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ABSTRACT

Does the occurrence of a natural disaster such as an earthquake, volcanic eruption, tsunami, flood,
hurricane, epidemic, heat wave, and/or plague increase the risk of violent civil conflict in a society? This
study uses available data for 187 political units for the period 1950-2000 to systematically explore this
question that has received remarkably little attention in the voluminous literature on civil war. We find that
natural disasters significantly increase the risk of violent civil conflict both in the short and medium term,
specifically in low- and middle-countries that have intermediate to high levels of inequality, mixed
political regimes, and sluggish economic growth. Rapid onset disasters related to geology and climate pose
the highest overall risk, but different dynamics apply to minor as compared to major conflicts. The
findings are robust in terms of the use of different dependent and independent variables, and a variety of
model specifications. Given the likelihood that rapid climate change will increase the incidence of some
types of natural disasters, more attention should be given to mitigating the social and political risks posed

by these cataclysmic events.



INTRODUCTION

That natural disasters such as earthquakes, volcanic eruptions, tsunamis, hurricanes, epidemics, and
floods can have major political consequences has been well known since at least 465/464 B.C. when a
massive earthquake struck Sparta. Ancient historians such as Thucydides, Diodorus, and Plutarch recount
how the decimation of twenty thousand Spartan citizens was the proximate cause of a violent revolt by the
Messenian helots who were enslaved when Sparta conquered that part of the Peloponnesus in the eighth
century B.C. Long aggrieved by their brutal suppression as state serfs, helot ‘guerrillas’ exploited the
chaos and oliganthropia resulting from the earthquake to set up a position at Ithome from where a major
Messenian revolt unfolded over the subsequent half decade. This revolt drastically altered the strategic
balance of power in the Peloponnesus, although the revolt was eventually squashed by the Spartans in 459
B.C.

Since then, a number of major disasters have changed the political landscape of the affected
countries. A few examples: On 1 November 1755, a massive earthquake and subsequent tsunami struck
Lisbon, killing between a third and a quarter of the citizens of Lisbon and causing death and destruction
throughout Spain and as far as Morocco. This event is today primarily remembered for its effects on the
culture, philosophy, and science of Europe, but it also had major political consequences. The earthquake is
cited as one of the factors that disrupted Portuguese colonial expansion. It is also said to have fuelled
resistance to the aristocracy, including an attempted assassination of the King. Major political effects are
also attributed to other disasters, for example the volcanic eruption on the island of Martinique in 1902, the
Peruvian earthquake in 1970, the Nicaraguan earthquake of 1972, and the tsunami that struck Indonesia
and other parts of South and Southeast Asia in 2004.”

Despite the headline-grabbing nature of these events and their known consequences, there are
surprisingly few studies that systematically explore how natural disasters affect the patterns of politics

and/or conflict. The literature on natural disasters tends to focus on the attributes of countries and peoples



that make them vulnerable to disasters, on the management of the material effects of disasters, and on the
process of recovery (Brooks 2003, Brooks and Adger 2003a, Brooks and Adger 2003b, Burton, Kates and
White 1993, Cutter 2006, Dore and Etkin 2003, Vincent 2004, Wisner, Blakie, Cannon and Davis 2004).
The political and/or conflict literature, on the other hand, has traditionally considered ‘the environment’ as
a ‘prize’ in resource wars, or as ‘the victim’ of conflict. Very few studies have considered how natural
disasters could lead to resource depletion and through this mechanism cause social stress and conflict.
Path-breaking cross-sectional studies focusing on the political effects of natural disasters were undertaken
by A. Cooper Drury and Richard Stuart Olson in the late 1990s (Olson and Drury 1997, Drury and Olson
1998). These studies focused on political unrest in general, though; not on violent civil conflict as a distinct
category. Although they found a statistically significant relationship between the occurrence of natural
disasters and the incidence of political unrest, their sample sizes were too small and the time periods
looked at too short to support generalisation.

Despite the absence of literature focusing on the civil-conflict risk posed by natural disasters, older
writings on environmental security and more recent contributions to ‘political ecology’ provide useful
concepts for understanding how natural disasters may impact on social systems (Brown 2005, Kahl 2006,
Homer-Dixon 1999, Miguel, Satyanath and Sergenti 2004, Peluso and Watts 2001). The best known
research projects in environmental security find that environmental change affects conflict through its
impact on social variables such as migration, agricultural and economic decline, and through the
weakening of institutions, in particular the state (Homer-Dixon and Blitt 1998, Kahl 2006). Authors in the
emergent political ecology tradition emphasise the social and discursive contexts within which
environmental dynamics and conflict relate, challenging the notion that conflict can be reduced to scarcity
factors alone (Peluso and Watts 2001:20-21). We remain agnostic about which of the two approaches
should ultimately be preferred, and rather draw valuable insights from both, keeping in mind the need to
develop a parsimonious theoretical model that can be tested empirically. As natural disasters per definition

lead to conditions of concentrated resource scarcity, it is appropriate to pursue the societal dynamics that



result from disaster-induced scarcity along the conceptual and empirical avenues suggested by the
environmental security school.” By singling out natural disasters as an extreme form of environmental
change, and by undertaking a large scale cross sectional analysis, we aim at further extending
understanding of how different types of environmental change may be related to, or interact with, social
stress. At the same time, we appreciate that connections between the environment and conflict need to be
placed within specific contexts of patterns of privilege and power if a fuller and sufficiently critical
understanding of conflict is to be arrived at.

We focus in particular on events of violent civil conflict, which is taken to refer to violent actions
involving contending groups aimed at challenging, altering, or maintaining a particular distribution of
public power and/or control over territory within a political unit. As a coercive phenomenon, violent civil
conflict is accompanied by attempts “to destroy, injure, thwart, or otherwise control” (Mack and Snyder
1957:218)* opponents, their resources, and/or the order on which their position depends. Violent civil
conflict can be instigated both by occupiers/supporters of the state/regime, or by their opponents.” Violent
civil conflict is disturbingly widespread in today’s world and has rightly been referred to as ‘development
in reverse’ (Collier, Elliot, Hegre, Hoeffler, Reynal-Querol and Sambanis 2002).

It is both possible and necessary to explore the effects of natural disasters on violent civil conflict
in a systematic manner. It is possible to undertake a cross-sectional analysis of this potential linkage
because of the recent availability of good quality cross-sectional time-series data collected by the World
Health Organisation Collaborating Centre for the Epidemiology of Disasters (CRED). CRED’s EM-DAT
database provides extensive coverage of natural disaster occurrence from 1900-2006 for almost all
countries currently in the international system.® In addition, we have access to data for the onset of violent
civil conflict in 187 political units for which natural disaster data are available, covering the period 1950-
2000. It is also now more necessary than ever to explore the political effects of natural disasters, given the
dramatic increase in their occurrence and destructive potential since the mid 20" century, attributed in part

to the exponential increase in population numbers, and the stress placed on vulnerable eco-systems. There



are indications that global climate change will lead to increased occurrence and severity of climate-related
disasters over the course of the 21" century (IPCC, 2001:10, Scholze, Knorr, Arnell and Prentice
2006:13116-13120). While human control over the occurrence of natural disasters is indeed limited, and
will continue to be so for the foreseeable future, insight into the risk that natural disasters pose plus a
deeper understanding of the mechanisms through which this occurs, will help in the drawing up of better
contingency and assistance programmes.

Our results suggest that the helot revolt against Sparta in the fifth century B.C. was not an isolated
event. While there is no reason to believe that each and every natural disaster will give rise to incidents of
violent civil conflict, there is evidence that natural disasters significantly increase the risk of violent civil
conflict in the short and medium term, particularly in low-and middle-income countries that have
intermediate to high levels of income inequality and that have mixed political regimes. We find that
earthquakes and volcanic eruptions pose the highest risk, but climate-related disasters also significantly
increase the risk of violent civil conflict. The article proceeds by first exploring the possible mechanisms
through which natural disasters could affect violent civil conflict (Section 2). In Section 3 we discuss the
data sources for our measures of natural disaster and violent civil conflict, and develop a set of
specifications for the empirical tests of our main hypothesis. Section 4 discusses the empirical findings and

their import, and Section 5 concludes.

THE RISKS POSED BY NATURAL DISASTERS AND THE QOCCURRENCE OF VIOLENT CIVIL CONFLICT

Following the example of the World Health Organisation Collaborating Centre for the Epidemiology of
Disasters (CRED), we define natural disasters as nature-induced cataclysmic events or situations which
overwhelm local capacity, often (although not necessarily) resulting in a request for external assistance.

