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ABOUT THE CONFLICT PREVENTION AND PEACE FORUM

The Conflict Prevention and Peace Forum (CPPF) strengthens the knowledge base and analytic capacity of 
the UN community in the fields of conflict prevention, conflict management, and peacekeeping. Founded 
in 2000 as a program of the Social Science Research Council, CPPF grew out of a recommendation of 
the Panel Report on Peacekeeping (the “Brahimi Report”) of the same year, which highlighted the need 
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areas in which the UN operates.
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INTRODUCTION

This policy paper is based on a project the Conflict Prevention and Peace Forum (CPPF) undertook 
for the United Nations Environment Programme (UNEP) that assessed, among other aspects, current 
and emerging risks, and identified hot spots in the climate and security space. This publication is a 
complement to an earlier CPPF literature review on climate and security commissioned from the same 
author in 2019 (Busby 2019), available for download on the CPPF website. In order to address these 
issues, this paper first explores the meaning of “security” and then identifies the likely hot spots of 
security concerns around the world, both currently and prospectively. 

Hot-spot mapping is part of a wider effort of “foresight analysis,” which analysts can use to 
identify chronic and emergent places of concern. Organizations need to identify places to concentrate 
resources and attention, and hot-spot mapping is an emergent technique to identify places at risk to 
different negative outcomes of concern. However, there are a wide variety of approaches and pitfalls 
in constructing such maps, some of which are reviewed in this paper to help inform practitioners and 
wider audiences about different techniques.

https://www.ssrc.org/publications/view/the-field-of-climate-and-security-a-scan-of-the-literature/
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AN OVERVIEW OF THE POLICY AND ACADEMIC LITERATURE ON ENVIRONMENTAL SECURITY

What Should We Be Worried About? 
The Concept of Security
In conventional national security studies, “security” historically meant protecting a state from armed 
attack by other states. Since the 1990s and the end of the Cold War, there have been efforts to broaden the 
concept in two directions: first, to incorporate new threats that do not emanate from states, including 
threats from nonstate actors, diseases, and environmental change (Busby 2008; Busby 2016); and 
second, to examine threats to groups and individuals rather than just states. Roland Paris, a Canadian 
scholar and former adviser to Prime Minister Justin Trudeau, diagrammed the distinctions between 
conventional national security and new approaches to security in a two-by-two chart (see figure 1) 
(Paris 2001). 

FIGURE 1: WHAT IS THE SOURCE OF THE SECURITY THREAT?

