the nile river, which serves as a central water source 
to 10 countries: Burundi, the drC, egypt, eritrea, ethiopia, kenya, rwanda, Sudan, tanzania, and 
uganda.  egypt is the last piece of land the nile flows over before entering the Mediterranean 
Sea.  egypt’s population is concentrated along the basin, which makes its continued flow critically 
important to the health of the country.  the right to waters of the nile is a historically contentious 
issue among the 10 basin countries, and some experts believe that any attempts by up-river 
countries to dam the nile will spark international conflict with egypt.17  as populations grow in 
the basin countries, demand for water will increase, and future droughts will likely exacerbate this 
problem.18  

part 2: Vulnerability

Risk is not just an outcome of physical climate/hazard processes: it is the combined 
product of physical exposure to hazards and social vulnerability (characteristics of 
people and society that shape human vulnerability).19    

Vulnerability to climate change cannot be explained solely by a single environmental or socio-
political factor, but rather a combination of many factors.  the intergovernmental Panel on Climate 
Change (iPCC) report in 2007 defined climate change vulnerability as “the degree to which a system 
is susceptible to, and unable to cope with, adverse effects of climate change, including climate 
variability and extremes.  Vulnerability is a function of the character, magnitude, and rate of climate 
change and variation to which a system is exposed, its sensitivity, and its adaptive capacity.”20  

others have focused on the extent to which social groups are able to adapt to a given set of 
environmental circumstances or stresses.  Busby, Smith, Strange, and White modeled vulnerability 
as a confluence of factors by combining physical exposure to climate-related hazards, population 
density, household and community vulnerability, and governance and political violence.21  Based 
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on past scholarly work and an analysis of the confluence of these factors, this report approaches 
vulnerability not only as the exposure to physical hazards, but also as an interactive process of 
the underlying physical, social, political, and cultural processes that render entire populations 
susceptible to the losses associated with climate change. 

By all accounts, the african continent is believed to be especially vulnerable to climate change 
given its low levels of adaptive capacity.  Some model projections illustrate that year-to-year 
temperature, precipitation, and drought extremes are likely to increase substantially, resulting in 
irregular and unpredictable crop yields.22  the iPCC 2007 report identified several key areas of 
vulnerability in the east and central africa region: water availability, food security, health, coastal 
zones, and natural ecosystems and biodiversity.23  this report comes to similar conclusions through 
an examination of the complex human, environmental, and political challenges in the region. 
Following the work of Busby et al., five factors were selected that interact to influence overall 
vulnerability to climate change: (1) climate-related hazards and physical exposure, (2) human-
induced environmental stress (a factor unique to this model), (3) population density, (4) household 
vulnerability, and (5) governance and conflict (see Figure 1).  information on data sources and 
further explanations of these five factors are detailed in the Methodology section below.

Figure 1

Vulnerability Model for East and Central Africa
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overall, east and central africa is highly vulnerable to climate change.  the map of composite 
vulnerability, however, shows that the areas most likely to be affected by climate change vary 
considerably within each country of the region (see Figure 2).  identifying areas of greatest concern 
within a country is essential for policies aimed at minimizing the effects of climate change. 

Figure 2

For example, southern Sudan and western ethiopia stand out as areas of particular concern.  
these areas have experienced significant drought and exposure to climate-related hazards, 
poor governance, human-induced environmental stress, and low capacity on the household and 
governmental levels.  in addition, these areas are densely populated, adding concern about the 
magnitude of the human impact of potential climate change in these areas.  

Central drC and northern Sudan stand out as being relatively less vulnerable to the effects of 
climate change.  initially this seems counterintuitive, since these countries are notorious for poor 
governments and brutal civil conflicts.  this analysis, however, is not a measure of how much a 
country will struggle politically in the future, but rather a measure of how susceptible a country is 
to the effects of climate change.  Consequently, although the drC faces enormous challenges, 
climate change is more likely to exacerbate problems in southern Sudan more than central drC.  
next, each of the five factors that contribute to vulnerability across the region will be examined. 
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Physical Exposure

Physical exposure to climate-related hazards is a crucial measure of vulnerability in the east and 
central africa region.  Many incidents of climate-related extreme events have occurred in the 
region and are likely to increase as a result of climate change.  With the majority of the population 
depending on agriculture, incidents of extreme weather events make the region vulnerable to 
variations in weather patterns.  in Figure 3, droughts, floods, fire density, deforestation, and sea 
level rise contribute to a composite map of physical exposure.

Figure 3

northern uganda, northern drC, southern Sudan, and western ethiopia have been the sites of 
a significant number of climate-related hazards.  the map shows notable sub-national variation 
in where such events occur.  For instance, western ethiopia has seen numerous extreme weather 
events, but eastern ethiopia has experienced relatively few.  interestingly, central drC and northern 
Sudan stand out as areas that have seen relatively few climate-related weather events.  northern 
Sudan is a desert and thus experiences very few weather events.  Central drC, on the other hand, 
is a healthy forest that is very resilient.  the central forest in the drC is an example of how a healthy 
ecosystem can reduce vulnerability to extreme weather events.  
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Droughts and Floods    

the east and central africa region is particularly prone to droughts and floods.  Prolonged 
droughts have led to the destruction of crops and greater reliance on food aid, while heavy rains 
and subsequent flooding increase the rates of water-borne diseases and depress agricultural 
productivity in the region.  kenya, ethiopia, Somalia, and uganda are affected by a high frequency 
of droughts.  Sudan, uganda, ethiopia, tanzania, and Somalia experience high frequency of 
floods.  this exposure was witnessed in late 2009 when populations of northeastern and coastal 
kenya and southwestern uganda were displaced due to severe flooding.  Furthermore, due to 
excessive rainfall in the region, people in kenya, uganda, tanzania, and Burundi suffered from a 
cholera outbreak.24

With more than 80 percent of the population relying solely on agriculture, the region is highly 
vulnerable to these natural hazards.25  Pastoralist societies are particularly vulnerable to drought 
and flood hazards.  although mobile pastoral communities are adaptive to environmental changes 
due to traditional knowledge of land use, the rapidly transforming climate may cause prolonged 
droughts that can severely restrict their capacity to adapt.  the rise in temperature and extended 
dry periods can increase heat stress to livestock.  on the other extreme, excessive rainfall can 
cause flash floods, making it harder to plant crops and exposing humans and animals to water-
borne diseases.  in both cases—long droughts and frequent floods—the pastoralists are left with 
nothing to sell and no way to feed their livestock.26

Wildfires

Wildfires can be caused by humans or by natural events such as volcanoes and lightning.27  east 
and central africa has large areas of savannas and even a single event of fire can result in extensive 
damage.  High fire density is not only harmful to the indigenous species but is equally detrimental 
to agricultural production and the environment.28  according to the Fires in africa 1997 to 2005 
map developed by the un office for the Coordination of Humanitarian affairs (oCHa), southern 
parts of Sudan, southern drC, northern uganda, western ethiopia, and southern tanzania have 
high density of fire.29  repeated forest fires result in land degradation through the loss of vegetation 
faster than nutrients can be added to the soil.30  in a region where a majority of the population 
depends on agriculture, wildfires are a major problem for livelihoods and sustainability.  

