
As ºoods displaced
millions in Pakistan in August 2010, half a world away the Sahelian nation of
Niger, notable to the outside world as the producer of about 8 percent of the
world’s uranium, was experiencing its own devastating ºoods. In the wake of
crippling droughts, Niger’s ºoods displaced 200,000 and left nearly 8 million
people, more than half the country’s population, at risk of starvation.1 The cy-
cle of droughts and ºoods, which affected Niger and parts of neighboring
Chad and Mali, was regarded as unusual, though scientists could not ascertain
whether it was a function of normal variation or was exacerbated by anthro-
pogenic climate change.2 As in Pakistan, the militaries in these countries were
mobilized for humanitarian relief. Military aircraft from Algeria and France
ºew in humanitarian supplies while civilian nongovernmental organizations
and United Nations organizations did their best to meet the needs of Niger’s
populace. Niger was also beset by other problems. In February 2010, the
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military seized power in a coup, displacing the country’s longtime leader,
Mamadou Tandja, who had sought to amend the constitution and retain
power.3 Even as Niger’s interim military government grappled with the
ºoods, seven foreigners, including ªve French nationals, were kidnapped
in the uranium mining region in September 2010 by groups afªliated with
al-Qaida in the Islamic Maghreb, leading the French government to encourage
its 1,700 nationals to leave the country.4 By 2012, adverse weather conditions
and political instability had gripped more of the region as the World Food
Programme warned of a looming food crisis across the Sahel, and neighboring
Mali experienced a coup and a breakaway secessionist movement. Niger’s sit-
uation in 2010, similar to Pakistan’s, was one of devastating storms competing
for attention and resources in a country beset by other ongoing security con-
cerns. These episodes illustrate an emerging security challenge likely associ-
ated with climate change, where large numbers of people are put at risk of
death from climate-related hazards while their governments lack either the
will or the capacity to protect them.

Which parts of Africa are most vulnerable to the security consequences of cli-
mate change? The challenges posed by climate change are not uniformly distrib-
uted within the continent. To identify areas of security vulnerability and to
prioritize limited resources, one cannot say “Ethiopia is vulnerable” without
explaining which parts of Ethiopia are particularly vulnerable and why. Recog-
nizing where physical exposure to climate change conjoins with other dimen-
sions of vulnerability is an important area for research with signiªcant policy
relevance. With information on which parts of the continent are most vulnerable
to climate change, Africans can prioritize their scarce resources, and the interna-
tional community can better target adaptation assistance. Climate vulnerability
studies are becoming increasingly important as countries recognize that the
ªndings could have signiªcant implications for resource allocation.5

Can scholars of security studies, who typically seek to explain past patterns
of conºict and violence, offer any insights into how to identify areas of poten-
tial concern? By coupling innovative geospatial mapping techniques with
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insights about governance and political violence, we have developed an ap-
proach to map subnational security vulnerability to climate change, which we
deªne as situations in which large numbers of people are put at risk of mass
death as a result of exposure to climate-related phenomena. In this project, we
use geographic information systems (GIS) to locate climate security vulnera-
bility in Africa. GIS allows users to visualize data to calculate spatial proper-
ties of locations or geographic shapes (e.g., states, provinces, or subnational
administrative units). Although GIS is not widely deployed in international re-
lations, it is used extensively in other ªelds and can provide a useful comple-
ment to the scholar’s toolkit.

Since 2005, a host of studies, largely from think tanks, advocates, and the
broader policy community, have identiªed climate security concerns as a dis-
tinct issue, with weather-related effects of climate change—droughts, ºoods,
storms—contributing to dislocation, migration, and competition over scarce
resources, and, in turn, functioning as a “threat multiplier” that could increase
the risks of conºict and even state failure.6 This gray literature has begun to of-
fer recommendations even as the scholarly community questions whether or
not climate change is associated with the increased likelihood of civil conºict.

Most of the scholarly work in this arena relies on quantitative data on his-
toric rainfall, drought, and storm patterns, and seeks to ascertain whether cli-
mate phenomena are correlated with the increased frequency or onset of
violent conºict, controlling for other factors. By focusing on the links between
climate change and conºict, the academic community has narrowed its con-
ception of security to lose sight of more pressing and imminent threats posed
by extreme weather events. Such 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 ºoods of 2010, Australia’s of 2011, and Hurricane Sandy in 2012—
are requiring the mobilization of militaries for humanitarian relief.7 If scientists
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are right that climate change will likely deliver more frequent and perhaps
more severe events such as these,8 then governments will increasingly have to
divert attention and resources from other national security priorities, includ-
ing protecting the homeland from internal or external threats and, for those
nations at war, from urgent warªghting efforts.

Our approach is based on the recognition that security vulnerability is about
more than physical exposure to climate-related hazards and includes other de-
mographic, household, and political sources of vulnerability. We start by map-
ping physical exposure to climate-related hazards including droughts, ºoods,
storms, wildªres, and low-elevation coastal zones. We then examine popula-
tion density, recognizing that from a climate security perspective these physi-
cal hazards matter more where large numbers of people live. Next, we bring in
a basket of household resilience indicators, mindful that the ªrst line of de-
fense for communities is the resources they have to protect themselves. Finally,
we acknowledge that whether or not a climate hazard becomes a full-blown
disaster may depend on whether their governments are willing or able to pro-
tect them. Adding together these four baskets of vulnerability—physical, de-
mographic, household, and governance, we create a composite index of
subnational climate security vulnerability. These baskets initially receive equal
weight in the index, though we later relax these assumptions.9

Because the physical exposure data were in a format of digitized pixel
points, or rasters, we begin by spatially mapping the conºuence of physical ex-
posure with the other elements of vulnerability. As we discuss in the online
statistical appendix, data limitations made it difªcult to test the validity of
the composite index through traditional econometric approaches. As a conse-
quence, we explore a variety of other measures in this article to validate our
ªndings, including sensitivity analysis and extensive ªeldwork.

This study captures a static snapshot of chronic vulnerability, rather than
emergent, dynamic vulnerability.10 Other organizations, such as the World Food
Programme and the United Nations Food and Agricultural Organization, have
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parallel efforts to document and map emergent vulnerability to drought and
famines.11 Our approach offers a way to identify “hot spots” of concern at a
subnational level, enabling scholars to focus on these areas for further case
study investigation and national governments and the international commu-
nity to prioritize resources accordingly. Given Africa’s particular vulnerability
to climate change and its rising strategic signiªcance as a security concern as
well as a potential market, this article is especially timely.

Our approach ranks locations within Africa in terms of their relative secu-
rity vulnerability to climate change. The vulnerability rankings are relative to
other African countries rather than to the entire globe. Thus, countries and lo-
calities exhibiting low relative vulnerability within Africa may still be highly
vulnerable to climate change compared to the world as a whole. We ªnd that
the areas in Africa with the greatest vulnerability are parts of the Democratic
Republic of the Congo (DRC), Guinea, Sierra Leone, Somalia, and South
Sudan. Some areas that face high physical exposure to climate change, such as
North African countries along the Mediterranean, appear less vulnerable,
given their higher levels of community and household resilience and their
generally more capable though—as the 2011 political transformation in North
Africa attests—far from wholly democratic and stable governance. By contrast,
other countries in Africa, with less physical exposure to climate change, such
as Niger, Somalia, and South Sudan, appear more vulnerable when we bring
in resilience and governance. Given data limitations, our ªndings are provi-
sional. We employ this mapping technique continent-wide for Africa, offering
this approach as a “proof-of-concept” for further reªnement as more sub-
national data and other indicators become available.

In the ªrst section, we explain the reasons for choosing Africa and why our
approach focuses on security outcomes. In the second section, we examine the
concept of vulnerability. In the third section, we introduce our approach. The
fourth section reviews our ªndings, and a ªfth section identiªes areas for fu-
ture research.

Why Africa? Why Security?