Natural disasters can be classified as hydro-meteorological (droughts, extreme temperature, floods, slides,



wave/surge, wild fires and wind storms), geological (volcanic eruptions, earthquakes), and ‘other’ (famine,
insect infestation, and epidemics).’ Natural disasters can further be divided into rapid-onset and slow-onset
subgroups (Menotti 2002:246), with drought and famine being the most important examples of the latter.
Natural disasters can also be distinguished in terms of the immediacy of their impact on society: impacts
such as widespread death, the destruction of infrastructure, and dislocation are immediate and directly
observable. Other effects may be less directly observable and work themselves out over longer periods of
time. We refer to the latter category as ‘structural’ effects, in distinction from the more proximate effects
mentioned above. Natural disasters affect the structures of society by disrupting economic development,
increasing income and wealth inequality, by marginalising certain groups, and by leading to large-scale
migrations. Crucially, natural disasters can also weaken state capacity and legitimacy, creating
opportunities for the disgruntled to engage in violent resistance.

The theoretical literature on the specific impact of natural disasters on violent civil conflict is
limited, and so our theoretical exposition has to rely on general explanations of violent civil conflict to
begin with. There are three concepts around which the extensive macro-level literature can be made
relevant for our current purpose, namely motive, incentive, and opportunity. All three concepts refer to
strategic evaluations made and considerations entertained by actors, and thus serve as bridges between the
extensively-researched macro-level and less well-understood micro-level of conflict. While we do not
explore the bridge between the macro-and micro-level in any depth here, we employ this triadic distinction
to analyse the mechanisms through which natural disasters can give rise to violent civil conflict. These
mechanisms are summarised in Figure 1.

Under ‘motive’ we consider how and when evaluations that an actor is not receiving her due can
bring that actor to consider taking drastic action to alter the sources of her discontent. Widespread
grievances and other forms of societal frustrations are said to be determined by relative deprivation, that is,

the gap between individual expectations related to well-being and actual outcomes (Gurr 1970:24, Eckstein



FIG 1: Summary of Causal Argument Linking Natural Disasters and Violent Civil Conflict
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1980:144, Thorbecke and Charumilind 2002). There are many grievances that could possibly induce actors
to engage in civil violence to rectify the situations that gave birth to these grievances in the first place, but
socio-economic grievances due to vertical (between individuals) and horizontal (between groups) income
and wealth inequality have received considerable attention (Sigelman and Simpson 1977, Eckstein 1980,
Huntington, 1968, @stby 2003).® Ever since Aristotle in Book V of The Politics suggested that inequality
is ‘generally at the bottom of internal warfare in states’ (Aristotle,1974:191) analysts of conflict have
pinned much explanatory value on the distribution of wealth, and in particular on the distribution of
income (Sigelman & Simpson 1977). However, there is a greater likelihood that perceived inequality will
become a motive to act if there are structural impediments to mobility under conditions of modernization
(Zimmermann 1980, Eckstein 1980, Huntington 1968). Expectations of social mobility will be high in a
society with a large cohort of young people and with a rapid rate of urbanization. If these expectations are
thwarted by impediments to mobility related to social exclusion and/or ethnic discrimination — to mention
but two possibilities — it is more likely that politically relevant grievances will arise (Nel 2006, Urdal
2006).

The concept of ‘opportunity’ stems from the work of Tilly and others (Gamson 1975, Oberschall
1973, Tilly 1978). According to this approach all societies have aggrieved citizens who feel that they are
getting less than they deserve. However, political violence occurs only in a subset of societies, namely
those that have conditions in which discontent can be organized, and in which violence is an attractive
outlet for grievances. High levels of vertical (between households) and horizontal (between societal
groups) economic inequality and economic discrimination can induce resentment and grievances, but more
inequality does not necessarily translate into more violent resistance. High levels of economic inequality
are maintained by powerful elites whose preponderance of power produced the inequality in the first place.
These elites can use their established power to suppress expressions of dissent, and it is hence possible that
high inequality may be associated with less, not more violence (Lichbach 1989:437). The disadvantaged

have to overcome considerable collective action problems if they wish to express their grievances. Political



dissent, violent or not, is dependent on access to some resources and mobilization opportunities relative to
the power resources controlled by the elite. The concentration of collective action resources in a society
could thus be an important determinant of whether violent civil conflict manifests itself. More precisely,
‘opportunity’ relates to the strategic consideration that a motivated actor makes of the relative distribution
of collective action resources action resources in society. The existence of some uncertainty about this
distribution can also act as an inducement to action.

The assessment of opportunities to act made by an aggrieved or otherwise motivated actor in itself
can lead to violent resistance, but is probably not a sufficient condition. Some appreciation of the gains to
be had from acting is also necessary. We classify such appreciations as incentives. Strategic evaluations
that the actor will be better-off materially when engaging in violent civil conflict than when not are
important inducements to civil violence, as recent literature argues. For example, it is suggested that
resource-rich (specifically oil-exporting) countries in the developing world tend to have more violent and
more protracted extreme political conflicts than do resource-poor countries (Collier and Hoeffler 2004, but
see Fearon 2005). Rebels and other political opponents of the reigning elite may resort to extra-
constitutional and violent means if a) other avenues of gaining a stake in the riches of a country are
systematically blocked (through a winner-takes-all political regime, for instance), and b) if the political
opponents calculate that their material gain will offset whatever personal or communal sacrifices they have
to make in the process. A preponderance of exploitable resources could also affect the actor’s strategic
calculations of the relative availability of the means to pursue and sustain violent dissent.

In the absence of readily available information about the psychological environment to which
actors respond (such as the exact nature of their motivations, assessments of opportunities, and the
incentives that they face), we follow the example of the civil war literature in general by focusing on more
readily available macro-societal indicators of potential grievances, the distribution of collective action

resources, and of sources of potential incentives to get an empirical grip on conflict-inducing factors. We



treat the concepts of motives, opportunities, and incentives as heuristic devices, and do not here explore the
possibility that one or more can be subsumed under another in a more extended theoretical analysis.

The above-mentioned environmental security and political ecology literatures help us to link
natural disasters to these general heuristic concepts. First, environmental degradation leads to economic
decline, migrations and increased competition for scare resources (Homer Dixon and Blitt 1998, Baechler
1998). Second, it has been found that in the face of environmental change, elite actions help to create and
maintain a situation of inequality through the processes of resource capture and ecological marginalization
(Homer-Dixon and Blitt 1998:13), thus contributing to motives for violent reaction. Resource capture
occurs when elites use their power and influence to make sure they have a greater degree of control over
increasingly scarce resources. Ecological marginalization occurs when elites faced with increasing
resource competition exploit pre-existing structural scarcity’ to push weak sections of society into marginal
habitats. In addition, adverse environmental change can create opportunities for violent resistance by
undermining state capacity and thus contributing to the redistribution of collective action resources away
from the state. Societies where state capacity is noticeably weakening are more prone to violent civil
conflict (Brown 2001:3-25, Jackson 2001:101-121). Adverse environmental change has been found to
reduce state capacity through the dual actions of reducing state resources while increasing the demands
placed upon it (Homer-Dixon 1997, Kahl 2006:39-44). However, the exact nature of the state’s response
will have a great deal to do with whether scarcity reduces or enhances the opportunity for other groups to
challenge its authority. The state is not a simple victim, incapable of responding to challenges. Increased
‘scarcity’ can sometimes act to strengthen the state, particularly when the state taps into new revenue
sources through foreign aid, for instance (Hartman 2001:55). There are reasons to believe that natural
disasters will have results very similar to those of adverse environmental change, but that these effects may
be even more pronounced and more immediate. We distinguish between structural and proximate effects.

Structural effects impinge on distributional patterns in society, including the distribution of

resources, income, and wealth, and the distribution of collective action resources between society and the



state. Structural effects have longer-term impacts, and can provide motive, incentive, and opportunity.
Motive is affected through heightened grievances brought about by increased poverty, inequality,
displacement and marginalization. Incentive to forego the opportunity cost of not engaging in conflict may
be more acute in the context of increased competition for scarce resources, especially if the state is
assessed to be weakening (opportunity) due to the mismatch between its available resources and the
demands being made on it due to the disaster. The weakening of the state may also provide opportunity for
groups with pre-established motives unrelated to the actual disaster to partake in conflict. In particular if
the state is weakened or distracted by a new conflict, space could be opened for other dissident groups to
challenge its hold on political power. Furthermore, the longer-term impacts of structural change are likely
to correlate positively with the duration and intensity of conflict. By undermining state structures and by
increasing grievance levels, severe impacts may add to the pressures which extend and even exacerbate
existing conflict. The structural effects of natural disasters are thus likely to be associated with larger scale
organized armed challenges to the prevailing political and socio-economic regime.

