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Abstract
The dynamic relationships between climate change and armed conflict have been discussed at length, but there have been few
studies that integrate dimensions of climate adaptation into the processes linking climate change to armed conflict. By using
geospatial grids for climate change and armed conflict, and country-level climate vulnerability measures of sensitivity and
adaptive capacity, we empirically examine the effects of climatic and non-climatic conditions on the probability of armed conflict
in Africa. Results suggest that there are close links between climate drivers and armed conflict. Importantly, greater levels of
adaptive capacity lead to a lower likelihood of armed conflict. From a policy perspective, our results suggest that enhancing
adaptive capacity under conditions of climate pressure will reduce the probability of people taking up arms in response to water
scarcity.
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Introduction

Understanding climate change requires that we understand the
social consequences that can result. Recent evidence links
water scarcity driven by climate change to the civil war in
Syria (Kelley et al. 2015) and to the war and genocide in
Darfur, Sudan (UNEP 2007). Droughts contribute to the sta-
bility risk of agriculturally dependent and politically excluded
groups (vonUexkull et al. 2016), and more generally, climate-
driven extreme weather disasters or mass displacement by
natural disasters have been linked to armed conflict
(Ghimire et al. 2015; Schleussner et al. 2016).

There have been contentious arguments about the relation-
ship between climatic pressures and armed conflict (e.g.,

Schweizer 2019; Theisen 2017; van Weezel 2019). Burke
et al. (2009) and Hsiang et al. (2013) demonstrate that temper-
ature increases are linked to the onset of armed conflict, but this
is challenged by Buhaug et al. (2014). Scarcity tied to water
resources forms the core theoretical explanation in nearly all
arguments, but not all research finds that water deficits increase
conflict (Selby 2019; Selby et al. 2017). Salehyan and Hendrix
(2014) demonstrate, for example, that increases in rainfall are
associated with increased armed conflict. Intuition, convention-
al wisdom, and contemporary policy do not always comport
with empirical evidence (e.g., the US DoD 2011). The empir-
ical relationships or the conditions under which they hold can
have profound political consequences.

As noted by Hendrix (2017), African countries pose diffi-
cult problems for understanding the relationship between cli-
mate and conflict because of physical, economic, and social
impacts along with vulnerabilities like agricultural liveli-
hoods, economic development, and limited resources or in-
vestment for adaptation to climate change. The complexity
of the African environment makes it important to understand
the effects of climatic and non-climatic conditions on the like-
lihood of armed conflict and the role of climate adaptation in
reducing the propensity for armed responses to climatic stress.
Based on prior theoretical argument and empirical evidence
on states’ capacity to repress violence, Koubi (2017) posited
that there has been considerable evidence that climate-driven
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economic conditions coupled with political factors contribute
to conflicts within agriculturally dependent countries.

Important for our understanding of the relationship be-
tween climate pressures and conflict is that contemporary
change can be quite small yet aggregate over time.
Precipitation or temperature anomalies in any given month
would be unlikely to act as a catalytic condition for armed
conflict. This temporal effect can be moderated by the social
ability to adapt to reductions in precipitation or soil moisture,
for example, by irrigation systems. If the rate of change in
climate-driven pressures is slower than the ability to adapt,
communities may adapt in ways that minimize the effect of
climate pressures on resources. This would suggest that even
in the face of declining resources, scarcity would bemuted. To
the extent that states have developed their adaptive capacity,
social resilience will be strengthened (Kim and Marcouiller
2020) and conflict minimized. Functionally, this suggests that
models of climate-induced armed conflict should include ca-
pacities to offset the effects of climate through adaptive
responses.

Little empirical research, however, has modeled the role of
adaptive capacity and climate sensitivity in the climate-
conflict nexus, in spite of the recognition that adaptation
may be a critical factor (Feitelson and Tubi 2017; Gemenne
et al. 2014; Schleussner et al. 2016; Theisen 2017). If com-
munities are perfectly able to adapt to contemporary climate
conditions, there will be few climate-driven stressors on the
social environment. Our work accounts for two research ques-
tions. First, how do climate change drivers contribute to the
likelihood of armed conflict in the African context?, and sec-
ond, what is the role of climate change adaptation in moder-
ating the probability of armed conflict?

This paper examines the relationship between multiple
types of climate anomalies and the likelihoods of armed con-
flict in Africa, drawing upon georeferenced conflict records,
high-resolution climate data, and other spatially-explicit data
for covariates. We advance scholarship by using geospatial
grids to capture climate pressures and armed conflict and in-
corporating climate sensitivity and adaptive capacity in our
models. Our results support the notion that national level
adaptive capacity reduces the effects of climate pressures on
armed conflict.

Water scarcity, climate adaptation, and armed
conflict

Schleussner et al. (2016) linked climate-generated disasters to
armed conflict through ethnic tensions. Through meta-analy-
sis, Hsiang and Burke (2014) demonstrate that there are causal
associations between climatological changes and various
forms of socio-political stability. Burke et al. (2009, 2015)
frame arguments in terms of water scarcity that results from

increasing temperature and precipitation anomalies. As
temperature rises, agricultural and water scarcity issues
generate social tension that can lead to armed conflict. The
US DoD (2011) addresses a similar concern regarding water
scarcity issues and unrest on the African continent.

If drought leads to water scarcity, the mechanism in part
runs through the ability of agricultural land and industrial
capacity to remain productive. Lesk et al. (2016) demonstrate
that sustained drought and extreme heat reduce crop yields by
up to 10%. A 1-year short fall in precipitation may lead to
near-term productivity declines, but drought captures more
than precipitation deficits (Dai et al. 2004). Moreover, soil
productivity can recover from short-term deficits, and if the
community is capable of adapting, its effects can be mini-
mized by recourse to irrigation, among other adaptive strate-
gies. Recent research demonstrates the ameliorating effect of
agricultural adaptive capacity on crop yields under conditions
of climate stress (Regan et al. 2019). We posit that if commu-
nities reliant on agricultural economies have low adaptive ca-
pacities in the context of climate change, they will have in-
creased difficulties in maintaining agricultural productivity.

When an agrarian society can no longer remain agricultur-
ally viable, migration can be one result. At the community
level, a dramatic decline in resources requires either the ability
to adapt or suggests the possibility of conflict (Yang and Choi
2007). Consistent with this, Hsiang et al. (2013) find that
warmer temperatures and lower rainfall predict an increase
in communal violence. von Uexkull et al. (2016) argue that
drought can be linked to the increased likelihood of conflict
under agricultural dependency with politically excluded
groups in poor countries. However, Salehyan and Hendrix
(2014) demonstrate that water scarcity has at best a tenuous
relationship to armed conflict, and they see water abundance
as a potentially larger problem. The abundance-leads-to-
conflict argument is contested by Fjelde and von Uexkull
(2012).

Evidence suggests, therefore, that excessive precipitation
or drought can cause the types of scarcity that might generate
social unrest, but the difference between drought and extreme
precipitation can be one of temporal scaling. Both could gen-
erate conditions of scarcity, but drought would take longer to
root and impose longer-term consequences. Excess precipita-
tion could cause short-term flooding and associated disloca-
tions, but its effects are remediated relatively quickly.
Seasonality of weather-related scarcity might also drive the
climate-conflict nexus (Landis 2014).

Country and time fixed effects, instrumenting variables,
and functional form all can influence the direction of the esti-
mated relationships (O’Loughlin et al. 2014). We posit that
temporal and spatial aggregation are critical to the processes
by which climate pressures might cause conflict and are crit-
ical to empirically estimating those relationships (Fjelde and
von Uexkull 2012; Landis 2014; O’Loughlin et al. 2012).
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Moreover, human social and physical adaptation intervenes
between climate-driven pressures and armed conflict.

While the direct evidence of the climate-causes-conflict
thesis is somewhat ambiguous (Ide 2018), the more robust
specifications see climate change as something of a facilitator
given other underlying conditions, such as agricultural depen-
dency, migration, land use change, food price, or ethnic ten-
sions (e.g., Kelley et al. 2015; Landholm et al. 2019; Raleigh
et al. 2015; von Uexkull et al. 2016; Theisen et al. 2011/12). A
recent expert survey in nature comes to a similar conclusion
about the complexity of the process that links climate stress to
armed conflict (Mach et al. 2019).We accept those underlying
political and social tensions and emphasize the role of state
resources in confronting climate change so as to reduce this
added pressure of one more stress point at local communities.

