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Abstract 
 
The dominant academic and policy discourse on the security implications of climate change has 
typically asserted that acute environmental scarcity--such as that caused by drought--fuels 
political and economic grievances and political violence. In contrast, we argue that there are 
good reasons why drought might have a pacifying effect on armed conflict, and that political 
violence should be more prevalent during periods of comparatively better agro-climatic 
conditions. We argue that political violence is more prevalent when basic needs are met and 
when the tactical environment is more conducive to attacks – conditions that hold when water is 
more abundant. Empirically, this paper explores the relationship between acute environmental 
scarcity – droughts and water availability – and political violence in a global sample of countries, 
1979-2006. We find that water abundance is positively correlated with political violence. These 
findings are robust to alternate measures of both political violence and water abundance. We 
conclude with a brief discussion of the policy implications of our findings. 
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Make forays in fertile territory in order to supply your army with food.  

--Sun Tzu, The Art of War, Chapter XI 

 

Do climatic factors affect political grievances and violence? Conventional wisdom holds 

that resource scarcity leads to competition and violence, and that natural disasters wreak havoc 

on communities, leading to social disorder. Several examples suggest that rainfall shocks 

(droughts/floods) and natural disasters can have profound effects on economic and social 

relations within society as well as place strains on government services. The 2010 floods in 

Pakistan caused widespread displacement, put enormous strains on agricultural production, and 

stretched the country’s military services thin as they simultaneously confronted a powerful 

insurgency. The poor response to Hurricane Katrina on the U.S. Gulf Coast undermined people’s 

trust in government and was followed by isolated incidents of looting. Finally, a sustained 

drought in the Horn of Africa has crippled local economies by reducing exports of cash crops, 

threatening food and human security, mostly among the poor.1 Such conditions can give rise to 

popular discontent and weaken government ability to respond to challenges, in turn making 

violent conflict more likely. 

(((((((((((((((((((((((((((((((((((((((( ((((((((
1 McGregor, Sarah. “Kenya Drought Cuts Coffee, Tea Output; Growth May Slow.” Bloomberg. February 3, 2011. 
Accessed online Feb 15, 2011: http://www.bloomberg.com/news/2011-02-02/kenyan-growth-may-slow-as-drought-
reduces-black-tea-production.html 
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 A growing body of literature—both academic and policy-oriented—has made alarming 

claims about the security effects of climate change and resource scarcity (CNA Corporation, 

2007; Dalby, 2009; Kahl, 2006; Burke et al., 2009; Hsiang, Meng & Cane, 2011). In general, this 

discourse is rooted in neo-Malthusian notions of declining carrying capacity: as natural resources 

become degraded due to over exploitation and global warming, it is argued, distributional 

con!icts will arise as populations compete for pieces of an ever-dwindling pie. Moreover, 

growing human populations will be forced to migrate internally or cross borders, sparking ethnic 

tensions, and economic conditions will deteriorate, leading to conflict (Homer-Dixon 1999, 

Reuveny, 2007, Burke et al., 2009, Fearon and Laitin, 2011). 

Yet, acute environmental stress may not always lead to heightened conflict—at least 

organized, armed conflict. The preceding discussion conceives of the effects of climate change in 

terms of exogenous shocks that makes resources–especially food and water–scarcer. Scarcity 

may produce competition and grievances, but grievances are neither a necessary nor sufficient 

condition for observing armed conflict; rather, aggrieved actors must be able to acquire resources 

and mobilize partisans (Tilly, 1978; Collier and Hoeffler, 2004). While sporadic social unrest, 

such as riots and protests may emerge, sustaining a militant organization requires considerable 

planning.  In other words, even if people have the motive to fight, they also need the capability to 

do so and extreme scarcity may limit such capability. Thus, climate shocks, such as droughts and 

flooding, can have countervailing effects: increasing grievances but undermining the resource 

base necessary for mobilizing armed violence. If this is the case, the dominant discourse linking 

drought and scarcity to conflict may need revision.  

Recent events in Somalia provide some prima facie evidence of this assertion. As a 

terrible drought gripped Somalia in 2010-2011, the resulting humanitarian disaster and famine 
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weakened Harakat al-Shabaab al-Mujahideen, the main armed opposition to Somalia’s 

Transitional Federal Government. While al-Shabaab has been implicated in food aid theft and the 

use of food as a weapon, environmental stress may have undermined its military capacity. 

Drought forced farmers and herders to flee the rural areas that are considered al-Shabaab 

strongholds, undercutting the economic base of the movement and has made it harder to obtain 

the resources needed to maintain itself (Roble, 2011). Moreover, al-Shabaab’s blockage of food 

aid has angered tribal groups in areas it controls, which contributed to its unexpected withdrawal 

from parts of Mogadishu in August 2011. In short, the prolonged drought and famine in the 

region has made it more difficult for al-Shabaab to conduct military operations. 

This article presents a theory arguing that organized, armed violence will increase with 

rainfall abundance, and that scarcity should have a pacifying effect. Our resource mobilization 

theory suggests that conflict should be more prevalent when resources are abundant; under 

scarcity, communities are more concerned with survival than with political goals. Moreover, 

periods of environmental distress make for poor logistical and tactical environments in launching 

violent attacks. Using data on 153 countries from 1979 to 2006, we find a consistent pattern 

indicating that violent events, including terrorist attacks and killings, civil conflict incidence, and 

battle deaths in civil wars are more frequent when water is relatively more abundant rather than 

during periods of drought. This relationship holds even when we account for the pacifying effect 

that water abundance exerts indirectly, through economic growth. 