By definition, proximate effects are more immediate than structural effects. Proximate effects of
natural disasters come in the form of large scale loss of life over a short period, rapid population
displacement, pressing hunger, outbreak of disease, and the general breakdown of social systems. All of
these may increase the acuteness of grievances and hence provide powerful motives for action. Acute
hunger, the spread of disease, and a sense of helplessness are likely to increase the incentives to engage in
violent behaviour, especially if the perception exists that the state is incapable of mitigating the effects of
the disaster or of effectively policing scarce resources. Furthermore, motive to resist will increase if the
state is considered to be in some way responsible for a hazard turning into a disaster, for instance when a
drought gives way to famine, while the resultant declining legitimacy of the state provides the opportunity
to act. Similarly, when the immediate effects of a disaster force the state to concentrate its repressive
resources (police and military) in one part of the country, the opportunity may arise in another part for

violent resistance.'’ Opportunity could also be affected by the pilfering of humanitarian resources,



particularly in situations where there are inadequate mechanisms to monitor and control the dispersion of
emergency aid. It is possible that the proximate effects of natural disasters will be associated with ad hoc
outbursts of violence in the short term, but if these effects persist, larger scale organized armed conflict can

also ensue.'' Based on the preceding, we propose:
Hypothesis 1: Natural disasters increase the risk of violent civil conflict either by triggering ad hoc
outbursts of civil/political violence or by adversely affecting the structural conditions which inhibit the

onset of organized armed conflict aimed at changing the regime or balance of political power in a society.

In the next two sections, we submit this hypothesis to a series of empirical tests.



EMPIRICAL DESIGN

Dependent Variables and Estimation Techniques

The test of Hypothesis 1 is based on a large N pooled cross-section research design, using the
country-year as the unit of analysis. The analysis includes all independent states and dependent political
units (with population larger than 150,000) in the international system from 1950 to 2000 inclusive, for
which data on both violent civil conflict and the occurrence of natural disasters are available. A total of
8,203 observations, covering 187 political units, are analyzed. Data on the dependent variable — violent
civil conflict — is derived from the UPPSALA/PRIO dataset on the onset of domestic armed conflict,
defined as a contested incompatibility involving armed force and concerning regime and/or territory
between at least two parties, of which one is the occupier of the state apparatus (Gleditsch, Wallensteen,
Eriksson, Sollenberg and Strand 2002, Harbom and Wallensteen 2005:634, and Urdal 2006:614). The
onset of at least one incidence of domestic armed conflict per year or the absence of such an onset is
recorded as a dichotomous variable. The Uppsala/PRIO dataset is careful to focus only on politically
motivated armed conflict, and also records a new onset only after two years of ‘inactivity’ have passed.
The major shortcoming that the Uppsala/PRIO dataset shares with other cross-country violent civil conflict
datasets is the absence of conflict information on the sub-national level, on the date and duration (in
days/months) of conflicts, and on the exact number of conflict deaths (Miguel et al. 2004)." These
shortcomings set limits to the exactness of the following empirical analyses, in particular because the main
explanatory variable is also in the form of discrete time-bound events. PRIO/Uppsala uses a threshold of
25 conflict-related deaths for all violent civil conflict, and 1,000 conflict-related deaths as a threshold for
major violent civil conflicts. While the quantitative difference between minor (< 1000 deaths) and major

violent civil conflict (> 1000 deaths) is clear, this quantitative measure does not help us to determine the



qualitative differences between the two types of conflict precisely. Nevertheless, the PRIO/Uppsala dataset
is preferred because it captures more events of violent civil conflict than do its contemporaries. We focus
on the data reflecting the onset of all violent civil conflicts, but also test for the effect of natural disasters
on minor versus major violent civil conflicts. There are 225 observations of the onset of all violent civil
conflict in the dataset, which represent only 2.7 percent of the total number of observations. There are §1
observations of major violent civil conflict and 144 of minor violent civil conflict. We are thus clearly
dealing with what King and Zeng (2001) call ‘rare events.” While a logit estimation of the log likelihood
that the onset of violent civil conflict will follow an occurrence of natural disasters is appropriate given the
dichotomous nature of the dependent variable, the rarity of the onset of violent civil conflict could mean
that the estimated event probabilities will be too small. To correct for potentially biased logit estimates of
events that are rarer than 5% of total observations, we employ a procedure suggested by King and Zeng
(2001) that generates approximately unbiased and lower-variance estimates of the logit coefficients and

. . . .13
their variance-covariance matrix.

Explanatory Variables: Natural Disasters

The explanatory variables used are derived from the CRED EM-DAT database mentioned above."*
An event or situation is classified as a disaster event by CRED if one or more of the following criteria are
met: a) 10 or more people reported killed; b) 100 people reported affected; c) it leads to the declaration of a
state of emergency; and/or d) it leads to calls for international assistance. For the period that we are
looking at (1950 — 2000) CRED repeated the per country count of an event for every country affected by
that event. As previously noted, we distinguish between hydro-meteorological, geological and ‘other’
types of natural disasters. We introduce a variable called A/l natural disaster’ comprising the sum of all
three categories. In view of anecdotal evidence that climate-related disasters are increasing due to the

effects of climate change, we created a category called A/l Climate which includes all disasters that are



likely to be impacted upon by climate change, broadly conceived. In effect this combines the categories of
hydro-meteorological and ‘other’ disasters. We also test for the effect of rapid-onset natural disasters
which includes all natural disasters except famine and drought."”” Recorded incidences of the explanatory
variable relative to population size are used as primary predictors in the cases of A/l natural disasters and
All Climate disasters, although robustness checks also use a variable based on number of disasters relative
to total territory covered by the affected political unit.'® As there is no more than one geological disaster
(volcanic eruptions and earthquakes) recorded per country year, this variable is in effect a dummy variable
and we do not take population or territory size into consideration when exploring the effects of this
category of disasters. Finally, robustness checks also consider the intensity of the number of natural
disasters experienced by a country in one year, by interacting the number of natural disasters with the

number of people affected, relative to the size of the population.'’

Intervening and Control Variables

We expect that natural disasters will have a more pronounced impact on communities which
already display many of the attributes typical of conflict-prone societies, namely high levels of income and
asset inequality, lack of political robustness, and large youth bulges. These features are concentrated
among low and middle-income countries.'"® Two-hundred-and fifteen of the violent civil conflict onset
observations are from these countries and only ten from high-income countries (World Bank
classification). Per capita income thus clearly is an important predictor of violent civil conflict onset, and
we use the natural log of GDP per capita, weighted for purchasing power in robustness checks (Heston,
Summers and Aten 2003). GDP per capita serves as an approximation for a whole spectrum of
development indicators and is therefore often included as a ‘catch-all’ variable in civil war studies (Hegre
and Sambanis 2006). As there is a close negative correlation between income inequality and national

output per capita, and as observations on GDP per capita are numerous, the latter is sometimes seen as a



useful alternative to the relatively scarce direct observations of income inequality. We are less convinced
of its usefulness, though, in this regard. Its linear association with the occurrence of violent civil conflict
does not pick up the distinct inverted U-shape relationship between inequality and violent civil conflict to
which a number of authors have pointed (Nagel 1974, Lichbach 1989, Nel 2006). As noted, income and
wealth inequality has been singled out as an important motive factor in the literature on civil conflict. As
can be deduced from the discussion of the interplay of motives, opportunities, and incentives in section 2,
the relationship between level of inequality and conflict may not be linear, however. Countries with very
high and low inequality are less conflict prone than intermediate to high inequality countries, as the degree
of inequality reflects the concentration of collective action resources and political power. Very high levels
of income concentration result from the concentration of political power and collective action resources,
and although motives based on grievances may abound, the opportunities to pose a challenge to the regime
are severely curtailed in such societies. At intermediate to high levels of inequality, motives based on
grievances may be as high, but collective action resources are likely to be somewhat less concentrated and
more opportunities for collective action may therefore exist. On the other hand, low inequality is
associated with the prevalence of democracy and redistributive mechanisms, resulting in lower grievance
levels and less violent conflict.