Spatial and temporal aggregation and climate
adaptation

Water is a resource for which we have a reasonably strong
empirical foundation to link to armed conflict and cooperation
(e.g., Water Conflict Chronology Database) or interstate con-
flict over water (e.g., Tir and Stinnett 2012). If water scarcity
decreases crop yields (Lesk et al. 2016; Yang and Choi 2007)
and food security is one element that can put populations at
risk, recurring drought conditions that are partly a function of
temperature and precipitation deficits will increase the risk of
conflict (Brown and Funk 2008; Lobell et al. 2008). Most
African agriculture relies on rain-fed irrigation and estimates
put the amount of groundwater irrigation in Africa at just 6%
(You et al. 2010). Given human social ability to adapt,
sustained drought conditions could generate either adaptation
to the drier conditions or a reduction in crop yields; one might
generate cooperation, the other conflict.

Outcomes tied to climate change are in part a function of
the sensitivity and capacity to adapt to climate hazards, such
that high sensitivity and low capacity leave a country more
vulnerable to climate change. Brooks et al. (2005) define vul-
nerability in terms of state level susceptibility to injury or
damage from climate events. Based on Intergovernmental
Panel on Climate Change (IPCC)’s multi-dimensional vulner-
ability as an interaction of adaptive capacity, sensitivity, and
exposure, Busby et al. (2014) conceptualize and quantify en-
vironmental vulnerability in Africa by including physical ex-
posure to climate related hazard, population, household and
community resilience, and governance and political violence.

Climate change adaptation can be related to responses to
climate impacts and represent social efforts to reduce the cli-
mate risks (Moser and Boykoff 2013). Smit and Wandel
(2006, 282) argued that adaptation in numerous social science
domains has been regarded as “responses to risks associated
with the interaction of environmental hazards and human vul-
nerability or adaptive capacity.” Numerous recent studies

related to climate adaptation policy (e.g., Adger 2006;
Füssel and Klein 2006; Smit and Wandel 2006; Thomas
et al. 2019) used vulnerability metrics composed of exposure,
sensitivity, and adaptive capacity in the context of quantitative
and qualitative methods.

At the community or regional level, adaptation is made
more efficient to the extent that national-level preparedness
is in place (Brooks et al. 2005). Preparedness is driven by
the values at risk and the structural ability to adapt. We view
the risks from climate change in terms of national-level sensi-
tivity, that is, what is at risk and in what sectors, and the
underlying capacity to adapt to those changing conditions that
put value at risk. Adaptation is also context-specific and
national-level adaptive strategies that do not take local politi-
cal and socio-economic or ecological factors into account can
sometimes lead to conflict in the face of water scarcity. In this
sense, our work focuses on the role of national level—as op-
posed to local-level adaptation and the observed propensity
for armed conflict. This is a critical link in armed conflict in
the context of climate change induced water scarcity.

In addition, comparing two countries facing the same cli-
mate stressors, we would expect the one least able to adapt to
suffer greater consequences, whether that be lower crop yields
or a greater propensity for armed conflict. When the outcome
involves armed conflict, the national government has a strong
interest in providing adaptive resources, if it is able to do so.

Climate modeling, regional variation, and armed
conflict

Climate modeling forecasts dramatic regional variation in
temperature and precipitation anomalies as a result of chang-
ing pressures on weather systems (Hamlet 2011; Hansen et al.
2012; IPCC 2014; US DoD 2011). Within geographically
expansive countries, the variation is expected to be large
(Hamlet 2011). For example, on the African continent, a
2.5° square grid generates 42 separate grids incorporating
the Democratic Republic of Congo, with each grid comprising
a land area of approximately 270 by 270 km; there are 495
grids on the African continent. Variation in temperature and
precipitation is not uniform across the 42 grids in the Congo,
even though smaller countries, such as Togo with four grids,
might have more uniform anomalies. There is no theoretical
reason to observe social consequences resulting from
national-level variation rather than local temperature and pre-
cipitation anomalies, particularly when much of the armed
conflict is local (e.g., Salehyan and Hendrix 2014). There is
no expectation in the climate modeling that the land that loses
its productive capacity will be contiguous, or confined within
geopolitical borders, so attention to spatial distributions is im-
portant. In short, where the deficit occurs will be as important
as that it occurs.
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Because data demonstrate considerable regional variation
in global temperature and precipitation anomalies, expecta-
tions for social or political consequences should be attentive
to local and temporal variation (e.g., O’Loughlin et al. 2012).
For example, the mean temperature changes in Rwanda in the
19 years from1980 through 1999 (0.09 °C) versus the 12 years
in the twenty-first century (0.38 °C) increased by a factor of
four. Sorting out discordant results has turned to the specifi-
cation of the research design, statistical estimation, spatial
scaling (Adams et al. 2018; Detges 2016; Hsiang and Meng
2014; O’Loughlin et al. 2014; Schleussner et al. 2016), and
sampling bias (von Uexkull et al. 2016).

Climate change and armed conflict:
theoretical links and hypotheses

The theoretical mechanisms translate climate pressures into
the incentives for groups to take up arms against their state
work through the effect of climate on hydrology and ecology
(Műller et al. 2016; Nijssen et al. 2001; Theisen et al. 2011/
12). As climate restricts access by some to resources required
for production or subsistence, we would anticipate that those
denied access have increased incentives to demand changes to
the patterns of distribution (Brown and Funk 2008;
Exenberger and Pondorfer 2013; Regan and Norton 2005;
Scheffran et al. 2012). Yang and Choi (2007) demonstrate that
rainfall serves as a proxy for local wealth–through the mech-
anism of crop yields—in the Philippines and when wealth is
constrained conflict increases. Moreover, Benjaminsen et al.
(2012), Hendrix and Salehyan (2012), Raleigh and Kniveton
(2012), Theisen et al. (2011/12), and others use rainfall pat-
terns in Africa to model conflict at the local level. Water def-
icits in regions with low levels of irrigation have an immediate
impact on the production of crops, altering the ability of many
regions to provide sustenance and tradable goods.

A common metric for describing climate change is the
change in global temperature, or the anomaly, from a baseline
(Hsiang et al. 2013; NOAA2014). The effect of temperature on
hydrological cycles is driven, at least partially, by the temper-
ature’s effect on evapotranspiration. Higher temperatures can
increase the rate at which soil loses its moisture, and with the
loss of moisture comes a reduction in crop yield productivity
(Ochsner et al. 2013). One would have expected that increases
in precipitation and soil moisture would reduce the likelihood
of conflicts in rain-fed dependent systems. However, such tem-
perature’s influence on soil moisture is not necessarily imme-
diate. This interaction between temperature and precipitation as
they work through soil moisture levels suggests that the effects
of climate on conflict might not be direct.

We frame hydrologic processes relating to local water scar-
city in terms of multi-year patterns, focusing on physical
changes rather than immediate triggers such as weather

(Gleditsch 2012). Contemporary scholarship sometimes ar-
gues that climate change must work through intervening pro-
cesses (e.g., Exenberger and Pondorfer 2013). We expect that
the effects of climate will, over time, impact soil moisture and/
or drought conditions. Low or declining levels of soil moisture
can reflect systematic patterns in climatic variability and over
temporal ranges of years can lead to conditions of water inse-
curity. The contemporary example of note is the climate-
induced conflict in Sudan where pastoralists and sedentary
farmers shared a common resource for generations. As
drought reduced, the productivity of the land the motivation
for conflict increased (UNEP 2007). A similar argument was
recently made with regard to the conflict in Syria (Kelley et al.
2015).

When soil moisture in specific regions drops to levels that
are unsustainable, there will be direct impacts on ground and
subterranean water access, as well as reductions in river dis-
charge rates (Nijssen et al. 2001; Ochsner et al. 2013). We
argue that increasing temperatures and declining precipitation
decrease soil moisture content, which in turn affects the ability
to produce crop yields consistent with population needs. This
impact on soil moisture also reflects declining access to water
for drinking and industrial production. As water in a commu-
nity becomes increasingly scarce and the adaptive capacity
strained, we are more likely to observe armed conflict.

Hypothesis 1: local increases in temperature or a decrease
in soil moisture will contribute to increase the likelihood
of observing armed conflict.
Hypothesis 2: excessive localized rainfall (precipitation)
will increase the likelihood of observing armed conflict

Climatic stress can be associated with vulnerability in the
context of climate change. Climatic pressures on a local envi-
ronment provide incentives for both conflict and cooperation.
When national-level sensitivity or exposure as a form of vul-
nerability to climate change is high, the likelihood of armed
conflict will increase under increasing pressures from the cli-
mate. On the other hand, if the national-level adaptive capacity
is high, the likelihood of armed conflict will be lower.

Hypothesis 3: higher levels of adaptive capacity or lower
levels of climate sensitivity will reduce the likelihood of
armed conflict under conditions of climate stress.

