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Introduction 
 
 More than fifteen years after scholars first started doing serious research on the 

link between environmental scarcity and conflict, we still have very little in the way of 

cumulative findings on the topic. A combination of poor data, inappropriate statistical 

models and inadequate general models of conflict within which environmental variables 

can be integrated are all factors in explaining why previous research efforts—such as the 

State Failure Task Force—were unable to demonstrate a connection between 

environmental scarcity and conflict. 

This project takes advantage of the availability of improved indicators of 

environmental change over the past decade as well as recent improvements in models of 

conflict (Fearon & Laitin 2003; Sambanis, 2004) in order to reexamine the relationship 

between environmental scarcity and conflict. The paper is divided into three parts: 1) an 

introductory section that summarizes the ‘state of the art’ on research on environmental 

change and conflict; 2) a statistical analysis (using data from 1945-1999) in which we 

assess the extent to which key indicators of environmental change and scarcity are related 

to levels of conflict; and 3) several case studies of key countries in the Middle East and 

South Asia, in which we try to identify ways in which environmental indicators might be 

related (or not) with levels of conflict. 

The key findings of the project are:--  

• The more complete data and conflict models used here show that several 

indicators of environmental scarcity are significantly and robustly related to 

levels of violent conflict: growth rate of cereal yield, CO2 emissions (kg per 2000 

GDP), and Forest area (% of land area) are negatively related to the likelihood of 
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civil war onset and permanent cropland (% of land area) is positively related to 

civil war onset. 

• Technology appears to have the potential to limit environmental impacts on 

conflict, for example increases in cereal crop yields and related increases in rural 

population growth (reflecting improved rural conditions) and the amount of arable 

land are associated with reductions in civil war onset. 

• As we might expect, however, the effects of environmental scarcity vary by area. 

Wealthy OECD countries are much less at risk from “bad” levels of 

environmental scarcity variables than poorer countries. Countries with higher 

GDPs and greater CO2 emissions (which we think are a proxy for development) 

are less likely to experience a civil war. The effects of environmental scarcity in 

poorer regions such as Africa and South Asia are much greater. 

• Not all the likeliest pathways through which environmental scarcity is influencing 

conflict now and will influence conflict in the future are measurable using 

existing large-N data and models on violence.  

• In particular the case studies of India and the Middle East suggest that social 

protests, strikes and rural violence that stem from water and crop shortage fall far 

short of the kind of incident usually found in cross-national conflict datasets are 

the likeliest initial manifestation of conflict. 

• These forms of violence and social protest have become ubiquitous at 

comparatively low levels of environmental scarcity: they will likely rise sharply in 

the future as environmental scarcity intensifies. 
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I. The Environment-Conflict Linkage: History of the 
Debate and Previous Research Projects 
 

The environment-conflict linkage has garnered increased attention in the last few 

years. However, this is by no means the first time that researchers and policy-makers 

have suggested a relationship between these factors. The concept of “environmental 

security” has been around for almost three decades and numerous research projects have 

examined the relationships between degradation and insecurity. This section will briefly 

sketch the history of the discussion and review the main qualitative and quantitative 

research projects that have attempted to model the effects of environmental scarcities on 

internal conflict.   

The “first generation” of environmental security research emerged in the late 

1970s.1 Attempts to introduce the term into the academic and policy lexicon were part of 

a broader attempt to expand the definition of “security” beyond its conventional focus on 

interstate military confrontations. Earlier extensions had included the concept of 

“economic security,” introduced in the wake of the oil crises and Japan’s economic rise. 

These expansions suggested that “security” was not limited to guns and bombs but should 

include anything that threatened national well-being. 

The term “environmental security” was first employed by Lester Brown, founder 

of the Worldwatch Institute, in 1977.2 Other enthusiasts included Johan Galtung, Richard 

Ullman, Norman Myers, and Jessica Tuchman Matthews.3 The United Nations 

                                                 
1 The “first generation” and “second generation” labels are employed by Ronnfeldt, Carsten F. 
(1997) "Three Generations of Environment and Security Research" Journal of Peace Research 
34(4): 473-482. 
2 Brown, Lester (1977) Redefining Security. WorldWatch Paper, no. 14. Washington, D.C.: 
WorldWatch Institute. 
3 Galtung, Johan (1982) Environment, Development, and Military Activity: Towards Alternative 
Security Doctrines. WorldWatch Paper, no. 89 Washington, D.C.: WorldWatch Institute; Ullman, 
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Brundtland Commission lent institutional support for the term by deploying it in their 

report, Our Common Future.4 These advocates recognized that, as the Cold War came to 

a close and the threat of superpower nuclear confrontation declined, the security agenda 

would have to evolve. This created an opportunity to redirect resources to other areas. 