Level of inequality is thus an important intervening variable in considering both motives and
opportunities for violent civil conflict. The risk that natural disasters pose to violent civil conflict is
expected to be lowest at the two tails of the distribution of income inequality. The available income
inequality data are plagued by numerous problems of compatibility across countries and of coverage
(Knowles 2005), and even the best available inequality dataset, the Estimated Household Income
Inequality (EHII) dataset produced by the University of Texas Inequality Project (Galbraith and Kum
2005) has numerous missing values and covers only the last four decades of the 20™ century. We prefer to
use the readily available data on the fraction of live-born children who die before their first birthday (infant

mortality rate)” as a proxy for economic inequality. Infant mortality is concentrated in the lower income



deciles, and there is a very close positive correlation between infant mortality and available observations of
income inequality. The lagged (¢-1) infant mortality rate and its squared version are included® in the
analysis in order to control for the potential non-linear intervening effect of economic inequality.”'

To control for political robustness, variables are constructed on the basis of the twenty-one value
Polity2 combined regime indicator from the Polity IV dataset (Marshall and Jaggers 2002). We use a
dummy variable called ‘mixed regime’ which is a combination of inconsistent/partial democracies (1 to 7
on the Polity2 scale) and inconsistent/partial autocracies (-1 to -7 on the same scale). Some authors suggest
that inconsistent/mixed regimes, that is regimes that cannot be regarded as fully autocratic or democratic,
are the least robust in terms of surviving in general and suppressing the risk of civil conflict in particular
(Gates, Harvard, Jones and Strand 2006). Partial or inconsistent democracies, for instance, provide a
modicum of opportunities for voice, but are still so dominated by power and wealth elites that they fail to
respond effectively to the grievances of the poor and marginalised (Merkel 2005, Reich 2002, Schatzman
2005, Hegre and Sambanis 2006).** To test whether this lack of robustness is unique to partial democracies
only, we construct separate dummies for ‘partial autocracies’ and ‘partial democracies’. We suggest that
the identification of the ‘partial’ features of mixed regimes accounts best for the curvilinear relationship
that Hegre, Ellingsen, Gates and Gleditsch (2001) and Urdal (2006) detect between Polity IV regime score
and violent civil conflict. To construct the partial/mixed regime variable, the mean (=0) of the combined
Polity2 is imputed to replace missing data, allowing us to use the full dataset and to avoid the selection
bias against authoritarian regimes that Ross warns against (Ross 2006).>> However, to control for this
imputation we also estimate models without the imputation.

Using the same dependent variables as we do, Urdal (2006) finds that the existence of an
exceptionally large cohort of 15-24 year olds relative to the total adult population of 15 years and older is a
strong predictor of violent civil conflict in developing countries in particular. These so-called youth bulges
tend to experience high levels of social frustration — low mobility prospects, high levels of unemployment,

and overcrowding in urban centres. Natural disasters, we suggest, exacerbate these conditions and also



provide incentives and opportunities for a violent resources grab as competition for scarce resources heat
up and the capacity of the state to control the situation declines.**

In their sensitivity analysis of empirical results on civil war onset, Hegre and Sambanis (2006)
identify economic growth as a significant and robust predictor of the onset of civil war. GDP growth
reflects increased economic opportunities and may reduce grievances if its benefits are spread relatively
evenly in a society (which may not be the case in highly unequal societies, though, which is another reason
why it is important to control for the prevalence of economic inequality). Growth also raises the
opportunity cost of engaging in violent civil conflict and can thus be deemed to be a disincentive factor. In
general, we expect that the more robust a political unit’s economy is, the less it will be adversely affected
by natural disasters. We use five-year averages of the Penn World Tables measure of growth in per capita
GDP, weighted for purchasing power.

The natural log of total population is often included as a control variable in civil war studies (see
Hegre and Sambanis 2006, and Fearon and Laitin 2003). Since we normalize versions of the explanatory
variables by taking the per capita versions of natural disasters, we do not enter total population as a control
variable. As total population is simply a proxy for size, we take the direct route and instead control for the
total territory size of the political units, expressed in square kilometers, where appropriate. We expect state

capacity to be under more strain in larger countries that experience natural disasters, which could open up

more opportunities for violent political resistance.

Dealing with Time

The data used here prescribe the country-year as the unit of analysis, and we assume that the causal
arrow between the two sets of discrete events, if there is indeed one, runs from natural disasters to violent
civil conflict. We use observations of both at z. However, case studies of the political effects of natural

disasters have indicated that major civil conflicts do not always follow immediately after a disaster (de



Boer and Sanders 2002, 2005, Drury and Olson 1998), and we thus also use a 7+/ versions of the
dependent variable to check for this possibility.

Following Hegre et al. (2001), Toset, Gleditsch and Hegre (2000), and Urdal (2006) we introduce a
control for time dependency in the form of a variable called Brevity of peace. Time dependence is assumed
to be a problem in the time-series PRIO/Upssala data on the onset of armed conflict as violent civil conflict
is more likely in a political unit that has experienced civil conflict in recent years than it is in a unit where
the incidence of violent conflict is few and far between. Hegre et al. (2001) and Urdal (2006) assume that
the effect of a previous conflict declines geometrically®® at a rate which halves the risk of conflict every
three years. The Brevity of peace variable has a value of 1 while a political unit is experiencing a conflict,
and a value of close to 1 immediately after a unit-conflict has ceased. Over time, the value decreases to

close to zero, provided there is no onset of a new armed civil conflict in the period that has lapsed.

RESULTS AND DISCUSSION

Tables 1, 2, and 3 report the results achieved by running logit analyses corrected for rare event data on the
total sample of the onset of all violent civil conflict, and for the two subsets of which it is composed,
namely minor violent civil conflict (< 1000 deaths) and major violent civil conflict (>1000 deaths). Table 1
focuses on the effect on the onset of all types of violent civil conflict by the annual number of all types of
natural disasters per country, weighted for that country’s population size. Geological disasters (volcanic
eruptions and earthquakes) are covered by Table 2. As noted, there is no more than one observation of
geological natural disasters per country year in the dataset, and the explanatory variable in Table 2 thus
acts as a dummy. In Table 3, the attention turns to the number of climate-related disasters per country year,

again weighted for relevant population size.



TABLE 1: Natural Disasters and the Risk of Violent Civil Conflict, 1950-2000

1 2 3 4 5

Dependent All violent civil All violent All All violent | All violent civil

conflict civil violent civil conflict

(Smaller sample)® conflict civil conflict t+1
conflict
No. of natural disasters 1.075%** 1.186** 0.913** 0.089** 0.950**
per capita (0.280) (0.268) (0.287) (0.279) (0.306)
Infant mortality rate 0.023** 0.023** 0.024**
t-1 (0.007) (0.006) (0.006)
Infant mortality rate -0.000* -0.000%* -0.000**
squared ¢-/ (0.000) (0.000) (0.000)
GDP per capita -0.428%%*
(0.083)

Mixed regime 0.422%* 0.524%* 0.583** 0.568** 0.375%*

(0.164) (0.155) (0.149) (0.155) (0.160)
GDP growth -0.060** -0.068** | -0.058** | -0.070** -0.048*

(0.020) (0.020) (0.019) (0.019) (0.020)
‘Youth bulge’ 0.052%**

(0.015)

Brevity of peace 0.863** 0.872%* 0.908** 0.978** 0.877%*

(0.181) (0.164) (0.168) (0.161) (0.165)
Constant -4.992%* -5.187** -0.505 -5.507** -5.172%*

(0.273) (0.255) (0.682) (0.467) (0.257)
N 5893 7840 8203 7928 7663

Relogit regression coefficients with robust standard errors in parentheses

* p<0.05, ** p<0.01

Notes:

? = Sample with missing values on regime and GDP growth variables

All violent civil conflict = onset of violent civil conflict with minimum of 25 deaths

The findings reported in Table 1 confirm that natural disasters, as a rule, increase the risk of the
onset of violent civil conflict at both t and at #+/ to a degree that is statistically significant. This conclusion
holds for both the smaller sample (with missing Polity IV values) and the larger sample (with missing
values imputed), and for both the minor and major subsets of violent civil conflict (not shown). The
statistically significant risk-increasing effect of natural disasters is evident when this explanatory variable
is weighted for population size (Models 1-5), but also when it is weighted for territory size (not shown).