Research design and methods

Analytical framework and variables

Our analytical framework is described in Fig. 1. The frame-
work delineates the relationships between climatic stress and
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armed conflict as mediated by climatic vulnerability. We as-
sume the levels of vulnerability (i.e., adaptive capacity, sensi-
tivity, exposure) will be affected by climatic stress and influ-
ence the likelihood of armed conflict. Our expectations are
that the physical changes in conditions related to hydrology
as a result of climate change will increase the risk of armed
conflict when those changes are in the direction of hotter and
drier conditions. That is, as temperature increases, and soil
moisture or precipitation decreases (as drought conditions in-
crease), we expect to observe a greater likelihood of armed
conflict.

We test expectations on a spatial and temporal domain that
incorporates the African continent 1980–2013. The temporal
period changes to 1995–2013 when we include country-level
adaptive capacity and sensitivity attributes to the model. We
divide our geographical sample into 2.5° × 2.5° grids within
53 African countries. Our outcome variable is the grid-month
based, binary indicator, of an ongoing armed conflict. We test
robustness with a count indicator of the number of armed
battles in proximity to the initial onset of an armed conflict.
The conflict data comes from the Uppsala Conflict Data
Project (UCDP).

Our primary predictor variables capture climate conditions
at the grid level and national-level adaptive capacity and sen-
sitivity. We rely on National Oceanic and Atmospheric
Administration (NOAA) for data on temperature, soil mois-
ture, and precipitation anomalies. Soil moisture and precipita-
tion data are recorded in terms of the contemporary values,
and then, we generate an anomaly from a 1948–1980 baseline.
This approach makes the anomalies consistent across the var-
ious data sets. Each data series is normalized to zero and
negative or positive values express the month-on-month
changes. The climate data for this project required processing
to standardized temporal and spatial resolutions. In all cases,
the spatial processing was done first. The final spatial grid of
data points was set at a 2.5° interval. Soil moisture and tem-
perature anomalies required down-sampling the original data
to a lower resolution. To obtain temperature anomalies, we
used a nearest neighbor algorithm except in those cases where
the central points of more than one of the original 2° grid cells
fell within a single new 2.5° cell. In these cases, the average
value was assigned to the new cell. All of the variables were
already at a monthly interval, so temporal aggregation was not
necessary. In all of the down-sampled data, maximum and
minimum values were maintained along with the mean value.

After the data were processed to a temporal and spatial
resolution with an average value for each month/grid cell,
these grid cells were then coordinated with georeferenced
conflict data within countries to generate a database with a
dichotomous coding for whether or not there was an armed
conflict in a particular cell for a particular month. Political
boundaries often cross the borders of individual grid cells. In
these cases, climate data are duplicated for each specific coun-
try, although the country designation for each conflict is
retained. Data preparation was done primarily in R using bind-
ings for the Geospatial Data Abstraction Library with some
additional processing and visualization in ESRI ArcGIS. All
code is available upon request.

To account for a non-instantaneous effect between climate
change and conflict, we create 30-month moving averages for
each of our climate conditions. The choice of 30 months is not
capricious. Two and a half years of increasingly hotter temper-
atures or declining precipitation would generate cumulative
stress on a community; we test alternatives by way of checking
the robustness of our results. We use the mean values for each
grid-month to create our moving averages. Our moving aver-
age approach helps to move the causal processes away from
short-term climate variability or seasonal variation. An increas-
ing or decreasing trend over 2.5 years reflects more closely
climate imposed stress (Kelley et al. 2015).

The temperature models created by NOAA are based on
individual readings and generally unrelated to geopolitical
boundaries, leaving some locations with data that are counted
in cells that cover parts of two (or more) countries. For exam-
ple, a recording station within a short distance of a political
border can cover a cell in two countries and there is no expec-
tation that the temperature variation is a function of those
political boundaries. In these instances, we count the cell as
part of both adjoining countries. The number of monthly ob-
servations per grid cell is 408 if a grid is contained within one
country. If a grid crosses national boundaries, there will be
multiples of 408 observations for that grid. In the extreme, one
grid encompasses five different countries.

Duplicating grid cell data to include all relevant data at the
state level could lead to two potential problems. First, there are
issues with artificially increasing the sample size with inaccu-
rate data and potentially obscuring viable patterns. Second,
because the boundaries of an individual grid can contain data
from multiple states, there also remains the potential for the
modifiable areal unit problem (Jelinski and Wu 1996). To

Climatic stress Armed conflictClimatic 
vulnerability

Fig. 1 Analytical framework
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overcome this, we also ran our models without those grids that
overlap multiple states (264 grids cross country boundaries,
231 are within one country). Our analysis uses hierarchical
modeling which allows for controls at grid and national levels.

We use data from the Uppsala Conflict Data Project
(UCDP) to record the existence of an armed conflict in a coun-
try-grid. UCDP records three types of armed conflict: (1) those
involving the state, (2) those between groups, and (3) mass
killings of civilians. To be included, a conflict event must meet
the conditions for an armed conflict, which requires having at
least 25 battle fatalities within a given year. The data are re-
corded at the level of the battle, and by the geo-coordinates of
the location of a battle. We adopt these geo-located battles to
aggregate to conflict months within our 2.5° square grids
(Sundberg and Melander 2013). Our outcome variable used
in the empirical analyses reflects the existence of an armed
action within a grid which forms all or part of a broader armed
conflict that kills at least 25 people. The dependent variable
represents civil conflicts between rebel movements and gov-
ernment and communal conflict between groups. Twenty-five
battle fatalities provide a threshold that is low enough to capture
armed conflict in localized areas but also high enough to re-
quire organized efforts to achieve this threshold.

Because our grids impose artificial boundaries over the
political and social dynamics of a potential armed conflict,
we account for conflicts in immediately adjoining grids that
could be part of the same conflict process across our grids. If
there is a conflict in the same country in an adjacent grid that
starts within 1 year of the neighboring grid and if the conflict
in a grid does not have a battle, then both grids are coded
ongoing conflict. For example, if a grid has a conflict that
starts in January and ends in March (3-month-coded ongoing)
but a contiguous grid has a conflict that starts in March and
runs through July (5-month-coded ongoing) then both are
considered to have 8 months of ongoing conflict. If the two
grids have a gap between ongoing conflicts of less than 1 year,
both are considered one conflict for that entire duration. A gap
of 1 year starts a new conflict. This is consistent with the
UCDP criterion and it minimizes our breaking up of cultural
groups based on a climate-determined grid structure. We test
robustness on different specifications.

Table 1 describes our control variables, including the per-
centage of rural population (rural population), mortality rate
(mortality rate), political regime type (polity), and economic
wealth (per capita GDP) as country-level non-climatic condi-
tions. Those variables were derived from the UN and World
Bank, and the POLITY IV project; we use annual observa-
tions. Given the number of observations reported in Table 1,
there are missing data for grid-level and country-level climate
and non-climate conditions. In order to control for the under-
lying environmental conditions in each locale, we generate a
climate classification as a structural indicator of the amount of
rainfall in each grid. This climate classification was created

from a digitized version of a standard Arid Zones of Africa
Map (McCarthy et al. 2001, 518). Grid cells containing mul-
tiple zones were given a characterization of the dominant val-
ue.We generate six categories reflecting arid, hyperarid, semi-
arid, dry-subhumid, mostly-subhumid, and humid conditions;
we collapse these six categories into three that reflect the de-
gree of aridity in a country-grid, with arid and hyperarid, semi-
arid and dry sub-humid, and most subhumid and humid com-
prising the three categories.

To capture country-level adaptive capacity, exposure, and
climate sensitivity, we rely on data from the Notre Dame
Global Adaptation Index (ND-GAIN) project (https://index.
gain.org). Three vulnerability components and specific
indicators used in our work are summarized in Appendix
Table 3. Under the six sectors composed of food, water,
hea l th , ecosys tem services , human habi ta t , and
infrastructure, each component as a composite indicator was
transformed into standardized scales (see Chen et al. 2015).

The exposure variable reflects the extent to which a system
is exposed to significant climate change or climate hazards. To
measure exposure, our work adopts 12 sub-indicators such as
projected change of deaths from climate change induced dis-
eases and projected change of marine biodiversity. The sensi-
tivity variable represents social, political, and physical risks
posed by climate pressures and includes 12 sub-indictors such
as food import dependency and water dependency ratio (Chen
et al. 2018; Regan et al. 2019). The adaptive capacity variable
reflects social, political, and economic infrastructure that can
respond to the physical and social consequences of climate
change and is also a composite indicator composed of 12
sub-indicators such as access to reliable drinking water and
agriculture capacity (Chen et al. 2018; Regan et al. 2019).
From the suite of 24 sensitivity and adaptive capacity as part
of vulnerability described in ND-GAIN, we isolate two spe-
cific indicators of sensitivity (water dependency) and adaptive
capacity (drinking water access) because they represent pri-
mary structural conditions where climate-driven water scarci-
ty can have its most dramatic effect (Műller et al. 2016).