Source: Paris, Roland. 2001. “Human Security: Paradigm Shift or Hot Air?” International Security 26 (2): 87–102. 
Reproduced with permission.
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 In cell 2, states are still the focal point, but threats include nonconventional sources such 
as environmental change. In cell 3, violence is still the focus, but the referent groups whose physical 
security is threatened include groups and individuals as a result of internal conflict such as civil wars. 
Cell 4 captures the broad concept of human security that encompasses a variety of harms to individuals 
and groups from violence as well as unconventional threats, including nonstate actors, disease, and 
environmental change.
 The “human security” broadening has received significant support in policy circles, though 
conventional security practitioners and scholars have criticized it for being too all-encompassing. If 
“security” threats include anything bad that happens to human beings, the concept of “security” ceases 
to mean anything at all. “Environmental security” and the narrower focus on “climate security” bridge 
national or state security (cell 1) and human security (cell 4) (Dellmuth et al. 2017).
 On some level, the field of environmental security in academic circles has elided these 
differences by narrowing its gaze to the study of how environmental change leads to violent internal 
conflict within countries (Homer-Dixon 1999). This has the advantage of being somewhat analytically 
tractable and closer to the conventional study of national security. This focus on conflict, however, 
leaves out other severe harms to human well-being that we might think of as security problems, such as 
humanitarian emergencies.
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 This conflict focus was present in the first scholarly study of environmental security, pioneered 
by Thomas Homer-Dixon in the 1990s, as well as in the more recent generation of scholarship on 
climate and security that developed in the mid-2000s (Busby 2017a, 2018, 2019). The policy community 
throughout this period has had broader interests in outcomes other than conflict, but still places a fairly 
heavy emphasis on environmental change and armed conflict. In the “human security” chapter, the 
authors of the Intergovernmental Panel on Climate Change ( IPCC) Fifth Assessment tried to straddle 
the line between those who wanted to broaden the debate to include human security and those who 
wanted a narrower emphasis on conflict (Adger et al. 2014).
 This discussion begs the question of why these new problems should be labeled as security 
problems in the first place. Problems labeled as “security” concerns benefit from being seen as so 
important that they can jump the queue of priorities and require extraordinary responses outside of 
normal decision-making processes. This can make “securitizing” a problem— labeling it as an issue of 
security—an attractive proposition if it compels decision-makers to take the problem more seriously 
and allocate more money to the issue. It poses risks, though, in that it may trigger the involvement of 
national defense agencies and tools in ways that may be counterproductive to what is required to deal 
with a particular problem (Deudney 1990).
 While this is an important consideration, there are both conventional security threats (internal 
conflict and transboundary conflicts) that may emanate from environmental harms and other very 
severe threats such as humanitarian emergencies that may rise to the level of security concerns, given 
their severity.  Such threats may rise to the level of security concerns not only because they risk large-
scale loss of life but also because they often require the mobilization of the military for rescue and 
response efforts.
 Thus, the suite of negative security outcomes associated with environmental change includes 
but is not limited to conflict. One way some scholars think about broadening security is by defining 
security threats as harms that are so severe to a way of life or standard of living that a country would be 
prepared to go to war to defend itself, even if that is not the best tool to address the problem (Ullman 
1983). Such threats include severe humanitarian emergencies for which large absolute numbers of 
people or a significant proportion of a population are at risk of death. This focus on large-scale loss of 
life helps limit the field, allowing it to move beyond a narrow emphasis on conflict but not become so 
broad as to encompass all harms to human welfare. This paper refers to these combined risks, which 
include, but are not limited to, conflict, as “climate security vulnerability.”
 Even if space has been created for environmental change to lead to negative security outcomes, 
a theory of how the two are related is needed. Under what conditions should we expect environmental 
change to lead to conflict and other negative outcomes? The original debate in the 1990s focused on the 
effects of scarcity on conflict with scarcity driven by environmental degradation affecting the supply 
of resources, population change leading to increased demand for resources, or as a result of unequal 
distribution of resources. These pressures could lead to conflict bubbling up from below, between 
groups, or from above if elites exploited the resources for their own use (Homer-Dixon 1999).
 A separate debate in this period focused on the contestation of valuable natural resources like 
oil, diamonds, other minerals such as gold, and timber, which could lead to conflict over the distribution 
of control over seemingly abundant natural resources. The state, as a locus for allocating rights to rents 
from natural resources, could become contested by groups seeking control, as could the locations of the 
resources themselves. Armed groups, if they could find buyers, could finance their operations from the 
control of such resources. The presence of valuable natural resources could impede diversified economic 
development and lead to currency appreciation and de-industrialization. This dynamic is captured by 
the idea of the “resource curse.” Theories of conflict closely related to this school see conflict as arising 
from greed, whereas the environmental-scarcity-driven conflicts, particularly those that bubble up from 
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below, are seen as arising primarily from grievances. Academics in the 1990s hotly debated whether 
greed or grievances were more important drivers of conflict (de Soysa 2000; Collier and Hoeffler  2004, 
2002; Collier et al. 2003).
 On some level, exploitation of and conflict over valuable natural resources are not about 
environmental change nor damage. While the exploitation of natural resources such as oil or timber 
can have environmental implications if it contributes to pollution or degradation of natural resources, 
the use of natural resources is not inherently an environmental problem per se. 
 In the mid-2000s, new literature on climate change and security emerged, starting with think 
tanks and then being taken up more earnestly by academics who, like their earlier peers, also focused on 
the connections between proxies for climate change and conflict. Whereas the 1990s literature consisted 
mostly of single case studies, the newer literature took advantage of better spatially disaggregated 
datasets to evaluate the statistical connections between climate phenomena and conflict outcomes 
(Busby 2017a, 2018, 2019).
 Research showed mixed evidence of a direct correlation between proxies for climate change and 
conflict, mostly civil wars. Here, theories focused on how drought and other proxies for climate change 
might contribute to the scarcity of natural resources and again lead to conflict either by lowering the 
costs of rebellion, because climate change diminishes the rents from economic activity such as farming, 
or by diminishing the resources available to states, thus reducing state capacity to repress violence and/
or deliver services (Koubi 2017, 2019).
 Much of this literature focused on rainfall, though more limited research also examined the 
effects of increasing temperatures. In the rainfall space, there was some discussion about whether 
scarcity, abundance, or volatility/uncertainty of climate-dependent resources were the main drivers of 
conflict. While the early climate security literature focused on civil wars (in which one party to the 
conflict is the state), there has been increasing study of violent conflict between groups or communal 
conflict as well as other forms of social conflict such as riots and strikes (Raleigh and Kniveton 2012; 
Smith 2014).
 The literature in recent years has also moved toward understanding the indirect pathways to 
violent conflict through the effects of climate change on agriculture, economic growth, disasters, and 
migration, with a variety of mediating factors like governance and domestic institutions in different 
country contexts (Busby 2017a, 2018, 2019). Here, again, climate hazards can lead to agricultural 
declines, reduced economic growth, increased exposure to extreme weather events, lowered rewards for 
conventional economic activities (compared to participating in rebellions), exacerbated grievances and 
intergroup tensions, and lowered capacity of states to address concerns. The role of political exclusion, 
in particular, has gained increased salience as unequal treatment and exclusionary policies that benefit 
some groups at the expense of others are seen as a major driver of political, and sometimes violent 
conflict in the wake of exposure to environmental hazards (von Uexkull et al. 2016; Theisen, Holtermann, 
and Buhaug 2012; Busby 2018; Busby and von Uexkull 2018).
 Most of this work has focused on the onset of conflict. Limited research has explored how 
environmental change affects conflict dynamics, though there is a rich literature on how armed groups 
seek to secure valuable natural resources, particularly minerals, to finance their armies. Some research 
has explored how armed groups might contest control over food-growing areas to feed their armies 
(Koren 2019).
 The risks of interstate conflict have also been studied in a handful of papers. Most involved 
transboundary river basins where unilateral upstream dam-building accompanied by short- or long-
term interruptions in the water supply can lead to tensions between countries, as we see between 
Ethiopia and Egypt along the Nile (Busby 2017b; Wolf 1998; Tir and Stinnett 2012; De Stefano et al. 2012).
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 Still, this second wave of academic literature remains remarkably conflict-centric, even though 
the policy community is concerned about other security outcomes associated with climate change 
and environmental degradation, notably risks to military bases and humanitarian emergencies (Busby 
2021). 