Importantly, alternative specifications of the control variables, in particular the inclusion of a GDP per



capita measure (in Model 3) and the youth bulge measure (Model 4), do not alter these results.?” The risk
that natural disasters pose is not only significant, but also reasonably powerful. An increase of one
standard deviation in the per capita version of the A/l natural disasters variable at ¢ increases the odds of
the onset of any violent civil conflict by twenty-three percent (Model 2), and by seventeen percent at ¢+/
(Model 5). By using a dummy version of the A/l natural disasters variable (1 = experienced at least one
natural disaster in a year), we determine that a political unit that experiences at least one natural disaster is
30 percent more likely to experience violent civil conflict compared to a unit that experiences no natural
disaster. We are confident that these results are robust and confirm the findings of Drury and Olson (1998),
which were based on a limited sample and time-period, that natural disasters pose a significant risk to the
political health of societies. Our specification allows us to proceed beyond these earlier findings in that we
can also explore the effects of different types of natural disasters and different types of violent civil
conflict.

What Table 1 does not reveal is that there are important differences between the effects of different
types of natural disasters and between the effects experienced by the two subsets of violent civil conflict.
Rapid onset disasters pose a higher and more significant risk than slow-onset disasters. A country that
experiences one rapid-onset disaster is fifty percent more prone to violent civil conflict than one that does
not (significant at the 0.01 level), while the effect of slow-onset disasters is lower and significant only at
the 0.1 level (results not shown). Furthermore, of the rapid onset disasters, a single geological disaster is a
much more powerful conflict risk factor than a single climate-relate disaster, most likely because of the
larger degree of destruction normally associated with volcanic eruptions and earthquakes. A unit that
experiences an earthquake or volcanic eruption faces twice the net risk of a violent civil conflict incident
occurring than a unit that is spared these cataclysmic events (Model 6). In contrast, a single climate-related
disaster adds only eighteen percent more risk to a country’s profile, and this risk is statistically not
significant (result not shown). However, the coefficient for the number of all climate-related disasters

weighted for population size is statistically highly significant (Model 11), which suggests that the risk



posed by climate-related disasters may become higher as the number of disasters affecting a country in a
single year increases. This positive relationship between number of climate-related disasters and violent
civil conflict risk turns out to be non-linear, as revealed by a polynomial investigation that shows that the
violent civil conflict risk posed by climate-related natural disasters is at its highest, both at ¢# and at ¢+/,
when a country experiences between five and eight such disasters in a year. However, the risk drops off
significantly in units that experience more disasters in a single year. While the motive to engage in armed
action may be equally present in societies that experience a single or many climate-related disasters, the
extent of the destruction caused by a large number of disasters clearly diminishes the opportunities and the
incentives in the latter for agents to engage in the kind of collective action necessary to stage violent civil
conflict. There is no indication that the category of other disasters (insect infestations and epidemics)
poses any significant risk.”®

Table 2 and 3 provide evidence that there are also different dynamics at play with respect to minor
compared to major violent conflict, that is, conflict with a battle-related death toll of at least 1000.
Although there is no difference between the effect that the total number of natural disasters weighted for
population size have on minor and major violent civil conflict in general, some differences emerge when
we look at the effects of geological and climate-related disasters separately, and also when we distinguish
between the effects at ¢ and at #+/. One has to be careful not to make too much of the differences between
minor and major violent civil conflict, as the distinguishing factor in some cases could simply be a few
more or less deaths. However, it is noticeable that the coefficient for geological disaster when considering
major violent civil conflict at 7 is not statistically significant (Model 9), but that it is at #+/ (Model 10). In
contrast, the same coefficient in the case of minor violent civil conflict is not significant at ¢+/ (not
shown), but is at # (Model 8). When considering the number of climate-related disasters per capita, we find
that the coefficient of the number of disasters per capita is not significant for minor violent civil conflict at
t (Model 12), but that it is significant in the case of major violent civil conflict (Model 13). At ¢+1,

climate-disasters increase the risk of both types of conflict significantly. A further difference between the



two subsets, to which we shall return, is that some of the control variables behave significantly different in
the case of major violent civil conflict compared to minor violent civil conflict. How can we account for

these differences?

TABLE 2: Geological Disasters and the Risk of Violent Civil Conflict, 1950-2000

6 7 8 9 10
Dependent All violent All violent civil Minor violent Major violent Major violent
civil conflict conflict civil conflict civil conflict civil conflict +1

Incidence of 0.743%* 0.432%* 0.822%* 0.608 0.725%*
Geological (0.213) (0.197) (0.268) (0.333) (0.314)
disaster
Infant mortality 0.023** 0.029%* 0.010 (0.013)
rate (0.0006) (0.007) (0.010) (0.010)
t-1
Infant mortality -0.000** -0.000** -0.000 -0.000
rate squared -/ (0.000) (0.000) (0.000) (0.000)
Mixed regime 0.523%* 0.527** 0.598** 0.368 0.150

(0.155) (0.154) (0.189) (0.264) (0.277)
GDP growth -0.068** -0.067** -0.063** -0.075* -0.052

(0.020) (0.019) (0.023) (0.034) (0.036)
“Youth bulge’ 0.056**

(0.016)

Brevity of peace 0.929%%* 0.789%%* -0.242 2.538** 2.481%*

(0.167) (0.166) (0.230) (0.297) (0.293)
Size 0.204**

(0.033)

Constant -5.112%* -8.061%** -5.552%%* -6.225%%* -6.361

(0.256) (0.669) (0.321) (0.421) (0.441)
N 7840 7928 7840 7840 7663

Relogit regression coefficients with robust standard errors in parentheses
* p<0.05, ** p<0.01

Notes: *= Sample with missing values on regime and GDP growth variables
All violent civil conflict = onset of violent civil conflict with minimum of 25 deaths
Minor violent civil conflict = onset of violent civil conflict < 1000 deaths
Major violent civil conflict = onset of violent civil conflict >1000 deaths



TABLE 3: Climate-related Disasters and the Risk of Violent Civil Conflict, 1950-2000

11 12 13 14
Dependent All violent Minor Major All violent
civil conflict | violent civil | violent civil | civil conflict
conflict conflict t+1
No. of L.112%* 0.811 1.372%* 1.148%*
Climate- (0.310) (0.448) (0.415) (0.311)
related
natural
disasters per
capita
Infant 0.023** 0.028** 0.010 0.026**
mortality rate (0.006) (0.007) (0.010) (0.006)
t-1
Infant -0.000** -0.000** -0.000 -0.000**
mortality rate (0.000) (0.000) (0.000 (0.000)
squared t-/
Mixed 0.524%*%* 0.602** 0.382 0.388**
regime (0.155) (0.189) (0.261) (0.160)
GDP growth -0.067** -0.060* -0.080* -0.051*
(0.020) (0.024) (0.034) (0.020)
Brevity of 0.903** -0.212 2.446%* 0.570%*
peace (0.162) (0.228) (0.284) (0.164)
Constant -5.140%* -5.523%* -6.322%%* -5.163**
(0.251) (0.313) (0.412) (0.256)
N 7840 7840 7840 7663

Relogit regression coefficients with robust standard errors in parentheses
* p<0.05, ** p<0.01

Notes: All violent civil conflict = onset of violent civil conflict with minimum of 25 deaths
Minor violent civil conflict = onset of violent civil conflict < 1000 deaths
Major violent civil conflict = onset of violent civil conflict >1000 deaths