Methods

We specify empirical models that include country-level non-
climatic variables, grid level climatic variables, and a grid
level indicator of armed conflict (see Table 1). To account
for the different spatial levels and unobserved effects and
endogeneity, we use multi-stage panel logistic regression with
ongoing conflict as our outcome variable (model I of Table 2).
The models are specified to “take account of the variability
concerned about each level of nesting” (Snijders and Bosker
1999, 1) and adjust for the lack of independence within the
spatial clusters (Raudenbush and Bryk 2002). A multi-level
panel logistic regression model is appropriate to estimate the
spatial cross-level effects of country-level non-climatic
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conditions and grid-level climatic conditions on the likelihood
of armed conflicts. Additionally, we use a multilevel negative
binomial regression to test the effect of climate and adaptation
on the number of battles associated with a conflict (see model
II of Table 2).

Next, we use an instrumental variable estimation with two-
step probit endogenous regressors to account for an underly-
ing process by which water scarcity persists. This accounts for
unobserved effects and endogeneity in one or more time-
varying explanatory variables. We treat the soil moisture
anomaly as endogenous and model it using several variables
including 4-month-lagged climatic conditions (temperature
anomaly, precipitation anomaly, soil moisture anomaly) and
components of country-level sensitivity (water dependency)
and adaptive capacity conditions (drinking water access) as
instruments variables (see model III, Table 2). For water de-
pendency, low is better and for water access, high is better.

Results

Climate change and armed conflicts

Our results suggest that increases in temperature and precipi-
tation at the grid level increase the likelihood of observing

armed conflicts in that grid (β = 0.163, σ = 0.008; β = 0.004,
σ = 0.002, model I(1), Table 2); increases in soil moisture are
associated with a decrease in the likelihood of observing con-
flict (β = − 0.003, σ = 0.00009). This supports the general in-
ference that climate change leads to increased armed conflict.

We expand these grid-based models to include country-
level socio-economic and political conditions along with
adaptive capacity (drinking water access) and climate sensi-
tivity (water dependency) attributes reflecting water resources
as conditions of vulnerability, using a two-stage panel logistic
regression (Table 2, model I (2)). The results continue to sup-
port the argument that warmer and drier conditions are asso-
ciated with an increased observation of armed conflict under
the grid level climatic stress conditions (β = 0.043, σ = 0.013;
β = − 0.002, σ = 0.0001). The country-level adaptive capacity
attribute (e.g., drinking water access) is not associated with
armed conflict, but the country-level climate sensitivity attri-
bute (e.g., water dependency ratio) is associated with an in-
crease in the probability of observing armed conflict in a par-
ticular grid. This result can be supported bymodel I (3) and (4)
that show the positive role of general adaptive capacity attri-
butes in decreasing the likelihood of conflict. With more at-
tention to country-level vulnerability conditions, model I (3)
and (4) integrate three vulnerability components (exposure,
sensitivity, adaptive capacity) derived from composite

Table 1 Descriptive statistics

Variable name Number of observations Mean SD Range

Grid-level climatic stress variables

Temperature anomaly 305,125 0.567 0.689 − 4.662–5.264
Soil moisture anomaly 300,627 − 23.004 61.853 − 461.22–663.44
Precipitation anomaly 284,340 − 0.395 3.423 − 40.466–79.453
Arid effect 359,032 0.397 0.489 0–1

Arid and humid effect 359,032 0.308 0.461 0–1

Humid effect 359,032 0.293 0.455 0–1

Country-level non-climatic condition variables

Polity 332,200 − 1.587 5.659 − 10–10
Per capita GDP 311,212 1354.04 2017.92 64.81–24,035.71

Mortality rate 335,404 133.358 69.188 13.10–334.50

Rural population 335,956 63.425 17.099 13.542–95.661

Water dependency 185,636 0.461 0.394 0–1

Drinking water access 185,612 0.728 0.322 0.002–1

Country-level vulnerability condition variables

Exposure 168,693 0.566 0.093 0.34–0.75

Sensitivity 193,353 0.414 0.101 0.101–0.656

Adaptive capacity 193,353 0.270 0.150 0.042–0.703

Grid-level armed conflict variables

Ongoing conflict 1 = yes 40,889 0.111 0.314 0–1
0 = no 325,973

Onset conflict 1 = yes 15,249 0.041 0.199 0–1
0 = no 351,613

Page 7 of 14     129Reg Environ Change (2020) 20: 129



Ta
bl
e
2

T
he

ef
fe
ct
of

cl
im

at
ic
st
re
ss

an
d
no
n-
cl
im

at
ic
co
nd
iti
on
s
on

ar
m
ed

co
nf
lic
t

M
ul
til
ev
el
m
od
el

In
st
ru
m
en
ta
lm

od
el

M
od
el
I:
on
go
in
g
co
nf
lic
t

M
od
el
II
:o

ns
et
co
nf
lic
t

M
od
el
II
I:
on
go
in
g

co
nf
lic
t

(1
)

(2
)

(3
)

(4
)

(5
)

(1
)

(2
)

(3
)

(4
)

(5
)

(1
)

(2
)

G
ri
d-
le
ve
lc
lim

at
ic
st
re
ss

co
nd
iti
on
s

T
em

pe
ra
tu
re

an
om

al
y
(T
A
)

0.
16
3*
**

(0
.0
08
)

0.
04
3*
*

(0
.0
13
)

0.
00
5

(0
.0
13
)

0.
11
4*
**

(0
.0
27
)

0.
00
9

(0
.0
26
)

0.
11
9*
**

(0
.0
13
)

−
0.
02
7

(0
.0
21
)

−
0.
05
8*
*

(0
.0
20
)

0.
09
4*
*

(0
.0
44
)

−
0.
00
7

(0
.0
42
)

−
0.
00
1

(0
.0
05
)

−
0.
08
0*
**

(0
.0
10
)

So
il
m
oi
st
ur
e

an
om

al
y
(S
A
)

−
0.
00
3*
**

(0
.0
00
09
)

−
0.
00
2*
**

(0
.0
00
1)

−
0.
00
2*
**

(0
.0
00
1)

−
0.
00
2*
**

(0
.0
00
4)

−
0.
00
2*
**

(0
.0
00
3)

−
0.
00
3*
**

(0
.0
00
1)

−
0.
00
2*
**

(0
.0
00
2)

−
0.
00
2*
**

(0
.0
00
2)

−
0.
00
02

(0
.0
00
6)

0.
00
03

(0
.0
00
5)

−
0.
01
0*
**

(0
.0
00
2)

−
0.
01
2*
**

(0
.0
00
5)

Pr
ec
ip
ita
tio
n

an
om

al
y
(P
A
)

0.
00
4*
*

(0
.0
02
)

−
0.
00
2

(0
.0
03
)

−
0.
00
2

(0
.0
04
)

0.
00
01

(0
.0
10
)

−
0.
01
0

(0
.0
10
)

0.
00
4

(0
.0
03
)

−
0.
00
1

(0
.0
05
)

−
0.
00
06

(0
.0
05
)

−
0.
03
6*
*

(0
.0
15
)

−
0.
04
7*
*

(0
.0
15
)

0.
01
7*
**

(0
.0
01
)

0.
01
6*
**

(0
.0
02
)

T
A
*P

A
0.
01
1*
**

(0
.0
03
)

0.
01
0*
*

(0
.0
04
)

0.
00
2

(0
.0
05
)

0.
05
5*
**

(0
.0
12
)

0.
04
2*
*

(0
.0
13
)

0.
00
4

(0
.0
05
)

0.
00
1

(0
.0
07
)

−
0.
00
1

(0
.0
07
)

0.
09
5*
**

(0
.0
18
)

0.
09
2*
**

(0
.0
19
)

0.
00
9*
**

(0
.0
01
)

0.
01
2*
**

(0
.0
02
)

C
ou
nt
ry
-l
ev
el

no
n-
cl
im

at
ic

co
nd
iti
on
s

Po
lit
y

0.
00
9*
*

(0
.0
03
)

0.
00
9*
*

(0
.0
03
)

0.
00
9*

(0
.0
05
)

0.
00
9*

(0
.0
05
)

−
0.
03
9*
**

(0
.0
01
)

Pe
r
ca
pi
ta
G
D
P

−
0.
00
01
**
*

(0
.0
00
01
)

−
0.
00
01
**
*

(0
.0
00
01
)

−
0.
00
01
**
*

(0
.0
00
02
)

−
0.
00
01
**
*

(0
.0
00
02
)

−
0.
00
00
4*
**

(4
.4
3e
-0
6)

M
or
ta
lit
y
ra
te

0.
00
3*
**

(0
.0
00
6)

0.
00
3*
**

(0
.0
00
6)

0.
00
4*
**

(0
.0
00
9)

0.
00
4*
**

(0
.0
00
9)