Along with Asia, Africa is widely recognized as one of the continents most vul-
nerable to climate change. Africa’s vulnerability is partly driven by unfortunate
geography, where the physical effects of climate change are likely to be among
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the most severe on the planet. It is also largely the result of the low adaptive ca-
pacity of many African states, which is a product of problems in their econo-
mies, health-care and education systems, infrastructure, and governance.12

According to the EM-DAT International Disaster database, from 1999 to 2010,
climate-related weather “disasters” in Africa killed nearly 13,000 people, made
homeless 2.8 million, and affected on the order of 187 million people overall.13

Although a number of high-proªle disasters during this period were located
outside Africa—such as the 2004 Asian tsunami, the 2010 Haitian earthquake,
and the 2010 Pakistani ºoods—Africa typically receives a large percentage
of resources from bilateral donors and the international community for disas-
ter assistance. Between ªscal years 2000 and 2009, the U.S. government allo-
cated more than 58 percent of its total humanitarian funding for disasters to
Africa, with a signiªcant share of these funds dedicated to Ethiopia, Somalia,
and Sudan.14

Africa has become increasingly important vis-à-vis the rest of the world,
though its strategic importance still pales compared with other regions. The se-
ries of revolts that began in Tunisia in December 2010 elevated North Africa’s
importance in the eyes of the international community. Even before these
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events, recognition of Africa’s rising strategic importance led the U.S. military
to create a new geographic combatant command for Africa in 2007. Among the
reasons for this more strategic interest are rising oil exports from Algeria,
Angola, Libya, Nigeria, and other countries, which make African stability im-
portant for oil importers. In addition, the fragility of a number of African states
and the potential for wider conºagration from spillovers of refugees and con-
ºict remain constant concerns to the international community.15 As Halvard
Buhaug, Nils Petter Gleditsch, and Ole Magnus Theisen have noted, Africa is
one of the world’s remaining zones for intrastate conºict: the “shatter belt” of
conºict-prone states includes two bands in the Horn of Africa and the Great
Lakes region and an area from the Caucasus to the Philippines.16 The belt is
home to Somalia’s pirates, who have become more than a nuisance for interna-
tional commerce. It also encompasses Sudan, which celebrated a tenuous
peaceful dissolution into two states in 2011 when the South voted for seces-
sion, and which currently threatens to descend into interstate war. State weak-
ness and the presence of incipient terrorist operations under the al-Qaida
franchise have also attracted Western attention. Even as chronic problems of
governance in Africa have consumed the attention of many Western donors,
other actors and countries—notably the Chinese—see great opportunity for re-
source acquisition and the potential for markets as a number of African coun-
tries experience high economic growth.

Our project is located in the larger, emergent debate about climate change and
security.17 Concerns about climate and security are a natural successor to the
literature on environmental security from the 1990s, pioneered by Thomas
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Homer-Dixon among others.18 Similar to work on environmental security, the
literature on the “securitization” of climate change in the policy world and
among academics has largely focused on the causal connections between cli-
mate change and violent conºict.19 Methodologically, most scholars take the ex-
pected effects of climate change—such as drought, rainfall variation, disasters,
and migration—and look for analogues to see if those effects correlate histori-
cally with the onset of violent conºict.20 To date, the ªndings of this literature
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have been mixed and somewhat disappointing, in part because of the lack of ad-
equate data.21 Moreover, such approaches have a number of limitations, not
least of which is a truncated view of what constitutes a security problem.

With the concept of human security, some academics and practitioners sought
to enlarge the concept of security to encompass almost any harm to human wel-
fare. Such conceptual stretching may make the idea of security meaningless.22

Climate change does, however, constitute a security concern beyond its poten-
tial contribution to violent conºict, as it is expected to increase the number and
severity of extreme weather events.23 Given that militaries are frequently de-
ployed to provide humanitarian relief in the aftermath of extreme weather
events, such crises constitute important security concerns for governments, if
only because the diversion of military resources represents an opportunity cost
and could keep such resources from being deployed for other purposes.24

Moreover, in poor, fragile states, such as many of those in Africa, climate
shocks and swift-onset meteorological shocks potentially constitute more se-
vere threats to domestic security by compromising a state’s monopoly of force
within its borders.25 In the absence of effective delivery of relief supplies, the
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destruction of infrastructure and interruption of services could potentially
contribute to such desperation that the populace will steal or riot to secure ne-
cessities.26 In such circumstances, these risks to state control are compounded
if others take advantage of the absence of a security presence to loot for
personal gain. Moreover, disasters may provide focal points around which
citizens with grievances against the regime may rally.27

We emphasize the potential security consequences of climate change, in-
cluding but not limited to conºict, encompassing situations where weather-
related phenomena put large numbers of people at risk of mass death.28

The security focus makes our work different from that of the United Nations
International Strategy for Disaster Reduction (UNISDR), which focuses on
mortality and economic losses from disasters.29 We are especially interested in
the impact of climate-related hazards where physical exposure, compounded
by other sources of vulnerability, will likely endanger the lives of such large
numbers of people that local emergency rescue personnel cannot cope. In
those instances, emergency relief will often require the mobilization of domes-
tic and foreign militaries. In some cases, such crises will make internal conºict
more likely and will contribute to other potential security outcomes of interest,
including internal and international migration. This discussion raises the ques-
tion of how to identify which areas are potentially vulnerable to these security
consequences, in turn leading us to examine the concept of vulnerability and
its relation to climate change.

Understanding Vulnerability and Climate Change

What makes a place potentially vulnerable to the security consequences of
climate change? Answering this question requires an understanding of the
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broader ªeld of vulnerability studies. Conceptual fragmentation characterizes
the literature on vulnerability. Different disciplines and professions under-
stand the concept differently.30 The Fourth Assessment Report by the Intergov-
ernmental Panel on Climate Change (IPCC) deªnes 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.”31

Vulnerability is also often identiªed as susceptibility to losses of lives and
livelihoods. Ben Wisner, for example, suggests that across the diverse mean-
ings of vulnerability is the notion of “potential for disruption or harm.”32

Omar Cardona suggests that “vulnerability in social groups could thus be un-
derstood as the reduced capacity to ‘adapt to,’ or adjust to, a determined set of
environmental circumstances.”33 The converse of vulnerability is resilience, or
the degree to which countries, communities, families, or individuals are able
to insulate themselves from losses, or at the very least, are able to respond
quickly to emergencies and to recover from them, minimizing long-term dam-
age and loss of life.

One of the more popular conceptions of vulnerability in the literature is en-
capsulated by the simple equation: risk � vulnerability � hazard.34 In this
view, vulnerability is seen as a component of risk. Risk is seen as a function of
both exposure to physical hazards and vulnerability. Nick Brooks, Neil Adger,
and Mick Kelly seek to operationalize risk with respect to disaster mortality,
where the probability that a country will be exposed to a climate-related or
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meteorological event and its vulnerability to this event reºect the event’s likely
consequence or importance.35 In this equation, environmental and physical
factors contribute to risk, whereas vulnerability is narrowly deªned in socio-
economic and political terms. A focus on vulnerability as a purely social un-
derstanding could be misleading, however. As Cardona notes, “If there is no
hazard, it is not feasible to be vulnerable when seen from the perspective of the
potential damage or loss due to the occurrence of an event.”36 Another ten-
dency might be to examine vulnerability purely in terms of physical exposure.
Clionadh Raleigh, Lisa Jordan, and Idean Salehyan suggest that—despite the
inclusion of measures of a society’s adaptive capacity in its deªnition of
vulnerability—the IPCC deªnition emphasizes mainly physical risks rather
than the social and economic sources of vulnerability.37

Some authors deªne risk and vulnerability interchangeably, whereas others
distinguish between them. The important issue is not the name of the concept
but what is being measured. The purpose of this study is to create an index of
the diverse sources of vulnerability (physical, demographic, social, and politi-
cal sources) that expose large numbers of people to disruptive losses such that
their physical security cannot be assured without external relief or the affected
populations respond by engaging in behavior such as theft, looting, riots,
strikes, and demonstrations that potentially escalate into more violence.

Other studies have tried to assess the relative vulnerability of different coun-
tries to climate change, including work by Raleigh, Jordan, and Salehyan; re-
search by Marc Levy et al.; papers by Brooks, Adger, and Kelly; work by
Antoinette Brenkert and Elizabeth Malone; and, ªnally, research by David
Wheeler. These studies have made important contributions, but they also have
their limitations. Here, we discuss all ªve of these approaches to vulnerability.