The remainder of this paper proceeds as follows. The next section summarizes the state 

of the literature on climate change and conflict. The following section presents a short review of 

the literature on climate shocks and conflict, and presents our theoretical argument and 
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hypotheses. The next section introduces operationalizations of both climate shocks and political 

violence. Then, we turn to describing our methodology and summarizing our findings.  

 

Environmental Shocks and Violence 

As concern over global climate change intensifies, some have argued that environmental 

degradation and resource scarcity may give rise to armed conflict and state failure (Homer-

Dixon, 2001; Faris, 2009; Kahl, 2006; Dalby, 2009). The burgeoning quantitative literature on 

environmental security has focused on long-term, chronic environmental stressors, as well as 

specific conflict triggers such hurricanes, droughts, rainfall shocks, and earthquakes (Brancati, 

2007; Author cite; Author cite; Hsiang, Meng & Cane, 2011; Nel & Righarts, 2008; Raleigh & 

Urdal, 2007; Theisen, 2008; Flores & Smith, 2010). Although there is still considerable scholarly 

debate over whether and how environmental factors influence conflict (Author cite; Gleditsch, 

2012), there is growing evidence that climate and climatic events can have far-reaching impacts 

on economic and political outcomes.  

Partially buoyed by these academic studies, concern over the security implications of 

climate change has influenced policymakers. A group of high-ranking former U.S. military 

personnel issued a report in 2007 that called climate change a “threat multiplier for instability” 

(CNA Corporation, 2007: 6). In addition, the United States Central Intelligence Agency has 

established a new Center on Climate Change and National Security to monitor threats that may 

arise from factors such as desertification, sea-level rise, and population movements.2 UN 

Secretary General Ban Ki Moon has even linked climate change to the civil war in Darfur.3 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
2 U.S. Central Intelligence Agency. “CIA Opens Center on Climate Change and National Security.” Press Release, 
September 25, 2009. Accessed online February 15, 2011: https://www.cia.gov/news-information/press-releases-
statements/center-on-climate-change-and-national-security.html 
3 Ban Ki Moon. “A Climate Culprit in Darfur.” Washington Post. June 16, 2007. Opinion section. 
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Most of the literature has argued that the scarcity of renewable resources—particularly 

water and arable land—can lead to conflict (Percival & Homer-Dixon, 1996; Hauge & Ellingsen, 

1998; Maxwell & Reuveny, 2000; Homer-Dixon, 2001; Kahl 2006; see Le Billon, 2001 for a 

review of these literatures). First, according to this neo-Malthusian thesis, resource scarcity and 

environmental shocks will generate grievances and fuel conflict over resource distribution. 

Actors are expected to fight directly over control of resources needed for survival (Bas & Coe, 

2011). In this tradition, many scholars have undertaken quantitative tests of links between 

environmental scarcity, natural disasters, and political violence. Researchers have tended to look 

at land, food, and water to determine whether or not there is a direct link between scarcity and 

violence, or if environmental factors such as rainfall can be used as instruments for growth in 

conflict models (Hauge & Ellingsen, 1998; Homer-Dixon, 2001; Miguel, Satyanath & Sergenti, 

2004; Author cite; Raleigh & Urdal, 2007; Theisen, 2008, 2012; Author cite; Koubi et al., 2012). 

Second, the opportunity cost model linking environmental factors and conflict (Miguel, 

Satyanath & Sergenti, 2004; Author cite) argues that participation in rebellion or anti-

government violence should decrease as incomes rise; essentially, participation in violence is 

viewed as a problem of unemployment. It is easier to recruit individuals to participate in violence 

when they have fewer economic alternatives. These arguments link better climatic conditions 

with economic prosperity, and in turn, better wage-earning opportunities in the normal economy 

and thus higher opportunity costs to fighting.4 While the causal mechanisms are different – one 

addresses motivation while the other addresses opportunity costs – both arguments predict that 

violent mobilization will increase during periods of acute environmental scarcity.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
4 Clearly, this relationship cannot be purely positive: extremely high levels of rainfall can cause flooding that 
destroys lives, livelihoods, crops, and infrastructure. However, the threshold at which rainfall becomes “too much of 
a good thing” is very high – above three standard deviations from the panel mean in a global sample from 1979-
2007 (see Author cite). 
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Yet we argue that there are good reasons to believe that armed conflict may subside 

during periods of extreme scarcity. While sporadic social conflicts such as spontaneous riots, 

interpersonal disputes, and mass demonstrations may erupt during periods of scarcity, organized 

militant activity requires additional funding, logistics, and planning.  There are at least three non-

exclusive reasons for why political violence would decrease during periods of acute 

environmental stress and increase in periods of relative plenty. First, economic prosperity may 

increase resources available to militants: violence becomes easier to sustain when resources are 

available and looting becomes more profitable (Adano et al., 2012; Butler & Gates, 2012, de 

Soysa, 2002; Collier & Hoeffler, 2004, Witsenburg & Adano, 2009). Militant organizations do 

not grow their own food, but depend on voluntary or coerced contributions by the population. 