Sea Level Rise   

Studies assessed by the iPCC found that the melting of alpine ice due to global warming is causing 
a rise in sea level.  three countries in the region—Somalia, kenya and tanzania —have coasts on 
the indian ocean, and simply by geography, those nations are exposed to possible rising sea 
levels.  the populations in coastal cities like dar es Salaam, tanzania and Mombasa, kenya are 
growing rapidly and many people depend on coastal tourism and fisheries that largely contribute 
to east africa’s national income.31  outside of the major coastal cities, growth in industries like 
fishing, seaports, and tourism has drawn many people to the coast. 

Sea level rise along the east african coast could cause disastrous outcomes like beach erosion, 
displacement, flooding, and salt water intrusion.32  the coastal areas of east africa house mangrove 
forests covering 5,100 sq. km, which shield the areas from erosion and flooding.  However, 
flooding caused by sea level rise can destroy these natural barriers, leaving the coastal zones 
exposed.  Sea level rise can also cause salt water intrusion where water tables are shallow and 
easily contaminated.  this salination of drinking water is a real danger for coastal populations, as 
they primarily depend on ground water for household and industrial purposes.33  in turn, coastal 
erosion can lead to population displacement as tourism and industry leave the region.  
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tanzanian coastal areas in particular face a threat due to sea level rise.  according to one 
assessment, a 1 mm/year rise in sea level in the coast of tanzania could inundate about 2,090 sq. 
km of land, and further erode 9 sq. km of land.  Likewise, a 0.3 m increase in sea level in kenya 
could submerge 17 percent of Mombasa district.34 

to include the effects of sea level rise on the east and central africa region, this study included 
data on the elevation of coastal areas and assigned vulnerability rankings according to elevation 
above sea level.  those geographic zones with the lowest elevation were considered the most 
vulnerable to sea level rise.  

Environmental Stress

Population growth in east and central africa has instigated human-induced environmental stress 
by augmenting activities such as deforestation and intensive agriculture.  Consequently, local 
land use and environmental changes resulting from human activity should be taken into account 
alongside climate change.  Local environmental factors can induce negative feedbacks that can 
exacerbate the impact of larger climatic changes.35  For instance, deforestation can reduce moisture 
in the soil and atmosphere, which increases aridity and desertification.36  the environmental stress 
basket of this study combines three indicators: labor force in agriculture, deforestation, and water 
stress.  together, these environmental stress indicators capture human-induced environmental 
degradation, natural resources available for adaption to climate change, and land use within a 
country (see Figure 4).

Figure 4
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relative to the rest of the continent, the countries of east africa rank poorly on the measure of 
environmental stress.  ethiopia, Burundi, tanzania, and Somalia are in the highest category for 
environmental stress.  each of these countries has been cutting more than 1 percent of their forests 
annually and has over 75 percent of its labor force employed in agriculture.  though the region 
generally uses a low percentage of renewable groundwater, Somalia and Sudan are extremely 
dependent on groundwater withdrawals.  the drC, surprisingly, performs particularly well in terms 
of environmental stress.  on one hand, some portions of the country are extremely deforested 
from the charcoal and timber industries, and others are highly dependent of agriculture.  However, 
because the drC has such a large forest, the deforestation that is occurring only affects a small 
percentage of their vast jungle.  Furthermore, the drC has a relatively low percentage of people 
employed in agriculture.  due to a healthy forest and the existence of non-agricultural economic 
activities, the drC is relatively more resilient to human-induced environmental effects that may 
increase vulnerability to climate change.

Labor Force in Agriculture 

as Figure 5 shows, the majority of east and central africans are subsistence farmers or pastoralists.  

Figure 5

Source: FAOSTAT 2006, Food and Agriculture Organization of the United Nations 
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better prepared to cope with climatic shocks than those relying primarily on agriculture.  this is 
not only true in the short term but also in the long term: industrialized, diversified economies can 
more easily absorb workers that transition out of subsistence agriculture than economies that 
do not have an existing industrial base.  recent iPCC reports (2007) suggest that the projected 
agricultural yield reduction due to climate change in some areas could be as high as 50 percent 
in the next decades.37  

Second, the percentage of the labor force employed in agriculture also serves as a proxy for land 
use.  Countries that have a high proportion of their labor force in agriculture are likely to have 
more land under cultivation per capita, as subsistence farmers produce low output per hectare 
and subsequently cultivate more land to increase production.38  areas with densely populated 
subsistence farmers often experience considerable land degradation and reduced soil fertility.39   
Sustainable farming practices like crop rotation and integrated agro-forestry can reduce the stress 
on the land.  these practices, unfortunately, are not widely practiced, which has resulted in a drop 
in productivity on much of the farmland in the region.

relative to the rest of the continent, the countries in east and central africa rank high on the 
percentage of their labor force in agriculture, with most countries having around 80 percent of 
their labor force working in agriculture.40  the drC is less reliant on agriculture than most countries 
in the region, which is another factor that contributes to it doing well in regards to the measure of 
environmental stress.  

Deforestation  

east and central africa has seen a dramatic reduction in its forest, and the demand for wood is 
growing as the population expands.  Many countries have been cutting more than 1 percent of 
their existing forest each year (see Figure 6).41  Burundi, for example, has seen an annual reduction 
of about 5 percent of its forest each year between 2000 and 2005, and this high rate of cutting is 
clearly unsustainable.  the drC, with its large timber and charcoal industries, has also seen large 
swaths of forest cut recently, although this represents a small portion of the drC’s massive forest.

Figure 6

 

Source: Food and Agriculture Organization of the United Nations
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deforestation can lead to a number of local environmental problems including desertification, soil 
erosion, a reduction of ground water, and mudslides (as recently witnessed in uganda).  in addition, 
forests act as water catchment and storage areas.  they hold rainwater during the rainy season 
and slowly release the water through the year.42   due to deforestation, many small streams that 
previously flowed year-round now only flow seasonally.  this has a negative impact on subsistence 
farmers who rely on these smaller water sources to irrigate their dry season gardens, as well as 
households that use these water sources for consumption and hygiene.  

deforestation also increases the burden on women.  in east and central africa, women are the 
primary gatherers of firewood for cooking.  as populations grow and forests shrink, women and 
girls must walk farther to collect wood.  this reduces the time they can devote to other activities 
like farming, childcare, or school for younger girls.

the rate of deforestation also serves as a proxy for domestic environmental policies.  Many 
countries, like rwanda, have started to prioritize the environment and have begun reforestation 
programs.  Countries with policies to protect the environment are likely to be more prepared for 
the adverse affects of climate change.43 

Water Stress 

Countries that use large portions of available ground water will likely struggle to adapt to 
growing demands for water due to high population growth.  Hotter and drier conditions will 
further exacerbate the problem.  on the other hand, countries that do not currently use much 
ground water have the option to start using this resource for adaptation.44  Most of the extremely 
water-stressed countries on the continent are in northern africa, while the countries of east and 
central africa use relatively little ground water on average (see Figure 7).  this is one of the few 
indicators in the overall vulnerability assessment where east africa appears to be doing relatively 
well, though the low level of ground water use may be primarily due to the lack of infrastructure 
to utilize this resource.