In their effort to capture vulnerability to disasters, Raleigh, Jordan, and
Salehyan incorporate just three dimensions: (1) gross domestic product (GDP)
per capita; (2) population growth by 2050; and (3) historic disaster frequency.38

In their view, demographic growth and limited income constitute risk factors
equal to disaster frequency in contributing to a country’s overall vulnerability.
They provide rankings of country vulnerability to particular disasters, includ-
ing windstorms, droughts, and ºoods. A spare metric of vulnerability provides
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a comparatively simple way to capture relative vulnerability. Limited informa-
tion is required to make the calculations. Moreover, with equal weights at-
tached to each indicator, the decision rule for aggregation requires no lengthy
rationale. One of their input indicators, however, is the EM-DAT International
Disaster database compiled by the Université Catholique de Louvain in
Belgium. By using the EM-DAT data on disasters, Raleigh, Jordan, and
Salehyan potentially conºate physical exposure with other dimensions of vul-
nerability. The EM-DAT database counts an event as a disaster only if the con-
sequences meet one of the following conditions: ten or more people killed; a
hundred or more people reported affected; a declaration of a state of emer-
gency; or a call for international assistance.39 Whether an extreme meteorologi-
cal event becomes a disaster (i.e., generating lasting adverse consequences on
human welfare) is typically a product of governance failures and other sources
of individual and community vulnerability such as inequality, poor health, or
poor nutrition. To avoid the problem identiªed above, we use indicators of
physical exposure to climate-related hazards that are measured independently
of their ultimate impact on people (see online appendix table 10 for Raleigh,
Jordan, and Salehyan’s list of most vulnerable countries).40

Emphasizing the potential security consequences of climate change, Levy
et al. include several governance and political measures of vulnerability. They
examine where physical risks of future climate change conjoin with contempo-
rary indicators of weak governance and political instability. Their model in-
cludes three indicators of future climate effects: (1) projected populations
living in low-elevation coastal zones potentially subject to sea-level rise; (2)
projected temperature change and levels of adaptive capacity; and (3) simula-
tions of future water scarcity.41 They compare these indicators of future climate
vulnerability with three indicators of political instability: (1) a country’s crisis
history; (2) whether a country is located in a dangerous neighborhood; and
(3) countries with low capacity. A country with high levels of two or more of
these variables was identiªed as high risk for political instability.42 Levy et al.’s
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paper has several virtues. First, it incorporates models of future climate vul-
nerability. Historic patterns of exposure to climate hazards may not reºect fu-
ture climate vulnerability, given that future climate change may not take place
in the regions where previous extreme weather events took place. Second, it
includes several indicators of political risk and instability, which makes the au-
thors’ work more relevant to the emergent climate security literature. Third,
their research includes attributes of government effectiveness thought impor-
tant in disaster response.

That said, Levy et al.’s approach has some potential ºaws. First, there is no
single risk or vulnerability rating scheme. Rather, each indicator of physical
exposure is overlaid on one or at most two indicators of instability in a series
of maps, leaving readers to draw their own conclusions about which countries
consistently show up on the most vulnerable lists. Second, their approach also
omits other dimensions of vulnerability, particularly at the household level,
which can mediate or exacerbate the physical and political sources of vulnera-
bility included in their model. While the inclusion of future climate risks is an
important reªnement, the accuracy of climate models, particularly for Africa,
is highly uncertain, given data limitations and challenges of “downscaling”
global climate models to produce valid regional projections. Therefore, an ap-
proach that compares historical exposure to climate-related hazards with fu-
ture climate projections would be beneªcial (see online tables appendix that
summarizes several of the Levy et al. models in a single chart).

Brooks, Adger, and Kelly synthesize the diverse sources of country vulnera-
bility to generate a portrait of global vulnerability. Using generic indicators as
proxies for common processes potentially affecting all countries, they focus on
populations’ vulnerability to mortality from natural disasters. After examining
forty-six indicators identiªed in the literature as potentially relevant to vulnera-
bility, they select eleven to pursue for strategic assessment and construction of a
global ranking of national-level vulnerability.43 These eleven indicators are prox-
ies for variables from three broad areas: education, health, and governance. The
education basket included three indicators: literacy rate for ªfteen to twenty-
four-year-olds, literacy rate of those older than ªfteen, and the overall literacy
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ratio (female to male). The health basket included four measures: the population
with access to sanitation, maternal mortality, caloric intake, and life expectancy
at birth. Governance also encompassed four measures: two derived from World
Bank governance indicators (government effectiveness and voice and account-
ability [i.e., the willingness of a government to listen to its people]) and two
from Freedom House indicators (political rights and civil liberties).

Brooks, Adger, and Kelly selected these eleven indicators after subjecting all
forty-six indicators to Monte Carlo simulations to identify which were statisti-
cally correlated with an increase in mortality from climate-related disasters in
small island nation-states.44 They then derived rankings for the variables se-
lected based on assessments of a focus group of twelve experts. From the ex-
pert assessments and a separate assessment based on equal weights for all
eleven indicators, the rankings of the indicators were as follows: (1) govern-
ment effectiveness; (2) voice and accountability; (3) life expectancy and sanita-
tion tied for third; (5) literacy for ªfteen to twenty-four-year-olds; (6) political
rights; (7) literacy of those older than ªfteen; (8) civil liberties; (9) literacy ratio;
(10) average calorie intake; and (11) maternal mortality. Given the authors’ rig-
orous methodology, we draw heavily on these indicators in our subsequent
composite index. The selected indicators include some that are highly corre-
lated, however; inclusion of all of them does not add explanatory value, at
least for African countries. For example, youth and adult literacy rates are cor-
related with each other at 0.95 within African countries. Similarly, the Freedom
House indicators are highly correlated with the World Bank indicators at 0.90 or
greater. The construction of the index could also lead to biases and conclusions
that could confuse policymakers about which countries should be of highest pri-
ority. In separating the physical hazards from the more social and political deter-
minants of vulnerability, Brooks, Adger, and Kelly underplay the signiªcance of
geographic and physical components of vulnerability. As a consequence, coun-
tries known to be highly geographically vulnerable to climate change appear

International Security 37:4 146

44. In this regard, the research by Brooks, Adger, and Kelly is similar to that of our research part-
ners Timmons Roberts and Bradley Parks. Whereas Brooks and his colleagues serially test the
signiªcance of individual variables, Roberts and Parks seek to explain disaster mortality through
multivariate regression. The variables Roberts and Parks tested included GDP per capita, the Gini
coefªcient, two attributes of geographical vulnerability (population near coasts and population
near cities), environmental vulnerability, civil society pressure, and two measures of institutional
quality (press freedom and property rights). In ªnding higher disaster mortality vulnerability
among countries in the developing world, they ultimately attribute many of the problems to colo-
nial heritage and the ways in which developing countries have become inserted in the global econ-
omy as exporters of primary commodities. See Brooks, Adger, and Kelly, “The Determinants of
Vulnerability and Adaptive Capacity at the National Level and the Implications for Adaptation”;
and J. Timmons Roberts and Bradley C. Parks, A Climate of Injustice: Global Inequality, North-South
Politics, and Climate Policy (Cambridge, Mass.: MIT Press, 2007).



unworthy of concern. For example, across the thirteen separate weighting
schemes, Bangladesh appeared in the upper vulnerability quintile of only one of
them (see online tables appendix for their most vulnerable list).

Brenkert and Malone, part of a larger Paciªc Northwest National Laboratory
research team, have also developed indices of climate vulnerability since 2001
with the use of their Vulnerability-Resilience Indicator Model (VRIM). They
provide mostly national rankings, but they have also made a preliminary ef-
fort to rank Indian states. The VRIM includes seventeen indicators. Brenkert
and Malone suggest that vulnerability is a function of three factors: exposure,
sensitivity, and adaptive capacity, though only sensitivity and adaptive capac-
ity are represented in the indicators.45 They then group indicators into sectors,
and weight each indicator equally. Within the sensitivity basket, they include
the following sectors: food security, water resources, settlement and infra-
structure, human health, and ecosystem. Under the adaptive capacity basket,
they include environmental capacity, economic capacity, and human civic re-
sources.46 Governance indicators are not included, however—a notable exclu-
sion given the importance of these indicators for India and the authors’ own
comments about the role of India’s democracy. One of the inspirations for con-
temporary vulnerability studies is economist Amartya Sen. Having observed
the responsiveness of contemporary India after independence to drought and
food shortages, Sen suggested that famines do not happen in democracies.47 In
VRIM, moreover, exposure largely drops out; indicators of exposure near
coasts are not accounted for except through the population indicator (see the
online tables appendix for their most vulnerable list).48
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Another approach to climate vulnerability is work by David Wheeler of the
Center for Global Development. In 2011, Wheeler provided climate vulnerabil-
ity rankings for 233 states.49 He created a composite index of vulnerability to
climate change for these countries with projections for the period 2008–15.
Wheeler also developed an econometric model to assess the likelihood that a
country will experience a climate disaster. Using climate-related disasters from
the EM-DAT database as his dependent variable, Wheeler seeks to explain his-
toric vulnerability to disasters using concentrations of greenhouse gases, pop-
ulation, income per capita, voice and accountability, and quality of regulation.
He ªnds that greenhouse gases, population, and voice and accountability are
correlated with a greater likelihood of disasters (the latter a function of media
openness that allows reporting), whereas income per capita and quality of reg-
ulation are negatively correlated with disasters. Wheeler develops a multipli-
cative index of climate vulnerability, a function of both exposure to physical
risks and resilience. He captures the risk of climate change based on exposure
to climate-related hazards, sea-level rise, and changes in agricultural yields.
His measures of resilience include income per capita and regulatory quality.
He ªnds that African countries comprised sixteen of the world’s most vulnera-
ble states (see online tables appendix). Vulnerabilities are, however, still identi-
ªed at the national, rather than subnational, level.