The distinguishing feature of earthquakes and volcanic eruptions is the large degree of destruction
and upheaval that they cause, upsetting not only the collective action resources of the power-holders, but
also of their challengers. It takes more collective action resources to stage a major rather than a minor
event of civil conflict, and the general disruption and destruction caused by geological disasters makes
large-scale organized resistance difficult in the short term. If we assume that violent civil conflict that leads

to lower number of deaths demands less mobilization of especially political resources, it is clear why these



incidents would be more prevalent in the short term. Incidences of minor violent civil conflict are most
probably ad hoc violent reactions that, while still political (otherwise, they would not be included in the
PRIO/Uppsala dataset), are precipitated by the proximate effects of the destruction caused by geological
natural disasters, and would be vents for frustration or be aimed at grasping opportunities to alter the
distribution of valued scarce resources. In the medium term, though, major violent civil conflict would
have time to gestate. We surmise that larger-scale violent civil conflict is, as a rule, related to attempts at
altering the basic distribution of political power in a society, something that takes longer to put together
than the ad hoc and opportunistic minor violent civil conflict. It is also possible that major violent civil
conflict is a response to the structural effects of natural disasters as discussed in Section 2 above. These
structural effects take longer to manifest themselves, and the opposition precipitating the major violent
civil conflict in the wake of a volcanic eruption or earthquake would also need more time to organize an
effective political challenge. The major disruption caused by volcanic eruptions and earthquakes thus
precipitate smaller scale and ad hoc violence immediately, but through the sheer magnitude of the
destruction caused may also undermine the ability of disgruntled groups in society to effectively stage
major resistance in the short term. Gradually, the structural effects of geological disasters may increase the
risk of politically motivated violent civil conflict, as disgruntled groups get their collective-action ducks in
a row and as doubts grow about the ability of the ruling elite to ride out the disaster. In the medium term, at
t + 1, a country that has suffered a single geological disaster is as likely to experience major politically-
motivated violent conflict as it is to experience incidences of minor ad hoc violence immediately after the
disaster struck. In the case of climate-related disasters the destruction and disruption caused is less
pronounced than in the case of geological disasters, and major violent civil conflict emerges more readily
in the aftermath of the former than the latter, for the reasons already explored. The relative absence of
minor violent civil conflict in the immediate wake of climate disasters (Model 12) is an indication that

climate-disasters probably create more incentives and opportunities for larger-scale challenges of the status



quo in the shorter term. In the medium term, minor violent civil conflict is as likely as major violent civil
conflict to follow climate-related disasters (Model 14).

Of importance in exploring the differences between minor and major violent civil conflict is also
the behaviour of some of the socio-economic, political, and time-dependence control variables. The results
achieved for the control variables are as expected and are mostly significant in the case of all incidences of
violent civil conflict and, with the exception of the Brevity of peace variable, are also as expected for the
subset of minor violent civil conflict. Our five-year average measure of economic growth behaves as
expected, always deflating the odds for the onset of violent conflict and significantly so, except in the case
of geological disasters considering major violent civil conflict at #+7 (Model 10). This coefficient is highly
significant, however, in the case of all violent civil conflict and minor violent civil conflict at #+1/. A three
percent increase in the economic growth rate decreases the risk of violent civil conflict by as much as 20
percent. Model 3 shows that income level is a significant ‘catch-all’ predictor of the onset of violent civil
conflict, but the generality of this measure — and the fact that it is closely correlated with so many more
specific measures — is more of a curse than a boon. We therefore use it only as a robustness-check variable.
Territory size (log transformed) is also highly significant in our robustness-check specification in Model 7,
but as we use a per capita version of the explanatory variables in the models reported in Table 1 and 3, it is
here employed only in the case of geological disasters.”’ The coefficients for income level and territory are
all statistically significant with respect to both minor and major violent civil conflict, and at both time
periods that we look at.

Of greater significance is the fact that three important control variables lose their statistical
significance when the subset of major violent civil conflict is considered alone (both at ¢ and at ¢+17),
namely a) the measure used to trace the effect of economic inequality, b) the control for the presence of
mixed (inconsistent) regimes, and c¢) the measure of the presence of a ‘youth bulge’. The measure for the
infant mortality rate and its squared version are highly significant in all models where all violent civil

conflict and minor violent civil conflict are considered. Recall that this measure is used here to capture the



presence of income inequality — one of the motive sources for engaging in violent civil conflict. We find
that an increase of one standard deviation in the infant mortality rate makes a country that experiences one
natural disaster two-and-a-half times more likely to suffer any form of violent civil conflict, but also that
this effect tapers off at very high levels of infant mortality/inequality. These result confirm the suggestions
by Lichbach (1989) and Nagel (1974) that the relationship between income inequality and violent civil
conflict is significant and that it traces an inverted U curve, with violent civil conflict most prevalent at
intermediate to relatively high levels of income inequality.*® However, we are surprised by the fact that the
coefficients for infant mortality rate are not also highly significant in the case of major violent civil
conflict. This result stays the same when we replace infant mortality with the estimated household income
inequality (EHII) measure developed by Galbraith and Kum (2005) which was discussed above (results not
shown).”’ The curvilinear effect related to vertical inequality between individuals/households (measured
by both the infant mortality rate and by the EHII measure) is present also in the case of major violent civil
conflict, but its significance has now dropped to the 10 percent range which is not insignificant, but which
does not meet strict significance requirements. Clearly, measures of vertical economic inequality do not
capture the motive factor with respect to major violent civil conflict as well as our theoretical exposition
suggests. There may be other dimensions of inequality, such as horizontal inequality between societal
groups for instance (Ostby 2003), which are more significant predictors of major violent civil conflict, but
we had no comprehensive data to control for this.

Secondly, our inconsistent (mixed) regime variable also drops out of the statistically significant
range in the case of major violent civil conflict, but is highly significant in the case of all violent civil
conflict and minor violent civil conflict.* A political unit that has a mixed regime is about sixty-six
percent more likely to experience the onset of a violent civil conflict coterminous with or after the
occurrence of a single natural disaster, but the risk is higher in the case of minor violent civil conflict
(eighty percent) than in the case of major violent civil conflict (forty percent). The fact that the coefficient

for mixed regime is not statistically highly significant in the case of major violent civil conflict provides



some reason to believe that this measure does not capture the regime features relevant to the onset of major
violent civil conflict adequately. Findings by Hegre et al. (2001), Merkel (2005), Reich (2002) Schatzman
(2005), Gates et al. (2006), and Hegre and Sambanis (2006) that partial or inconsistent regimes are most
conflict prone are thus partly confirmed by these findings. As discussed below, there may be other
important structural features that can better account for the onset of major violent civil conflict than the
measure of inconsistent (mixed) regime-type.>

Finally, the presence of large numbers of disgruntled and unemployed youth (youth bulge) is
significant with respect to all violent civil conflict (Model 4 and 7) but only when we avoid the
multicolinearity this measure suffers with respect to the infant mortality rate and level of income. It
remains significant when used as a predictor of minor violent civil conflict, which taken together with the
above partially confirms Urdal’s (2006) findings. However, we find that the youth bulge effect is less
pronounced and not statistically significant in the case of major violent civil conflict.>* Again, there is
reason to believe that our specification, while adequate to capture the significant factors increasing the risk
of violent civil conflict per se, may not be sensitive enough to the factors leading to major violent civil
conflict in particular.

The results achieved for the Brevity of peace variable, which measures the conflict proneness of a
society over time, also differ across the various types of violent civil conflict. The coefficients for this
variable are positive and highly significant throughout the models focusing on all types of violent civil
conflict and major violent civil conflict, but not in the case of minor violent civil conflict, indicating that
societies that were conflict prone in the recent past are highly likely to experience major conflicts when
natural disasters strike. What is less obvious is why the coefficient of Brevity of peace is constantly
negative and insignificant in the case of the models focusing on minor violent civil conflict (Model 8 and
12). One possible answer lies in the sudden and unexpected nature of natural disasters, whose proximate
effects may increase the risk of minor violent civil conflict incidents independently of other factors that

over time make a society more or less prone to violent political conflict. Ad hoc minor conflict,



accompanied by some loss of life, can be unleashed by the destruction of livelihood and the breakdown of
law in order following a rapid-onset natural disaster such as an earthquake, no matter how politically stable
a society tends to be. In other risk assessments of the onset of all violent civil conflict in which the
contingency of natural events are not considered, such as that offered by Urdal (2006) using youth bulges
as the main explanatory variable, the Brevity of peace variable will act differently than here, taking on a
significant positive value also in the case of minor violent civil conflict.

The political and social-economic specifications used in this study are thus more than adequate to
capture the dynamics of the combined category of the onset of all violent civil conflict, and of the onset of
minor violent civil conflict. They behave less well when it comes to predicting major violent civil conflict,
though. By default, the larger part of the explanatory weight in the case of major violent civil conflict is
carried by the Brevity of peace variable. The fact that this control variable for conflict proneness is so
powerful suggests that there may be structural features at play in the case of major violent civil conflict
that remain unaccounted for in our specifications. We have already mentioned horizontal inequality as one
such feature. Other structural features that may also be important, but for which we also had no time-series
data, include the ecological fragility (or environmental stress level) of a society. In his case studies of
environmental factors that induced political conflicts in Kenya and the Philippines, Kahl (2006) singles
this out as an important factor. Another important feature may be the quality and the robustness of the
public authorities, local and national, to deal with the type of systemic shocks posed by natural disasters.
This latter feature may even be more important than regime type, but this hypothesis must await its test

until we find time-series data on the service-delivery quality of public authorities.