Figure 7

Source: AQUASTAT, Food and Agriculture Organization of the United Nations
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to identify the countries that are water stressed, this study included in the vulnerability assessment 
the percentage of ground water used each year between 2003 and 2007 based on data collected 
from the World resources institute.  as shown in the graph, Sudan and Somalia are the two 
countries most dependent on groundwater withdrawals, which makes them more reliant on 
sustained rains to replenish their groundwater reserves.

Population Density

the significance of climatic changes will vary according to the size of the population affected.  
Population density was thus included in this study to give more importance to areas where large 
populations could be affected.  in addition, areas with greater population densities increase local 
land use and put more stress on the local environment.  this can increase destructive processes 
like deforestation and land degradation, and exacerbate the effects of climate change. 

Figure 8 shows a high concentration of population in ethiopia, kenya, uganda, southern parts of 
Sudan, the northern and southern regions of the drC, and the southern regions of tanzania. 

Figure 8
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Household And Community Vulnerability

the complex interactions between socioeconomic factors and the environment are important in 
determining vulnerability of communities and households to climate change.  access to stable 
resources, health facilities, and other vital infrastructure help populations cope with external 
shocks.45  the poor socioeconomic conditions found in much of east and central africa make the 
populations susceptible to a variety of catastrophes, even in the absence of climate effects.  at 
the same time, the potential effects of climate-related events could further exacerbate the poor 
conditions of east and central africa.  thus, the relationship between human development and 
climate change is multi-directional.  extreme weather events such as severe drought, flooding, and 
landslides impact the availability of basic tools for survival like clean water, adequate food supplies, 
shelter, and income.  Poor baseline health conditions and inadequate access to healthcare lead to 
high incidence rates of communicable and preventable diseases like malaria, HiV/aidS, and water-
borne diseases.  With adequate infrastructure and human and financial resources, governments 
can prepare populations for expected increases in disease exposure and respond to emergency 
situations.46  However, in the east and central africa region, coverage for basic services, like 
improved water and sanitation and immunization programs, is very low.  Moreover, the demand 
for trained health care professionals is beyond the capacity of existing systems.

Figure 9
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this study measures household vulnerability by a country’s health status, health infrastructure, level 
of education, access to clean water, and proper sanitation.  the map combining these indicators of 
household vulnerability in Figure 9 shows ethiopia, eritrea, the drC, Burundi, and southern parts 
of Sudan as most vulnerable due to poor socioeconomic living conditions and insufficient health 
services.  ethiopia, for example, has extremely poor literacy rates, food availability, and access 
to basic provisions for drinking water and sanitation services.47  eritrea and Sudan have some of 
the lowest enrollment rates for primary schools in africa.48  on the household and community 
level, underlying health, education, and sanitary conditions determine people’s ability to cope 
with natural disasters or changes in environmental conditions.

Health Status 

the populations of east and central africa face high rates of infectious disease, and many 
communities and households lack coping mechanisms for health problems aggravated by climate 
change.  in fact, the World Health organization (WHo) reports that sub-Saharan africa already has 
the highest rate of climate change induced mortality in the world.49 

the region is particularly prone to water-borne illness like cholera, diarrhea, typhoid, giardia, 
and vector-borne disease transmitted by mosquitoes, like dengue fever and malaria.50  Many 
populations suffer high rates of HiV/aidS (including uganda and kenya) and malnutrition (such as 
ethiopia, kenya, and Somalia), which make individuals more susceptible to infectious diseases.51 

Some illnesses endemic to the region, such as diarrhea, malnutrition, malaria, and dengue, are 
very climate-sensitive.52  For instance, water-borne and diarrheal diseases are likely to occur when 
human and animal waste contaminate surface water in the short term, and groundwater in the 
medium term, due to flooding.53  the magnitude of change in vector-borne diseases, like malaria 
and dengue, is more difficult to predict, and research to date suggests conflicting conclusions.  
nonetheless, warmer and more humid conditions will provide hospitable breeding grounds for 
mosquitoes and could thus increase the incidence of malaria and dengue.  Some epidemiologists 
believe that even a small temperature increase combined with heavier rainfall could lead to a 
surge in vector-borne illness in the highlands of east and central africa.  evidence of this trend was 
documented in the ethiopian highlands from 1968 to 1993 and in kenya in the 1990s.54  However, 
long-term studies fail to identify a direct linkage, citing health infrastructure, socio-economic status, 
and drug resistance as the true culprits for increased incidence of malaria and dengue fever.55

Beyond these concerns, malnutrition is expected to worsen if droughts, floods, and hotter 
temperatures cause crop damage and undermine local food production.  around half of the 800 
million people worldwide who suffer from malnutrition live in africa.56  a majority of the population 
in the east and central africa region live in rural areas, indicating limited availability of alternative 
foodstuffs in the case of emergency.  Furthermore, agricultural productivity studies of ethiopia, 
kenya, Burundi, and tanzania discovered that growing season rainfall amounts declined from 1975 
to 2005 while the population of the region grew at a high rate (2.3 percent), leading to a strong 
decline in agricultural capacity and greater food insecurity.57  

in light of the serious health problems that have historically pervaded human development and 
household resilience in eastern and central africa, this study includes two proxy indicators to 
represent health status in the region: life expectancy at birth and percentage of underweight 
children under age five.  Life expectancy at birth is a measurement of the average number of 
years a person will live and is considered to be a broad indicator of the general level of health 
within a country, across all age groups.58  the percentage of underweight children is an indicator 
that captures nutrition and food security, and is determined through a comparison of the actual 
measured weight of infants against an age-specific standard for healthy children.59  this measure 
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can vary considerably within a country.  For example, the southern areas of Sudan and the 
northeastern region of kenya have a higher incidence of underweight children, indicating higher 
vulnerability.  Likewise, prevalence of underweight children is higher in northern uganda compared 
to the south.60 

as the health of a population improves, life expectancy should increase and the percent of 
underweight children should decrease.  the drC has the lowest life expectancy in the region, 
while ethiopia has the highest proportion of underweight children in the region.  Sub-national 
variations were also observed in Sudan, kenya, and uganda.  Southern Sudan, northeast kenya, 
and northern uganda all displayed higher rates of underweight children compared to other regions 
within their respective borders. 

