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International Relations

Do natural disasters have a pacifying effect on interna-
tional relations, or fuel discord and violence? Despite 
decades of theoretical and empirical work, scholars have 
failed to reach a consensus on the nature of the relation-
ship between disasters and conflict. A number of studies 
suggest that natural disasters may have a pacifying effect: 
when disasters strike, they may reduce the likelihood of 
conflict by serving as a focal point for cooperation in the 
aftermath of an environmental shock and reducing the 
relevance of other potential sources of conflict (Kelman 
and Koukis 2000; Quarantelli and Dynes 1976). In addi-
tion, natural disasters and climate-related scarcities can 
damage the capacity to engage in conflict (Salehyan and 
Hendrix 2014). This effect could be due to direct disaster 
damage to military capabilities, as well as subsequent 
reductions in military spending. Governments’ military 
expenditures could decline because disasters reduce eco-
nomic resources and productivity in affected regions 
where industrial and transportation infrastructure experi-
enced disaster-related damage and, consequently, govern-
ment revenues (Noy 2009; Raddatz 2007).

At the same time, there is an equally large amount of 
research indicating that environmental shocks may have 
the opposite effect. Disasters, especially sudden and 
severe, appear to increase the likelihood and intensity of 
conflict. They reduce economic resources available to 
affected states and slow down economic growth. Shortages 

of scarce resources and hence deprivations in affected 
countries can then trigger violence as affected populations 
seek to get access to territories with resources that could 
make up for the disaster-related losses (Brancati 2007; 
Gleditsch 1998; Homer-Dixon 1994, 2001; Kahl 1998; 
Miguel, Satyanath, and Sergenti 2004; Nel and Righarts 
2008; Reuveny 2002). In this case, environmental shocks 
alter the relative size of fighting costs and expected bene-
fits of fighting: costly conflict becomes a more attractive 
option if a population struck by a natural disaster faces the 
trade-off between peaceful starvation and fighting to gain 
new territory, which may induce risk-acceptant behavior 
by the affected state. Similarly, exogenous shocks to 
resources could lower the opportunity cost of conflict and 
make conflict a more preferred course of action (Chassang 
and i Miquel 2009).

In addition, some scholars disagree with the assess-
ment that natural disasters are linked to conflict and report 
nonfindings in their investigations of the relationship 
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between environmental shocks and conflict likelihood 
(Bergholt and Lujala 2012; Nardulli, Peyton, and Bajjalieh 
2015; Theisen, Holtermann, and Buhaug 2011). One of 
the criticisms of existing research is that it overlooks the 
possibility that scarcities of resources generated by natural 
disasters may force affected countries to use the remaining 
resources more efficiently. Furthermore, disaster-prone 
societies may seek to adapt by improving their policies 
and technology in response to environmental shocks, 
thereby reducing or eliminating deprivations in the after-
math of disasters (Simon 1996). These adaptation and 
mitigation mechanisms may undermine the hypothesized 
relationship between natural disasters and conflict. 
Therefore, the causal link between environmental shocks 
and conflict is likely to be more complex than many stud-
ies acknowledge, and may depend on a range of interven-
ing political and socioeconomic factors (Bernauer, 
Bohmelt, and Koubi 2012).

Our contribution to this debate is to develop a theoreti-
cal framework to analyze the relationship between disas-
ter susceptibility and conflict. We conceptualize natural 
disasters as a form of shocks that affect states’ capabili-
ties, and emphasize the role of rational expectations about 
potential future disasters in explaining conflict in disas-
ter-prone areas.1 We argue that when states anticipate dif-
ferential effects from potential future shocks on their 
capabilities, the anticipation can generate commitment 
problems between states before shocks’ arrival, and con-
flict may result.2 More broadly, our approach suggests 
that, in addition to actual disaster events, expected future 
disasters can be a source of conflict, and empirical analy-
ses of the link between disasters and conflict should take 
disaster expectations into account.

Previous studies that have reached different conclu-
sions mainly consider short- or long-term impacts of 
actual disasters, which are implicitly treated as isolated 
individual events that do not appear to trigger any learn-
ing in affected populations. In other words, these studies 
assume that populations only react to environmental 
shocks, but do not form or act upon expectations regard-
ing the likelihood of potential future disasters, regardless 
of the frequency of such shocks in the past. We argue that 
individuals, including decision-makers, form disaster 
expectations based on past events, and, under certain con-
ditions, they can behave proactively based on these 
expectations. More specifically, we argue that, in the 
presence of a disputed issue, rational expectations about 
potential future disasters can give rise to a commitment 
problem and result in conflict.3

In the next section, we develop a theory that incorpo-
rates rational expectations about future disasters that may 
lead to conflict. Next, we conduct Monte Carlo analyses to 
identify an appropriate empirical strategy for disentangling 
the effect of disaster expectations from that of actual 

disasters, which leads us to focus on the effect of disaster 
risks in years without disaster events. We then conduct tests 
of our theoretical expectations using Militarized Interstate 
Disputes (MID) data on interstate conflict. Our empirical 
analyses show that, in line with our theoretical argument, 
disaster expectations are associated with an increased likeli-
hood of conflict when actual disasters are absent.