Where Should We Be Worried About? 
The Hot Spots of Concern
The geography of at-risk countries generally encompasses the “shatter belt,” extending from the Sahel to 
the Middle East and North Africa (MENA) region and spanning from Turkey to the Philippines (Buhaug, 
Gleditsch, and Theisen 2008). All of these countries have problems of fractured governance and face a 
variety of environmental problems. A second set of at-risk countries are the low-lying island nations in 
Oceania, for whom climate change is an existential challenge.
 Our definitions of security may shape the regions identified as high-priority at-risk areas. 
If the focus is on conflict potential, then one set of countries may be of paramount importance. If a 
broader human security focus is maintained, then a wider set of countries might enter the picture. 
In the environmental security space, there is often an interest in the confluence of risk factors, where 
countries are subject to multiple environmental hazards at the same time and/or where they are subject 
to overlapping demographic, social, and political dynamics that exacerbate their vulnerability.
 There are different ways to represent overlapping risks. One is the composite index route, 
where different sources of risk are aggregated in a single map, which requires normalizing data from 
different sources on the same scale and combining it, most simply through an additive index. While 
this approach can allow researchers to combine different information sources (physical, demographic, 
socioeconomic, and governance) to produce a single representation of vulnerability, the final maps are 
subject to the choice of indicators, the aggregation technique, data availability, the different spatial 
resolution of indicators, and whether the indicators reflect historical data or projections of the future. 
Indicators themselves are often imperfect proxies for what they are intended to represent. Such maps 
can yield very different outcomes depending on modeling choices and may not correspond closely to 
what negative outcomes the modelers intend to represent. Moreover, because of data availability, they 
can be difficult to update regularly and leave some countries systematically under- or unrepresented, 
particularly small island countries. Such indices may be available at the subnational level or aggregated 
nationally.
 Another approach to mapping risk is through overlays, in which a single indicator is overlaid 
with another to see where two dimensions of vulnerability conjoin. Rather than add these dimensions 
together, the overlap can be shown through shading and transparency or by combining point data with 
data that represent wider attributes of larger geographic units. For example, flood risk can be shown as 
one visual layer, with infrastructure data of individual facilities overlaid on top of it.
 It is also possible to combine index data with overlays. For example, a vulnerability layer could 
be overlaid by data with X, Y coordinates of foreign aid projects or conflict events, provided those are 
not already in the vulnerability layer.
 A related way of thinking about combined risks is through identifying the indicators that are 
frequently recognized as statistically significant drivers of particular outcomes from statistical models. 
Here, one can look at some specific kinds of environmental risks, such as drought or water stress, 
and assess under what conditions that environmental driver leads to negative security outcomes. A 
similar approach is to project future environmental change over some time horizon based on short-
term weather phenomena or longer-term climate change and estimate the size of the population likely 
affected, either based on static measures of current population or projections of future climate change.
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 There are a variety of environmental vulnerability index mapping projects, which often generate 
conflicting findings based on their choice of indicators and purposes, such as ND-GAIN, the World Risk 
Index, Global Climate Risk Index, INFORM Global Risk Index, and Verisk Maplecroft, among others. 
Broader sustainability indices include the Environmental Performance Index.
 The author of this paper has been involved with such vulnerability maps for more than a 
decade through projects for the United States Department of Defense and the United States Agency for 
International Development (USAID), including projects that have examined state fragility and climate 
change at the global level and regional projects on climate security vulnerability in South and Southeast 
Asia, Africa, and Oceania. Some of those findings are presented below for reference.

Global Measures
In a 2018 study for USAID, the author of this paper along with collaborators created two indices, one of 
historical exposure to climate risks and another on state fragility drawing on a USAID methodology for 
measuring government effectiveness and legitimacy (Moran et al. 2018).
 Whereas the physical exposure measures provided a static snapshot, the fragility measures 
were annually updated for the years 2000–2014. The physical exposure measures were subnational while 
the fragility scores were national.
 The physical exposure index includes indicators of cyclones, floods, wildfires, negative rainfall 
anomalies, chronic aridity, and low-elevation coastal zones (to capture areas at risk of future sea-level 
rise). Several of the physical exposure measures, such as cyclones, floods, and wildfire events, were 
drawn from UNEP’s Global Risk Data Platform (see table 1).