Health Infrastructure 

as mentioned above, many of the prevalent diseases in east and central africa are preventable and 
curable with proven healthcare techniques and medications.  antibiotics and specific treatment 
regimes are required to prevent water-borne illnesses from turning fatal, and anti-malarial drugs 
can prevent people from becoming infected even in high-risk zones.  in cases of rapid onset 
weather shocks, like severe flooding, emergency medical care is critical for attending to injury.  
Moreover, if climate change exacerbates health conditions in africa as expected, increased 
incidence of disease morbidity and mortality will strain already overburdened health care systems.  
therefore, this study includes one health infrastructure indicator—number of nurses and midwives 
per capita—in the household vulnerability basket as a proxy indicator for the capacity of health 
care systems in the region.  Logically, a high ratio of nurses per capita indicates better ability 
to respond to localized health concerns.  although djibouti, rwanda, and tanzania appear less 
vulnerable on the aggregate under the household vulnerability basket, those countries had the 
lowest number of nursing and midwifery personnel per 10,000 people.61 

Water and Sanitation 

Populations with access to improved water and proper sanitation facilities experience far fewer 
cases of water-borne and hygiene-related illness.  in east and central africa, access to improved 
water is low, especially in rural areas: 28 percent in rural drC, 26 percent in rural ethiopia, and 
52 percent in rural Sudan, to highlight a few.62  rural area sanitation coverage is even lower: 23 
percent in drC, 8 percent in ethiopia, and 18 percent in Sudan.63  extreme climate events can 
cause grave human health concerns via water and sanitation issues.  Specifically, studies of past 
events in developing countries have demonstrated that flooding sweeps animal and human feces 
into drinking water sources, causing an increase in life-threatening diarrheal diseases like typhoid 
and cholera.64  droughts cause rapid bacterial growth in existing water sources, and hygienic 
practices decline as affected populations use scarce water sources primarily for cooking.65  as a 
consequence, access to improved water and sanitation could enhance a household’s ability to ward 
off serious health conditions associated with flooding and water scarcity. thus, this study includes 
water and sanitation coverage as important indicators for measuring household vulnerability to 
climate change.  as expected, both ethiopia and the drC were the worst performers for this 
indicator in this model.

Education 

a less educated population could be slower to respond to both disaster relief measures and 
adaptation procedures.  along the same vein, populations in east and central africa could have 
better access to information and early warning systems if they are even minimally educated.66  
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generally speaking, education statistics in sub-Saharan africa are disappointing, with only 65 
percent of eligible boys and 63 percent of eligible girls attending primary school between 2003 
and 2008.67  in order to understand the potential adaptive and responsive capacities of populations 
in the region, this model includes two proxy indicators that depict education levels: adult literacy 
and primary school completion rates.  the adult literacy data illustrate the percentage of the 
national population over age 15 that is literate, and primary school completion rates depict the 
percentage of regional populations that finished the first cycle of schooling.  rwanda had the 
highest adult literacy rate in the region, while ethiopia and eritrea were the worst performers.  in 
terms of educational attainment, almost all sub-national regions of kenya and tanzania were in the 
top 20 percent of districts continent-wide.  Most districts of Burundi had low levels of educational 
attainment, although results for this indicator varied widely across the sub-national districts within 
the country.  

Governance

Vulnerability to climatological events is not only a function of environmental and geographic 
characteristics, but is also related to government’s ability to plan for the future and respond to 
the needs of a population in crisis.  Poor governance, political instability, and history of conflict, 
for instance, can hamper government capacity to assist populations in adapting to the effects of 
climate change.  

Figure 10
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there are notable differences in the quality of governance in east and central african nations.  
not surprisingly, the governments of drC, Somalia, and Sudan rank poorly.  this is due to their 
ineffective governments, political instability, lack of integration into global networks, and histories 
of conflicts.68  these countries have less adaptive capacity due to their government’s inability to 
implement adaptation efforts and provide services to their citizens.  in the context of east and 
central africa, this study used four indicators to measure the level of governance: government 
effectiveness, political stability, openness, and past conflict.  these indicators comprise the 
governance basket of the model (see Figure 10).  Many of the countries in east africa score 
particularly low on the measure of governance.  the drC, for example, scores low on government 
effectiveness, political stability, and past conflict compared to its neighbors in the region.69  
Likewise, Burundi scores low on governance because of a closed economy and history of conflict.  
governance in Sudan is weak since its government is relatively less effective, the political situation 
is unstable, and the occurrence of conflict within the nation is comparatively high relative to the 
rest of africa.70  these indicators will be described in more depth below. 

Government Effectiveness   

the World Bank defines government effectiveness as “the quality of public services, the quality 
of the civil service and the degree of its independence from political pressures, the quality of 
policy formulation and implementation, and the credibility of the government’s commitment to 
such policies.”71  government effectiveness in most of the east and central african countries is 
low relative to the rest of the continent.  in particular, Somalia, the drC, eritrea, and Sudan were 
reported as the least effective governments, falling below the 10th percentile of the World Bank’s 
World governance indicator rankings.  Somalia, for instance, ranks lowest in the region in terms 
of government effectiveness.  in addition, it has undergone numerous violent conflicts.  Such low 
governmental effectiveness indicates weak capacity to provide vital services that could protect 
populations from external shocks.  in this case, the populations of these countries may be left to 
fend for themselves, to some degree, against the direct and indirect effects of climate change. 

Political Stability 

the World Bank defines political stability as “the likelihood that the government will be destabilized 
or overthrown by unconstitutional or violent means, including domestic violence and terrorism.”72   
in a recent report, the united States agency for international development (uSaid) attributed east 
africa’s fragile political situation to weak leadership and pervasive corruption.73  Power struggles 
in many countries have resulted in military coups and violent outbreaks in recent history.  For 
instance, Burundi has been home to numerous unstable governments since its independence 
in 1962; ethnic divisions among political parties have thwarted efforts to develop power-sharing 
peace agreements.74  the current situation is similar in kenya, where a fragile coalition of diverse 
political parties governs parliament.75  efforts to sustain a transitional government in the drC 
have also been marred by disagreements among the parties resulting in long delays in the peace 
process.76  Power struggles and frequent changes in the government present challenges for 
citizens who want to hold political parties and leaders accountable. 

as indicated by the government effectiveness measures discussed above, impoverished african 
countries already have difficulty meeting citizens’ needs through the provision of services, and 
this has little chance of improving in an environment of persistent transition and political volatility.  
thus the presence of politically unstable regimes could exacerbate the vulnerability of populations 
to the effects of climate change.  to measure the stability of governments in east and central 
africa, this study included data for two indicators of political stability: polity variance and number 
of stable years from the Polity iV Project database.  Polity variance is the number of places moved 
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over a period of time (2000 to 2009) on a institutional spectrum from -10 to +10, where -10 
indicates an autocratic regime and +10 indicates consolidated democracy.77  the number of stable 
years represents the number of years without any movement along the polity variance scale.  
djibouti, ethiopia, and tanzania were the most stable, with zero polity variance from 2000 to 2009 
and at least nine stable years.  kenya and Burundi were the most volatile, with few stable years and 
extensive institutional change during the time period.  