Disaster Risks as a Determinant of 
Conflict

As our brief overview has suggested, despite disagree-
ments over the impact of individual disaster events, this 
literature shares one assumption. The impact of a disaster 
on conflict likelihood is to be expected and measured in 
the aftermath of the disaster, either in the near term or in 
the long run. Hence, conflict behavior is mostly reactive 
in that actors respond to actual disaster losses. How 
would the conclusions change if we revised this assump-
tion to incorporate the effect of disaster events on rational 
actors’ expectations about future events? If populations 
of areas that frequently experience environmental shocks 
learn over time that such shocks occur with regularity 
and, hence, are likely to take place in the future, these 
expectations might enter decision-making processes 
when it comes to interactions among states. More specifi-
cally, if decision-makers fear that they will lose bargain-
ing power as a result of a future disaster and will have to 
settle for a smaller share of resources, the decision-mak-
ers may prefer conflict in the present period, as the exist-
ing literature on power shifts suggests.4

The game-theoretic model, presented below, illus-
trates this dynamic formally, whereas here we discuss the 
assumptions and intuition behind it. We start with the 
observation that natural disasters often reduce the avail-
ability of resources in the region where such disasters 
occur. More importantly for our argument, such disaster-
generated resource scarcities can affect states’ military 
capabilities. One example of resources that can be con-
verted into military capabilities is commodities that gov-
ernments can export to generate revenues (Morgan and 
Reinhardt 2016): disasters can disrupt mines, oil and gas 
pipes, roads, railways, and other infrastructure for com-
modity extraction and transportation. This revenue-
reducing effect of disasters is more general, as previous 
research suggests: disasters tend to disrupt industrial 
activity and lower economic productivity, which in return 
shrinks government revenues (Noy 2009; Raddatz 2007). 
The consequence is a reduction in government spending, 
including spending on the military.5 In addition to damag-
ing effects on countries’ infrastructure, disasters generate 
human costs. Deaths from major disasters may reduce the 
pool of citizens available for military service (a direct 
impact on military capabilities) and labor force, thereby 
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hurting economic productivity, which in turn has a nega-
tive indirect effect on military capabilities.6

We focus on commitment problems generated by 
actors’ rational calculations about potential future shocks 
to their capabilities that have differential effects as the 
main mechanism of conflict onset: if decision-makers 
anticipate that future environmental shocks will signifi-
cantly diminish state capabilities and weaken the state’s 
position relative to others, either directly or by contribut-
ing to existing sources of power shifts, the threatened 
state may prefer conflict against its future potential oppo-
nents while it is still in a relatively strong position. This is 
because the state that expects to get relatively stronger 
after a disaster in the future cannot credibly commit to not 
using its future strength against weakening rivals to 
acquire more resources (Powell 2004).

A key implication of this argument is that decision-
makers may not wait until an actual disaster strikes to 
engage in conflict. In other words, disaster costs do not 
need to materialize before states preemptively mobilize 
for militarized conflict. Although existing research pro-
vides evidence of a link between environmental shocks or 
natural disasters and interstate conflict (Devlin and 
Hendrix 2014; Nelson 2010; Tir and Stinnett 2012),7 our 
proposed mechanism for conflict is distinct from theoreti-
cal approaches focusing on actors’ reactions to individual 
shock events (Chassang and i Miquel 2009; Nel and 
Righarts 2008). Anticipated major disasters can contrib-
ute to existing sources of power shifts, and the country 
that is relatively less vulnerable to disasters compared 
with its adversary and that is expected to become rela-
tively stronger due to environmental shocks may be 
unable to credibly commit to upholding existing resource 
allocations when the power balance shifts in its favor. 
Thus, in areas that experience more frequent and severe 
disasters with differential effects on states, the likelihood 
of conflict may be higher, all else being equal. Our empir-
ical analyses in the next section aim to disentangle these 
two distinct—reactive versus proactive—mechanisms.

If states form expectations about future disasters and 
their potential effects on the relative balance among them, 
do decision-makers in vulnerable states pursue disaster 
preparedness strategies to shield their states from disaster-
related damage, minimize adverse effects on state capa-
bilities, and by doing so alleviate potential commitment 
problems? Disaster preparedness and mitigation programs 
certainly exist in many vulnerable regions of the world. 
However, a recent Global Assessment Report on Disaster 
Risk Reductions indicates that countries severely underin-
vest in these programs.8 First, it is likely that populations 
in less affluent regions already suffering from instability 
will be unable to achieve preparedness and adaptation 
(Buhaug 2016). Academic research similarly suggests that 
governments of disaster-prone countries tend to 

underinvest in preparedness and mitigation (Neumayer, 
Plumper, and Barthel 2014), which leaves these countries 
ill-prepared when disasters strike. Even when disaster-
prone countries do prepare, such measures could lead to 
greater investment and development in high-risk areas, 
and an unusually massive disaster event would then be 
significantly more deadly and costly than in the counter-
factual scenario of minimal disaster preparedness 
(Neumayer, Plumper, and Barthel 2014). In addition, even 
democracies may not spend enough on preparedness mea-
sures to avoid substantial damage because democratic 
leaders have strong incentives to reduce fatalities due to 
domestic political pressures, but much less motivation to 
increase overall disaster resilience (McLean and Whang 
2019; Neumayer, Plumper, and Barthel 2014; Quiroz 
Flores and Smith 2013).

A Model of Disaster Expectations and Conflict

We formalize our argument by developing a simple game-
theoretic model. Our goal is not to provide an entirely new 
causal mechanism for conflict among states. Instead, the 
stylized model allows us to ground our theoretical argu-
ment in the well-established commitment problem frame-
work and elucidate the causal mechanism linking 
expectations about potential future disasters to the emer-
gence of conflict.9 Consider the interaction between two 
state actors, A1 and A2, which bargain over the division of 
an infinite flow of benefits, represented by the unit interval 
[0, 1]. Although the discussion of specific benefits that A1 
and A2 bargain over is beyond the scope of this article, 
some examples may include rents from agricultural pro-
duction on a given territory, or revenues from extracting 
and exporting commodities, or political control over a ter-
ritory and capacity to collect taxes. Assume that, in each 
discrete time period, A1 makes a take-it-or-leave-it offer to 
A2 to divide that period’s benefits. If A2 accepts the offer, 
the division is implemented immediately. If A2 rejects, war 
ensues, which is modeled as a costly, game-ending lottery. 
The military capabilities of each state are represented by 
m1 and m2, respectively, with mi > 0 . A1 wins the war with 
probability p m m m= +1 1 2/ ( )  and loses with probability 
1 2 1 2− = +p m m m/ ( ) . The winner receives all the bene-
fits in the present and all future periods; the loser receives 
nothing. Each player also pays a per-period war cost of c1 
and c2, respectively, in every period.10

To incorporate the possibility of future disasters, sup-
pose that, in period 2, a disaster hits the region with exoge-
nous probability α . Suppose that the disaster affects the 
two states unequally. Without loss of generality, assume 
that the capabilities of A1 and A2 decrease permanently with 
the remaining proportions represented by λ1  and λ2 , 
respectively, where λ λ1 2>  and λi ∈ ( , ]0 1 . This assump-
tion can represent scenarios of A1 occupying a less 
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disaster-prone area compared with A2, or A1 having easier 
access to international disaster relief funds.