From these diverse approaches, we derived a number of lessons about
how to model climate security vulnerability at the subnational level. Vulnera-
bility to extreme weather events is only partially a function of exposure to en-
vironmental and geographic features.50 Whether or not a climate-related hazard
becomes a “disaster” is ultimately contingent upon a host of other factors, in-
cluding community resilience and government effectiveness. In addition to liv-
ing in areas prone to ºooding, drought, or other extreme weather events,
communities are often made more vulnerable because their members are in ill
health and undereducated. They lack adequate public infrastructure—such as
roads, piped water, sanitation, and electricity—or access to health care, educa-
tion, and other basic services. These risks may be compounded by a lack of po-
litical representation, poor governance, or a history of violence. As this
discussion implies, “natural” disasters are something of a misnomer.51 Draw-
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ing on these insights, we aimed to generate a single map of subnational cli-
mate security vulnerability, a snapshot of the places we think are likely to be
chronic places of concern.

Methodology of Climate Security Vulnerability Mapping

Given the limitations of the existing vulnerability literature, our approach in-
cludes an amalgam of indicators of physical exposure and social and political
sources of vulnerability. We grouped these sources into four main processes,
or baskets, to represent different aspects of climate security vulnerability:
(1) physical exposure to climate-related hazards; (2) population density;
(3) household and community resilience; and (4) governance and political vio-
lence.52 We selected these baskets and the indicators within them based on de-
ductive theory about the likely determinants of climate security risks; the state
of the empirical literature on climate, conºict, and disaster vulnerability; and
the realities of continent-wide data sources for Africa. This section provides a
thumbnail sketch of our vulnerability mapping methodology. Readers inter-
ested in more detail should consult the online methodological appendix.

Following conventions among many studies that employ indices such as the
Human Development Index, the VRIM, and the Commitment to Development
Index, all four baskets have equal weight in the ªnal vulnerability analysis (we
later relax this assumption in sensitivity analyses).53 Despite some scholars’
objections to using composite indices, their principal value is the ease with
which a summary statistic can help to synthesize complex, multidimensional
data.54 Three of the four baskets include several indicators to reºect that di-
mension; the exception is population density, which is composed of a single in-
dicator (see ªgure 1 for a representation of the four baskets and indicators).
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This section outlines the rationale for the baskets and the indicators that
comprise them. The online methodological appendix provides a more detailed
discussion of each component of the baskets.

physical exposure to climate-related hazards

Geographic location makes some countries more susceptible to climate change
impacts than others. Within countries, some areas, such as the coasts, are more
vulnerable to certain kinds of climate-related hazards than other areas. Be-
cause climate models for Africa show some disagreement about the expected
future distribution of climate-related hazards at the local level, our best proxy
for future vulnerability is largely based on historic exposure. We use historic
data of the frequency and magnitude of climate-related hazards, including cy-
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Figure 1. Diagram of Climate Security Vulnerability Model



clones, ªres, ºoods, and droughts. We use a measure of the coefªcient of varia-
tion of precipitation to identify chronic water-scarce areas that may experience
water stress even if they are not technically experiencing droughts.55 We also
include a measure of low-elevation coastal zones that may be susceptible to fu-
ture sea-level rise and higher storm surges. All of the indicators in this basket
are subnational with high resolution (see table 1 for a list of the indicators used
in the physical exposure basket).

Figure 2 shows relative exposure to historic climate hazards and low-
elevation coastal zones within Africa with high physical exposure in pockets
along the Mediterranean, western Ethiopia extending across South Sudan,
southern DRC, and pockets in Tanzania. Much of southern Africa has pock-
ets of high physical exposure, including parts of Angola, Mozambique, and
Madagascar (see ªgure 2; the online climate hazard appendix has maps of each
indicator in this basket).

population density

When extreme weather events occur in densely populated areas, the impact is
likely to be more severe than it would be in areas with fewer people. More
people will need emergency rations of food and water and medical care, and
demands on existing facilities and resources may be quickly overwhelmed, es-
pecially if climate change impacts force rural populations to migrate to urban
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55. For a more extended discussion of the distinction between droughts, as captured by the Stan-
dardized Precipitation Index, and the coefªcient of variation, see UNISDR, Risk and Poverty in a
Changing Climate, p. 45.

Table 1. Indicators Used to Assess Physical Exposure to Climate-Related Hazards

Hazard Type (weight) Data Source
Years of
Data Used

Cyclone winds (0.16)* UNEP/GRID-Europe 1975–2007
Floods (0.16)* UNEP/GRID-Europe 1999–2007
Wildªres (0.16)* UNEP/GRID-Europe 1997–2008
Aridity (coefªcient of variation) (0.16)* UNEP/GRID-Europe 1951–2004
Droughts (0.16)* Global Precipitation

Climatology Center
1980–2004

Inundation (coastal elevation) (0.16)* USGS DEM 1996

*Indicates data source with subnational information—ªres, ºoods, and inundation 1 km by
1 km resolution, cyclones 2 km by 2 km resolution, aridity and drought 0.5 degree
resolution.

UNEP/GRID-Europe stands for United National Environment Programme/Global Resource
Information Database–Europe, and USGS DEM for United States Geological Survey DEM.



areas. All else being equal, more densely populated areas that are highly ex-
posed to climate-related hazards will put more people at risk of mass death. At
the same time, we would expect such areas to command more attention from
decisionmakers; therefore, weighting population density would help policy-
makers to identify areas of high human impact. The population density indica-
tor from LandScan, a map resource displaying population, is subnational with
1-square-kilometer (km) resolution.56
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56. See note 102 for more information about LandScan. For important discussions of weighing
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Figure 3 projects the distribution of population density within Africa,
which shows dense populations along the Mediterranean coastline, in Egypt
along the Nile, throughout western Ethiopia, and in pockets in Sudan around
Khartoum. Much of West Africa is densely populated, including but not lim-
ited to Nigeria. The Great Lakes region in Central Africa around Uganda,
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population, see Pascal Peduzzi, H. Dao, C. Herold, and F. Mouton, “Assessing Global Exposure
and Vulnerability towards Natural Hazards: The Disaster Risk Index,” Natural Hazards Earth Sys-
tem Sciences, Vol. 9, No. 4 (July 2009), p. 1151; and Rustad et al., “All Conºict Is Local,” p. 27.

Figure 3.



Rwanda, and the eastern part of the DRC also has high population concentra-
tions. Southern Africa is less densely populated by comparison, with slivers of
high population in Malawi, along the eastern seaboard, and in pockets around
major cities such as Johannesburg (see ªgure 3).

household and community resilience

Whether people experience severe negative consequences of climate hazards
depends on factors other than physical exposure. The ªrst line of defense for
many people will be resources available at the household and community lev-
els to protect themselves from physical hazards and to respond in the event of
climate-related emergencies such as ºoods, droughts, or storms. Communities
where many people are sick and have inadequate access to health care and ba-
sic amenities are likely to be less resilient than those that are healthier and
have greater access to services. People with less education may have less infor-
mation or fewer entrepreneurial skills to avoid climate hazards or minimize
their effects.