Drought depresses rural incomes via reduced agricultural production making it more difficult to 

find willing donors and making civilians more likely to resist coercion. As rainfall increases and 

more resources become available, violent actors find it more lucrative to use coercive tactics to 

either expropriate a share of the wealth directly or pressure governments for a share of the 

surplus. As the introductory quote by Sun Tzu contends, armies find it easier to sustain their 

operations and provide resources to their fighters when food and water are abundant.  

Second, more rain may affect the tactical environment, making it easier to coordinate 

violent attacks and evade capture by state forces. Even minimally capable governments are 

generally better armed and organized than the dissident elements they face; the effects of rainfall 

on vegetation and rural infrastructure may help to equalize the asymmetry of capabilities 

between government and opposition forces. Higher levels of rainfall mean denser, lush foliage, 

which provides cover that facilitates ambush attacks and impedes the movement of conventional 

government forces (Winters et al., 2001; Meier, Bond & Bond, 2007). Moreover, rainfall may 
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wash out rural infrastructure and make roads (especially dirt roads) impassable, creating remote 

safe havens from which dissidents can mount attacks. Previous research has found that poor 

roads are robustly linked to conflict locations in Africa (Buhaug & Rød, 2006). 

Third, participation in violence may be more feasible after basic material needs are met 

(Tilly, 1978). Higher rainfall levels are associated with better harvests, higher incomes, lower 

consumer prices for food, and the satisfaction of basic needs. This in turn frees time, energy, and 

resources for participating in other activities, including the satisfaction of political goals, 

community needs, and ideological expression (Inglehart, 1981; Maslow, 1943). During periods 

of environmental distress, individuals may ‘hunker down’ and not have the necessary time and 

resources to engage in dissident political behavior.5 Likewise, during periods of environmental 

stress, communities will want to retain young, productive people to offset agricultural shortfalls 

with non-farm labor (Reardon, Matlon & Delgado, 1988) rather than sending them to join the 

ranks of an insurgency. In short, during drought and other natural disasters, individuals will be 

more concerned with basic survival than with politics. As Lee (2011) finds, militants in 

Bangladesh did not come from the poorest elements of society, but from individuals who had 

relatively better standards of living. Thus, economic downturns and poverty may reduce political 

engagement. 

Thus, the current literature and our theoretical argument highlights two competing 

hypotheses regarding the expected direction of the relationship between rainfall 

abundance/scarcity and the level of political violence. The first expectation is that conflict will 

increase under conditions of scarcity because of grievances, resource competition and lower 

opportunity costs for fighting. The second expectation is that conflict will increase under 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
5 In his account of the war in Afghanistan, Junger (2010, pg. 222) notes, “A poor wheat harvest creates a temporary 
food shortage in the (Korengal) valley, which means the enemy has no surplus cash with which to buy ammo…” 
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conditions of abundance as mobilization opportunities and the tactical environment becomes 

more favorable. 

H1: (Scarcity hypothesis) Organized political violence is positively associated with drought and 

water scarcity 

H2: (Mobilization hypothesis) Organized political violence is negatively associated with drought 

and water scarcity. 

 

The Data 

We assess the impact of climatic variables on the prevalence of political violence, 

focusing on 153 countries, 1979-2006. Our units of observation are a panel of countries, across 

calendar years (country/years). This period contains a significant number of observations both 

before and after the Cold War. In the remainder of this section we discuss the variables used in 

our empirical analysis. 

 
Dependent variables  
 

Our hypotheses focus on violence by organized, armed violence rather than interpersonal 

disputes, non-violent protest, and crime. Because our theoretical argument yields predictions 

regarding the prevalence of both episodic acts of violence by militants and variation in the level 

of violence committed by organized, armed opposition groups, we test our conjectures using data 

on both politically motivated violence, broadly defined, and civil war. 

Our broadest measure of politically motivated violence is the annual count of violent 

attacks based on data from the Global Terrorism Database (GTD, 2010).6 The GTD contains 

detailed information on over 87,000 terrorist events around the world since 1970. Although 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
6 Global Terrorism Database, START, accessed online on January 30, 2011. 
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termed “terrorism”—which denotes different things to different people—the inclusion criteria for 

the GTD are quite broad. Events must be: 1) intentional, 2) entail violence or the threat of 

violence, 3) be perpetrated by non-state actors. Moreover, 2 of 3 additional criteria must be met: 

1) the goal of the act must be political, economic, or social (as opposed to violent crime); 2) there 

must be an intention to coerce or intimidate a larger audience, other than the immediate victims; 

3) the act must be outside the context of legitimate warfare. In practice, these criteria 

encompasses many types of events; GTD includes acts such as suicide bombings against 

civilians in Israel, rebel attacks against government forces in Colombia, and acts of sabotage 

against infrastructure by the African National Congress in South Africa during apartheid. As 

such, it is a broad measure, which encompasses a variety of violent attacks against state and non-

state actors by individual assailants and armed organizations. GTD events indicates, for a 

country/year, the number of incidents that took place.  As our theoretical argument posits more 

that fighting will be more frequent and intense during times of relative plenty, we also estimate 

these models using the annual count of GTD deaths. While the number of events and the number 

of deaths are clearly related, these are nonetheless different definitions of the magnitude or scale 

of violent conflict in society. 