Thus, when a disaster takes place, the balance of 
power between the two actors shifts in favor of A1 from 
p  to p m m m pd = + >λ λ λ1 1 1 1 2 2/ ( )  because λ λ1 2> . 

As shown in Figure 1, this parameterization captures both 
disaster severity and differential disaster impacts on the 
two states.11 The three-dimensional plot represents the 
post-disaster balance as a function of λ1  and λ2 . The red 
line represents disasters that affect the two states equally, 
and hence do not change the relative balance, for differ-
ent levels of disaster severity. For minor disasters, both 
λ1  and λ2  are close to 1, and post-disaster balance pd  
remains close to 0.5. In contrast, for major disasters with 
significant asymmetric effects on the two states, λ λ2 1/  
becomes smaller and the magnitude of the post-disaster 
shift in favor of A1 increases.

Suppose that no future disasters take place from period 
3 onward. We focus on this setup for simplicity of exposi-
tion. In Supplementary Material, we show that allowing 
disasters to take place in any period with some probabil-
ity does not change the model’s conclusions.12 We assume 
that the actors’ utilities are linear in present benefits, that 
is, for any share of xi , U x xi i i( ) = . A1’s share represents 
settlements, that is, x represents A1 and A2 receiving (x, 1 
− x), respectively. The players discount the future by a 
common factor δ∈[ , )0 1 . We assume that all the exoge-
nous parameters of the game and actor preferences are 
common knowledge.

As this is a game of complete information, we focus on 
subgame perfect Nash equilibrium (SPNE). Below, we first 
show that the subgame in period 2, when a disaster may hit, 
has a unique equilibrium in which no war occurs. We then 

describe equilibrium behavior in the first period when no 
disasters have yet taken place, and specify conditions for 
war occurrence. Supplementary Material provides proofs of 
all propositions.

Proposition 1: If a disaster hits in period 2, the two 
actors immediately reach a permanent settlement at 
x p cd= + 2 . If no disaster takes place, the actors 
immediately agree to x p c= + 2  in period 2 and all 
future periods. No war occurs in this or any future 
periods.

Intuitively, because a disaster can only strike in period 
2, no future shifts in the balance of power are possible in 
period 3 or later. Thus, whether or not a disaster occurs in 
round 2, the players find a settlement that they both prefer 
to a costly war. When a disaster hits, the settlement favors 
A1 more, as this actor becomes relatively stronger in the 
disaster aftermath. Moreover, the more severe the disas-
ter’s impact is for A2, the better A1 expects to do in peace-
ful bargaining for the rest of the game.

Next, we analyze states’ behavior in the first period, 
before a disaster may occur. The following proposition 
summarizes the condition for conflict in period 1.

Proposition 2: In period 1, if δ – ( pd – p ) > ( 1 – δ )  
( p +  c2 ), there is war. Otherwise, the two actors reach 
a peaceful settlement.

In this scenario, war results due to a commitment prob-
lem. Both A1 and A2 are aware that disasters may or may 
not strike in the future, but if they do, A1 will become rela-
tively stronger. As shown in Proposition 1, bargaining in all 
future rounds will reflect this shift in the balance of power 
and A1 will receive a larger share of benefits in every subse-
quent round. A1 cannot credibly commit to not using this 
future advantage in bargaining if the disaster occurs, and A2 
needs to be compensated in period 1 for the potential future 
adverse shift in capabilities. If there is a feasible settlement 
in period 1 that compensates A2, war is avoided and peace 
prevails. The largest compensation A1 can offer in period 1 
is to concede the whole stake in period 1 to A2. If this is not 
sufficient to satisfy A2, war results, which is represented by 
the inequality condition in Proposition 2.

War becomes more likely if a disaster is more likely 
(α is high), disaster impact is more severe, and A2 suf-
fers from the disaster disproportionately more than the 
other state (λ λ1 2/  increases, and hence p pd −  
increases). Moreover, note that war occurs under these 
conditions in the absence of an actual disaster. A disas-
ter can hit in period 2 or not, but the fear of its substan-
tial and unequal impact in the event that the disaster 
does occur can create commitment problems and 
increase incentives for conflict earlier on.13

Figure 1. Asymmetric effects of disasters on capabilities.
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What are the empirical implications of this model? 
Even though directly testing the model would require 
accurate proxies for each of the model’s parameters, 
including the actors’ costs from conflict, their discount 
factor, and their expectations about the likelihood and 
severity of potential future disasters, which are not avail-
able, the model still provides observable empirical impli-
cations about the link between disaster susceptibility and 
interstate conflict. Building on the fact that most natural 
disasters are exogenous and on our theoretical argument 
that actors form rational expectations about the likelihood 
of future disasters based on past disaster severity and fre-
quency, we expect more disaster-prone areas to experi-
ence more interstate conflict. Such rational expectations 
contribute to underlying sources of power shifts among 
states, and hence conflict due to commitment problems 
becomes more likely in areas that are prone to major 
disasters, even after controlling for any conflictual or 
pacifying effects of actual disaster events. Therefore, the 
following hypothesis links disaster hazards as a proxy for 
actors’ expectations about future disasters and the likeli-
hood of conflict onset:

Hypothesis: Increased risks of natural disasters should 
be associated with a higher probability of interstate 
conflict onset.