−
0.
00
2*
**

(0
.0
00
1)

R
ur
al
po
pu
la
tio
n

0.
04
2*
**

(0
.0
04
)

0.
04
1*
**

(0
.0
04
)

0.
05
1*
**

(0
.0
06
)

0.
04
9*
**

(0
.0
06
)

−
0.
00
00
3

(0
.0
00
6)

W
at
er

de
pe
nd
en
cy

0.
23
6*

(0
.2
58
)

0.
21
3*

(0
.2
57
)

0.
66
0*

(0
.4
32
)

0.
59
5*

(0
.4
31
)

0.
71
5*
**

(0
.0
19
)

D
ri
nk
in
g
w
at
er

ac
ce
ss

0.
03
6

(0
.1
41
)

0.
03
0

(0
.1
42
)

0.
38
8*

(0
.2
15
)

0.
42
7*
*

(0
.2
16
)

−
0.
06
1*

(0
.0
35
)

C
ou
nt
ry
-l
ev
el

vu
ln
er
ab
ili
ty

co
nd
iti
on
s

E
xp
os
ur
e

1.
39
5*

(0
.8
08
)

1.
42
2*

(0
.8
10
)

2.
18
0*

(1
.1
69
)

2.
31
6*
*

(1
.1
70
)

0.
70
1*
**

(0
.1
13
)

Se
ns
iti
vi
ty

2.
85
7*
**

(0
.3
96
)

2.
87
0*
**

(0
.3
96
)

4.
27
3*
**

(0
.5
82
)

4.
26
4*
**

(0
.5
82
)

2.
31
7*
**

(0
.1
14
)

A
da
pt
iv
e

ca
pa
ci
ty

(A
C
)

−
16
.3
15
**
*

(0
.5
74
)

−
16
.4
22
**
*

(0
.5
85
)

−
16
.8
55
**
*

(0
.8
91
)

−
17
.0
75
**
*

(0
.9
06
)

−
0.
58
6*
**

(0
.0
70
)

In
te
ra
ct
io
n
ef
fe
ct

T
A
*A

C
−
0.
26
8*
*

(0
.0
89
)

−
0.
01
5

(0
.0
86
)

−
0.
45
9*
*

(0
.1
44
)

−
0.
20
4

(0
.1
37
)

SA
*A

C
−
0.
00
02

(0
.0
01
)

−
0.
00
1

(0
.0
01
)

−
0.
00
9*
**

(0
.0
02
)

−
0.
01
3*
**

(0
.0
02
)

PA
*A

C
−
0.
01
6

(0
.0
43
)

0.
02
7

(0
.0
41
)

0.
14
2*
*

(0
.0
61
)

0.
18
7*
*

(0
.0
60
)

T
A
*P

A
*A

C
−
0.
18
6*
**

(0
.0
49
)

−
0.
16
2*
*

(0
.0
48
)

−
0.
38
8*
**

(0
.0
69
)

−
0.
37
6*
**

(0
.0
69
)

129    Page 8 of 14 Reg Environ Change (2020) 20: 129



indicators and the grid level climatic stress condition. In addi-
tion, the interaction between climatic stress (particularly in
temperature and precipitation) and adaptive capacity demon-
strate the positive role of adaptive capacity in reducing the
likelihood of armed conflict at the grid level in the face of
localized climate stress (Table 2, model I (4)).

Following the specification in model I (Table 2), we exam-
ine the relationship with monthly battle occurrences (onset
conflict) associated with an armed conflict. The core results
hold with an increase in temperature and a decline in soil
moisture being associated with the likelihood of battles (β =
0.11, σ = 0.01; β = − 0.003, σ = 0.0001; model II (1)). We see
the results for battles as a confirmation that our dichotomous
coding of an ongoing conflict does not bias results; however,
we have no theoretical foundation to think that climate anom-
alies directly affect the number of individual battles.

Our instrumental variable model confirms the results
of our multilevel models. Our instrumental specification
directly tests the underlying argument about water scar-
city on conflict by treating long term trends in soil
moisture as endogenous. The overall grid climatic stress
conditions are also influential in the likelihood of armed
conflict, while country-level vulnerability conditions re-
main significant and in the expected direction (model III
(2)). In this sense, we can conclude that increases in
temperature and soil moisture or decreases in precipita-
tion as a function of climatic stress are related to the
increase in the likelihood of observing armed conflict.

The role of climate adaptation in armed conflicts

Furthermore, we examine the relationship between the prob-
ability of armed conflict and country-level vulnerability con-
ditions (exposure, sensitivity, adaptive capacity) by the cli-
matic classifications (i.e., arid, arid and humid, and humid
regions) and six African divisions (northern, southern, eastern,
western, middle, sub-Saharan). As depicted in Fig. 2, each bar
generated from model I (5) of Table 2 presents standard coef-
ficient values by vulnerability components. The results show
that negative associations exist between adaptive capacity and
the likelihood of armed conflicts under three types of climate
conditions and six country divisions within Africa. In partic-
ular, the positive role adaptive capacity played in reducing the
probability of armed conflict within humid regions.

To further describe the effects of national-level adaptive
capacity on armed conflict within a grid, we present several
graphs generated from model I (5). As illustrated in Fig. 3,
each graph reflects the impact of high or low national-level
adaptive capacity under different climatic conditions. High
and low conditions of adaptive capacity are determined rela-
tive to the global mean level of adaptive capacity. At a glance,
in Fig. 3a, as the temperature increases, the likelihood of
armed conflict in a grid increases in high adaptive capacityT
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countries but declines in low capacity countries. However, the
underlying probability of observing a conflict, given climate-
driven stress, is higher and the slope is steeper in low adaptive
capacity countries. When controlling for country-level char-
acteristics, as the soil moisture content increases, the probabil-
ity of observing an armed conflict decreases, but does so from
a higher initial position in low capacity countries relative to
high capacity countries (Fig. 3b). In this context, we draw the
conclusion that higher levels of adaptive capacity or lower
levels of climate sensitivity lead to a decrease in the likelihood
of observing armed conflict.

Discussions and conclusions

Scholarly debate about the role of climate change in armed
conflict has generated divergent outcomes (e.g., Buhaug et al.
2014; Burke et al. 2015; Salehyan and Hendrix 2014), with
specific cases presenting hard to refute evidence (Kelley et al.
2015) and with confounding conditions accelerating the influ-
ence of climate drivers (Schleussner et al. 2016). Our results
help to clarify and extend this debate in important ways. By
narrowing the spatial focus to a 2.5° square grid, we isolate
more local climatic conditions and link them more closely to
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local conflict events. Furthermore, our methodology changes
climate drivers from short-term fluctuations over a month into
longer term trends that reflect the cumulative influence of
climate on conflict. There should be little expectation that
short-term variation in climate (averaged at the year or record-
ed at the month) would compel something as complex as
armed conflict.

Our results demonstrate that at the country-grid level of
observation, climate drivers of water scarcity are associated
with an increased likelihood of armed conflict, and that
national-level adaptive capacity under conditions of climate
stress can reduce that probability. The role of adaptive capac-
ity in moderating armed conflict under conditions of climate-
driven scarcity provides policy suggestions. Our work relies
on the assumption that the country-level adaptive capacity is
crucial. There could be a major gap between a state/country-
level indicator and individual or community level motivations
for participating in conflict, yet in many regions such as
Northern Kenya, South Sudan, or Eastern Congo, the country
is unable or unwilling to provide aid, and there is important
subnational variation that is lost by looking at the country-
level adaptive capacity. National-level adaptive capacity can
act in ways to moderate the effect of climate on the choice sets
of people facing increasingly harsh conditions. In this sense,
the state can take steps that reduce the marginal impact of
climatic changes and in doing so provide local level respite
from the conditions that nature is envisaging on a local region.
Althoughwe have yet to see this in the literature, facilitating—
or bolstering—a country’s adaptive capacity may be a form of
external intervention into countries that are potentially at risk
of armed conflict (Regan and Meachum 2014). The US DoD
(2011) estimates that by 2060 nearly 600,000 km2 of currently
arable land in Africa will become non-productive because of
climate imposed scarcity. Our evidence suggests that
investing in the adaptive capacity of African countries can
reduce the propensity for people to take up arms as they con-
front recurring water scarcity. Governments and aid agencies
may be well placed to facilitate movements toward more pre-
pared countries.