In addition to focusing on violent attacks, which may be small-scale, we operationalize 

civil war in two ways. First, civil war incidence is a variable that has a value of 1 if an armed 

conflict was occurred in a country-year, zero otherwise. Thus, conflict incidence can take on a 

value of 1 due to either the initiation of a conflict (onset) or the continuation of an existing one. 

While environmental conditions may spark the initial outbreak of a civil war, we have also 

argued that scarcity makes it more difficult to sustain an existing militant organization, making 

conflict incidence the appropriate measure. Data are from the Uppsala University Conflict Data 
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Program/Peace Research Institute, Oslo (UCDP/PRIO) Armed Conflict Database. UCDP/PRIO 

defines armed conflict as “a contested incompatibility which concerns government and/or 

territory where the use of armed force between two parties, of which at least one is the 

government of a state, results in at least 25 battle-related deaths” (Gleditsch et al. 2001, p. 619). 

Second, we use annual counts of battle deaths as a proxy for conflict intensity. As rebel 

organizations grow in size and capability, this will be reflected in their ability to inflict losses on 

the battlefield. Data on battle deaths are from Lacina and Gleditsch (2005).7 

The ACD and the Global Terrorism Database are related measures of political violence, 

but they differ substantially. Table 1 compares the two measures for the period 1979-2008. To 

make the two measures more directly comparable, we dichotomize GTD events. In particular we 

look at country-years in which the GTD records 25 or more fatalities, and cross tabulate this 

figure with the civil war incidence variable, which also has a 25 deaths threshold. As can be 

seen, the two measures agree on 489 conflict-years. Yet, in 341 cases the ACD measure records 

a civil conflict, while the GTD does not indicate conflict at that coding threshold; the GTD 

reports 166 cases of violence above 25 deaths and this does not meet the ACD inclusion criteria. 

GTD deaths and battle deaths are positively but weakly correlated (r = 0.26). Much of the 

discrepancy between the two measures comes from the ACD’s requirement that the deaths be 

battle-related, and not purely attacks on civilians and from the GTDs “legitimate warfare” 

criterion. For our purposes, however, we are interested in political violence in general. 

---------------- 
Table 1 

---------------- 
 

Independent variables  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
7We use the low estimate of battle deaths; results are robust to the use of the best and high estimates as well. 
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Our main independent variable is a commonly used measure of drought: the Palmer 

Drought Severity Index (PDSI) (Dai et al., 2004). The PDSI is a measure of meteorological 

drought, including information on precipitation, temperature and soil conditions. It is designed to 

measure departures from normal surface-level moisture supply and soil demand. The data range 

from -10 (dry) to +10 (wet), with zero indicating normal conditions for the area.8 The data are 

collected at the level of 2.5º x 2.5º grid cells and are aggregated up to the country/year level by 

taking the average of PDSI scores across the country. These data, while widely used and 

commonly accepted, are not without drawbacks, as there is not a single consensus in the 

meteorological literature as to how drought should be measured (Guttman, 1998; Wells et al., 

2004; Vicente-Serrano et al., 2010). Nonetheless, whereas others have focused exclusively on 

rainfall (Miguel et al., 2004; Author cite), the PDSI is more effective at capturing drought 

conditions than precipitation alone since it accounts for temperature, which can destroy crops 

and reduce water availability (i.e. through evaporation). 

For comparison purposes, we also model climate variability using annual deviations from 

mean annual rainfall and temperature in a country, which we term rainfall and temperature 

deviations. Our measures are from Dell, Jones and Olken (2008), who base their codings on the 

Terrestrial Air Temperature and Precipitation: 1900-2006 Gridded Monthly Time Series, Version 

1.01.9 The raw data are at a resolution of 0.5º latitude by 0.5º longitude and cover the time period 

1900-2006. Dell, Jones and Olken then aggregate population-weighted average temperature and 

precipitation levels to the country-year. To generate our standardized rainfall deviation variable, 

we take the current year’s difference from the long-term mean rainfall for a given country and 

divide it by the panel’s standard deviation. More formally, this is , where !!!is the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
8 The PDSI models sometimes produce results outside of this range, given Dai et al.’s (2004) methodology.  
9http://climate.geog.udel.edu/~climate/html_pages/download.html ! 

(Xit " X i) /# i
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panel mean for country i, Xit is the current rainfall in time t for country i, and is the standard 

deviation for country i. In Figure 1, we compare rainfall deviations with the PDSI. Although 

there is a positive relationship between the two measures (r = 0.42), they are not identical.10 In 

both cases, we include the contemporaneous and lagged measure of rainfall availability, as there 

may be a lag (due, for instance, to the planting and harvesting cycle) between rainfall and either 

improved economic conditions or more cover from which to launch attacks. 

---------------- 

FIGURE 1  

---------------- 

Figure 2 provides time series comparisons of the two measures for four randomly selected 

developing countries. The time series all show moderate correlations between the two 

operationalizations of water abundance (ranging from r = 0.49 to r = 0.55). This gives us 

reasonable confidence that the measures capture the same theoretical construct but are different 

enough to establish robustness.  