Note that our approach can explain mixed findings in 
the conflict literature regarding the effects of natural 
disasters. If environmental shocks are anticipated and 
states fight due to this expectation, conflict does not need 
to follow actual shocks. Rational expectations of future 
disasters, combined with the fact that many large-scale 
disasters are sufficiently rare, suggest that existing studies 
may suffer from a critical oversight. If expectations of 
environmental shocks affect conflict behavior, empirical 
analyses of conflict that focus only on actual disasters will 
overlook the effects that our theory attributes to disaster 
proneness. Therefore, in the “Empirical Analysis” section, 
we use global data on disaster propensity to investigate the 
effects of disaster proneness on interstate conflict.

Empirical Analysis

In this section, we conduct statistical tests to investigate 
the link between disaster risks and interstate conflict 
onset and report empirical results that show evidence of 
such an association. We first conduct a Monte Carlo anal-
ysis to determine which empirical strategy offers a more 
appropriate test of our hypothesis, given that actual disas-
ters and disaster risks are not entirely independent from 
one another. We then propose a measure that approxi-
mates actors’ rational expectations about future disaster 
events. Next, we test our hypothesis and gauge the 

association between disaster hazards and the onset of 
interstate conflict. Our empirical models yield support for 
our main theoretical expectation linking disaster suscep-
tibility to conflict. Specifically, statistical tests show that 
countries located in regions with higher levels of environ-
mental risks are more likely to experience interstate 
conflict.

Empirical Strategy Selection: Monte Carlo 
Analyses

In testing our hypothesis linking disaster susceptibility to 
conflict, we need to differentiate between the effect of 
future disaster risks and potential effects of actual disaster 
events that may have happened in a given observation 
year. The main difficulty is that disaster events and a vari-
able measuring susceptibility to such events are likely 
correlated, as the latter is directly related to the data gen-
erating process for the former. Thus, simply replacing 
disaster variables with our susceptibility measures in a 
model of conflict onset might be misleading as any esti-
mated effect could be due to the existing correlation 
between the two variables. Relatedly, including both sus-
ceptibility measures and actual disaster events as inde-
pendent variables in a model of conflict could lead to 
large standard errors due to potential multicollinearity.

To explore various empirical strategies in testing the 
hypothesized relationship, we conduct Monte Carlo anal-
yses that evaluate the bias and efficiency of each 
approach. In our analyses of sample sizes ranging from 
200 to 10,000, we focus on three hypothetical scenarios 
for the data generating process: (1) only actual disasters 
matter and disaster susceptibility is irrelevant for conflict 
in the data generating process; (2) both susceptibility and 
actual events matter for conflict; and (3) only disaster 
susceptibility is a determinant of conflict and actual 
disaster events are irrelevant. In each scenario, we com-
pare the performance of three empirical strategies in 
recovering the underlying relationship in the data gener-
ating process: (a) including both a variable measuring 
disaster events and a variable on disaster susceptibility in 
the regression model; (b) including only a susceptibility 
measure; and (c) focusing only on years that did not expe-
rience disaster events, and including a disaster suscepti-
bility measure.

Consider a sample of C countries observed over T 
periods. For each country i in year t, disasters may occur 
or not, and this process follows a Bernoulli distribution 
with mean pi . Suppose that pi  follows a uniform distri-
bution. Suppose also that the data generating process for 
conflict is

Y D P

Y Y

*

* ;

= + + +

= ≥

β β β ε0 1 2

1 0

,

if  and 0 otherwise,
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where Y is the binary dependent variable recording con-
flict events, D is a binary variable recording disaster 
occurrence, P represents pi  for each observation, captur-
ing susceptibility to disasters, and ε  is an error term fol-
lowing the standard normal distribution. Based on this 
data generating process, we conduct three Monte Carlo 
analyses. In the first scenario, only actual disasters matter 
and susceptibility is irrelevant for conflict ( )β2 0=  in the 
data generating process. In the second experiment, both 
susceptibility and actual events positively affect conflict. 
In the last analysis, only susceptibility matters and actual 
disaster events are irrelevant ( )β1 0= .14 In each Monte 
Carlo scenario, we compare three empirical strategies 
based on a probit model that (a) includes both D and P on 
the right-hand side; (b) includes just the susceptibility 
measure P; and (c) focuses only on years that did not 
experience any disaster events, that is, observations with 
D = 0, and includes only the susceptibility measure P.

Monte Carlo analysis 1: When only disaster events matter 
(false positives). For this analysis, we set β0 1= . , β1 1= , 
and β2 0=  in the data generating process. The goal is to 
compare the false-positive rates of the three empirical 
approaches. We conducted the analysis for sample sizes 
N ∈{ , , , , , , , , , }200 400 1 000 2 000 5 000 10 000 . For each 
sample size, we complete 10,000 Monte Carlo iterations. 
We focus on the proportion of significant coefficients for 
the susceptibility variable P. Representing the three 
empirical strategies described above, these coefficients 
are denoted by β2

a , β2
b , and β2

c . The results are presented 
in Table 1.

The top entry in each cell represents the proportion of 
significant β2  coefficients, whereas the bottom entry is 
the proportion of positive and significant coefficients for 
P. Because in the data generating process β2 0= , signifi-
cant coefficients are false positives, and the approach 

with the lowest values is preferred. The results suggest 
that approach (c) focusing on no-disaster years has the 
lowest false-positive rate among the approaches studied. 
Approach (a), which includes both D and P in the probit 
model, has a slightly higher rate. The worst case is 
approach (b) that includes just P in the regression model: 
especially in larger samples, the estimated coefficient is 
almost always positive and significant even though there 
is no relationship in the data generating process. This is, 
as suspected, due to the correlation between D and P.