TABLE 1

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

https://gain.nd.edu/
https://www.ireus.uni-stuttgart.de/internationales/WorldRiskIndex/
https://www.ireus.uni-stuttgart.de/internationales/WorldRiskIndex/
https://germanwatch.org/en/cri
https://drmkc.jrc.ec.europa.eu/inform-index
https://www.maplecroft.com/risk-indices/climate-change-vulnerability-index/
https://epi.yale.edu/epi-results/2020/component/epi
https://www.strausscenter.org/state-fragility-publications/
https://www.strausscenter.org/state-fragility-publications/
https://www.strausscenter.org/cepsa
https://www.strausscenter.org/cepsa
https://www.strausscenter.org/ccaps/
https://sites.utexas.edu/climatesecurity/final-reports-and-presentation/
https://web.archive.org/web/20200424022746/https://preview.grid.unep.ch/
https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
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Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

TABLE 2

 The physical exposure indicators were normalized on a common scale and then added together 
with equal weight save for the aridity and rainfall anomalies indicators, which split the weight between 
them. The study generated a global map of physical exposure to climate risks at the subnational level. 
These maps measure the relative vulnerability of each pixel relative to all the other pixels.
 The state fragility data are normalized based on quantiles into five categories from 0 to 4, 
ranging from low, some, moderate, high, to highest fragility. There are four subclusters of scores for two 
subindices for effectiveness and legitimacy.
 The study produced different visualizations of the data. In figure 2, the climate exposure scores 
for just the highest-fragility states are shown. All other countries are clouded.

 Many of the state fragility measures are drawn from the World Bank (see table 2). The choice of 
indicators was driven by a preexisting methodology from USAID on dimensions of fragility.

FIGURE 2: CLIMATE EXPOSURE AND “HIGHEST” FRAGILITY COUNTRIES

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
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 In the next representation ( figure 3), all countries are shown merging color ramps for both 
exposure and fragility into a single map.

FIGURE 3: CLIMATE EXPOSURE AND FRAGILITY

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

 Both representations show that the most fragile states in the world extend across much of 
West and Central Africa, capture risks in Somalia in the Horn of Africa, and extend beyond to states 
like Yemen, Iraq, Afghanistan, and Myanmar. Many of those states have pockets of significant historical 
climate exposure.
 However, such global maps can be misleading. First, many of the fragility measures are only 
available for countries with populations greater than 500,000. A number of low-lying island countries in 
the Pacific have small populations and thus are missing data. These countries are not recorded at all and 
would be largely invisible on a global map in any case given their small size. In addition, large, densely 
populated countries may have larger numbers of people facing climate exposure. Some countries may 
not have a large absolute number of people facing high climate exposure but may have large proportions 
of their population in high-exposure areas (see table 3). One step below “high”-fragility states shows 
that countries like India, Nigeria, and Egypt have large numbers of people in high-exposure areas, 
whereas some countries, such as Sierra Leone, Guinea, and Cambodia, have large proportions of their 
populations facing high exposure.

https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
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 By extending the scope beyond the most fragile states, it becomes apparent that the countries 
and territories with the highest proportions of their population in high-exposure areas tend to be islands 
(see table 4).

TABLE 3: HIGHLY FRAGILE STATES WITH LARGE POPULATION IN HIGH CLIMATE EXPOSURE AREAS

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

TABLE 4: TOP 15 COUNTRIES OR TERRITORIES WITH LARGEST SHARE OF POPULATION IN VERY HIGH EXPOSURE AREAS

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

 Other, more stable countries like China, Vietnam, and Bangladesh also face very large absolute 
numbers of people facing high climate exposure (see table 5).

TABLE 5: TOP 15 COUNTRIES OR TERRITORIES WITH LARGEST POPULATION IN VERY HIGH EXPOSURE AREAS

Source: Moran, Ashley, Josh Busby, Clionadh Raleigh, Todd Smith, Roudabeh Kishi, Nisha Krishnan, and Charles Wight. 2018. 
Intersection of Global Fragility and Climate Risks. Washington, DC: USAID. https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf.

https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
https://pdf.usaid.gov/pdf_docs/PA00TBFH.pdf
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 This global portrait presents an oversimplification of vulnerability, setting aside sources of 
adaptive capacity and socioeconomic vulnerability. The IPCC definition of vulnerability combines 
physical exposure, sensitivity to physical exposure, and adaptive capacity. Like the IPCC, this author 
recognizes vulnerability as multidimensional and not simply a function of physical exposure.
 Another way to think about the intersection of fragility and environmental harms (or more 
narrowly, climate risk) is by looking at physical exposure of countries where the United Nations has 
major peace operations. For example, in 2018, eight of the world’s ten largest multilateral peace 
operations were located in areas facing the “most exposure” according to the ND-GAIN index (see table 
6). 

TABLE 6: TOP TEN MULTILATERAL PEACE OPERATIONS

Source: Krampe, Florian. 2019. “Climate Change, Peacebuilding and Sustaining Peace.” SIPRI. https://www.sipri.org/
publications/2019/sipri-policy-briefs/climate-change-peacebuilding-and-sustaining-peace. Reproduced with permission.