---------------- 

FIGURE 2 

---------------- 

 

 
Control variables 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
10 Because these measures aggregate up from the grid level to the country level, there is potential concern that 
particularly large countries (which aggregate many grid cells) and small countries (which aggregate fewer, or are 
entirely covered by a single cell), may be driving or biasing the analysis. Neither controlling for country size, nor 
excluding the largest or smallest 10% of countries from the analysis, had significant any effects for the analysis 
presented here. 
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In theory, control variables are only necessary if there is concern about omitted variable 

bias; that is, if there is some unobserved factor, Z, that causes both X and Y in the regression 

equation. However, for rainfall and drought, it is unlikely that some social or political 

phenomenon is a proximate cause of the weather. Nonetheless, we include a battery of standard 

variables drawn from models of conflict for comparison purposes. 

First, we control for regime type. Democracies may be less prone to armed conflict. 

Therefore we include a measure of democracy from the Polity project (Marshall & Jaggers, 

2009). Polity2 ranges from -10 (least democratic) to +10 (most democratic); we include the 

squared term as well to address the potential for a curvilinear effect of regime type.11 Second, we 

control for level of development and economic growth. The negative relationship between 

economic development and civil conflict is the most robust finding to emerge from the conflict 

literature (Hegre & Sambanis, 2006). We measure development with GDP levels by country. 

Moreover, various studies indicate that economic growth is associated with a decrease in 

political violence and protest (Collier & Hoeffler, 2004; Miguel, Satyanath & Sergenti, 2004; 

Author cite). Thus, we include a measure of annual GDP growth in addition to the GDP level. 

Data are from the Penn World Table version 6.3 (Heston, Summers &Aten, 2009). We note that 

some authors (e.g. Miguel et al., 2004; Koubi et al., 2012) have used rainfall as an instrument for 

growth in estimating the effect of GDP growth on conflict onset. Yet we find the two measures 

to be only weakly correlated (r = 0.05) and we are more concerned with the direct effect of rain. 

We will return to a discussion of potential mediated and countervailing effects of rainfall on 

conflict via growth when discussing robustness.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
11 As per the Polity IV Dataset Users’ Manual, standardized authority scores are handled in the following manner: -
66 (cases of foreign interruption) is treated as “system missing.” -77 (cases of interregnum) is treated as 0. -88 (cases 
of regime transition) is the difference between the beginning and ending Polity code, prorated for the duration of the 
transition (Marshall & Jaggers 2009). 
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Third, we control for a country’s population size. For any given level of grievance, we 

would expect that larger populations would see more political violence (Fearon & Laitin, 2003). 

Data are from the Penn World Table version 6.3 (Heston, Summers & Aten, 2009). Countries 

with large populations and large economies may also have greater news coverage, making it 

more likely that violent events are reported in the international media, making these controls 

important to include. Finally, we include a time trend to capture any secular trend in the conflict 

data, and a dummy indicator for the period before/after 1998 in order is included to account for a 

systematic change in the way that GTD reports terror events from the first to second phase of 

data collection (see GTD, 2011). 

 

Methods and Results 

 We use negative binomial regression for modeling the count of GTD events, GTD deaths, 

and battle deaths because their distributions are highly skewed. Negative binomial models are 

similar to other event count models, such as Poisson regression, but are more appropriate for 

over-dispersed data; theoretically, one would expect that a given incidence of violence would 

make future disturbances more likely. We estimate event count models with conditional fixed 

effects. Conditional fixed-effects models convert observed values for the dependent and 

independent variables into deviations from their mean values within each unit (country). By 

allowing for different intercepts, or baseline expected values for our dependent variables, these 

models eliminate cross-sectional variance, and the estimated coefficients report expected 

longitudinal changes in countries over time. To model civil war incidence, we used OLS to 
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estimate a linear probability model with fixed effects.12 Our analyses are run on a sample of 153 

countries for the years 1979-2006, though the availability of control variables and different 

operationalizations of the dependent variable sometimes restrict sample size further. 

 

Results 

 Table 2 reports our findings, with models 1-4 estimated using PDSI and models 5-8 using 

rainfall and temperature deviations. Each set of models employ the four different dependent 

variables. Following the scarcity hypothesis, we would expect that political violence would 

increase during periods of drought. In contrast, we find the correlation between political violence 

and water abundance to be positive and statistically significant under seven of the eight 

specifications. Focusing on the PDSI (higher values indicate wetter conditions), we find that the 

effect of lagged PDSI is positive and significant across all dependent variables and the current 

PDSI is significant for GTD deaths. Current precipitation is positively and significantly related to 

GTD attacks and GTD deaths, while lagged precipitation is positively and significantly related to 

GTD attacks, GTD deaths, and battle deaths. These findings directly contradict the scarcity 

hypothesis and lend support to our claim that militant organizations find it easier to conduct 

attacks during periods of environmental plenty. These findings also confirm those of several 

recent studies linking plentiful rainfall to conflict (Witsenburg & Adano, 2009; Buhaug, 2010, 

Author cite; Theisen 2012). Yet, these previous studies were limited to particular countries in 

Africa, while we find a global effect. Importantly, we show that this results holds when using a 

more appropriate drought measure—the PDSI—and is robust to a number of different definitions 

of conflict and conflict intensity. We will return to this below. 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
12Results are robust to the use of conditional fixed-effects logistic regression, though the sample size is significantly 
restricted because 77 country panels drop due to not experiencing a civil conflict in the sample period (lagged PDSI 
coefficient = 0.133, p = 0.011). 
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---------------- 
Table 2 

---------------- 
 The substantive effects are presented in table 3. Moving from the 10th to the 90th 

percentiles in PDSI or precipitation deviations increases the rate of GTD events by 15.8% and 

18.8%, respectively. The same shift increases the number of GTD deaths by 22.1% and 18.9%. 