Monte Carlo analysis 2: When disaster events and susceptibil-
ity matter (false negatives). For this analysis, we set 
β0 5= −. , β1 1= , and β2 1=  in the data generating pro-
cess. The goal is to assess how well each empirical strat-
egy is able to produce significant positive coefficients to 
match the data generating process. Based on the results, 
all three approaches do well in achieving this goal, espe-
cially in larger samples. The most conservative approach 
is (c), which has a higher false-negative rate compared 
with the other two. This is mainly due to the smaller sam-
ple size resulting from the deletion of observations with 
disaster events. In other words, this approach is slightly 
biased toward the null hypothesis that expects no rela-
tionship between disaster susceptibility and conflict, 
making it more difficult to establish a significant 
relationship.

Monte Carlo analysis 3: When only susceptibility mat-
ters. Finally, we focus on the case when only susceptibil-
ity matters for conflict, and actual disaster events are 
irrelevant. For this analysis, we set β0 1= . , β1 0= , and 
β2 1= . In this analysis as well, all three approaches suc-
cessfully estimate significant positive coefficients for the 
susceptibility measure, especially in larger samples. As in 
the previous analysis, among the three, approach (c) is the 

Table 1. The Probability of a Significant Coefficient for the Disaster Susceptibility Variable across Three Monte Carlo Analyses.

Sample  
size

MC1 MC2 MC3

β2
a β2

b β2
c β2

a β2
b β2

c β2
a β2

b β2
c

200 .0524 .3231 .0471 .5980 .9882 .4016 .6230 .7666 .3523
.0253 .3226 .0214 .5980 .9882 .4015 .6230 .7666 .3521

400 .0523 .6908 .0487 .8519 .9984 .6526 .8745 .9365 .6012
.0262 .6908 .0243 .8519 .9984 .6525 .8745 .9365 .6012

1,000 .0512 .9426 .0472 .9994 1.000 .9713 .9997 .9999 .9631
.0244 .9426 .0234 .9994 1.000 .9713 .9997 .9999 .9631

2,000 .0526 .9997 .0508 1.000 1.000 .9998 1.000 1.000 .9997
.0247 .9997 .0266 1.000 1.000 .9998 1.000 1.000 .9997

5,000 .0509 1.000 .0494 1.000 1.000 1.000 1.000 1.000 1.000
.0253 1.000 .0234 1.000 1.000 1.000 1.000 1.000 1.000

10,000 .0498 1.000 .0489 1.000 1.000 1.000 1.000 1.000 1.000
.0239 1.000 .0233 1.000 1.000 1.000 1.000 1.000 1.000
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most conservative, with a higher false-negative rate in 
smaller samples.

To summarize, we find that strategy (c) that selects on 
the independent variable to focus on no-disaster years 
and includes only the susceptibility measure in the analy-
sis provides a better approach in terms of a lower false-
positive rate compared with the other approaches. In 
other words, if no relationship exists in the data generat-
ing process between disaster risks and conflict, approach 
(c) is the least likely to find one. Moreover, it provides a 
more conservative test, as its false-negative rate is slightly 
higher than those of the other two approaches. This means 
that it is harder to report a significant coefficient with this 
approach as it is slightly biased in favor of the null 
hypothesis of no relationship. Thus, informed by these 
results, we test our hypothesis by analyzing the link 
between interstate conflict onset and disaster risks using 
only information on dyad years that did not experience 
any disaster events.

Operationalization of Disaster Risks

To test our hypothesis, we need a measure of disaster 
expectations. Ideally, we would use a measure to capture 
actors’ dynamically shifting expectations about future 
disaster events in their region in a given time period for 
each observation in our data set. Although we do not have 
access to a dynamic data set of this form, we approximate 
actors’ expectations using data on the likelihood of natu-
ral disasters available from the Socioeconomic Data and 
Applications Center (SEDAC).15

SEDAC provides detailed information on six categories 
of natural hazards: floods, cyclones, droughts, volcanoes, 
earthquakes, and landslides (Dilley et al. 2005). In using 
this information, our main assumption is that decision-
makers form expectations about the likelihood and severity 
of future disasters by observing the frequency and magni-
tude of past disaster events. That being said, it is possible 
that boundedly rational actors have shorter memories, put 
more weight on more recent disasters, or have other cogni-
tive limitations that our measurement approach cannot 
capture. Some actors could completely ignore past events 
as well. Also, data coverage and accuracy could possibly 
vary across different regions due to variations in record 
keeping or government transparency levels. Nevertheless, 
we believe that disaster data from SEDAC serve a useful 
first step in approximating actor expectations because the 
data sets offer comprehensive information on disasters’ 
relative likelihood and distribution over time.

For each type of disaster, the data sets provide a fre-
quency metric ranging from 0 to 10 for each 2.5-minute 
grid cell over the globe, with higher scores representing 
locations that are at a higher risk for that specific disaster. 
Although we use these measures on individual disasters 

in some of our empirical analyses, our hypothesis neces-
sitates that we capture the overall propensity of experi-
encing different disasters as well. Thus, we construct a 
measure of the average disaster risk as our main indepen-
dent variable by taking the mean of the six hazard scores 
for a given country.

For many dyad years in the data set, some of the infor-
mation included in our disaster risk measure occurs after 
that dyad’s year because SEDAC disaster frequency maps 
use decades of data to approximate the frequency and dis-
tribution of a given hazard. The exogeneity of many 
disaster events alleviates this concern. Even though in 
reality actors’ rational expectations can only be based on 
disaster events that occurred in the past, the measure we 
employ offers a valid proxy for actors’ expectations, 
assuming that disaster events are random samples from 
the same stationary data generating process that our mea-
sure approximates with more data points.16

To get a better sense of the disaster risk scores, consider 
the cyclone hazard. Figure 2 presents a snapshot of 
SEDAC’s Cyclone Hazard Frequency Distribution map 
over part of East Asia (Columbia University Center for 
Hazards and Risk Research, Columbia University Center 
for International Earth Science Information Network,  The 
World Bank, and United Nations Environment Programme 
Global Resource Information Database Geneva 2005). 
Darker colors in this map represent areas that are estimated 
to experience more cyclone force wind speeds based on 
decades of storm observations. Based on this map, SEDAC 

Figure 2. Cyclone hazard frequency distribution map of 
East Asia (Columbia University Center for Hazards and Risk 
Research, Columbia University Center for International 
Earth Science Information Network, The World Bank, and 
United Nations Environment Programme Global Resource 
Information Database Geneva 2005).
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has generated an ordinal ten-point scale cyclone risk score 
that is detailed down to each 2.5-minute grid cell. Japan, 
for instance, has more than 20,000 such cells, and each grid 
cell receives a cyclone risk score. The cyclone hazard mea-
sure averages over all such cells to come up with an overall 
score of around 9.48 for Japan. Similarly, Taiwan has a 
score of 10, whereas South Korea’s score is 7.61, and 
North Korea has a score of 4.98.