 A similar approach overlays ND-GAIN measures of vulnerability (which include other 
dimensions beyond physical exposure) alongside indicators of how much money the country has 
received from the United Nations Peacebuilding Fund (see figure 4). This, too, reveals that many of the 
most climate-vulnerable countries are also leading recipients of peacebuilding support funds, though a 
more helpful measure would scale the data per capita (Rüttinger 2020).

https://www.sipri.org/publications/2019/sipri-policy-briefs/climate-change-peacebuilding-and-sustaining-peace
https://www.sipri.org/publications/2019/sipri-policy-briefs/climate-change-peacebuilding-and-sustaining-peace
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FIGURE 4: INDICATORS OF CLIMATE VULNERABILITY AND COUNTRIES RECEIVING PEACEBUILDING FUNDS IN 2017–2019

Source: Rüttinger, Lukas. 2020. “Climate Change in the United Nations Peacebuilding Commission and Fund.” Climate Fragility 
Policy Paper, adelphi. https://climate-security-expert-network.org/sites/climate-security-expert-network.com/files/documents/
csen_climate_fragility_policy_paper_-_climate_change_in_the_un_peacebuilding_commission_and_fund.pdf. Reproduced 
with permission.

 While this observation does not speak to what caused conflict and instability in those places, 
the co-location of high climate exposure and peace operations complicates strategies for peacebuilding, 
since climate risks may result in new population displacement and undermine rebuilding livelihoods, 
sharing natural resources, and resolving conflicts. 

Regional Assessments
In previous projects, the author created two separate regional climate-security vulnerability indices, 
one for Africa and another for South and Southeast Asia. These projects recognized that a place may 
be physically exposed to climate risks, but this may not matter to policymakers if few or no people live 
there. In areas where people live, communities that are better educated, healthier, and have better access 
to health services ought to fare better in the wake of exposure to climate hazards. Finally, though such 
community resilience is the first line of defense, many climate emergencies will exceed local capacities. 
Whether there is large-scale loss of life (or other adverse consequences) depends on governments and 
their willingness and ability to help their population in times of need.
 These index approaches combine indicators of physical exposure, population density, 
household and community resilience, and governance to create a single map of vulnerability at the 
subnational level, ranking all pixels relative to each other for the entire continent or region. This 
approach captures chronic vulnerability in a single snapshot based on historical exposure. While the 
physical exposure indicators have fine spatial resolution, the household resilience indicators are only 
available for subnational administrative units or, for most governance metrics, at the national level (see 
figure 5 for indicators).

https://climate-security-expert-network.org/sites/climate-security-expert-network.com/files/document
https://climate-security-expert-network.org/sites/climate-security-expert-network.com/files/document
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 Here, the choice of indicators for physical exposure was largely deductive based on what are 
thought to be the main climate-related indicators of physical exposure. In the first iteration of the work, 
a single measure of negative rainfall anomalies was used, but ground-truthing in East Africa identified 
chronic water scarcity as a missing dimension. Climate change in semi-arid regions could be especially 
challenging. We thus split the weight for rainfall between negative rainfall anomalies and chronic water 
scarcity.
 The indicators chosen for the household resilience and governance baskets were drawn largely 
from an econometric study on the correlates of disaster mortality (Brooks, Adger, and Kelly 2005; Adger 
et al. 2004).
 The composite map for Africa illustrates the patterns for the continent, showing Somalia, 
Ethiopia, and South Sudan to be especially vulnerable relative to the rest of the continent with pockets 
of vulnerability across the Sahel band (Busby, Smith, and Krishnan 2014) (see figure 6).

FIGURE 5: INDICATORS IN CLIMATE SECURITY INDEX

Source: Busby, Joshua W., Todd G. Smith, and Nisha Krishnan. 2014. “Climate Security Vulnerability in Africa Mapping 3.0.” Political 
Geography, Special Issue: Climate Change and Conflict, 43 (November): 51–67. https://doi.org/10.1016/j.polgeo.2014.10.005. 
Reproduced with permission.

https://doi.org/10.1016/j.polgeo.2014.10.005
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 A similar approach was deployed to map vulnerability in South and Southeast Asia (see figure 
7), again using historical exposure to climate risks. Coastal Myanmar, much of Bangladesh, and Sindh 
province in Pakistan were the most vulnerable areas relative to the rest of the region in this model 
(Busby et al. 2018).

FIGURE 6: COMPOSITE VULNERABILITY IN AFRICA

Source: Busby, Joshua W., Todd G. Smith, and Nisha Krishnan. 2014. “Climate Security Vulnerability in Africa Mapping 3.0.” Political 
Geography, Special Issue: Climate Change and Conflict, 43 (November): 51–67.  https://doi.org/10.1016/j.polgeo.2014.10.005. 
Reproduced with permission.

FIGURE 7: COMPOSITE CLIMATE SECURITY VULNERABILITY IN SOUTH AND SOUTHEAST ASIA

Source: Busby, Joshua, Todd G. Smith, Nisha Krishnan, Charles Wight, and Santiago Vallejo-Gutierrez. 2018. “In Harm’s Way: Climate 
Security Vulnerability in Asia.” World Development 112 (December): 88–118. https://doi.org/10.1016/j.worlddev.2018.07.007. 
Reproduced with permission.

https://doi.org/10.1016/j.polgeo.2014.10.005
https://doi.org/10.1016/j.worlddev.2018.07.007
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 In other work, the author guided students in the assessment of island countries in Oceania. 
Despite the well-known risks from sea-level rise, Oceania is often overlooked by global maps of 
vulnerability because of poor data availability and the countries’ small populations and land mass.
 This study combined measures of physical exposure, population exposure, and government 
preparedness to assess regional vulnerability. For physical exposure, the study relied on the relative 
rankings of assessments like ND-GAIN and ranked countries in the region on a scale of low-medium-
high. For population exposure, the study assessed what share of the population lived close to the 
coast, either by distance or by elevation, and again classified countries as low, medium, or high. For 
preparedness, the study assessed whether governments had a disaster risk reduction plan, had reported 
their disaster risk reduction (DRR) efforts to the United Nations Hyogo and Sendai platforms, and had a 
designated agency in charge of DRR. The study again classified the countries in the region on a scale of 
low, medium, and high preparedness (though here, unlike the other two metrics, high preparedness is a 
good attribute). The results of this regional ranking can be seen in table 7.