While the impact on conflict incidence is relatively small, there is a much larger effect on the 

number of battle deaths during civil war. Moving from the 10th to 90th percentile on the drought 

measure is associated with a predicted increase in battle deaths of over 45%. Our theory predicts 

that climatic variability will affect the intensity of insurgent and terrorist activity as climatic 

conditions affect the logistical and tactical environment; as such, we interpret this finding as 

some evidence of this mechanism. In other words, rebels will find it much easier to stage violent 

attacks and inflict losses during periods of environmental plenty, when it is easier to provide for 

larger insurgent armies. 

---------------- 
Table 3 

---------------- 

Our findings do not provide evidence of an independent effect of temperature on conflict. 

The coefficient estimates on temperature deviation are not statistically significant under any 

specification, and the signs of the coefficients are inconsistent. While Burke et al. (2009) find 

strong effects for temperature, differences in samples (global vs. Sub-Saharan Africa) and 

operationalizations of temperature (absolute temperature vs. temperature anomalies) likely 

explain our non-finding.13 

Turning to our control variables, we find that larger populations are associated with more 

GTD events, GTD deaths, and battle deaths, though they are no more prone to conflict incidence. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!
13 Buhaug (2010) offers more extensive criticism of Burke et al.’s findings and methodology. 
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As GDP per capita rises, a country experiences more GTD events but fewer battle deaths. This 

may be because wealthy countries are susceptible to small-scale terrorism, but have sufficient 

capacity to repress these groups and keep conflict from escalating to full-blown war. We also 

show a consistent, curvilinear relationship between the Polity2 score and GTD events, GTD 

deaths, and battle deaths, indicating that countries that are neither fully democratic nor fully 

autocratic are more likely to experience violence. The time trend is positive and significant for 

GTD events and deaths, while negative and significant for battle deaths, confirming prior 

analysis by Lacina, Gleditsch and Russett (2006). 

---------------- 

FIGURE 3  

---------------- 

To illustrate these findings, we present time-series plots of our PDSI measure and the 

number of GTD events for a subsample of countries.  These cases were selected from a wide 

range of world regions; because they have considerable variation on the dependent and 

independent variables; and because they experience very different armed challenges.  In 

particular, we present data for six countries (panel-specific correlation coefficients in 

parentheses): Zimbabwe (0.67), Egypt (0.72), Dominican Republic (0.40), Honduras (0.49), 

Guatemala (0.62) and Israel (0.43).  Zimbabwe and Guatemala experienced civil wars for part of 

the period, have had sporadic militia-related attacks since, and are largely agrarian societies.  

Egypt has experienced sporadic Islamist violence over the time frame, and there is a high degree 

of correlation between the timing of attacks and wetter conditions.  Honduras and the Dominican 

Republic experienced more limited attacks by various left-wing organizations during the 1980s 

and early 1990s.  Finally, Israel, the most developed economy in the sample, has seen high levels 
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of violence by pro-Palestinian and radical Islamist factions as well as right-wing Israeli groups. 

Although these cases exhibit a varying degree of sensitivity to climatic inputs (correlations range 

from 0.40 to 0.72), it is clear that some of the variance in attacks can be explained by the PDSI 

measure. Thus, for a variety of different kinds of violence and in distinct socio-political contexts, 

we note that militant organizations are more likely to launch attacks in favorable agro-climatic 

conditions. 

 Lastly, we discuss the relationship between economic growth and political violence. The 

coefficient estimate on economic growth is negative and significant in the GTD events and 

armed conflict incidence models, indicating that economic growth suppresses both forms of 

political violence. The marginal effect, however, is small: a one-percentage point increase in 

economic growth is associated with only a 0.7% decrease in the frequency of GTD events. Water 

abundance, in addition to being positively correlated with conflict, is itself a significant predictor 

of economic growth (Miguel, Satyanath & Sergenti, 2004, Barrios et al., 2010, Author cite).  

Indeed, some previous work uses rain as an instrument for growth.  Therefore, part of the effect 

of rainfall may work through economic growth, and it is useful to consider this causal pathway.  

Table 4 reports reduced-form results of fixed-effects OLS models of the relationship between 

water abundance and economic growth. Both PDSI and rainfall deviations are positively 

correlated with economic growth in the current time period.  