Disaster Risks and Interstate Conflict Onset

In this section, we investigate whether there exists a 
relationship between disaster risks and conflict among 
states. The unit of analysis is nondirected dyad years.17 
Below, we report specifications with politically relevant 
dyads as well as all possible dyads in the international 
system after 1945.18 Informed by our Monte Carlo anal-
yses, we focus on observations in which neither of the 
states in the dyad experienced any disaster event in that 
year to better isolate the effect of disaster risks.19 For 
specifications with politically relevant dyads, our sam-
ple size is 6,380, whereas all dyads’ specifications have 
a sample size of 116,714.

The dependent variable in this analysis is Conflict 
onset, which is a binary measure that takes the value of 1 
when a dyad experiences a dispute involving the use of 
force (maximum hostility level of 4 or above), as speci-
fied in the MID data set (Ghosn and Bennett 2003; Palmer 
et al. 2015). As we described earlier, the main indepen-
dent variables represent the susceptibility of each state to 
six disasters: cyclones, droughts, earthquakes, floods, 
landslides, and volcanoes. Due to the nondirected dyadic 
unit of observation, we convert each risk variable to indi-
cate the total risk for a given dyad. We also generate and 
use an Average hazard variable, which averages over the 
six risk variables for the dyad. Based on our theoretical 
argument, we expect that disaster risks should be more 
salient for actors’ capability projections in dyads located 
in high-risk areas. When overall disaster risks are sub-
stantial, commitment problems and hence conflict 
become more likely, in contrast to low-risk areas.

Our models incorporate several control variables that 
previous studies identify as determinants of conflict 
onset. First, we include Relative capabilities in the dyad, 
defined as min( , ) / ( )C C C C1 2 1 2+ , where Ci  represent 
states’ Composite Index of National Capability (CINC) 
scores (Singer, Bremer, and Stuckey 1972). The Relative 
capabilities indicator captures how balanced the dyad is 
and ranges from 0 to 0.5. Previous research differs over 
whether power balance or power preponderance is more 
conducive to peace (Bremer 1992). Contiguity is a geo-
graphical proximity measure ranging from 1 for land con-
tiguous states to 6 for states that are separated by more 
than 400 miles of water. Geographical proximity has been 

proposed as one of significant determinants of conflict 
onset (Vasquez 2009). More proximate states may be 
more likely to fight due to reduced costs of conflict and 
the increasing chance of disputed stakes between the two 
states, implying a negative regression coefficient. Joint 
democracy is a dichotomous variable taking the value of 
1 when both states in the dyad have Polity scores of 6 or 
above, and 0 otherwise. Consistent with the vast demo-
cratic peace literature, we expect a negative coefficient 
for this variable (Russett and Oneal 2000). Alliance is an 
ordinal measure, which captures the existence and 
strength of an alliance between the two states in the dyad, 
ranging from a defense pact (the value of 1) and neutral-
ity (2) to entente (3) and no agreement (4). We expect that 
stronger alliance ties should be associated with less con-
flict, indicating a positive regression coefficient. 
Following Thompson (2001), Rivalry captures the exis-
tence of persistent conflicts of interest between the two 
states, which tend to increase the risk of a militarized dis-
pute, implying a positive coefficient. Finally, we account 
for duration dependence by including polynomials of 
Peace years for each dyad in the analysis (Carter and 
Signorino 2010).

Due to the binary dependent variable of interstate con-
flict onset, we estimate logistic regression models with 
standard errors clustered at the dyad level. The results pre-
sented in Table 2 offer support for our hypothesis linking 
disaster risks to interstate conflict. Consistent with our 
theoretical expectation, in models M2 and M4 that use the 
average hazard measure for all six disasters, the risk vari-
able has a significant positive coefficient in both politi-
cally relevant and all dyads specifications. These findings 
indicate that areas susceptible to disasters are more likely 
to experience conflict onset in years without disasters. 
When we focus on individual disaster variables in models 
M1 and M3, the drought and flood hazard variables have 
positive and significant coefficients in both politically rel-
evant and all dyads specifications. In the latter specifica-
tion, the coefficient on Earthquake hazard is also positive 
and statistically significant. The only significant excep-
tion to the overall pattern is Landslide hazard: the coeffi-
cient on this variable is negative and significant in the 
specification with all dyads. Finally, the coefficients on 
the cyclone and volcano hazard variables are not signifi-
cant at conventional levels. Among the control variables, 
Contiguity, Rivalry, and Alliance achieve significance and 
are in line with the theoretical expectations.

What are the substantive effects of disaster risks on 
conflict onset? Based on model M2, Figure 3 plots the 
predicted probability of conflict onset when the Average 
hazard variable takes values from the 0th to 95th percen-
tiles (calculated by 5 percentile increments), when the 
Rivalry dummy is fixed at one and all other regressors are 
set at their mean values for rival dyads. In each percentile 
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value, there is a predicted positive effect that is signifi-
cantly different from zero. Moreover, with each percen-
tile increment, predicted probabilities show an increasing 
pattern. For instance, the effect of increasing disaster 
risks from the minimum sample value to its maximum 
results in an increase in conflict probability by .15 (from 
.04 to .19), with a confidence interval of (.07, .28) around 
this first difference. If, instead, we use the theoretical 
maximum of the variable for this calculation, the result-
ing first difference from the baseline probability value of 
.04 to .72 is around .68, with a 95 percent confidence 
interval of (.30, .92).