TABLE 7: VULNERABILITY ASSESSMENT FOR OCEANIA

Source: Anushree Deb, Lara Eid, Lauren Masey, and Harshal Zalke. 2020. “Disaster Risk Reduction in Oceania.” Policy Research 
Project Report, Dr. Joshua Busby Supervisor, University of Texas at Austin, 37. http://sites.utexas.edu/climatesecurity/
files/2020/05/LBJ_Oceania_DRR.pdf. Reproduced with permission.

Emergent and Future Risks
These particular representations did not model emergent risks over the short term or future climate 
risks over the longer term. Climate change may affect which regions of the world are subject to climate 
risks in the future. Other projects have attempted to get at different kinds of future climate risks by 
modeling different impacts, such as temperature change and sea-level rise.
 This particular representation of climate risks presents historical climate exposure as a source 
of chronic risk but says little about emergent exposure, which can facilitate more timely early warning. 
USAID’s Famine Early Warning Systems Network (FEWS NET) provides more seasonal forecasts for 

https://sites.utexas.edu/climatesecurity/final-reports-and-presentation/
http://sites.utexas.edu/climatesecurity/files/2020/05/LBJ_Oceania_DRR.pdf
http://sites.utexas.edu/climatesecurity/files/2020/05/LBJ_Oceania_DRR.pdf
https://fews.net/about-us
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famine risks based on environmental conditions, markets, nutrition, trade, and other factors for 28 
food-insecure countries, primarily in Africa, as well as a few in Central America and the Caribbean and 
a couple of countries in Central Asia. While these seasonal forecasts provide short-term assessments of 
food insecurity, FEWS NET has also developed metrics of chronic food insecurity, examining places that 
have suffered recurrent food insecurity over the years ( for an example, see figure 8).

FIGURE 8: CHRONIC FOOD INSECURITY IN THE DEMOCRATIC REPUBLIC OF THE CONGO

Source: Integrated Food Security Phase Classification (IPC). 2020. “IPC Analysis Portal.” http://www.ipcinfo.org/ipc-country-
analysis/. Reproduced with permission.

FIGURE 9: AT-RISK COUNTRIES

Source: Busby, Joshua, and Nina von Uexkull. 2018. “Climate Shocks and Humanitarian Crises.” Foreign Affairs, November 29, 2018. 
https://www.foreignaffairs.com/articles/world/2018-11-29/climate-shocks-and-humanitarian-crises. Reproduced with permission.

 A hybrid between more near-term early warning and chronic analysis marries specific sources 
of structural vulnerability and emergent sources of risks in a series of maps. In a thought experiment, 
Busby and von Uexkull examined emergent water deficits and structural sources of insecurity. They 
combined country-level data on structural sources of risks: countries with a recent history of violent 
conflict, countries with a high proportion of their workforce employed in agriculture, and countries 
with exclusive political institutions. That structural portrait yielded a map in 2018 of at-risk countries 
(see figure 9) (Busby and von Uexkull 2018). Countries in orange possessed both high agricultural 
dependence and a recent history of conflict, while countries in red also possessed discriminatory 
political institutions.

http://www.ipcinfo.org/ipc-country-analysis/
http://www.ipcinfo.org/ipc-country-analysis/
http://www.ipcinfo.org/ipc-country-analysis/
https://www.foreignaffairs.com/articles/world/2018-11-29/climate-shocks-and-humanitarian-crises
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 Busby and von Uexkull worked with the environmental consultancy ISciences to identify 
places over the previous ten months and projected over the next nine months to have “severe water 
deficits,” defined as countries where a significant percentage of the territory or population was currently 
experiencing or was projected to experience large negative deviations in water availability. ISciences 
regularly produces subnational forecasts of emergent water anomalies using a comprehensive water 
balance model (see figure 10).

FIGURE 10: ISCIENCES WATER ANOMALIES FORECAST: MARCH 2020–FEBRUARY 2021

Source: ISciences Water Anomalies Forecast: April 2020 – March 2021. Copyright 2020 ISciences, L.L.C. (https://www.isciences.
com/). Reprinted with permission.

FIGURE 11: WATER DEFICITS IN AT-RISK COUNTRIES, OCTOBER 2017–JUNE 2019

Source: Busby, Joshua, and Nina von Uexkull. 2018. “Climate Shocks and Humanitarian Crises.” Foreign Affairs, November 29, 
2018. https://www.foreignaffairs.com/articles/world/2018-11-29/climate-shocks-and-humanitarian-crises. Reproduced with 
permission.