Although many national-level statistical studies of vulnerability incorporate
per capita GDP as an indicator, doing so does not capture income inequality
between regions or households, and subnational data on income are not avail-
able continent-wide for income. As discussed in the methodological appendix,
a number of indicators of household resilience—which are strongly correlated
with income—are available at the subnational level. Therefore, this basket,
inspired largely by the work of Brooks, Adger, and Kelly, has eight indica-
tors grouped into four categories: education, health, daily necessities, and ac-
cess to services. Indicators are drawn from diverse sources including the
World Development Indicators, the United States Agency for International
Development (USAID), the United Nations Children’s Fund (UNICEF), and
the Center for International Earth Science Information Network (CIESIN). Ed-
ucation indicators include school enrollment and literacy.57 Health indicators
include infant mortality and life expectancy.58 Our proxy for access to daily ne-
cessities includes measures of the percentage of children under age ªve suffer-
ing from malnutrition and the proportion of the population with access to
improved water sources. Finally, the access to services category includes
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57. Peduzzi et al. also include similar indicators of health and sanitation in their study of disaster
mortality. See supplementary material in Peduzzi et al., “Assessing Global Exposure and Vulnera-
bility towards Natural Hazards.”
58. Infant mortality was one of the most robust predictors of political instability in the work of the
State Failure Task Force and its successor, the Political Instability Task Force. Jack A Goldstone,
Robert H. Bates, David L. Epstein, Ted Robert Gurr, Michael B. Lustik, Monty G. Marshall, Jay
Ulfelder, and Mark Woodward, “A Global Model for Forecasting Political Instability,” American
Journal of Political Science, Vol. 54, No. 1 (January 2010), pp. 190–208.



health expenditures per capita and access to nurses and midwives. Only three
of these indicators, infant mortality, under-ªve child malnutrition, and access
to improved water sources, are subnational with resolution largely at the ªrst-
level administrative unit, typically states or provinces (see table 2).59

Countries with the most resilience are the island nations of Seychelles and
Mauritius, followed closely by South Africa and the North African countries of
Tunisia, Libya, and parts of Egypt. Countries with the least household and
community resilience (i.e., the highest vulnerability) are the perennially worst
performers in Africa: parts of Chad, the DRC, Ethiopia, Mozambique, Niger,
and Somalia (see ªgure 4 and the online household resilience appendix for
maps of individual indicators in this basket).

governance and political violence

Weather emergencies frequently exceed the capacities of local communities’
emergency services, requiring national-level mobilization to save 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. Whether or not individuals experience the worst effects of climate-
related events will partially depend on the quality of governance in the coun-
try in which they live. Government support can enable communities to
prepare for and adapt to the expected impacts of climate change, and it can
help them to respond when extreme weather events do occur. Governments
that are either so lacking in capacity or so venal that they cannot or will not
look after their citizens can transform a natural phenomenon into a disaster
that puts a large number of people at risk of mass death from starvation, dis-
ease, or exposure to the elements. In such societies, disorder and instability
may also follow exposure to climate hazards. Where countries have a violent
history, this too can undermine the task of providing relief supplies. In 2012,
for example, the coup in Mali complicated efforts to extend relief supplies to
parts of the country experiencing a food crisis.60 The previous year, Somalia
experienced a devastating famine, exacerbated by the Shabaab militia, which
initially denied relief organizations the ability to provide aid.61

The expert focus group convened by Brooks, Adger, and Kelly identiªed
governance as the most important factor affecting climate vulnerability. The
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59. In some cases, these are aggregated up to a larger area, and in other cases, data availability al-
lows us to project lower-level administrative units for some of these indicators.
60. Bartley Kives, “The Suffering Sahel,” Winnipeg Free Press, May 12, 2012, http://www
.winnipegfreepress.com/local/the-suffering-sahel-150274655.html.
61. Jeffrey Gettleman, “Somalis Starve as Shabab Militants Bar Escape from Famine,” New York
Times, August 1, 2011, http://www.nytimes.com/2011/08/02/world/africa/02somalia.html.
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Table 2. Indicators Used to Assess Household and Community Resilience

Variable
(weight) Indicator (weight) Source Years of Data Used

Education
(0.25)

Literacy rate, adult total
(% of people ages 15 and
above) (0.125)

WDI 2008; 2007 for Burkina
Faso; 2006 for Algeria,
Egypt, Mali, and
Senegal; 2005 for Niger;
no data for Djibouti,
Republic of the Congo,
or Somalia for

School enrollment, primary
(% gross) (0.125)

WDI 2006–09; 2004 for Gabon

Health
(0.25)

Infant mortality rate adjusted
to national 2000 UNICEF rate
(0.125)*

CIESIN 1991–2003

Life expectancy at birth
(years) both sexes (0.125)

WDI 2008

Daily
Necessities
(0.25)

Percentage of children
underweight (more than two
standard deviations below the
mean weight-for-age score of
the NCHS/CDC/WHO
international reference
population) (0.125)*

CIESIN 1991–2003

Population with sustainable
access to improved drinking
water sources (% total)
(0.125)*

USAID
Demographic &
Health Surveys;
UNICEF MICS;
WDI

DHS 2000–08; MICS
2005–06; WDI 2008 for
Algeria, Botswana, Cape
Verde, Comoros, Eritrea,
Mauritius, and Tunisia;
WDI 2005 for Equatorial
Guinea; WDI 2000 for
Libya

Access to
Healthcare
(0.25)

Health expenditure per capita
(current U.S.$) (0.125)

WDI 2007; 2005 for
Zimbabwe; no data for
Somalia

Nursing and midwifery
personnel density (per 10,000
population) (0.125)

WDI 2004–08; 2003 for
Lesotho; 2002 for Kenya

*Indicates data source with subnational information, with data assigned to the ªrst level ad-
ministrative unit in most cases.

UNICEF stands for United Nations Children’s Fund; NCHS for National Center for Health Sta-
tistics; CDC for Centers for Disease Control; WHO for World Health Organization; CIESIN
for Center for International Earth Science Information; USAID for United States Agency
for International Development; DHS for Democratic and Health Surveys; MICS for Multiple
Indicator Cluster Survey; and WDI for World Development Indicators.



group employed measures of governance from both the World Bank and
Freedom House. Because these measures are highly correlated, we selected
only the indicators they employed from the World Bank: voice and account-
ability and government effectiveness. Voice and accountability reºects the
openness of regimes to the needs of their people. In the event of a climate-
related emergency, we would expect regimes that are more willing to hear
their citizens’ pleas for assistance to be more willing to respond. Government
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effectiveness captures the ability of a government to implement policy. Al-
though this particular measure does not explicitly measure disaster relief capa-
bilities, we do expect that governments with greater effectiveness will prove
better able to deliver services in emergencies.

We also recognized, however, that other governance-related attributes may
affect whether or not populations facing climate-related hazards receive assis-
tance in times of great need. First, politically unstable regimes likely confront
difªcult challenges in delivering services because they face signiªcant risks of
recurring violence.62 As discussed more fully in the online methodological ap-
pendix, we provide two indicators of political stability based on Polity IV data
(though we split the index weight between them so that political instability is
weighted the same as the other indicators in the basket). We see regimes in
transition, both those that are becoming more autocratic and those that are be-
coming more democratic, as vulnerable. While democratizing regimes are
more likely to be sensitive to the needs of their people, they also tend to be
conºict prone. Given the challenges of establishing rule of law and democratic
institutions, such countries may lack established patterns of service delivery.63

More broadly, regimes experiencing volatility will likely be less able or less
willing to respond to climate-related emergencies.

Second, the degree to which countries can tap into global networks of assis-
tance may also inºuence the support that people receive in times of need. In ex-
treme circumstances, populations living under autarkic regimes may be largely
cut off from external assistance. For example, the U.S. Navy was willing to pro-
vide assistance after Cyclone Nargis in 2008, but the Myanmar government
denied them entry. Here, we use a measure of the degree of global integration
from the KOF Index of Globalization to reºect the extent to which a country is
internationally integrated and can call on other countries in times of need.64

Third, areas with a history of violence may be unwilling or unable to pro-
vide assistance in times of emergency.65 While state-led violence against civil-
ians in a particular area represents an obvious category of concern, we would
also expect areas where there has been substantial violence between militias to
potentially interrupt or make assistance difªcult, even for governments will-
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62. OECD, Service Delivery in Fragile Situations: Key Concepts, Findings, and Lessons (Paris: OECD,
2008), http://www.oecd.org/dataoecd/17/54/40886707.pdf. See also Håvard Hegre and Nicholas
Sambanis, “Sensitivity Analysis of Empirical Results on Civil War Onset,” Journal of Conºict Resolu-
tion, Vol. 50, No. 4 (August 2006), pp. 508–535.
63. Michael McFaul, “Are New Democracies War-Prone?” Journal of Democracy, Vol. 18, No. 2
(April 2007), pp. 160–167.
64. See KOF, “KOF Index of Globalization,” 2009, http://globalization.kof.ethz.ch/.
65. Conºict history is also one of the most robust predictors of future conºict. See Rustad et al.,
“All Conºict Is Local”; and Goldstone et al., “A Global Model for Forecasting Political Instability.”



ing to extend service delivery. Again, the Somalia example of 2011 is illustra-
tive. The weak central government and its international partners had difªculty
extending relief aid to famine areas because of al-Shabaab opposition.