Openness 

a country that is integrated into the global market is more likely to have the capacity to respond 
to climate-related disasters, as economic openness may indicate a greater willingness and ability 
to mobilize global networks for basic relief needs like medicine, food, and housing from the 
international markets.  the degree of openness can also serve as a rough proxy for willingness to 
access and receive assistance from foreign actors for long-term adaptation measures.  Furthermore, 
an integrated economy facilitates the transfer of technology and knowledge from other countries. 
this information sharing will be particularly important for climate change adaptation, as myriad 
adaptive techniques, like early warning systems, stilted housing construction, and innovative 
farming procedures have already been piloted outside of east and central africa.78 

to measure the openness of countries in africa, this study used the koF index of globalization.  
the index defined openness in terms of three dimensions: economic globalization, political 
globalization, and social globalization.  economic globalization includes factors like flow of goods 
in and out of the country and market exchanges.  Political globalization measures diffusion of 
government policies, and social globalization represents the spread of information.79  the study 
collected openness data for 2009, and no data were available for djibouti, eritrea, and Somalia.  
kenya and uganda were the most open under this measure, while the other countries in the region 
demonstrated very little openness relative to the rest of the continent. 

Conflict

over the past several decades, the people of east and central africa have witnessed numerous 
battles and millions of deaths caused by the struggle for power, natural resources, and land 
in countries such as the drC in the 1960s and early 2000s, ethiopia in the 1980s and 1990s, 
and rwanda in the 1990s.  the link between climate change and conflict is hotly contended 
among scholars and the aid community, but the research presented here does not delve into this 
debate.  instead, conflict is simply viewed as one factor that can hinder african nations in efforts 
to respond and adapt to changes in the environment.  this interaction has played out in the 
region during recent years.  Political unrest in kenya in 2008 caused serious economic hardship 
for its landlocked neighbors uganda, rwanda, and Burundi, as those countries rely heavily on 
kenyan air and seaports for supplies.80  Conflict can influence the ability of a population to adapt 
to climate change and external shocks in two ways.  First, violence reduces state capacity to 
respond to climate change effects as resources are diverted from adaptation to conflict.  Second, 
conflict causes displacement, making it harder for governments to reach and attend to the needs 
of climate-vulnerable populations. 

east africa’s various pastoralist groups can be found along the kenya-Somalia border to northern 
ethiopia and down to uganda, Sudan, and the drC in the northwest.81  Pastoralists occupy fifty 
percent of ethiopia, Somalia, Sudan, tanzania, and uganda, and pastoralist populations extend to 
over 70 percent of kenya’s geographic extent.82  Conflict between pastoralist nomad communities 
and local farmers over scarce water and fertile land has often transformed into ethnic rivalry and 
sometimes outbreaks of violence.  For instance, during the 2005 to 2006 drought, a conflict 



V u l n e r a b i l i t y  t o  C l i m at e  C h a n g e : 
an aSSeSSment in eaSt and Central afriCa

2 3

between the turkana tribe of kenya and ethiopian pastoralists left 40 people dead.  Likewise 
other water related communal conflicts have occurred in kenyan pastoral areas between isiolo 
and Wajir districts.83

to locate and measure intensity of conflict in the region, this study includes the total number of sub-
national deaths from atrocities from 1992 to 2008.  the sub-national variation in the governance 
maps, most notably in Sudan, is due to the history of violent events in particular regions.  Sub-
national variation does not appear for the drC on the maps because other governance factors 
are extremely poor and overshadow the sub-national conflict variation.  the pockets of conflict 
that have occurred are primarily concentrated along the eastern border with uganda and rwanda. 

part 3: methodology

the composite vulnerability map, presented in Figure 2, was created by layering the five indicator 
maps for physical exposure, environmental stress, population density, household vulnerability, and 
governance and conflict by using the mapping software arcgiS.  each of the five indicator maps 
displays relevant data in a spatial context.  in order to combine the maps, the spatially represented 
data were first converted to rasters, which divide the maps into grid cells, in arcgiS.  each grid cell 
was given a value corresponding to its relative vulnerability, which was determined by the percent 
rank against other regions on the continent.  For example, a grid cell in a very vulnerable region 
was given a value of 5, and a region that was relatively less vulnerable was assigned a value of 2 
or 1.  the maps were combined by adding the values in the corresponding grid cells, thus giving 
an aggregate value for vulnerability for each location. 

the five indicator maps were created through multiple steps.  First, the physical exposure basket 
was comprised of data for a series of environmental hazards, including cyclone surges and 
frequency, flood frequency, fire density, and droughts.  data were obtained from uneP/grid 
europe, which maintains records of hazard events worldwide.  data included in this study span 
a time frame from1975 to 2008.  all hazard indicators were weighted equally within the physical 
exposure to climate-related hazards basket.

next, the environmental stress basket was comprised of three indicators: deforestation, water 
resources, and dependence on agriculture.  deforestation data was obtained from the Food and 
agriculture organization of the united nations (Fao) for 2000 to 2005.  data on the usage of 
water resources were acquired from the aQuaStat database of the Fao.  data on populations’ 
dependence on agriculture were obtained from the World resources institute.  each indicator in 
this basket was weighed equally within the environmental stress basket. 

third, population density data were acquired from the global rural-urban Mapping Project 
(gruMP) of the Center for international earth Science information network (CieSin) at Columbia 
university.  gruMP provides geo-referenced population data, and this study used 2005 information 
for africa. 

Fourth, the household vulnerability basket was comprised by four variables: health status, 
health infrastructure, water and sanitation, and education.  to measure each variable, two proxy 
indicators were used, except in the case of health infrastructure, where only one indicator was 
selected.  Health status used two proxy indicators: the life expectancy at birth for both sexes, and 
percent of children under five who are underweight.  Health infrastructure was represented by the 
nursing and midwifery personnel density (per 10000 population) at the national level.  the water 
and sanitation indicators were measured separately by coverage rates, or the proportions of the 
population with sustainable access to improved drinking water and improved sanitation.  data for 
all of these indicators, except underweight children, were collected at a national level from the 
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WHo Statistical information System for the latest year reported.  the WHo compiles information 
on more than 100 health indicators for the 193 member nations and publishes it annually.  no 
nursing and midwifery personnel data were available for Somalia.  data on underweight children 
were obtained from CieSin at a sub-national level.  Finally, the education variable was represented 
by two proxy indicators: primary school completion rates and adult literacy rates.  national-level 
adult literacy information from the World development indicators was used, and no data were 
available for djibouti and Somalia.  Sub-national primary school completion data came from the 
education data and Policy Center (edPC).  the edPC combines sub-national and national data on 
dozens of education indicators from multiple sources, including demographic and Health Surveys, 
national livelihood assessments, and studies by international organizations.  data are available 
for over 200 countries and are updated annually.  no information was available for eritrea and 
Somalia.