CONCLUSIONS

In light of the significant insights produced by the literature on the effects of environmental transformation
on civil war, it is surprising that so few analysts have systematically explored the links between natural
disasters and violent civil conflict in detail. The lack of large N cross section time series data is partly to
blame, but so is the tendency by political scientists and other conflict specialists to underestimate the
importance of geography and environmental factors. Given the growing importance of environmental
factors as climate change kicks in and as natural ecologies are stretched to the limit, it becomes all the
more important to correct this oversight. This paper contributes to the violent civil conflict literature by
looking at the net risks posed by the number and type of natural disasters, weighted for population and
territory size, for the onset of both minor and major violent civil conflict. On explicit theoretical grounds,
we expect natural disasters to increase the risk of violent civil conflict through their proximate and
structural macro-social effects, increasing the motive, incentive, and opportunity for conflict. By
increasing grievances and increasing the incentive for resource grabs, while reducing state ability to
respond (therefore redistributing collective action resources), natural disasters have powerful social
impacts which can act to destabilise society.

Using a comprehensive dataset that covers 187 political units and the whole second half of the
twentieth century, we find robust evidence that rapid-onset natural disasters significantly increase the risk
of violent civil conflict in the short to medium term. As a rule, earthquakes and volcanoes hold somewhat
higher civil-conflict risks than do climate-related disasters, but the conflict effects of the latter are also
quite significant. Epidemics and insect infestations are the least likely to result in violent civil conflict. The
relationship between the number of climate-related natural disasters experienced by a political unit and the
risk of violent civil conflict is curvilinear, tracing an inverted U, with an upper turning point between five
and eight climate-related disasters. Looking at all incidences of violent civil conflict, we find that income

inequality, proxied by infant mortality rate, is an important intervening factor that determines when and



where rapid-onset natural disasters give rise to conflict. In addition, the conflict risk posed by natural
disasters is higher in political units with mixed regimes than in autocracies or consolidated democracies.
Autocracies are less conflict prone given the preponderance of state repressive capacity but also because
some autocracies are quite successful in addressing grievance issues such as income inequality (pre-
democratic Indonesia and South Korea being prime examples). Consolidated democracies provide
legitimate channels for voicing dissent, and the incentives to engage in violence are less than in a partial,
incomplete democracy.®® Disaster intensity seems to be relatively unimportant, and does not explain the
difference between minor and major incidences of violent civil conflict. These findings are robust to the
use of different versions of the dependent variable, and to a range of alternative specifications of the
explanatory and control variables. Rapid-onset natural disasters are significant predictors of the risk of
civil war in societies with mixed regimes, low economic growth rates, and intermediate to relatively high
levels of income inequality, whether we weigh for population size or not, whether we control for the size
of the total area covered by a political unit or not, whether we control for income level or not, and whether
we systematically remove outliers or not.

While our main results are robust, we are less confident that we have exhausted the factors that
determine when and where natural disasters increases the risk of major violent civil conflict. The analysis
reveals significant differences between the minor and major subsets of violent civil conflict, but we are
hesitant to overemphasise these differences given the imprecision of the criterion used to distinguish
between the two subsets in the PRIO/Uppsala dataset. Nevertheless, the detected differences point to the
conclusion that the destruction caused by geological disasters, inhibit the development of major conflict in
the short term. We also find that youth bulges are more of a threat for the onset of minor than for major
violent civil conflict. In addition, the conflict history of a society is significant in accounting for the
outbreak of major incidences of violent civil conflict, but less so in the case of minor conflicts where the
contingency of natural disasters seems to be an overriding factor. There is clearly different dynamics at

play in the case of major compared to minor violent civil conflict, although natural disasters in both cases



significantly increase the risk of violent civil conflict. More research is called for to identify those
structural features of conflict-prone societies that the Brevity of peace variable nicely reflects in the case of
major violent civil conflict, but which remain largely unaccounted for in our specifications. We also
believe that finer time-calibrated onset data can assist in drawing clearer causal conclusions, while further
research is also necessary to test for the cross border impacts of natural disasters and how international
responses to natural disasters affect social outcomes. One further important factor which we had to ignore
due to absence of systematically collected data is the effect that disaster refugees could have. Does the
presence of large numbers of displaced persons increase or decrease the risk of civil conflict? Data
restrictions also prevented us from testing for the impact of natural disasters on conflict duration or
termination.

However, the empirical results registered above confirm the hypothesis that sudden, cataclysmic
environmental change significantly increases the risk of civil conflict. Now that we know which disaster-
prone countries face the higher risk of violent civil conflict, we can combine this information with analytic
tools such as Disaster Hotspots (World Bank, 2005) and the IPCCs regional predictions of future ‘extreme
climatic events’* to provide socially sensitive early-warning and disaster-monitoring systems. Given the
dire predictions that natural disasters are set to become more frequent in the near future, conflict reduction
and management strategies in the 21% century simply have to be more attuned to the effects of natural

disasters than they have been up to now.



Appendix A: Natural Disaster Types and Sub-Types

CATEGORY

NATURAL DISASTER

NATURAL DISASTER
TYPE

NATURAL DISASTER
SUB-TYPE

ONSET CATEGORY

Geological

Earthquake
Volcano

Hydro-

meteorological

Extreme temperature

Flood

Slide

Wave/surge

Wildfire

Windstorm

Cold wave
Heat Wave

Coastal/lake flood
Flash floods

Plain flood
Valley flood

Avalanche
Landslide
Mudflow
Rockfall

Tsunami
Tidal wave

Forest
Peat
Scrub
Steppe

Cyclone
Hurricane
Tornado
Tropical storm
Storm
Typhoon
Winter storm

Rapid-Onset

Drought

Other

Famine

Slow Onset

Insect infestation

Epidemic

Grasshopper
Locust
Other

Anthrax

Arbovirus
Diarrhoeal
Diphteria
Intestinal Protozoal
Leptosporisis
Malaria

Measles
Meningitis

Plague

Rabies Respiratory
Rickettsial

Small pox

Viral Hepatitis

Rapid Onset

Adapted from: Guidelines: Table 1. List of disaster types as recorded in EM-DAT. Available at http://www.em-

dat.net/guidelin.htm.




Appendix B

TABLE B.1: Descriptive statistics for variables used in Table 1

Variable N Mean Std. Dev. Min Max

Dependent variables

Onset of all violent civil conflict 8203 0.027 0.163 0.000 1.000
Onset of minor violent civil conflict 8203 0.018 0.131 0.000 1.000
Onset of major violent civil conflict 8203 0.010 0.099 0.000 1.000

Natural disasters variables

Number of all natural disasters 8203 0.810 2.010 0.000 35.000
Number of all natural disasters per capita 8203 0.082 0.175 0.000 2.810
Volcanlc. eruptions and earthquakes (geological 8203 0.070 0255 0.000 1.000
natural disasters)

Number of all climate-related natural disasters 8203 0.703 1.806 0.000 34.000
Number of all climate-related natural disasters per 8203 0.072 0159 0.000 2730
capita

‘Other’ natural disasters 8203 0.097 0.414 0.000 8.000
Control variables

Infant mortality rate 8026 79.226 57.867 4.000 263.000
Mixed (inconsistent) regimes 8203 0.186 0.389 0.000 1.000
GDP per capita (PPP) log transformed 8203 8.267 0.923 5.620 10.575
GDP per capita growth (5 year averages) 8203 2.047 3.266 -23.000 50.000
“Youth bulge’ (as % of adult population) 7928 29.960 6.192 12.900 45.000
Brevity of peace 8203 0.157 0.327 0.000 1.000

Size of total territory (log transformed) 8203 11.499 2.579 3.332 16.925




Appendix C
TABLE C.1: Correlation Matrix for Explanatory Variables, Pearson’s r, two tailed

No. of No. of
natural Geological climate Infant Mixed Growth of | Youth bulge GDP per Territory
disasters disaster disasters per | mortality regime GDP per capita size
per capita rate capita
capita
Geo-
logical 0.450%*
disaster
No. of
climate 0.969* 0.259*
disasters
per capita
Infant
mortality -0.133* -0.052* -0.130%*
rate
Mixed
regime 0.611* 0.046* 0.060* 0.088*
Growth
of GDP -0.018 0.015 -0.028 -0.080 -0.012
per capita
Youth
bulge -0.020 -0.009 -0.029* 0.521* 0.176* -0.096*
GDP per
capita -0.012 0.002 -0.010 -0.623* -0.209* 0.178* -0.594*
Territory
size 0.244* 0.202* 0.219* 0.216* 0.154* -0.044* 0.029* -0.211*
Brevity
of peace 0.189* 0.134* 0.179* 0.179* 0.119* -0.099* 0.199* -0.270* 0.265*

* = Statistically significant up to 5% level
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! Thucydides discusses the helot revolt in Book One, paragraphs 101-103 of The Peloponnesian War,
(1985: 94-96). For discussions of the Helot revolt based on Thucydides and other ancient sources, see
Oliva (1971) and de Ste. Croix (1972). A modern interpretation of the political and social effects of the
earthquake at Sparta is to be found in the eminently readable book by de Boer and Sanders (2005: 45-64).
? On the Lisbon and Peruvian earthquakes see de Boer and Sanders (2005: 88-107; 194-220). The effects
of the volcanic eruption on Martinique are discussed in de Boer and Sanders (2002: 186-208). On the
Indian Ocean Tsunami, see International Crisis Group (2005).