Our work addresses the links between climate, adaptation,
and conflict in Africa. However, some of the most important
aspects of adaptation can be that (1) people are already en-
gaged in extensive adaptation activities, including circular mi-
gration, and (2) most adaptation is determined by families and
communities without programs from the national level. Future
research should expand our focus on national-level capacity
and categorize the diverse factors that might account for local
level adaptive efforts. Beyond the linear relationship between
climate change and armed conflict in this research, it would be
worthwhile to delineate how drier climates link declining crop
yields to the increased likelihood of armed conflict by utilizing
a structural equation modeling to capture the complex causal
process and further address the impacts of violent conflict on
food security and household resilience (e.g., Brück et al.
2019). As described by Raleigh and Kniveton (2012), our
study needs to redefine the dependent variable, conflict types
to reflect different processes and causal expectations for the
role of climate change on different conflict types.

Moreover, our African focus could be expanded globally to
address sampling bias in climate-conflict research (Adams
et al. 2018; Hendrix 2017). In effect, all countries experience
climate change and choosing a continent more prone to
conflict may obscure a different underlying relationship, but
evidence is accumulating that climate stress is one driver of
armed conflict in other regions as well. Future research also
needs to address the dynamics of armed conflicts as suggested
by Theisen (2017) along with regional and ethnic oppositional
zones and various battle types like group-group, state-group,
and mass killing.

To reflect spatial and temporal conflicts, our work relied on
2.5 × 2.5° grids at monthly intervals and attempted to address
neighboring effects of conflicts. Such measures can reveal a
limit to fully account for spill over conflict in partially filled
grids. In addition to the necessity to measure the various con-
flict types, future study needs to address the spatial effects by
defining spill over conflicts. Our models support the inference
that 2.5-year moving averages of temperature, precipitation,
and soil moisture are strong predictors of armed conflict
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anomaly
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within country-grids. These results confirm many of the find-
ings in the literature, albeit with nuances. Increases in temper-
atures within a grid that are sustained over a 30-month period
are associated with increases in armed conflict; increases in
soil moisture decrease conflict. At the same time, increases in
precipitation over a 30-month period are associated with an
increased likelihood of armed conflict in a grid, which is con-
sistent with the results of Salehyan and Hendrix (2014), but
seems to run counter to others (e.g., Fjelde and von Uexkull
2012).

The use of national-level cross-sectional measures of adap-
tive capacity (and sensitivity) can be a major limitation of this
paper. Supported by Schultz and Mankin (2019), we need to
consider the possibility that temperature data might have some
omissions. Given that our evidence points to rather strong
links between climate drivers and armed conflict, our results

also suggest that the greater the level of adaptive capacity of a
country, the less likely they are to observe conflict in one of
their grids. Furthermore, our use of different level predictor
variables reveals a limitation to fully reflect the role of polit-
ical (or power) relations in shaping communities’ adaptive
capacities and distributive effects of climatic effects. This re-
sult remains robust to model specification.

We are, however, under no illusions that climate alone will
lead groups to take up arms against their government. Others
have demonstrated the import of extant political and social
conditions on the ground climate stress takes root. We accept
and demonstrate that climate-driven water scarcity helps gen-
erate the condition conducive for armed conflict, and impor-
tantly, that state-level capacity to confront the pressures from
climate change can reduce the impact of this “additional”
stress to local environments.

Appendix

References

Adams C, Ide T, Barnett J, Detges A (2018) Sampling bias in climate-
conflict research. Nat Clim Chang 8:200–203. https://doi.org/10.
1038/s41558-018-0068-2

Adger WN (2006) Vulnerability. Glob Environ Chang 16(3):268–281.
https://doi.org/10.1016/j.gloenvcha.2006.02.006

Benjaminsen TA, Alinon K, Buhaug H, Buseth JT (2012) Does climate
change drive land use conflicts in the Sahel? J Peace Res 49:97–111.
https://doi.org/10.1177/0022343311427343

Table 3 Vulnerability components and sub-indicators under six sectors

Food Water Health Ecosystem services Human habitat Infrastructure

Exposure (12)

Projected change of
cereal yields

Projected change of
annual runoff

Projected change of
deaths from climate
change induced
diseases

Projected change of
biome distribution

Projected change of
warm period

Projected change of
hydropower
generation capacity

Projected
population change

Projected change of
annual
groundwater
recharge

Projected change of
length of transmission
season of vector-borne
diseases

Projected change of
marine biodiversity

Projected change of
flood hazard

Projection of sea level
rise impacts

Sensitivity (12)

Food import
dependency

Fresh water
withdrawal rate

Slum population Dependency on natural
capital

Urban concentration Dependency on
imported energy

Rural population Water dependency
ratio

Dependency on external
resource for health
services

Ecological footprint Age dependency ratio Population living
under 5 m above
sea level

Adaptive capacity (12)

Agriculture
capacity

Access to reliable
drinking water

Medical staffs Protected biomes Quality of trade and
transport-related
infrastructure

Electricity access

Child malnutrition Dam capacity Access to improved
sanitation facilities

Engagement in
international
environmental
conventions

Paved roads Disaster preparedness

129    Page 12 of 14 Reg Environ Change (2020) 20: 129

https://doi.org/10.1038/s41558-018-0068-2
https://doi.org/10.1038/s41558-018-0068-2
https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1177/0022343311427343


Brooks N, Adger WN, Kelly PM (2005) The determinants of vulnerabil-
ity and adaptive capacity at the national level and the implications
for adaptation. Glob Environ Chang 15:151–163. https://doi.org/10.
1016/j.gloenvcha.2004.12.006

Brown ME, Funk CC (2008) Food security under climate change.
Science 319:580–581. https://doi.org/10.1126/science.1154102

Brück T, d’Errico M, Pietrelli R (2019) The effects of violent conflict on
household resilience and food security: evidence from the 2014
Gaza conflict. World Dev 119:203–223. https://doi.org/10.1016/j.
worlddev.2018.05.008

Buhaug H, Nordkvelle J, Bernauer T, Böhmelt T, BrzoskaM, Busby JW,
Ciccone A, Fjelde H, Gartzke E, GleditschNP, Goldstone JA, Hegre
H, Holtermann H, Koubi V, Link JSA, Link PM, Lujala P,
O'Loughlin J, Raleigh C, Scheffran J, Schilling J, Smith TG,
Theisen OM,Tol RSJ, Urdal H, von Uexkull N et al (2014) One
effect to rule them all? A comment on climate and conflict. Clim
Chang 127 : 391–397. doi:https://doi.org/10.1007/s10584-014-
1266-1

Burke MB, Miguel E, Satyanath S, Dykema JA, Lobell DB et al (2009)
Warming increases the risk of civil war inAfrica. ProcNatl Acad Sci
106:20670–20674. https://doi.org/10.1073/pnas.0907998106

Burke M, Hsiang SM, Miguel E (2015) Climate and conflict. Annu Rev
Econ 7:577–617. https://doi.org/10.1146/annurev-economics-
080614-115430

Busby JW, Smith TG, Krishnan N (2014) Climate security vulnerability
in Africa mapping 3.0. Polit Geogr 43:51–67. https://doi.org/10.
1016/j.polgeo.2014.10.005

Chen C, Noble I, Hellmann J, Coffee J, Murillo M et al (2015) University
of Notre Dame Global Adaptation Index Country Index Technical
Report. https://gain.nd.edu/assets/254377/nd_gain_technical_
document_2015.pdf. Accessed 6 Sept 2017

Chen C, Hellmann J, Noble I, Berrang-Ford L, Regan PM et al (2018) A
global assessment of adaptation investment from the perspectives of
equity and efficiency.Mitig Adapt Strateg Glob Chang 23:101–122.
https://doi.org/10.1007/s11027-016-9731-y

Dai A, Trenberth KE, Qian T (2004) A global dataset of Palmer Drought
Severity Index for 1870-2002: relationship with soil moisture and
effects of surface warming. J Hydrometeorol 5:1117–1130. https://
doi.org/10.1175/JHM-386.1

Detges A (2016) Local conditions of drought-related violence in sub-
Saharan Africa. J Peace Res 53(5):696–710. https://doi.org/10.
1177/0022343316651922

Exenberger A, Pondorfer A (2013) Climate change and the risk of mass
violence: Africa in the 21st century. Peace Econ Peace Sci Public
Policy 19:381–392. https://doi.org/10.1515/peps-2013-0044

Feitelson E, Tubi A (2017) A main driver or an intermediate variable?
Climate change, water and security in the Middle East. Glob
Environ Chang 44:39–48. https://doi.org/10.1016/j.gloenvcha.
2017.03.001

Fjelde H, von Uexkull N (2012) Climate triggers: rainfall anomalies,
vulnerability and communal conflict in sub-Saharan Africa. Polit
Geogr 31:444–453. https://doi.org/10.1016/j.polgeo.2012.08.004

Füssel HM, Klein RIT (2006) Climate change vulnerability assessments:
an evolution of conceptual thinking. Clim Chang 75:301–329.
https://doi.org/10.1007/s10584-006-0329-3

Gemenne F, Barnett J, Adger WN, Dabelko GD (2014) Climate and
security: evidence, emerging risks, and a new agenda. Clim Chang
123:1–9. https://doi.org/10.1007/s10584-014-1074-7

Ghimire R, Ferreira S, Dorfman JH (2015) Flood-induced displacement
and civil conflict. World Dev 66:614–628. https://doi.org/10.1016/j.
worlddev.2014.09.021

Gleditsch NP (2012)Whither the weather? Climate change and conflict. J
Peace Res 49:3–9. https://doi.org/10.1177/0022343311431288

Hamlet AF (2011) Assessing water resources adaptive capacity to climate
change impacts in the Pacific Northwest Region of North America.