Of these various governance indicators, the only one that contains sub-
national data is the Armed Conºict Location and Events Dataset (ACLED). We
used localized conºict events and assigned them to the smallest administrative
area possible, which ranged from level-one provincial/state data to level-four
municipal data (see table 3 for the governance basket data sources).66

Figure 5 reveals pockets of high vulnerability, driven by localized atrocities,
throughout the Central African Republic, the DRC, Somalia, Sudan, and South
Sudan. Parts of West Africa, including Côte d’Ivoire and parts of Nigeria, also
suffer from poor governance and political violence (see ªgure 5; see also the
online governance and political violence appendix for maps of individual indi-
cators in this basket).
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66. Clionadh Raleigh, Andrew Linke, and Håvard Hegre, “Armed Conºict Location and Events
Dataset (ACLED)” (Oslo: International Peace Research Institute, 2009), http://www.acleddata
.com/. For this article, ACLED was contracted to include continent-wide Africa coverage.
Clionadh Raleigh, Andrew Linke, Håvard Hegre, and Joakim Karlsen , “Introducing ACLED: An
Armed Conºict Location and Event Dataset: Special Data Feature,” Journal of Peace Research,
Vol. 47, No. 5 (September 2010), pp. 651–660. Earlier iterations of our work used the Kansas Event
Data System (KEDS) dataset on atrocities. ACLED is more comprehensive in its inclusion of civil
war events. KEDS, “Political Instability Task Force Worldwide Atrocities Dataset,” 2009, http://
web.ku.edu/�keds/data.dir/atrocities.html.

Table 3. Indicators Used to Assess Governance and Political Violence

Variable Indicator (weight) Source
Years of
Data Used

Government
responsiveness

voice & accountability
(0.2)

Worldwide
Governance Indicators

2007, 2008,
2009

Government
response capacity

government
effectiveness (0.2)

Worldwide
Governance Indicators

2007, 2008,
2009

Openness to
external assistance

globalization index
(0.2)

KOF Index of
Globalization

2009

Political stability polity variance (0.1) Polity IV Project 1999–2008
Number of stable
years (as of 2008) (0.1)

Polity IV Project 1855–2008

Presence of
violence

Battles and violence
against civilians (0.2)*

Armed Conºict
Location and Events
Dataset (ACLED)

1997–2009

*Indicates data source with subnational information, with the ACLED events assigned to the
lowest administrative unit where available, ranging from the ªrst level to the fourth level.



Findings: Hot Spots of Chronic Climate Security Vulnerability

After we combine the four baskets to generate a composite map, we observe
a number of interesting patterns (see ªgure 6). Areas of most acute composite
vulnerability include parts of the DRC, Guinea, Sierra Leone, Somalia, and
South Sudan.

We can demonstrate the value-added of this more complex portrait of vul-
nerability compared to a simpler scheme that is based solely on physical expo-
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sure and population. By subtracting a map of the ªrst two baskets from the
ªnal composite map, we can show which places on the continent become more
(or less) vulnerable when we add indicators from the ªnal two baskets: house-
hold and community resilience and governance and political violence. Based
on this difference map, the Mediterranean coastline appears far less vulnerable
when we incorporate measures of resilience and governance, whereas parts of
Niger, Somalia, South Sudan, and Sudan appear far more vulnerable, given
their low levels of resilience and poor governance (see online maps appendix).
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Figure 6.



How robust are these ªndings to different weights for the baskets? Although
the assumption of additive, equally weighted baskets makes computation
straightforward, it is both a convenience and a simpliªcation. In the absence of
substantive theoretical reasons to change the weights, however, the equal
weight assumption is common among composite indices.67 That said, we as-
sess the stability of our ªndings by altering the weights. To the extent that
some areas remain in the top quintile of vulnerability across multiple spec-
iªcations, these areas constitute important regions of concern. We created four
alternative sensitivity analyses of our models, increasing the weight of one of
our four baskets to 40 percent with the other three equally weighted at 20 per-
cent (see online maps appendix for four maps each overweighting one basket).
This map reveals that the countries and subregions of concern remain consis-
tent across various models’ weights. Figure 7 shows a core hot spots map of ar-
eas that remained in the fourth and ªfth quintiles of highest vulnerability
across all four models, where one basket is weighted at 40 percent and the oth-
ers are weighted at 20 percent.

Our approach also permits examination of the drivers of vulnerability,
which in turn can inform appropriate policies and interventions. From ªg-
ure 6, we selected four areas of high overall vulnerability for more ªne-grained
analysis, including the DRC, Guinea and Sierra Leone, Somalia, and Sudan/
South Sudan, all of which were also in Wheeler’s top twenty-ªve most vulner-
able countries. The online table of ªfth quintile vulnerability shows the relative
contribution of each basket to the overall vulnerability scores for the areas in
the ªfth quintile of vulnerability as well as the percentage of populated areas
located in that most vulnerable quintile.

The DRC had more than 26 percent of its populated areas in the ªfth quintile
of vulnerability, with high vulnerability driven principally by low resilience
and poor governance. In terms of physical exposure, over the last couple of de-
cades the DRC was, by the measure of drought we used, particularly drought
prone in the North, while especially ªre prone in the South.68 Like Somalia, an
end to conºict and basic governance capacity are high-priority policy areas.
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67. Two other climate vulnerability indices are available from Maplecroft and One World Trust.
See Maplecroft, Climate Change Vulnerability Index, http://www.maplecroft.com/themes/cc/; and
Rob Davies and Stephanie Midgley, Health and Food Security Risk Proªle Mapping in Southern Africa
(Cape Town, South Africa: One World Sustainable Investments, 2009).
68. Given that the EM-DAT database reports no drought disasters in the DRC during the period
1995–2008, we ªnd this particular result a little puzzling. Our ªndings on droughts are consistent
with Theisen, Holtermann, and Buhaug, “Climate Wars?” That said, we have reasons to question
the drought data, which are based on rain gauge collection, the numbers of which have declined
precipitously in Africa over the last two decades. For a critique of measures of drought, see
Bradªeld Lyon, Quantifying Drought: Some Basic Concepts, memo for the “Mapping and Modeling
Climate Security Vulnerability” workshop, Lyndon B. Johnson School of Public Affairs, University



Nearly 30 percent of the ªfth quintile vulnerability scores were driven by the
governance basket (see online maps appendix for pullout maps of the DRC).

The West African countries of Guinea and Sierra Leone are particularly vul-
nerable to climate security concerns. More than 6 percent of Guinea’s area is
located in the most vulnerable ªfth quintile, while more than 10 percent of
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of Texas, Austin, 2011, http://strausscenter.org/images/pdf/climateworkshop/lyon_memo_for
_web.pdf.

Figure 7.



Sierra Leone’s populated area is located in the ªfth quintile. Although the spe-
ciªc sources of vulnerability in ªfth quintile areas were nearly evenly divided
across all four baskets, high population density and low resilience were nar-
rowly the most important sources of both countries’ areas of highest vulnera-
bility. Guinea and Sierra Leone were both in Wheeler’s top twenty-ªve most
vulnerable countries in the world. Their physical exposure was largely a prod-
uct of wildªres, droughts, and, in the case of Sierra Leone, low elevation
coastal zones (see online maps appendix for pullout maps of West Africa). For
both, investments in health to improve local community resilience are among
the priority policy areas.

Somalia has the largest amount of its populated area in the ªfth quintile of
any country in Africa (nearly 30 percent). While its physical exposure is mod-
erate (rooted mostly in drought and persistently scarce rains), its particular
vulnerability is largely the result of low resilience and terrible governance. In
Somalia, 30 percent of the country’s overall vulnerability score is driven by
low household resilience and governance scores, respectively. Given the con-
tinued absence of a functioning government, Somalia ranked highest in both
our composite index and Wheeler’s. Its most vulnerable areas are located in
and around the capital Mogadishu and the far north of the country.69 From a
policy perspective, basic governance and stability have to be the highest prior-
ities, as few other things can be done in the interim (see online maps appendix
for a series of pullout maps of Somalia). South Sudan, having voted for inde-
pendence in 2011, may ªnd itself facing intense challenges associated with cli-
mate change. More than 11 percent of pre-partition Sudan’s populated areas
were in the ªfth quintile of vulnerability.70 Governance and physical exposure
(primarily from drought, persistent scarce rains, and ªre) were the main driv-
ers of Sudan’s vulnerability, responsible for 31 percent and 27 percent of the
overall vulnerability score for the ªfth quintile areas of then uniªed Sudan (see
maps appendix for pullout maps of Sudan and South Sudan). As the new
South Sudan government gets established, donors could help by investing in
early warning systems, ªre protection, rainwater collection, and other mea-
sures to build capacity and to protect against water scarcity. That said, the gov-
ernment, faced by intense security competition with Sudan in 2012, may face
existential challenges for some time.