3 Obviously, by singling out scarcity as a trigger in the causal chain linking natural disasters and violent
civil conflict, we are not implying that other environmental conditions, such as that of resource abundance,
for instance, cannot also lead to conflict.

* See also Gurr (1980: 2).

> See also Harbon and Wallensteen (2005), Urdal (2006).

% EM-DAT: The OFDA/CRED International Disaster Database - www.em-dat.net - Université Catholique
de Louvain - Brussels — Belgium. (Accessed December 2, 2006) The EM-DAT database is widely held to
be the most comprehensive global natural disasters dataset available, but see Quarantelli (2001) for a

critical methodological review.

7 See Appendix A for a typology of natural disasters.

® This literature is well-surveyed in Zimmermann, (1980), and Lichbach (1989).

? The term ‘structural scarcity’ comes from the work of Thomas Homer-Dixon and the Toronto group. It
refers to a pre-existing situation of resource distribution inequality. This inequality causes a situation of
scarcity for the majority of the population even though the resource itself is relatively abundant. For more
information see Homer-Dixon and Blitt (1998: 6).

' We are grateful to an anonymous reviewer for suggesting these opportunity-enhancing consequences of

the proximate effects of natural disasters.
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' On the other hand, the proximate effects of natural disasters can also be salutary. Societies that undergo
the devastation of natural disasters can rally around a common cause of dealing with its proximate effects,
such as loss of life and livelihood and the outbreak of disease, thus creating what can be called a
‘therapeutic community’ (Olson and Drury, 1997).

2 Both the Uppsala/PRIO and CRED EM-DAT datasets do not make provision, in the time period that we
are looking at, for cross-border contagion of either natural disasters or violent civil conflict.

1 We use their Relogit software to generate the corrected estimations. Available at:
http://gking.harvard.edu/stats.shtml. (Accessed November 18, 2006)

'* See: EM-DAT: The OFDA/CRED International Disaster Database - www.em-dat.net - Université
Catholique de Louvain - Brussels — Belgium. (Accessed December 2, 2006). Data for this study gratefully

received by email October 2006 from EM-DAT.

1> We do not test for the effect of famine because of the reverse causality that violent civil conflict (and
other political events) could have on its occurrence (see Dreze and Sen 1989).

' The per capita version is probably more reliable than the per territory size version as an indicator of how
widely disasters affect human relationships.

7We do not run fixed effect models. Following Beck and Katz (2001), we consider the use of fixed effect
models to control for the influence of unit idiosyncrasies in binary outcome time-series cross-section data
as pernicious. There are many units with no other outcome than zero, and to control for their presumed
idiosyncratic effects on the parameter estimates does not make any sense.

'8 A recent World Bank study (Collier et al. 2002) has found that middle-income countries have a civil-war
risk four times as high as OECD countries (down from five times as high in the 1960s), while the low-
income countries have a typical risk fifteen times as high as the OECD group of countries.

" Data on infant mortality rate is constructed by Henrik Urdal (2006) from the UN’s World Population

Prospects and the UN Demographic Yearbook. Permission to use this data gratefully acknowledged.
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2% The one-period lagged version is preferred since infant mortality rate can be affected by the occurrence
of both natural disasters and of violent civil conflict at .

*! The problem of multicollinearity looms large when using the GDP per capita measure of income level
and the measure of infant mortality together, though, and in the regressions below we only enter one of
these measures at a time. A measure of ethnic fractionalization is also not used, partly because we have
only 2722 observations of this measure, and partly because it is highly positively correlated (albeit
probably spuriously) with infant mortality rate (r = 0.57).

2 It is of course problematic to use what was intended as a continuous scale of democracy to arrive at a
categorical distinction between types of democracy. Nevertheless, the POLITY IV dataset has so many
advantages in terms of clarity of conceptualization and operationalization that researchers interested in the
categorization of types of democracy prefer to use it instead of less transparent categorisations such as
Reich (2002). The important question is where exactly to draw the line on this continuous scale between
democracy and partial democracy, and the opinions differ on this (see Lee (2005), Li and Reuveny (2006),
and Epstein, Bates, Goldstone, Kristensen and O’Halloran (2006). We follow Epstein et al. in believing
that the cut-off used here, namely the score of seven, is sufficiently stringent in terms of the democracy
and autocracy criteria used by Marshall and Jaggers (2002).

> Ross (2006) shows that authoritarian states are underrepresented in cross-sectional political studies,
because they produce fewer observations of crucial data than do democracies. The imputation procedure
followed here is a conservative correction of this bias, as it conserves all the available information, but
does not overestimate the number of mixed regimes. If anything, the procedure increases the observations
of the reference value in the mixed-regime dummy variable, and is thus a potential undercount of the
incidence of partial/mixed regime types.

' However, there is a very high positive correlation (r > 0.5 in all cases) between the infant mortality rate

and the size of the youth bulge, and we introduce these two variables only one at a time to avoid
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colinearity. The growth rate of urbanisation is also highly positively correlated to the infant mortality rate
and to ‘youth bulges’, and is therefore not employed as a control variable here.

> As calculated by Urdal (2006) from Heston, Summers and Aten (2003). Permission to use these data is
gratefully acknowledged.

26 Calculated as exp((- years in peace)/X), where X indicates the rate at which the effect of the preceding
conflict diminishes over time.

%" The effect of the intensity level of the total number of disasters (multiplied by number of people
affected, and weighted by population size) is not statistically significant.

%% The coefficients for ‘other’ disasters (epidemics, insect infestation) are not statistically significant, and
are not included here.

% We find no difference between the statistical significance when using log transformed or “straight’
values of the total size of territory variable, but a curvilinear tapering off of the effects of this variable on
the risk of violent civil conflict is suggested by the negative coefficient sign of the squared version of
territory size (not shown).

3% The infant mortality rate is also a useful proxy for a number of important socio-economic factors such as
level of development achieved, the capacity of the state to deliver health services to the population,
amongst others (Sen 1998, Urdal 2006, Ranis, Stewart and Samman 2006. However, the curvilinear effect
is more difficult to explain in the case of these other empirical correlates. We find that infant mortality rate
is a much stronger predictor of violent civil conflict than income level, with an increase of one standard
deviation in the former accounting for twice as much violent civil conflict risk as does an increase of one
standard deviation in the measure of GDP per capita (weighted for purchasing power).

3! In their study of the political effects of natural disasters, Drury and Olson (1998) also found that income

inequality is not significant but they did not check for a curvilinear effect.
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321t does not make a difference to these results whether a mixed regime is an inconsistent democracy or an
inconsistent autocracy for it to lower the political robustness of the regime in the face of natural disasters
(results for separate tests of these two inconsistent regimes not shown).

33 Other regime measures based on the Polity IV dataset do not fare better in predicting the onset of major
violent civil conflict.

* Admittedly, we use a specification that differs significantly from that used by Urdal as we are interested
in the net effects of natural disasters, while his study focused on the net effects of youth bulges as such.

3> Gates et al. (2006) find a systematic pattern of self-enforcing equilibria in the case of autocracies and
consolidated democracies which are absent in the case of mixed regimes. See also Epstein et al. (2006).

3% As included in the Inter-governmental Panel on Climate Change (IPCC) Assessment Reports.
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