Hydrol Earth Syst Sci 15:1427–1443. https://doi.org/10.5194/hess-
15-1427-2011

Hansen J, Sato M, Ruedy R (2012) Perception of climate change. Proc
Natl Acad Sci 109:14726–14727. https://doi.org/10.1073/pnas.
1205276109

Hendrix C (2017) The streetlight effect in climate change research on
Africa. Glob Environ Chang 43:137–147. https://doi.org/10.1016/
j.gloenvcha.2017.01.009

Hendrix CS, Salehyan I (2012) Climate change, rainfall, and social con-
flict in Africa. J Peace Res 49:35–50. https://doi.org/10.1177/
0022343311426165

Hsiang SM, Burke M (2014) Climate, conflict, and social stability: what
does the evidence say? Clim Chang 123:39–55. https://doi.org/10.
1007/s10584-013-0868-3

Hsiang SM, Meng KC (2014) Reconciling disagreement over climate-
conflict results in Africa. Proc Natl Acad Sci 111:2100–2103.
https://doi.org/10.1073/pnas.1316006111

Hsiang SM, Burke M, Miguel E (2013) Quantifying the influence of
climate on human conflict. Science 341:1235367. https://doi.org/
10.1126/science.1235367

Ide T (2018) Climate war in the Middle East? Drought, the Syrian civil
war and the state of climate-conflict research. Curr Clim Chang Rep
4(4):347–354. https://doi.org/10.1007/s40641-018-0115-0

IPCC (2014) Climate Change 2014. Impacts, adaptation, and vulnerabil-
ity. In: Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge

Jelinski DE, Wu J (1996) The modifiable areal unit problem and impli-
cations for landscape ecology. Landsc Ecol 11:129–140. https://doi.
org/10.1007/BF02447512

Kelley CP, Mohtadi S, Cane MA, Seager R, Kushnir Y et al (2015)
Climate change in the Fertile Crescent and implications of the recent
Syrian drought. Proc Natl Acad Sci 112:3241–3246. https://doi.org/
10.1073/pnas.1421533112

Kim H, Marcouiller DW (2020) Making sense of resilience planning and
policy in the pursuit of sustainable development and disaster risk
reduction. Clim Dev 12(3):228–240. https://doi.org/10.1080/
17565529.2019.1613215

Koubi V (2017) Climate change, the economy, and conflict. Curr Clim
Chang Rep 3(4):200–209. https://doi.org/10.1007/s40641-017-
0074-x

Landholm DM, Pradhan P, Kropp JP (2019) Diverging forest land use
dynamics induced by armed conflict across the tropics. Glob
Environ Chang 56:86–94. https://doi.org/10.1016/j.gloenvcha.
2019.03.006

Landis ST (2014) Temperature seasonality and violent conflict: the in-
consistencies of a warming planet. J Peace Res 51:603–618. https://
doi.org/10.1177/0022343314538275

Lesk C, Rowhani P, Ramankutty N (2016) Influence of extreme weather
disasters on global crop production. Nature 529:84–97. https://doi.
org/10.1038/nature16467

Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon WP et al
(2008) Prioritizing climate change adaptation needs for food securi-
ty in 2030. Science 319:607–610. https://doi.org/10.1126/science.
1152339

Mach KJ, Kraan CM, Adger WN, Buhanug H, Burke M et al (2019)
Climate as a risk factor for armed conflict. Nature 571:193–197.
https://doi.org/10.1038/nature16467

McCarthy JJ, Canziani OF, Leary NA, Dokken DJ,White KS et al (2001)
Climate change 2001: impacts, adaptation, and vulnerability.
Cambridge University Press, Cambridge

Moser SC, Boykoff MT (2013) Successful adaptation to climate change:
linking science and policy in a rapidly changing world. Routledge,
London

Műller MF, Yoon J, Gorelick SM, Avisse N, Tilmant A et al (2016)
Impact of the Syrian refugee crisis on land use and transboundary

Page 13 of 14     129Reg Environ Change (2020) 20: 129

https://doi.org/10.1016/j.gloenvcha.2004.12.006
https://doi.org/10.1016/j.gloenvcha.2004.12.006
https://doi.org/10.1126/science.1154102
https://doi.org/10.1016/j.worlddev.2018.05.008
https://doi.org/10.1016/j.worlddev.2018.05.008
https://doi.org/10.1007/s10584-014-1266-1
https://doi.org/10.1007/s10584-014-1266-1
https://doi.org/10.1073/pnas.0907998106
https://doi.org/10.1146/annurev-economics-080614-115430
https://doi.org/10.1146/annurev-economics-080614-115430
https://doi.org/10.1016/j.polgeo.2014.10.005
https://doi.org/10.1016/j.polgeo.2014.10.005
https://gain.nd.edu/assets/254377/nd_gain_technical_document_2015.pdf
https://gain.nd.edu/assets/254377/nd_gain_technical_document_2015.pdf
https://doi.org/10.1007/s11027-016-9731-y
https://doi.org/10.1175/JHM-386.1
https://doi.org/10.1175/JHM-386.1
https://doi.org/10.1177/0022343316651922
https://doi.org/10.1177/0022343316651922
https://doi.org/10.1515/peps-2013-0044
https://doi.org/10.1016/j.gloenvcha.2017.03.001
https://doi.org/10.1016/j.gloenvcha.2017.03.001
https://doi.org/10.1016/j.polgeo.2012.08.004
https://doi.org/10.1007/s10584-006-0329-3
https://doi.org/10.1007/s10584-014-1074-7
https://doi.org/10.1016/j.worlddev.2014.09.021
https://doi.org/10.1016/j.worlddev.2014.09.021
https://doi.org/10.1177/0022343311431288
https://doi.org/10.5194/hess-15-1427-2011
https://doi.org/10.5194/hess-15-1427-2011
https://doi.org/10.1073/pnas.1205276109
https://doi.org/10.1073/pnas.1205276109
https://doi.org/10.1016/j.gloenvcha.2017.01.009
https://doi.org/10.1016/j.gloenvcha.2017.01.009
https://doi.org/10.1177/0022343311426165
https://doi.org/10.1177/0022343311426165
https://doi.org/10.1007/s10584-013-0868-3
https://doi.org/10.1007/s10584-013-0868-3
https://doi.org/10.1073/pnas.1316006111
https://doi.org/10.1126/science.1235367
https://doi.org/10.1126/science.1235367
https://doi.org/10.1007/s40641-018-0115-0
https://doi.org/10.1007/BF02447512
https://doi.org/10.1007/BF02447512
https://doi.org/10.1073/pnas.1421533112
https://doi.org/10.1073/pnas.1421533112
https://doi.org/10.1080/17565529.2019.1613215
https://doi.org/10.1080/17565529.2019.1613215
https://doi.org/10.1007/s40641-017-0074-x
https://doi.org/10.1007/s40641-017-0074-x
https://doi.org/10.1016/j.gloenvcha.2019.03.006
https://doi.org/10.1016/j.gloenvcha.2019.03.006
https://doi.org/10.1177/0022343314538275
https://doi.org/10.1177/0022343314538275
https://doi.org/10.1038/nature16467
https://doi.org/10.1038/nature16467
https://doi.org/10.1126/science.1152339
https://doi.org/10.1126/science.1152339
https://doi.org/10.1038/nature16467


freshwater resources. Proc Natl Acad Sci 113:14932–14937. https://
doi.org/10.1073/pnas.1614342113

Nijssen B, O’Donnell GM, Hamlet AF, Lettenmaier DP (2001)
Hydrologic sensitivity of global rivers to climate change. Clim
Chang 50:143–175. https://doi.org/10.1023/A:1010616428763

NOAA (2014) National Ocean and Atmospheric Administration. http://
www.esrl.noaa.gov/psd/data/gridded/data.gisstemp.html. Accessed
12 Nov 2018

O’Loughlin J, Witmer FDW, Linke AM, Laing A, Gettelman A et al
(2012) Climate variability and conflict risk in East Africa, 1990–
2009. Proc Natl Acad Sci 109:18344–18349. https://doi.org/10.
1073/pnas.1205130109