Finally, the governance basket was comprised of four variables: government effectiveness, 
political stability, government openness, and past conflict.  national-level data on government 
effectiveness were collected from the World Bank Worldwide governance indicators (Wgis).  
the Wgis are developed using survey responses from the private sector, citizens, and experts in 
industrial and developing countries alike, and results for 212 countries are now published on an 
annual basis.  data were available for all countries in the east and central africa region.  the political 
stability variable was comprised of two indicators: polity variance and number of stable years.  
these data were obtained from the Polity iV Project, which codes the “authority characteristics of 
states in the world system” and publishes updates annually for 163 countries.  data were available 
for all countries in the region.  government openness was represented by the koF index of 
globalization. this index compiles data from a variety of sources, including the World Bank and 
the united nations, and measures different dimensions of globalization.  globalization data for 
208 countries are released on an annual basis.  no data were available for djibouti, eritrea, and 
Somalia.  Conflict was represented by sub-national data on the total number of deaths from the 
kansas event data System’s (kedS) instability task Force Worldwide atrocities dataset.  the kedS 
dataset includes worldwide records of killings of five or more non-combatants from January 1995 
to the present; the model includes only events that occurred in africa.  a composite governance 
variable was created by combining all four indicators, with all weighted equally.

all of the above indicators were compiled, and a final vulnerability raster was created for east and 
central africa.  each basket was assigned equal weight within the final vulnerability calculation.  
these were then symbolized using the quintiles method with five classes and then reclassified to 
exclude 0 values. 
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part 4: analysis and findings

there is a striking similarity between the areas that are most vulnerable to climate change (shown 
in Figure 2) and the areas that are most populated (shown in Figure 8).  Since population density 
was one fifth of the composite vulnerability map, this may not be surprising.  though these areas 
are likely to have more people affected by climate change, the areas that are less populated are 
still of concern.  thus, population density was removed in a second iteration of the analysis (see 
Figure 11).

Figure 11

once population density is taken out of the composite vulnerability calculation, there is still 
considerable overlap between the most vulnerable areas and the highly populated areas.  there 
were, however, interesting differences.  once population density is removed, many of the less 
populated rural areas became more vulnerable in this model.  in many ways, the map excluding 
population density better represents the vulnerability to climate change for an individual living 
in a particular area.  nonetheless, the map that includes population density highlights areas that 
may be of most concern to policymakers due to the number of people who could be affected 
(see Figure 2).  For policymakers, the areas of high vulnerability and large populations should take 



S t u d e n t  W o r k i n g  Pa P e r  n o .  22 6   |  a u g u S t   2 0 1 1

priority in efforts to mitigate the effects of climate change, though less populated vulnerable areas 
should not be forgotten.

the countries of east and central africa are diverse, and the myriad underlying characteristics 
influence the variation in vulnerability to climate change across the region.  there is great variation 
in vulnerability within individual countries, making it difficult to generalize on the regional or 
country level.  First, the physical geography of east and central africa region varies widely, from 
deserts in Sudan to tropical rainforest in the drC, and from high mountain ranges in ethiopia to 
low-elevation coastal zones in tanzania.  northern Sudan, for instance, is part of the Sahara desert 
and has a harsh climate with almost no inhabitants, and the climate almost never changes.  the 
clay plains of southern and central Sudan, however, are home to millions and have experienced 
large-scale flooding and drought events throughout recent history.  thus, regional variations in 
geography influence historical and future vulnerability to climate change in this model. 

Second, populations are not evenly dispersed within countries or across the region, and the highly 
populated areas of the region will witness the largest impact of climate change on humans.  at least 
75 percent of the population in east and central africa live in rural areas, which is somewhat unique 
compared to other regions on the continent where the most densely populated areas are found 
in central cities and urban areas along the coasts.  this rural density phenomenon is particularly 
noticeable in central and western ethiopia, southern Sudan, and uganda.  rural populations are 
typically the farthest from services and the hardest to reach in times of emergency.  this high 
concentration of rural inhabitants could present a particular challenge for the government in the 
case of rapid onset disasters in the short term, and in the case of adaptation initiatives in the 
medium and long term. 

third, the stability of households varies widely from country to country, as well as region to region 
within each country in east and central africa.  the model includes health and education metrics 
because they represent basic information as to the general well-being of a household and its 
access to social services.  Furthermore, the most proximate indirect effects of climate change 
on humans will likely be negative health outcomes, and the level of education will influence a 
household’s ability to respond to information and directives about climate change.  not surprisingly, 
households in ethiopia, the drC, and eritrea are very vulnerable to climate change according to 
the model.  Household-level vulnerability is also moderately high in rural parts of uganda and 
kenya.  these results illustrate the poor overall development in the countries of east and central 
africa, particularly in non-urban areas.  in addition, high levels of household vulnerability indicate 
the challenges ahead for governments that desire to continue development strategies while faced 
with climate change.  responding to the needs of vulnerable communities and households could 
place a strain on already overstretched governments with a multitude of development priorities. 

Fourth, conflicts are often specific to one part of a country, but can spill over borders into 
neighboring countries.  eastern drC, for example, has a history of brutal conflict, which has also 
affected inhabitants in uganda along the border with the drC.  during the rwandan genocide of 
the 1990s, political violence moved into the drC when Hutu insurgents fled for refugee camps 
in that country.  Conflict complicates governance and will likely have negative impacts on climate 
change adaptation efforts for individual countries in east and central africa.  in addition, cross-
border violence could hinder any attempts to respond to climate change on a regional level. 

as noted, the national and sub-national differences in vulnerability to climate change in east and 
central africa cannot be attributed to only one contributing factor, but rather a collection of diverse 
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factors.  For instance, ethiopia has a relatively effective and stable government, but the western 
portion of the country has high overall vulnerability due to a history of exposure to climate-related 
hazards, high population density, and poor household well-being.  regime stability may prove to 
be beneficial for ethiopia, as streamlined decision-making could lead to quick reaction in the event 
of extreme weather events.  But vital social service infrastructure and non-farm revenue streams 
are notably absent, complicating mechanisms for short- and long-term responses.  Burundi, which 
does not have a history of exposure to climate-related hazards, may not be as susceptible to the 
threat from severe weather events as the highlands of ethiopia.  instead, Burundi’s vulnerability 
originates from factors that stress the local environment, like deforestation and soil degradation, as 
well as poor governance and serious household vulnerability to external shocks.  this combination 
of effects reduces capacity to adapt to climate change.  Meanwhile, the drC experiences low 
levels of environmental stress, but the eastern portion of the country is highly vulnerable to climate 
change because it ranks poorly on all other indicators.  nonetheless, the ongoing conflict in the 
drC could lead to deforestation and environmental stress as rebel groups pillage natural resources 
in the tropical rainforest to fund their campaigns.  if these activities continue, the drC will become 
even more exposed to the effects of climate change. 