---------------- 
Table 4 

---------------- 

Thus, rainfall exerts countervailing effects – a positive direct effect and a negative 

indirect effect – on conflict. That is, while we have shown a positive association between rainfall 

and violence, part of this is countervailed by improved economic growth during wetter years. 
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Ideally, we would address this issue with structural equation modeling (SEM). However, 

standard SEM techniques, such as three-stage least squares, are not appropriate for count models 

with overdispersed data. Thus, we address the issue of mediated causality by first calculating 

marginal effects for the direct effect of water abundance on violence; then, we calculate the 

cumulative effect of water abundance on violence, which includes the indirect effect through 

growth as well. This is possible because of non-recursivity: while water abundance affects the 

level of growth, neither growth nor political violence affect our measures of water abundance as 

the weather itself is exogenous. Using table 2, model 1 as our baseline, a 10th to 90th percentile 

shift in lagged PDSI predicts a 15.8% increase in GTD attacks when only the direct effect is 

modeled. The indirect effect (table 4, line 1), however, is to increase the rate of GDP growth by 

1.18% percentage points. This has only a slight moderating effect. When taking into account the 

effect through growth, the rate of violence decreases from 15.8% to 15.7%. Thus, the positive, 

direct effect of water abundance on conflict dominates the negative, indirect effect operating 

through economic growth. 

 

Discussion 

Using both PDSI and rainfall measures, the main effect of water abundance on violence 

is robust across a variety of operationalizations of violence. Moreover, the direction of the 

relationship is positive: more water is associated with increases in organized political violence, 

which supports the mobilization hypothesis. This is contrary to some expectations in the 

literature, but consistent with several recent studies linking plentiful rainfall to violent conflict 

(Witsenburg & Adano, 2009; Author cite; Theisen, 2012).  Scarcity may indeed foster grievances 
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and competition for resources—an increase low-level social unrest—but it may also have the 

countervailing effect of reducing the fighting capabilities of organized, militant actors.  

The dominant discourse on environment and conflict has tended to focus on grievance-

based accounts of political mobilization and violence, which has logically led to an emphasis on 

weather events, such as droughts, which create scarcity. This logic assumes that the ultimate 

motivation for violent mobilization is to address environmental scarcity. We believe this logic is 

flawed as fighting can do nothing to improve drought conditions, but can only affect the 

distribution of resources. This is inherently part of a political bargaining process, although there 

are good reasons to expect that drought can make it more difficult to capture resources by force 

or to impose costs on governments and improve one’s bargaining position. 

While grievances provide motivation for political violence, climatic variability may 

affect the observed level of violence via its effect on logistics, tactical environments, and human 

terrain of dissidents. Thus, climatic shocks can affect conflicts that are in no obvious way 

“about” scarcity, as they make conflict itself more or less costly for dissidents (Kadera, 1998). 

For instance, the Taliban insurgency may not be “about” environmental scarcity per se, but 

environmental scarcity may help explain variation in the level of violence in Afghanistan over 

time, and it is well known that conflict increases in the spring when weather conditions improve. 

In the context of international conflict, Gartzke (2011) finds strong seasonal effects in when 

countries initiate military campaigns. States are less likely to fight when weather conditions are 

difficult. Similarly, for civil conflict, periods of acute scarcity may incline individuals to focus 

on immediate survival rather than engage in costly, destructive fighting, while periods of relative 

abundance free up resources and labor, and create more advantageous tactical environments, for 

conflict. 
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Conclusions 
 
 In this paper, we examined two competing claims. The first is that climatic factors, 

particularly drought, make armed conflict more prevalent as individuals experience more 

grievances, more competition, and lower opportunity costs for joining a violent group. The 

second logic does not discount the potential hardships that drought and scarcity impose, but 

argues that in addition to motivations to fight, tactics and logistical capabilities must also be 

taken into account. Therefore, rather than drought increasing violence, scarcity makes it more 

difficult to sustain militant organizations and make it more likely that people will focus on 

immediate needs rather than political ambitions. 

 Using the Palmer Drought Severity Index, which is explicitly designed to capture 

conditions of water scarcity and abundance, as well as disaggregated indicators of rainfall and 

temperature, we have demonstrated that violence is less prevalent during drought years. 

Moreover, this finding is robust to several distinct measures of armed conflict, including the 

frequency of armed attacks, the number of deaths, and the incidence of civil war. Therefore, we 

find strong evidence that, contrary to fears about heightened conflict as natural resources decline, 

resource scarcity is not the main culprit for violence. Admittedly, our definition of conflict is 

limited to organized armed violence. Resource scarcity provokes other forms of conflict 

including unorganized riots, interpersonal disputes, or communal clashes between ethnic groups 

(Author cite). It may also be the case that long-term environmental distress causes conflicts 

through other channels not explored here. Drought may lead to migration to other parts of the 

country, weakened state capacity, or poor health conditions. These factors may in turn lead to 

conflict several years down the road, and our research is not designed to capture longer-term 

effects or causal paths. Future research must consider alternative pathways from environment to 
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conflict as well as take care to specify which types of violence are more or less likely to emerge 

as resources decline. Conceptually, future research should also pay greater attention to how 

environmental conditions affect both motivations to fight as well as the opportunity or capability 

to do so.  

 What do our findings imply about current debates regarding the security impacts of 

climate change? Most importantly, we have shown that analysts and policy planners should not 

look for significant increases in armed violence during periods of drought and resource scarcity. 