Next, we focus on model M1 and calculate substantive 
effects for individual disaster risk variables that have sta-
tistically significant coefficients. As in the above analy-
sis, we set Rivalry at one and keep other regressors fixed 
at their mean values for rival dyads. For such an 

Table 2. Interstate Conflict and Disaster Risks, Dyads without Disasters, Post-1945.

Politically relevant dyads All dyads

 M1 M2 M3 M4

Average hazard 0.214*
(0.053)

0.130*
(0.048)

Cyclone hazard 0.041
(0.038)

0.028
(0.034)

 

Drought hazard 0.119*
(0.031)

0.116*
(0.028)

 

Earthquake hazard 0.150
(0.090)

0.264*
(0.094)

 

Flood hazard 0.089*
(0.027)

0.074*
(0.025)

 

Landslide hazard −0.140
(0.091)

−0.259*
(0.097)

 

Volcano hazard −0.179
(0.171)

−0.225
(0.180)

 

Relative capabilities −0.671
(0.939)

−0.576
(0.970)

−0.808
(0.676)

−0.721
(0.720)

Contiguity −0.412*
(0.091)

−0.442*
(0.093)

−0.781*
(0.047)

−0.809*
(0.052)

Joint democracy −0.494
(0.481)

−0.796
(0.494)

−0.339
(0.373)

−0.634
(0.390)

Rivalry 1.382*
(0.243)

1.330*
(0.234)

1.456*
(0.234)

1.522*
(0.243)

Alliance 0.049
(0.072)

0.164*
(0.076)

0.036
(0.069)

0.156*
(0.072)

Peace years −0.280*
(0.042)

−0.288*
(0.042)

−0.297*
(0.037)

−0.293*
(0.036)

Peace years squared 0.009*
(0.002)

0.009*
(0.002)

0.011*
(0.002)

0.010*
(0.002)

Peace years cubed −0.000*
(0.000)

−0.000*
(0.000)

−0.000*
(0.000)

−0.000*
(0.000)

Observations 6,380 6,380 116,714 116,714

The sample is limited to years with no disasters involving the countries in the dyad.
*p < .05.

Figure 3. Disaster risk and interstate conflict.
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observation, the effect of increasing the Drought hazard 
measure from its sample minimum to maximum results in 
a .15 increase in the probability of conflict onset from the 
baseline probability of .04 to .19. The confidence interval 
for this first difference is (.06, .28). If we use the theoreti-
cal minimum and maximum values instead, the estimated 
increase in probability jumps to .26 with a confidence 
interval of (.09, .48). Similarly, for Flood hazard, increas-
ing susceptibility from the sample minimum to maximum 
results in a .12 (.03, .24) increase in the probability of 
conflict onset (.15 for the theoretical range, with a confi-
dence interval from .04 to .30).

In sum, with few exceptions, disaster susceptibility is 
a significant determinant of interstate conflict onset. The 
estimated effects of disaster proneness are distinct from 
any potential effects of actual disaster events. Equally 
important is the sizeable substantive effect of disaster 
risks on conflict.20

Conclusion

This article presents a theoretical argument that links 
anticipated natural disasters and conflict. When we view 
conflict onset as a bargaining failure among states, expec-
tations about future disasters that may potentially shift 
the relative power balance could generate commitment 
problems and lead to conflict in disaster-prone regions of 
the world. Our empirical analyses provide evidence of a 
positive relationship between disaster susceptibility and 
interstate conflict likelihood, after controlling for any 
effects of actual disaster events on conflict. This finding 
suggests that the literature on disasters and conflict should 
take into account disaster susceptibility as an additional 
determinant of interstate conflict.

Although our results indicate that more research is 
necessary to revisit explanations of conflict in disaster-
prone areas and account for disaster expectations, our 
study also has important implications for policy adop-
tion and implementation in the area of disaster prepared-
ness, especially during the period of climate change. 
There is an upward trend in the number and intensity of 
adverse weather events as a result of global warming 
(Coronese et al. 2019; Otto et al. 2018; Van Aalst 2006), 
and our results suggest that more severe and frequent 
disasters will increase the likelihood of interstate con-
flict in areas adversely impacted by these shocks. For 
instance, rising sea levels—one consequence of global 
warming—could have a multiplier effect for some of the 
disasters we consider in our article. In coastal areas, ris-
ing sea levels are likely to exacerbate the effect of 
cyclones and could increase the severity and frequency 
of floods. When state actors incorporate this multiplier 
effect into their expectations, commitment problems 
could become more severe and conflict likelihood would 

increase. When we interact the disaster risk variables 
with a time trend in our models, the magnitude of the 
effect of disaster risks on conflict increases over time. If 
decision-makers learn and accept that climate change 
leads to an increase in the likelihood of extreme and 
sudden disasters, such as severe heat waves, floods, and 
droughts, we would expect decision-makers to update 
their expectations about the future to reflect the chang-
ing climate patterns. Our research suggests that such 
updating would lead to more conflict, even in periods 
without actual disasters.

To address this challenge highlighted in our study, 
donor countries and international organizations, such as 
the United Nations, should consider allocating more 
resources to areas that suffer from frequent disasters. 
Such assistance would be more effective if it comes in 
the form of disaster preparedness and mitigation pro-
grams, rather than post-disaster relief alone. This assis-
tance is important not only for helping these areas to 
rebuild immediately after disasters, but also for chang-
ing expectations about resource allocation in the future, 
which would affect decision-making in years without 
actual disaster events. If aid agencies and donor coun-
tries succeed in developing expectations of effective 
and equitable humanitarian assistance in the wake of a 
natural disaster, conflict due to commitment problems 
would be less of a concern, as long as actors residing in 
these disaster-prone areas believe that such relief efforts 
will deliver sufficient aid to compensate costs generated 
by any future disasters and maintain the balance of 
power with any potential adversaries.
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Notes

 1. Although cognizant of small definitional differences, 
throughout the article, we use disaster proneness, likeli-
hood, risk, and susceptibility interchangeably. Similarly, 
we use “natural disasters,” “resource shocks,” and “envi-
ronmental shocks” to refer to disaster events such as earth-
quakes, cyclones, or volcano eruptions. More generally, on 
defining disasters, see Quarantelli (1998).