in short, it is clear that the countries of east and central africa differ in what causes their vulnerability 
to climate change and in their capacities to respond.  developing effective responses to climate 
change in africa thus requires looking at the sub-national level to identify which areas that are 
most threatened, and why.  in addition, a holistic view of vulnerability should be adopted.  it is 
not just how much the weather is going to change, but also an area’s environmental, political, and 
community resources that determine a population’s ability to adapt. 

in the next section, a case study of ethiopia provides a closer look at localized vulnerability to 
climate change.  as discussed above, western ethiopia is perhaps the most vulnerable area in the 
region, and the expected direct and indirect effects of climate change will most manifest there.  

part 5: Case study: ethiopia

of the 11 countries in the east and central africa region, ethiopia is perhaps the most vulnerable 
to climate change under the framework of this model.  this section examines the underpinnings of 
ethiopia’s vulnerability to climate change.  First, ethiopia’s performance within the context of this 
model is introduced. then, the case study gives a brief background of ethiopia and its vulnerability 
to the potential direct and indirect effects of climate change along the social, political, and 
economic dimensions. 

relative to the rest of the continent, ethiopia ranks high on the scale of vulnerability to climate 
change.  in fact, the central and central-western sections of the country score in the highest (5) 
and second highest (4) levels of vulnerability (see Figure 12).  the regional states of amhara, 
Benshagul-gumaz, gambela Peoples, the Southern nations, nationalities and Peoples (SnnP), 
and western oromia perform the worst in this model. 
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Figure 12

this study defined vulnerability in this case study through five equally weighted baskets: physical 
exposure to climate-related hazards, environmental stress, population density, household factors, 
and level of governance.  on the aggregate, ethiopia falls in the most vulnerable 20 percent of 
african nations for all individual vulnerability baskets except governance for ethiopia’s governance 
score).  elevated levels of exposure to climate-related hazards in western ethiopia, combined 
with high household vulnerability and environmental stress nationwide, appear to drive overall 
vulnerability to climate change.  Furthermore, population density in the western and central 
two-thirds of the country amplifies the low scores reflected in this model.  Below in Figure 13, 
population density is removed to illustrate ethiopia’s vulnerability based solely on external factors. 
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Figure 13. Composite Vulnerability without Population density

Physical Exposure, Environmental Stress, and Food Security 

Food insecurity has plagued ethiopia for decades, and the country has been the site of multiple 
humanitarian disasters over the past 30 years.  extended droughts of the 1980s, 1990s, and 2006 
devastated agricultural productivity across most of the country and resulted in widespread food 
crises, as most of the national food supply came from rain-fed crops.84  Perhaps most notably, the 
famines of 1984 to 1986 were the consequence of a harsh, multi-year drought exacerbated by war 
and volatile sociopolitical issues.  Widespread drought and extreme rainfall variation in the Wollo 
region—now afar, tigray, and northern amhara—disrupted precarious ecosystems and food 
supplies vital to the ethiopian livelihood, while internal conflict captured and diverted relief aid 
away from food insecure communities.  Later in 2006, hundreds died and tens of thousands were 
displaced and required international assistance when excessive seasonal rainfall caused extensive 
flooding of the omo river.  these tragic events demonstrate the potentially devastating impact 
extreme weather events can have on a vulnerable and unprepared population.  as the maps in 
Figure 14 demonstrate, western and central oromia and the SnnP regions are highly susceptible 
to climate-related hazards and are home to high concentrations of inhabitants.  Western amhara 
and tigray also illustrate this pattern, albeit to a lesser extent.
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Figure 14. Past Climate-related Hazards and Current inhabitant Concentrations

ethiopian food supplies are primarily produced domestically, and a majority of the population 
relies on rain-fed crops like maize, teff, enset, root vegetables, and wheat.85  to be successful, rain-
fed agriculture requires regular, predictable patterns of rainfall by which farmers plan production 
activities.  Long dry periods followed by heavy rainfall in a short amount of time can alter the natural 
growth cycle of plants, or even carry away entire swaths of crops if flooding occurs.  the latter 
can be particularly problematic in areas of high deforestation.  Consequently, the combination of 
heightened exposure to extreme weather events and high reliance on rain-fed agriculture warrants 
concern, as this threatens food supplies.  to make matters worse, rural farming populations often 
have poor access to markets and transportation infrastructure, making it difficult to access alternate 
food sources during periods of low productivity. in addition, most farming families in ethiopia raise 
livestock and hold household wealth in the value of the animals.  droughts and floods also destroy 
animal food sources and affect livestock health, threatening the value of household savings and 
the ability to raise emergency income through animal sales.86 

dependency on rainfall for irrigation remains the norm for ethiopia, which earns 85 percent of 
employment and 50 percent of gdP from agriculture.87  Moreover, the ethiopian government 
expects agricultural surplus to generate enough capital to drive socio-economic development 
plans.88  although past events were used in the calculations, enduring trends in the ethiopian 
agricultural production and food supply make this assessment pertinent today.  in fact, the uSaid 
Famine early Warning System reported that an estimated 5.3 million ethiopians would require 
food aid during 2010.  the populations of the central and eastern two-thirds of the country are 
considered chronically food insecure, while the pastoralist populations of the afar and Somali 
region near the border with Somalia and djibouti are the most acutely food insecure in the 
country.89  the iPCC 2007 report speculates that rainfall will increase and dry periods will be longer 
in east and central africa.  these climate changes will likely exacerbate already precarious food 
security and livelihood challenges seen today and historically in ethiopia.90  
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Droughts, Floods, and Health

extreme climatic events present challenges to another critical dimension of human development 
in ethiopia: health status.  the ethiopian population suffers from high incidence rates of climate-
sensitive diseases, such as malaria, typhoid, cholera, and diarrheal diseases.91  research of the 
malarial regions of the central highlands near debre Zeit in the oromia region found that disease 
incidence rates increased in the presence of incremental warming trends over a 25-year period 
from 1968 to 1993.92  Mosquitoes thrive in warm, moist climates, and if warming trends in ethiopia 
persist, mosquito-borne illnesses could become more prevalent.93  around 75 percent of the 
country is home to the malarial carrier mosquitoes, but the Benshagul-gumaz, afar and SnnP 
region states have the highest incidence rates per capita (see Figure 15). 