 For the project with Busby and von Uexkull, ISciences aggregated their data to the national 
level. Of the at-risk countries, countries in dark blue faced severe 30-year water deficits. Countries in 
intermediate blue faced less severe 10-year water deficits (see figure 11).

https://www.isciences.com/
https://www.isciences.com/
https://www.foreignaffairs.com/articles/world/2018-11-29/climate-shocks-and-humanitarian-crises
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 Other mapping projects have examined longer-term projections of future climate change. The 
Climate Impact Lab, for example, projected temperature change under different climate scenarios and 
for different time frames. Figure 12 shows the likely impact of a moderate emissions growth scenario—
RCP4.5—on the number of 95ºF days per year for the period 2040–2059.

FIGURE 12: PROJECTIONS OF DAYS OVER 95ºF PER YEAR UNDER RCP4.5 SCENARIO, 2040–2059

Source: Climate Impact Lab. 2020. “Climate Impact Map.” http://www.impactlab.org/map/#usmeas=absolute&usyear=1981-
2010&gmeas=absolute&gyear=2040-2059&tab=global&gvar=tasmax-over-95F. Reproduced with permission.

FIGURE 13: SIDE-BY-SIDE COMPARISON OF HO CHI MINH CITY, VIETNAM, AREAS SUBJECT TO SEA-LEVEL RISE BY 2050, COASTELDEM DIGITAL 
ELEVATION MODEL VS. SRTM DIGITAL ELEVATION MODEL

Source: Climate Central. 2020. “Coastal Risk Screening Tool.” https://coastal.climatecentral.org/map/. Reproduced with permission.

 The Climate Impact Lab has used projections of temperature change to model potential 
economic losses in the United States from climate change, among other parameters. Other studies seek 
to assess potential impacts on agriculture and the production of major crops (Iglesias, Quiroga, and Diz 
2011).
 Additional studies have sought to map the likely effects of sea-level rise on human habitability 
along coastlines. Climate Central has generated an improved digital elevation model to show what 
areas are likely to be under water at high tide by 2050. This model builds on sea-level rise projections 
from scientists involved with the Climate Impact Lab. By their calculations, some 150 million people are 
currently living on land that will be underwater at high tide in 2050 (Lu and Flavelle 2019). Their map 
shows much of coastal Vietnam, where 20 million people live, will experience considerable flooding (see 
figure 13).

http://www.impactlab.org/map/#usmeas=absolute&usyear=1981-2010&gmeas=absolute&gyear=1986-2005
http://www.impactlab.org/map/#usmeas=absolute&usyear=1981-2010&gmeas=absolute&gyear=2040-2059&tab=gl
http://www.impactlab.org/map/#usmeas=absolute&usyear=1981-2010&gmeas=absolute&gyear=2040-2059&tab=gl
https://coastal.climatecentral.org/map/
https://coastal.climatecentral.org/map/8/106.1018/10.1604/?theme=sea_level_rise&map_type=coastal_dem_comparison&basemap=roadmap&contiguous=true&elevation_model=srtm&forecast_year=2050&pathway=rcp45&percentile=p50&refresh=true&return_level=return_level_0&slr_model=kopp_2014
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 Mapping future hot spots of climate security vulnerability is challenging. In work with climate 
modelers, the author of this paper projected 2050 impacts of climate change for Africa on climate 
extremes, including the number of dry days, heavy rainfall events, and heat wave events. The study 
produced maps of individual hazards and how they would change between the late twentieth century 
and the mid-twenty-first century (see figure 14), and created an index for exposure, showing how 
exposure would change over that period (Busby et al. 2014).

FIGURE 14: DIFFERENCE IN CLIMATE EXPOSURE BETWEEN MID-TWENTY-FIRST AND LATE TWENTIETH CENTURY

Source: Busby, Joshua W., Kerry Cook, Edward Vizy, Todd Smith, and Mesfin Bekalo. 2014. “Identifying Hot Spots of Security 
Vulnerability Associated with Climate Change in Africa.” Climatic Change 124 (4): 717–31. http://econpapers.repec.org/article/
sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm. Reproduced with permission.

http://econpapers.repec.org/article/sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm
http://econpapers.repec.org/article/sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm
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 The study combined those indicators based on a midcentury climate model with historical 
indicators of population, household resilience, and governance, leaving those indicators unchanged. 
This yielded a map of midcentury climate security vulnerability with particular vulnerabilities extending 
across the Sahel band to Ethiopia and Somalia with some risks to the Democratic Republic of Congo 
(see figure 15).