Although not explicitly discussed, other pockets of high vulnerability exist
in Angola, Burundi, Eritrea, Ethiopia, and Niger, where low scores on human
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69. In the north, the relatively more effective governance in Somaliland is not reºected in the
maps, as it is not recognized as a legitimate government.
70. It should be noted here that, while the border between Sudan and South Sudan is shown in the
maps, the national-level household and community and governance data used in the index con-
struction are from data reported for Sudan prior to South Sudan’s independence.



development coincide with poor governance indicators and considerable di-
saster risk from droughts, scarce rain, and ªres. As the online table of ªfth
quintile vulnerability demonstrates, most of these countries experienced a
number of disasters in the 1995–2010 period and were among Wheeler’s most
vulnerable countries.

Extensions for Further Research

Maps of vulnerability are only points of departure rather than end-states of
analysis. They are meant to prompt conversation and further research. Maps
greatly simplify a complex reality and require narratives to properly interpret
them. Having provisionally identiªed the places of greatest subnational vul-
nerability within Africa, scholars need to understand more about the historical
and political dynamics of those places and how they intersect with exposure to
historic climate-related hazards and climate change. Ultimately, policymakers
dealing with the effects of climate change will need guidance about where to
prioritize their resources. Although these maps are not the deªnitive answer
to that question, they provide an important resource to begin the dialogue
about where to focus attention.

That said, the maps have their limitations and require further reªnement.
For a number of indicators, particularly those for household resilience and
governance, we had to use national-level data in the absence of subnational
data. Subsequent iterations will attempt to acquire more localized data as
these become available. We are in the process of creating additional sub-
national indicators for literacy and school enrollment, and we are aiming to
identify more subnational governance indicators.

In addition, most of the physical vulnerability data in this article are based
on past disaster frequencies and intensities. The next iteration of our research
incorporates models of future climate change risk. Heretofore, models of fu-
ture African climate change, at least for some areas such as the Sahel, appeared
to have had wildly divergent predictions with respect to rainfall and other in-
dicators.71 More recent research, however, suggests that these discordant
ªndings may be a product of problems in downscaling global climate models.
Christina Patricola and Kerry Cook have constructed a regional climate model
for North Africa above the equator (excluding North African countries on the
Mediterranean coast).72 They argue that their ªndings better explain past cli-
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71. Boko et al., “Africa”; and Gulledge, Scientiªc Uncertainty and Africa’s Susceptibility to Climate-
Driven Conºict.
72. Christina M. Patricola and Kerry H. Cook, “Northern African Climate at the End of the
Twenty-First Century: An Integrated Application of Regional and Global Climate Models,” Cli-
mate Dynamics, Vol. 35, No. 1 (July 2010), pp. 193–212.



mate patterns and important attributes, such as the West African monsoon,
than previous climate prediction models. We have collaborated with Cook to
extend the regional model to be continent-wide and to focus on time scales
relevant for policymakers—mid-twenty-ªrst century—rather than late twenty-
ªrst century, as is the norm among climate modelers.73 Our ongoing collabora-
tion with climate modelers represents a way to triangulate the data to see if the
areas of projected future exposure correspond to the areas historically exposed
to climate-related hazards. These same climate projections have allowed us to
generate late twentieth-century simulations of extreme weather events, includ-
ing heavy rainfall days, dry days, and heat wave events. Although imperfect
corollaries with our historic climate-related hazard data, they do provide a
way to compare the consistency of areas of historic exposure.

An additional extension would be to overlay geocoded data on ethnic
groups. Given that recent studies suggest that ethnicity plays a strong role in
African politics as a source of conºict and division,74 ethnicity could also play
a powerful role in determining future vulnerability to the effects of climate
change. In some cases, ethnic groups may be targeted by the government such
that, in the event of an extreme weather event, ethnic groups at odds with the
government may be deprived of essential relief services. In other cases, power-
less and politically irrelevant groups may be ignored by the central govern-
ment should they ªnd themselves subject to extreme weather events or other
effects associated with climate change. A national-level indicator of ethnic po-
litical exclusion is available through the Ethnic Power Relations dataset, but
incorporating this indicator into the index would not help us to identify where
the excluded groups are located. A geocoded version of the Ethnic Power Rela-
tions (GeoEPR) dataset was published in 2010, however.75 The data can help to
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73. Kerry H. Cook and Edward K. Vizy, “Impact of Climate Change on Mid-Twenty-First Century
Growing Seasons in Africa,” Climate Dynamics, Vol. 39, No. 12 (March 2012), pp. 2937–2955; and
Edward K. Vizy and Kerry H. Cook, “Mid-21st Century Changes in Extreme Events over Northern
and Tropical Africa,” Journal of Climate, Vol. 25, No. 17 (September 2012), pp. 5748–5767.
74. Although a 2003 study by James Fearon and David D. Laitin found no connection between a
measure of ethnicity (ethnolinguistic fractionalization) and conºict, more recent studies have
found stronger evidence supporting the notion that ethnic political marginizaliation may contrib-
ute to conºict. Fearon and Laitin, “Ethnicity, Insurgency, and Civil War,” American Political Science
Review, Vol. 97, No. 1 (February 2003), pp. 75–90; Kahl, States, Scarcity, and Civil Strife in the De-
veloping World; Lars-Erik Cederman and Luc Girardin, “Beyond Fractionalization: Mapping Eth-
nicity onto Nationalist Insurgencies,” American Political Science Review, Vol. 101, No. 1 (February
2007), pp. 173–185; and Lars-Erik Cederman, Luc Girardin, and Kristian Skrede Gleditsch,
“Ethnonationalist Triads: Assessing the Inºuence of Kin Groups on Civil Wars,” World Politics,
Vol. 61, No. 3 (May 2009), pp. 403–437.
75. See Lars-Erik Cederman, Brian Min, and Andreas Wimmer, “The Ethnic Power Relations
(EPR) Dataset,” 2010, http://dvn.iq.harvard.edu/dvn/FileDownload/?ªleId�1381624&vdcId
�378&xff�0; Nils B. Weidmann, Jan Ketil Rød, and Lars-Erik Cederman, “Representing Ethnic
Groups in Space: A New Dataset,” Journal of Peace Research, Vol. 47, No. 4 (July 2010), pp. 491–499;



identify where vulnerable areas overlap with ethnic groups that have experi-
enced historic discrimination, that are powerless, or that are politically irrele-
vant.76 We thought that assigning cardinal ranks for these categories was too
problematic to incorporate this indicator directly into our index. Therefore, we
followed Levy et al.’s strategy of using overlays, here overlaying areas of his-
toric ethnic political marginalization on high-vulnerability areas from our in-
dex. Space considerations do not permit a more extended discussion here, but
our overlays are available in the online ethnic vulnerability appendix.77

Beyond the sensitivity analysis, questions remain about the external validity
of these maps. Can we trust that they represent a true portrait of the underly-
ing climate security vulnerabilities they depict? Unlike statistical ªndings,
maps come without conªdence intervals or error bars. Even if text around the
maps emphasizes their provisional nature, readers may ªnd the maps seduc-
tive in their visual simplicity and therefore potentially misleading. Estab-
lishing the external validity of the maps is the most difªcult challenge for us,
and one that can only be provisionally addressed in a single article. We have
sought to allay readers’ concerns by providing sensitivity analysis to reveal
the consistency of our ªndings across multiple basket weights. In addition,
once we prepared the ªrst iteration of our maps,78 we created four teams of
mapmakers to test and reªne the methodology for regions of Africa. We used
these exercises to identify missing indicators, new data sources, and alterna-
tive approaches to visualize the data.79
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We also conducted extensive ªeldwork to “ground truth” or validate our
maps with local experts. Members of our team conducted nearly 100 inter-
views throughout Africa in 2010 and 2011, with visits to Burkina Faso,
Ethiopia, Ghana, Kenya, Malawi, Morocco, Mozambique, Namibia, Senegal,
South Africa, Tanzania, Uganda, Zambia, and Zimbabwe. One of the main
ªndings of this ªeldwork was the need to better account for drought-related
processes. Areas of chronic water scarcity, such as parts of northern Kenya,
were not captured by our principal indicator of drought, the Standardized
Precipitation Index. In this iteration of the maps, we included a measure of
chronic water scarcity, captured by the coefªcient of variation.