O’Loughlin J, Linke AM, Witmer FDW (2014) Modeling and data
choices sway conclusions about climate-conflict links. Proc Natl
Acad Sci 111:2054–2055. https://doi.org/10.1073/pnas.
1323417111

Ochsner TE, CoshMH, Cuenca RH, DorigoWA, Draper CS et al (2013)
State of the art in large-scale soil moisture monitoring. Soil Sci Soc
Am J 77:1888–1919. https://doi.org/10.2136/sssaj2013.03.0093

Raleigh C, Kniveton D (2012) Come rain or shine: an analysis of conflict
and climate variability in East Africa. J Peace Res 49:51–64. https://
doi.org/10.1177/0022343311427754

Raleigh C, Choi HJ, Kniveton D (2015) The devil is in the details: an
investigation of the relationships between conflict, food price and
climate across Africa. Glob Environ Chang 32:187–199. https://doi.
org/10.1016/j.gloenvcha.2015.03.005

Raudenbush SW, BrykAS (2002) Hierarchical linear models: application
and data analysis methods. SAGE Publications, Thousand Oaks

Regan PM,MeachumMS (2014) Data on interventions during periods of
political instability. J Peace Res 51:127–135. https://doi.org/10.
1177/0022343313505303

Regan PM, Norton D (2005) Protest, rebellion, and the onset of civil
wars. J Confl Resolut 49:319–336. https://doi.org/10.1177/
0022002704273441

Regan PM, Kim H, Maiden E (2019) Climate change, adaptation, and
agricultural output. Reg Environ Chang 19(1):113–123. https://doi.
org/10.1007/s10113-018-1364-0

Salehyan I, Hendrix C (2014) Climate shocks and political violence. Glob
Environ Chang 28:239–250. https://doi.org/10.1016/j.gloenvcha.
2014.07.007

Scheffran J, Brzoska M, Kominek J, Link PM, Schilling J et al (2012)
Climate change and violent conflict. Science 336:869–871. https://
doi.org/10.1126/science.1221339

Schleussner CF, Donges JF, Donner RV, Schellnhuber HJ (2016)
Armed-conflict risks enhanced by climate-related disasters in ethni-
cally fractionalized countries. Proc Natl Acad Sci 113:9216–9221.
https://doi.org/10.1073/pnas.1601611113

Schultz KA, Mankin JS (2019) Is temperature exogenous? The impact of
civil conflict on the instrumental climate record in sub-Saharan
Africa. Am J Polit Sci 63:723–739. https://doi.org/10.1111/ajps.
12425

Schweizer V (2019) Scenarios and decision support for security and
conflict risks in the context of climate change. Curr Clim Chang
Rep 5(1):12–23. https://doi.org/10.1007/s40641-019-00123-0

Selby J (2019) Climate change and the Syrian civil war, Part II: The
Jazira’s agrarian crisis. Geoforum 101:260–274. https://doi.org/10.
1016/j.geoforum.2018.06.010

Selby J, Dahi OS, Frohlich C, Hulme M (2017) Climate change and the
Syrian civil war revisited. Polit Geogr 60:232–244. https://doi.org/
10.1016/j.polgeo.2017.05.007

Smit B,Wandel J (2006) Adaptation, adaptive capacity and vulnerability.
Glob Environ Chang 16:282–292. https://doi.org/10.1016/j.
gloenvcha.2006.03.008

Snijders T, Bosker RJ (1999)Multilevel analysis: an introduction to basic
and advanced multilevel modeling. SAGE Publications, Thousand
Oaks, London

Sundberg R, Melander E (2013) Introducing the UCDP georeferenced
event dataset. J Peace Res 50:523–532. https://doi.org/10.1177/
0022343313484347

Theisen OM (2017) Climate change and violence: insights from political
science. Curr Clim Chang Rep 3:210–221. https://doi.org/10.1007/
s40641-017-0079-5

Theisen O, Holtermann H, Buhaug H (2011/12) Climate wars? Assessing
the claim that drought breeds conflict. Int Secur 36:79–106. https://
doi.org/10.1162/ISEC_a_00065

Thomas K, Hardy RD, Lazrus H, Mendez M, Orlove B et al (2019)
Explaining differential vulnerability to climate change: a social sci-
ence review. WIREs Clim Chang 10:e565. https://doi.org/10.1002/
wcc.565

Tir J, Stinnett DM (2012) Weathering climate change: can institutions
mitigate international water conflict? J Peace Res 49:211–225.
https://doi.org/10.1177/0022343311427066

UNEP (2007) Sudan: post conflict environmental assessment. United
Nations Environment Programme, Nairobi

US DoD (2011) Trends and implications of climate change for national
and international security, office of the under secretary of defense,
Washington, D.C.

van Weezel S (2019) On climate and conflict: precipitation decline and
communal conflict in Ethiopia and Kenya. J Peace Res 56:514–528.
https://doi.org/10.1177/0022343319826409

von Uexkull N, Croicu M, Fjelde H, Buhaug H (2016) Civil conflict
sensitivity to growing-season drought. Proc Natl Acad Sci
113(44):12391–12396. https://doi.org/10.1073/pnas.1607542113

Yang D, Choi HJ (2007) Are remittances insurance? Evidence from rain-
fall shocks in the Philippines. World Bank Econ Rev 21:219–248.
https://doi.org/10.1093/wber/lhm003

You L, Ringler C, Nelson G, Wood-Sichra U, Robertson R et al (2010)
What is the irrigation potential for Africa? A combined biophysical
and socioeconomic approach. Food Policy 36:770–782. https://doi.
org/10.1016/j.foodpol.2011.09.001

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

129    Page 14 of 14 Reg Environ Change (2020) 20: 129

https://doi.org/10.1073/pnas.1614342113
https://doi.org/10.1073/pnas.1614342113
https://doi.org/10.1023/A:1010616428763
http://www.esrl.noaa.gov/psd/data/gridded/data.gisstemp.html
http://www.esrl.noaa.gov/psd/data/gridded/data.gisstemp.html
https://doi.org/10.1073/pnas.1205130109
https://doi.org/10.1073/pnas.1205130109
https://doi.org/10.1073/pnas.1323417111
https://doi.org/10.1073/pnas.1323417111
https://doi.org/10.2136/sssaj2013.03.0093
https://doi.org/10.1177/0022343311427754
https://doi.org/10.1177/0022343311427754
https://doi.org/10.1016/j.gloenvcha.2015.03.005
https://doi.org/10.1016/j.gloenvcha.2015.03.005
https://doi.org/10.1177/0022343313505303
https://doi.org/10.1177/0022343313505303
https://doi.org/10.1177/0022002704273441
https://doi.org/10.1177/0022002704273441
https://doi.org/10.1007/s10113-018-1364-0
https://doi.org/10.1007/s10113-018-1364-0
https://doi.org/10.1016/j.gloenvcha.2014.07.007
https://doi.org/10.1016/j.gloenvcha.2014.07.007
https://doi.org/10.1126/science.1221339
https://doi.org/10.1126/science.1221339
https://doi.org/10.1073/pnas.1601611113
https://doi.org/10.1111/ajps.12425
https://doi.org/10.1111/ajps.12425
https://doi.org/10.1007/s40641-019-00123-0
https://doi.org/10.1016/j.geoforum.2018.06.010
https://doi.org/10.1016/j.geoforum.2018.06.010
https://doi.org/10.1016/j.polgeo.2017.05.007
https://doi.org/10.1016/j.polgeo.2017.05.007
https://doi.org/10.1016/j.gloenvcha.2006.03.008
https://doi.org/10.1016/j.gloenvcha.2006.03.008
https://doi.org/10.1177/0022343313484347
https://doi.org/10.1177/0022343313484347
https://doi.org/10.1007/s40641-017-0079-5
https://doi.org/10.1007/s40641-017-0079-5
https://doi.org/10.1162/ISEC_a_00065
https://doi.org/10.1162/ISEC_a_00065
https://doi.org/10.1002/wcc.565
https://doi.org/10.1002/wcc.565
https://doi.org/10.1177/0022343311427066
https://doi.org/10.1177/0022343319826409
https://doi.org/10.1073/pnas.1607542113
https://doi.org/10.1093/wber/lhm003
https://doi.org/10.1016/j.foodpol.2011.09.001
https://doi.org/10.1016/j.foodpol.2011.09.001

	Water scarcity, climate adaptation, and armed conflict: insights from Africa
	Abstract
	Introduction
	Water scarcity, climate adaptation, and armed conflict
	Spatial and temporal aggregation and climate adaptation
	Climate modeling, regional variation, and armed conflict

	Climate change and armed conflict: theoretical links and hypotheses
	Research design and methods
	Analytical framework and variables
	Methods

	Results
	Climate change and armed conflicts
	The role of climate adaptation in armed conflicts

	Discussions and conclusions
	Appendix
	References