FIGURE 15: MID-TWENTY-FIRST-CENTURY CLIMATE SECURITY VULNERABILITY

Source: Busby, Joshua W., Kerry Cook, Edward Vizy, Todd Smith, and Mesfin Bekalo. 2014. “Identifying Hot Spots of Security 
Vulnerability Associated with Climate Change in Africa.” Climatic Change 124 (4): 717–31. http://econpapers.repec.org/article/
sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm. Reproduced with permission.

http://econpapers.repec.org/article/sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm
http://econpapers.repec.org/article/sprclimat/v_3a124_3ay_3a2014_3ai_3a4_3ap_3a717-731.htm


22 PREVENTION AND CLIMATE SECURITY: A SURVEY OF HOTSPOT MAPPING APPROACHES TO CLIMATE-RELATED SECURITY RISKS

 These maps reflect vulnerability from climate change but do not incorporate other dimensions 
of environmental risks from land degradation. For several years, the author of this paper worked with 
geographers and remote-sensing data to apply a metric of land-use change, the so-called disturbance 
index that might reflect land degradation (de Beurs, Owsley, and Julian 2016). The challenge was knowing 
whether the measure actually reflected changes that were uniformly negative or merely represented 
changes in land use, which might or might not be associated with negative outcomes depending upon 
drainage and building codes, attributes not easily observable from space. Nonetheless, this observation 
underscores the potential incompleteness of maps that seek to reflect the intersection of different risk 
drivers. The solution is not simply to include more indicators. There has to be some rationale for why 
some indicators are included and others are not.
 One of the challenges is that many climate and environmental indices do not have an 
econometric basis, which is difficult to carry out given data sources that come from different spatial 
resolutions and temporal coverage. Efforts to establish a statistical basis for these maps often suffer 
often yield inconsistent or null results that may reflect issues of data quality rather than the absence 
of connections. The challenges of assessing the statistical association between different indicators and 
negative security outcomes have implications for the choice of indicators, weights attached to indicators, 
and the functional form connecting them in an index. The absence of information leads researchers to 
weigh indicators equally and add them together when some indicators might be more important, others 
are irrelevant or highly correlated with each other, and the relationship might be multiplicative rather 
than additive (Busby et al. 2013).
 These different vulnerability maps capture national or subnational security risks but do not 
reflect cross-border concerns such as transboundary river basins. Historically, states have been able to 
cooperate more often than fears of water wars might have us believe. However, the past is not a prelude, 
and a world with increasing water demands and climate change–driven scarcity might make it harder 
for countries to cooperate over water (Busby 2017b).
 One way to get at future security risks is by mapping hazard-specific risks. In figure 16, the 
World Resources Institute, through its Aqueduct tool, projected changes in water stress to 2030 based 
on forecast water availability and usage.

https://www.wri.org/aqueduct
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 Worsening water scarcity has important security implications both between and within 
countries. Transboundary water management institutions such as the Indus Waters Treaty between 
India and Pakistan are an important way to minimize the risk of conflict by allocating water, by enabling 
countries to deal with shocks to water supplies, and/or by managing/resolving disputes (De Stefano 
et al. 2012). One way to think about basins at risk is where there are limited or absent water-sharing 
institutions and emergent water scarcity. The Transboundary Water Assessment Programme and the 
Transboundary Freshwater Dispute Database provide traction on these questions.
 De Stefano et al. (2017) identified basins at high risk of hydropolitical tension based on (1) 
water infrastructure construction and (2) low levels of water-sharing institutions. They combined 
this with an analysis of exacerbating factors including changes in water storage, projected changes in 
water variability, per capita gross national income, domestic and international armed conflicts, and 
recent history of disputes over transboundary waters. Fourteen of Africa’s 214 basins (6.5 percent) had 
a high risk of hydropolitical tension. Eighteen of 193 basins in Asia (9.3 percent) faced a high risk of 
hydropolitical tension. De Stefano et al. (2017) produced both global maps and lists of at-risk basins and 
compared results to other studies (see figure 17 for an example). The following at-risk basins appeared in 
multiple studies: Asi/Orontes, Cross, Drin, Gash, Grijalva, Han, Indus, Kura-Araks, Lake Chad, Ob, Sabi, 
Tigris- Euphrates, and Tumen basins.

FIGURE 16: PROJECTED CHANGE IN WATER STRESS TO 2030

Source: From “Water and National Security,” by Joshua Busby. Copyright © 2017 by the Council on Foreign Relations. Reproduced 
with Permission.

http://www.geftwap.org/
https://transboundarywaters.science.oregonstate.edu/content/transboundary-freshwater-dispute-database
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 This extended discussion of potential hot spots for environmental security outcomes 
demonstrates the significance of assumptions about what is important, what is being modeled, what 
indicators are being included and why, and how they are aggregated. The visuals of the maps themselves 
are also subject to considerable ambiguity about color ramps and classification scales for distinguishing 
between categories of risk. The data can look quite different depending on whether it is displayed as 
stretched results in a continuous color ramp or classified into categories with distinct colors for each 
category. The selection of break points between categories is also an important modeling choice.
 Finally, the maps that are created do not speak for themselves and require a narrative to 
translate what they mean into something intelligible for nonspecialists, particularly when dealing with 
complex scientific data and aggregating that with information on livelihoods or governance.

FIGURE 29: MAP OF AFRICAN TRANSBOUNDARY RIVER BASIN RISKS

Source: De Stefano et al. 2017. Product of the Transboundary Freshwater Dispute Database, College of Earth, Ocean, and Atmospheric 
Sciences, Oregon State University. Additional information about the TFDD can be found at:  https://transboundarywaters.science.
oregonstate.edu. Reproduced with permission.

https://transboundarywaters.science.oregonstate.edu
https://transboundarywaters.science.oregonstate.edu
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