 2. Commitment problems represent one reason why peaceful 
bargaining fails and costly conflict ensues among rational 
actors (Fearon 1995; Powell 2006; Walter 2002).

 3. The blind spot in the literature is particularly notable, 
given that other areas of research have long recognized 
the importance of rational expectations. Examples include 
price levels in monetary policy (Barro 1976; Sargent and 
Wallace 1975), presidential approval (Erikson, MacKuen, 
and Stimson 2000; MacKuen, Erikson, and Stimson 1992), 
speculative attacks (Leblang and Bernhard 2000), and ter-
ritorial size (Bas and McLean 2016).

 4. Beyond expectations about future disasters that may affect 
state capabilities, leaders’ expectations about other sources 
of power shifts due to differential economic growth rates, 
nuclear proliferation, introduction of new technologies, epi-
demics, or occurrence of political instability, among other fac-
tors, could be relevant for conflict propensity among states.

 5. For instance, in 1987, Ecuador suffered substantial eco-
nomic damage from an earthquake and had to cut govern-
ment spending in general and its military budget, more 
specifically (Tartter 1991, 231). Similarly, the World 
Bank’s World Development Indicators show that, after the 
2011 Christchurch earthquake, New Zealand’s military 
expenditures as a share of GDP declined by 10 percent in 
2012 (1.20) and 15 percent in 2013 and 2014 (1.13) from 
their 2010 levels (1.33). The 2013 figure is the lowest level 
of military expenditures as a share of GDP for the period 
with available data, that is, from 1988.

 6. Despite the focus of many disaster preparedness policies 
on preventing deaths, a significant number of people lose 
their lives or are injured in disaster events. Still, for many 
disasters, disaster-related deaths likely predominantly 
come from groups of individuals who are not fit for mili-
tary service, and hence the immediate effect on military 
capabilities may be minimal. We expect our results to be 
more relevant for larger disaster events that also affect 
combat-capable population.

 7. Also, see Gartzke (2012) for a systemic analysis of the link 
between climate change and international conflict.

 8. www.preventionweb.net/gar
 9. For similar models with exogenous stochastic shifts 

in capabilities generating commitment problems, see 
Acemoglu and Robinson (2000) and Fearon (2004).

10. We assume that 0 ≤ c2 ≤ p  and 0 12≤ ≤ −c pd , as defined 
below.

11. This example is for a balanced dyad with p = .5, where 
λ λ1 2≥ .

12. More specifically, we focus on two versions: disasters with 
permanent effects that can take place at any period in the 
game and repeated disasters that have temporary effects 

on states’ capabilities. In these versions as well, the state 
that expects to be weakened by future disasters may prefer 
conflict before a disaster occurs, if the expected shift in 
capabilities is large enough and future disasters are likely 
enough.

13. An example of a parameter configuration that guarantees 
war before a disaster is δ = 0 95. , α = .1 , pd = 0 5. , 
p = .3 , c1 0 01= . , and c2 0 01= . .

14. For simplicity, we exclude from the Monte Carlo analyses 
any other factors that might be relevant for conflict.

15. http://sedac.ciesin.columbia.edu/
16. One potential exception to the stable distribution assump-

tion is climate-related disaster events, such as cyclones. 
Due to climate change, the severity and frequency of such 
events are likely to increase in many parts of the world 
(Otto et al. 2018; Van Aalst 2006). The implication of such 
a shift is that, at any given time point, actors in such areas 
tend to underestimate the future likelihood or magnitude 
of such events and their expected effects on future relative 
capabilities. This is not a problem for our empirical analy-
sis. In fact, it works against our hypothesis and makes it 
harder to establish a link between disaster proneness and 
conflict.

17. The main reason for this approach is the difficulty in dif-
ferentiating conflict initiators’ motivations (i.e., preventive 
vs. preemptive motives) based on information available in 
existing data sets. Levy (1987, 92–93) points to the poten-
tial measurement issue: “It is also possible for war to be 
simultaneously preventive for one state and preemptive 
for its adversary: B’s recognition that A is preparing for 
preventive action may lead B to preempt, which may play 
exactly into A’s hands.” The 1967 Six-Day War between 
Israel and Egypt can serve as an example of a preemptive 
war launched by a rising state, in anticipation of a declin-
ing adversary’s preventive action due to commitment 
problems (Bas and Coe 2012). As a more robust measure-
ment approach to this problem, our analysis relies on non-
directed dyads and focuses on conflict onset. This choice 
follows existing empirical studies on commitment prob-
lems (Chatagnier and Kavaklı 2017; Crescenzi, Kathman, 
and Long 2007; Sobek and Wells 2013).

18. We focus on this period due to better reliability and cov-
erage of disaster events data. That being said, results are 
substantively similar if we use earlier cutoff points.

19. To identify observations without disasters for this analy-
sis, we use information on actual disaster events from 
EM-DAT (Emergency Events Database; Guha-Sapir, 
Below, and Hoyois 2015). Although selecting on the 
independent variable in this way does not bias results, 
Supplementary Material reports specifications with all 
dyads, including those that experienced disasters. Those 
specifications include disaster event counts as control vari-
ables. The results on the link between disaster risks and 
conflict remain substantively the same.

20. In fact, these effects could be conservative estimates if 
we consider the fact that disaster risk reduction measures 
result in lower economic and human losses from disas-
ters, especially in more affluent countries (Barthel and 
Neumayer 2012; Neumayer and Barthel 2011).

www.preventionweb.net/gar
http://sedac.ciesin.columbia.edu/
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