Climate change may cause certain regions of the world to be more drought-prone, but such 

droughts are not likely to cause major fighting to erupt—at least in the short term. Rather, it 

would be more appropriate to focus on humanitarian, capacity building, and development needs 

in order to assure that drought-stricken communities are able to adapt to a more uncertain 

climate. There are good reasons to believe that economic development and accountable political 

institutions will both reduce the negative consequences of environmental shocks as well as 

reduce the likelihood of armed conflict around the world. 
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Table 1: Comparing UCDP and GTD Conflict Variables, 1979-2008 

  GTD >=25 Deaths  
 No Yes Total 

PRIO/UCDP Conflict Incidence    
No 3,703     166 3,869  
Yes 341  489 830  

    
Total 4,044     655 4,699  
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Figure 1. Palmer Drought Severity Index and Rainfall Deviations. 

 
Figure 2. Comparison of Sample Time Series of Rainfall Measures, 1970-2005. 
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Figure 3: Terrorist Attacks and PDSI for Six Selected Countries 
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Table 2: Water Abundance and Political Violence, 1979-2006 
 

 (1) (2) (3) (4) (5) (6) (7) (8) 
VARIABLES GTD Attacks GTD Killed Armed 

Conflict 
Incidence 

AC Battle 
Deaths 

GTD Attacks GTD Killed Armed 
Conflict 

Incidence 

AC Battle 
Deaths 

Lagged DV 0.003*** 0.001*** 0.558*** 0.000*** 0.003*** 0.001*** 0.553*** 0.000*** 
 (0.000) (0.000) (0.014) (0.000) (0.000) (0.000) (0.014) (0.000) 

PDSIt 0.014 0.036** -0.003 0.003     
 (0.012) (0.017) (0.002) (0.024)     

PDSIt-1 0.029** 0.040** 0.005** 0.076***     
 (0.012) (0.017) (0.002) (0.025)     

Precipitation Anomalyt     0.041** 0.083*** 0.004 0.053 
     (0.019) (0.026) (0.004) (0.040) 

Precipitation Anomalyt-1     0.069*** 0.069*** 0.002 0.082** 
     (0.019) (0.026) (0.004) (0.040) 

Temperature Anomalyt     0.007 0.039 0.000 -0.022 
     (0.022) (0.031) (0.004) (0.045) 

Temperature Anomalyt-1     0.026 0.007 -0.002 -0.025 
     (0.022) (0.031) (0.004) (0.047) 

log Population t-1 0.165*** 0.228*** 0.012 0.354*** 0.162*** 0.246*** -0.002 0.386*** 
 (0.023) (0.024) (0.043) (0.035) (0.024) (0.024) (0.041) (0.034) 

log Real GDP per capita t-1 0.265*** -0.017 0.031* -0.133** 0.291*** 0.031 0.019 -0.125** 
 (0.037) (0.038) (0.018) (0.054) (0.036) (0.037) (0.018) (0.054) 

GDP Growth t-1 -0.007** -0.005 -0.001* -0.006 -0.008*** -0.006 -0.001* -0.006 
 (0.003) (0.004) (0.000) (0.004) (0.003) (0.004) (0.000) (0.004) 

Polity2 t-1 0.047*** 0.057*** -0.000 0.020*** 0.044*** 0.054*** -0.001 0.016** 
 (0.005) (0.005) (0.001) (0.007) (0.005) (0.005) (0.001) (0.007) 

Polity2 squared t-1 -0.007*** -0.008*** -0.001** -0.006*** -0.008*** -0.009*** -0.001*** -0.007*** 
 (0.001) (0.001) (0.000) (0.002) (0.001) (0.001) (0.000) (0.002) 

After 1998 t -1.231*** -1.248***   -1.233*** -1.238***   
 (0.067) (0.089)   (0.068) (0.091)   

Time Trend t 0.024*** 0.029*** -0.001 -0.018*** 0.021*** 0.024*** -0.001 -0.021*** 
 (0.004) (0.005) (0.001) (0.005) (0.004) (0.006) (0.001) (0.006) 

Constant -51.352*** -60.944*** 2.708 31.445*** -45.723*** -52.295*** 1.983 36.934*** 
 (8.387) (10.927) (1.788) (10.678) (8.435) (11.082) (1.768) (11.596) 

Observations 3,539 3,487 3,672 1,968 3,700 3,619 3,809 2,038 
Countries 149 147 151 80 150 147 151 80 
R-squared   0.325    0.321 

 
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 3: Lagged Effects of Water Abundance on Conflict 
DV IV One SD Increase in IV 10-90th Percentile Shift 

GTD events PDSI +6.2% +15.8% 
GTD events Precipitation deviation +7.1% +18.8% 
GTD deaths PDSI +8.6% +22.1% 
GTD deaths Precipitation deviation +7.2% +18.9% 
Conflict incidence PDSI +1.1% +2.6% 
Conflict incidence Precipitation deviation Not sig. Not sig. 
Battle deaths PDSI +16.7% +45.2% 
Battle deaths Precipitation deviation +8.6% +22.8% 
 
 
Table 4. Contemporaneous Effect of Water Abundance on Economic Growth 
 
Dependent Variable: Economic Growth 

Estimator Water Variable Additional Controls Coef. 
 

SE 

OLS w/FE PDSIt Lag DV, log RGDPCP (lag), conflict 
incidence, time trend  

0.231*** 0.061 

OLS w/FE Precipitation Deviationt Lag DV, log RGDPCP (lag), conflict 
incidence, temp deviation, time trend!

0.344*** 
 

0.114 
 

 