Another ªnding of this ground truthing work was that the national-level
governance indicators help to contribute to sharp discontinuities in vulnerabil-
ity between countries. In some cases, this may be justiªed. For example, the
borders between Kenya and Somalia or between Uganda and South Sudan
may actually represent an important demarcation in the resources available to
the populations on either side. That said, even in this example we might imag-
ine that populations farther from the national capital experience decay in the
reach of their governments, and that populations on either side of an interna-
tional border may be more similar to each other than the stark boundaries we
observe in this iteration of our maps. We attempted to incorporate some prox-
ies that begin to get at this problem, such as roads and other infrastructure, but
standardized data sources for all of Africa were found wanting. Given that the
ACLED data are the single subnational governance indicator in this iteration
of our work, this is another area for future research.80 Indeed, with our gover-
nance and political instability indicators based on data that preceded the Arab
Spring, there are other difªculties in representing chronic governance chal-
lenges on a static map in a highly ºuid situation.

Beyond this ground truthing exercise, we also expanded and revised our
mapping work and indicators based on extensive conversations with other vul-
nerability mappers, including consultations with scholars and practitioners
from CIESIN, the United Kingdom’s Department for International Develop-
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ment, the Famine Early Warning Systems Network, the Food and Agriculture
Organization, the International Organization for Migration, IRIN News,
the National Aeronautics and Space Administration, the National Center
for Atmospheric Research, the United Nations Environment Programme
(UNEP), the United Nations High Commissioner for Refugees, the United
Nations International Strategy for Disaster Reduction, the United States
Agency for International Development, the World Bank, and the World
Food Programme.81

In addition to these efforts, we have created a tool that allows users to visu-
alize different aspects of the data. In the tool’s current iteration, the basket
weights are preset to be equal, but in an upcoming extension, users will be able
to manipulate the basket weights based on their own assumptions and prior
understandings.82 We continue to explore new data sources and means to tri-
angulate our maps with measures that could establish their external validity.
For example, the Famine Early Warning Systems Network has produced maps
of seasonal famine risk for numerous African countries for nearly two decades.
Although country coverage and methods have changed, there is some scope
for identifying chronic famine-prone areas, potentially allowing us to com-
pare them with areas of chronic climate security vulnerability. In addition, al-
though the EM-DAT database has not been comprehensively geocoded,83 there
is potential to identify the areas where disasters have led to the greatest num-
ber of affected populations and deaths. To the extent that these areas corre-
spond to the ªfth quintile areas of climate security vulnerability, we can be
more conªdent that our maps represent reality.

More statistically inclined readers might be surprised to learn that the
composite map ªgure 6 is not based on an underlying econometric model.
Many composite indices in the ªeld, such as the Freedom House index or the
Ibrahim Index of African Governance, do not have an econometric basis and
are externally validated in other ways, such as expert opinion or ªeldwork.84
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Even if an econometric analysis were desirable, time-series subnational data
for Africa is extremely limited, particularly for social and political indicators.
As we note in the methodological appendix, household surveys have been car-
ried out sporadically across Africa, with different countries surveyed in differ-
ent years, making it challenging to build a dataset. We have made an effort to
bootstrap an econometric model as an extension of our original work, but the
project started as a geospatial mapping exercise drawing on research traditions
and foundations other than econometrics.85

The effort has proved challenging. Our prospective dependent variable is
the percentage of the population affected by climate-related disasters from the
EM-DAT database. Although its founders and others have experimented with
different approaches to geocode their database for nearly a decade, it has not
been comprehensively geocoded (though we have made an effort to do so for
droughts for this article). In the EM-DAT data, the geographic ªeld for location
of disasters is not precise and in many instances is missing. At best, some
events have speciªed provincial locations, but these are applied inconsistently.
Whether EM-DAT can be geocoded is subject to much academic debate that
goes beyond the scope of this article.86

That said, other studies have demonstrated the challenges of using EM-DAT
for statistical purposes. The 2009 UNISDR global assessment on disasters as-
sesses the statistical signiªcance of different factors to individual kinds of di-
sasters to explain disaster mortality and disaster losses. Given the lack of
geocoded data, the analysis was conducted at the national level. Consistent
with the Brooks, Adger, and Kelly study, UNISDR’s study contained a number
of variables, including per capita net savings, ratio of economic losses to the
capital stock, economic competitiveness, concentration of exports, the Human
Development Index, and per capita GDP. Whereas the correlations between
mortality and earthquakes, volcanoes, and a number of other indicators
largely yielded results consistent with expectations, the correlations between
drought and mortality were inconclusive, leading the authors to reappraise
their entire approach to drought.87
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Nonetheless, in an effort to further allay the concerns of our readers, we
sought to statistically test the strength of the indicators in our baskets as pre-
dictors of outcomes by using the number of people affected by disasters as a
dependent variable. This is similar to the UNISDR study as well as to work at
the national level by Timmons Roberts and Bradley Parks, Brooks, Adger, and
Kelly, and Wheeler. Such analysis can potentially be done for multiple hazards
or for individual hazards. Here, the subnational unit of analysis is level-one
administrative units using the Global Administrative Areas classiªcation
scheme.88 As we noted, given the subnational focus of our project, our index
was constructed using indicators with whatever data were available. Some
data sources, particularly some of the household indicators, are available only
for individual years, often not the same year for different indicators. We
sought to create a time-series dataset by interpolating missing data for certain
indicators.

We were not able to geocode all types of EM-DAT climate-related disasters.
Yearly, geospatial data are not available for a number of the different climate
hazards, such as ºoods, for proprietary reasons. As a result of these challenges,
we constructed a dataset taking the number of people affected by droughts
(using data from the EM-DAT dataset) and using data from UNEP on physical
droughts as one of the independent variables. As the UNISDR study experi-
enced, our statistical results are inconclusive. Some of the indicators are
statistically signiªcant, with the coefªcient having the expected direction. For
example, the percentage of the population with access to an improved water
source is negatively correlated with disaster-affected populations, meaning
that if more people have access to safe drinking water, the probability of a
drought disaster occurring is lower, and a lower percentage of the population
is affected in the event of drought disaster. Other indicators, however, do not
have the appropriate signs or are not statistically signiªcant. For example, the
coefªcient and signiªcance determination for hospital beds (per 1,000 people)
is sensitive to model speciªcation. This ªnding is contrary to that of Brooks,
Adger, and Kelly and may be the result of bias from any or all of three sources.
First, data that are systematically missing can bias the results. There is reason
to believe that countries with less robust health-care systems would also be
lacking in national capacity to report to international agencies about their
health-care systems. Second, there may be considerable measurement error
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based on (1) national aggregation of indicators that in reality exhibit substan-
tial subnational variation; and (2) inaccurate time-series interpolation of miss-
ing data. Third, there is a potential reporting bias in the EM-DAT database,
given that more robust health-care systems enable improved monitoring of
mortality and morbidity during disasters.89

Ultimately, we should not be surprised that the statistical analysis is incon-
clusive. We have unsatisfactory data to work with, including missing data,
problematic indicators of drought, and only limited geocoded data on depend-
ent variables of interest. As better time-series data of the type currently being
produced by USAID’s Demographic and Health Surveys become available,90

we hope in time that we will be able to further validate our indices through
statistical work, but this may be a dead end until more expansive and appro-
priate geocoding of EM-DAT is available. That said, the incompleteness of the
statistical support for our approach should not detract from the promise and
potential of this project. As we have tried to show, there are other ways to es-
tablish the external validity of the maps.

Conclusion

This article represents the accumulation of three years of mapping, ªeldwork,
and conversations with other scholars. We hope that it will prompt a vigorous
response about how climate security vulnerability should be modeled and val-
idated. It is intended to be a proof of concept for mapping subnational climate
security vulnerability. The more holistic approach outlined here can provide
guidance to policymakers within Africa and internationally as they work to
identify the places in Africa most vulnerable to climate change. By identifying
subnational geographic areas of interest, we hope that our work can help pol-
icymakers to tailor adaptation strategies and distribute scarce resources to the
places in Africa where the need is greatest, and ultimately to help countries to
prepare for and to minimize the security consequences of climate change.
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