Figure 15

the ethiopian population also faces serious risk of water-borne diseases like cholera and typhoid 
if flooding occurs, as rural households have poor access to improved water and sanitation facilities 
that prevent water contamination.  in fact, only 26 percent of rural families in ethiopia use improved 
water sources, and 8 percent have improved sanitation facilities.94  access to improved water 
is also pertinent for health in times of drought because people tend to ration scarce water for 
cooking rather than hygiene.95  at the national level, the poor baseline health condition of the 
ethiopian population—as illustrated by the low life expectancy of 55.2 years—further exacerbates 



S t u d e n t  W o r k i n g  Pa P e r  n o .  23 2   |  a u g u S t   2 0 1 1

its vulnerability to climate-related health conditions.96  the lack of health services and infrastructure 
throughout the country has contributed to the current poor health status of the population.  in 
2006, government expenditures on health were just $22 per capita, adjusted for purchasing power 
parity.  in 2003, there were only 2.0 nurses and midwives per 10,000 people in ethiopia.97  these 
resources will be stretched even thinner if climate change necessitates response to health crises. 

Governance and Response Capacity

ethiopia scores somewhat better in the governance measure when compared to the other sources 
of vulnerability. although ethiopia has witnessed periods of conflict, the country scores well in 
relative terms on the political stability and government effectiveness indicators, placing in the top 
20 percent of countries in africa. 

in terms of stability, the ethiopian Peoples revolutionary democratic Front (ePrdF) has remained 
in power without any real opposition since the promulgation of the current constitution in 1994.  
the ePrdF came to power after a 19-year armed struggle between separatist groups and the derg 
regime, which ruled the country under a Marxist-Leninist model from 1974 to 1991.98  almost 86 
percent of the legislative seats today are held by the ePrdF, and Prime Minister Meles Zenawi has 
been in office since 1995.99  Since the overthrow of the derg regime, the ethiopian government 
has remained in the hands of the ePrdF, leading to relative political stability. 

ethiopia scored well on the government effectiveness indicator, relative to the rest of africa.  Yet 
this indicator may not provide an accurate picture.  Since 1995, the ethiopian government has 
actively pursued a policy of decentralization, devolving responsibility for social services to sub-
national governments, or woredas.  the Constitution grants autonomy to woredas, but they are 
financially dependent on the central government for transfers.100  thus, autonomy of the local 
governments is restricted by fiscal policy, ultimately placing social service provision at the mercy 
of central government action.  the inability of local governments to act quickly during rapid onset 
climatic events could be devastating to populations in need, particularly when poor infrastructure 
limits the ability of a central government to reach affected areas.  

Finally, ethiopia’s dependence on international aid could affect its ability to respond to climate 
change impacts.  the country’s reliance on external aid is significant: $3.3 billion uSd was disbursed 
to ethiopia in 2008 by other nations.101  on one hand, the abundance of aid received by ethiopia 
each year signals the government’s willingness to accept outside assistance in times of need.  
Such openness could enhance government ability to address climate-related issues.  on the other 
hand, reliance on external help could paralyze the government if rapid response is required and 
donors delay.  While dependence on aid was not included in the model, the issue is salient as a 
mechanism that could affect government ability to respond to climate change. 

the model presented in this paper illustrates a grim situation for ethiopia in the context of climate 
change, and western ethiopia in particular.  even in the absence of climate change, ethiopian 
households are vulnerable to external shocks due to low levels of education, high rates of infectious 
disease, and a lack of basic services for survival.  regional and household economies risk damage 
due to serious environmental stress and high reliance on rain-fed agriculture.  and the nation as 
a whole faces potentially negative outcomes if government response is paralyzed by ineffective 
decentralized structures and extreme dependence on external assistance.  the country has been 
severely affected by extreme weather events in recent history.  in short, the social, economic, and 
political underdevelopment in ethiopia could seriously hinder the population’s ability to endure 
and adapt to the effects of climate change in the immediate future, particularly if more frequent 
and more intense events are the hallmarks of that change. 
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part 6: poliCy reCommendations

increasing a state’s resilience or adaptive capacity to address climate change is not a straightforward 
matter, particularly in areas with a long history of ethnic and political conflict, poor governance, 
physical exposure to climatic events, low human capital investments, and inadequate access to 
basic public infrastructure.  nonetheless, countries can gradually begin to develop short- and 
long-term adaptation strategies in response to the challenges posed by climatic variability.  
Because ability to adapt is determined by a confluence of factors at both the national and sub-
national levels, measures that increase government capacity and empower citizens to protect 
human security will be essential.  there are several potential policies that are particularly relevant 
for east and central africa:

(1) increase popular awareness of the potential impacts of, and responses to, climate change.  
african farmers employ numerous tactics to minimize risk, such as planting drought resistant 
cassava to harvest in the dry season or when other crops fail.  the more farmers know about 
potential climate variability, the better they can plan for those changes.  Large-scale education 
campaigns can be facilitated through community-based agriculture extension workers already  
in place.

(2) increase reforestation and agro-forestry efforts.  Whether east and central africa gets wetter or 
drier, forests will increase the region’s adaptive capacity.  Forests capture and retain rainwater and 
then slowly release it, which can keep creeks running year around.  this natural service provides 
communities with consistent access to water.  in addition, forests prevent desertification and soil 
erosion, and supply villages with building material and fuel-wood.  east africa is losing its forests 
at an alarming rate and must act quickly to reverse this problem.

(3) utilize farming systems that are less dependent on rainfall and weather patterns.  Shifting to 
small-scale, modern irrigation techniques would allow farms to be irrigated even during rainfall 
shortages and dry seasons.102  in addition, planting drought-resistant crops would diminish the 
impact of prolonged breaks in seasonal rains.  Most national ministries of agriculture in the region 
are already equipped to provide community training in these techniques, yet lack the capital to 
invest in irrigation technologies and new generations of seed varietals.

(4) diversify regional and national economies.  Countries that are less dependent on agriculture 
will be better able to tolerate climate-related shocks.  other sectors, such as manufacturing, do not 
rely on consistent weather patterns and therefore could be promoted more than agricultural-led 
growth schemes.  this macro-level transformation would require a significant investment of time 
and resources but could minimize a large portion of the regional vulnerability to climate change.

(5) Strengthen health systems and streamline availability of medicines and vaccines.  Some of 
the greatest indirect effects of climate change in east and central africa are likely to be observed 
through increased incidence of vector- and water-borne diseases.  Countries need not only the 
tools to prevent these diseases, like vaccines, but also mechanisms for responding to outbreaks.  
Bilateral and multilateral donors could work with ministries of health to identify and repair gaps 
in medicine and vaccine supply chains, and enhance training for health workers in the anticipated 
high-needs areas.

(6) Build the capacity of local governments to respond to rapid-onset disasters, as well as the long-
term effects of climate change.  governments in east and central africa are highly decentralized 
and, as a result, those levels of government closest to the people should be prepared to act 
quickly, flexibly, and effectively in order to protect human security.  thus, widespread disaster 
management training could be provided to local governments throughout the region.
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