This window of opportunity corresponded with a dramatic increase in public awareness 

of environmental issues. Rachel Carson’s Silent Spring revealed the dangers of pollution 

while the publication of Paul Ehrlich’s The Population Bomb and the Meadows et. al. 

volume Limits to Growth represented a resurgence in Malthusian concerns regarding the 

carrying capacity of natural environments.5 Meanwhile, environmental disasters at Three 

Mile Island, Chernobyl, the Exxon Valdez oil spill, and the widening atmospheric ozone 

“hole” provided a focal point for public fears.  

 Proponents of the term “environmental security” asserted that environmental 

hazards presented at least as great a threat to national and individual security as did 

military confrontation and, consequently, deserved greater governmental attention. Their 

efforts were conceptual and normative, rather than empirical. They recognized that 

labeling the environment a “security” issue would, in itself, raise the level of popular 

concern and administrative resources directed towards it. They were less concerned with 

establishing the specific relationships between environmental issues and national 

insecurity; these were largely taken for granted, gestured to for rhetorical purposes, but 

not explored in depth.    
                                                                                                                                                 

Richard (1983) "Redefining Security" International Security 8(1); Mathews, Jessica Tuchman 
(1989) "Redefining Security" Foreign Affairs 68: 162-77; Myers, Norman (1989) "Environment 
and Security" Foreign Policy 74: 23-41. 
4 (1987) Our Common Future: Report of the World Commission on Environment and 
Development. Oxford: Oxford University Press. 
5 Carson, Rachel (1962) Silent Spring. Boston: Houghton Mifflin; Ehrlich, Paul R. (1968) The 
Population Bomb. New York: Ballantine Books; Meadows, Donella H., et al. (1972) Limits to 
Growth. New York: Universe Books. 
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 Critics lambasted the environmental security advocates for their overtly political 

aims.6 And they questioned the appropriateness of the “security” label, from an analytic 

and normative perspective. They expressed concerns that the environment was a poor fit 

with traditional security issues, in terms of its effects and appropriate policy responses. 

They expressed concerns that conceptualizing the environment as a security issue could 

lead to the emergence of counterproductive “us vs. them” thinking and a militarization of 

environmental policy. Other critics feared that “securitizing” the environment would 

expand the executive privileges of the state, increasing its ability to subvert legal norms 

in the name of sustaining national “security.”7 

 Moreover, many of the critics questioned whether environmental problems really 

were a threat to national security. In the contemporary era, developed states would be 

able to overcome environmental degradation through a combination of trade and 

technology; and conquest had apparently ceased to be an efficient solution to scarcity 

concerns. The effects of environmental degradation were therefore likely to be greatest in 

less developed countries. But instability in these states would not constitute a direct threat 

to the US and other advanced industrial states. The nations that were in the most danger 

from environmental degradation were not capable of launching international attacks; if 

anything, environmental problems would further degrade their capabilities. Developed 

states only concerns might be that increasing numbers of “environmental refugees” 

would attempt to migrate to their countries.  

                                                 
6 Deudney, Daniel (1990) "The Case Against Linking Environmental Degradation and National 
Security" Millenium 19(3): 461-476; Levy, Marc A. (1995) "Is the Environment a National 
Security Issue?" International Security 20(2): 35-62. 
7 Waever, Ole (1995) "Securitization and Desecuritization" in On Security. Ronnie D. Lipshutz, 
ed. New York: Columbia University Press. 
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 By the late 1980s, the conceptual debate had largely played itself out. Despite the 

critics’ objections, the term environmental security had gained purchase within the 

academic and policy communities. In large part, this was because of another broadening 

in security studies: an increasingly expansive idea of whose security mattered, 

concomitant with an increase in the number of issues that constituted security threats. 

This extension was also advocated by the Brundtland Report, the first publication to 

employ the term “human security.” It suggested that security did not stop at the water’s 

edge, but should be assessed in terms of individual survival. Although there was general, 

if unstated, agreement that the direct threat posed by environmental degradation to 

developed countries’ national security was minimal, an increasingly cosmopolitan and 

interventionist agenda required policy-makers to care about the impact of environmental 

degradation in other states. 

 The “second generation” of environmental security research focused on 

developing nations. These research programs ignored the conceptual debate and focused 

on empirics; they aimed to model and test the relationship between the environment and 

security. They also shifted their dependent variable from the amorphous concept of 

“security” to the somewhat more constrained category of “conflict.” Though, as critics 

have been eager to point out, “conflict” was still a broad topic, including everything from 

riots, to sectarian clashes, to full-scale civil wars. These conflicts were usually contained 

within the territory of one state; although they might have international dimensions, they 

were rarely interstate wars. 

 The most well-known project exploring the relationship between environmental 

degradation and conflict was led by Thomas Homer-Dixon, at the University of Toronto. 
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Homer-Dixon introduced his work in a 1991 International Security article, “On the 

Threshold.” The results of the initial Environmental Change and Conflict Program 

(ECACP) were published in IS in 1994.8 The latter article contained the revised 

environmental conflict model that became the basis for further case studies; the 

cumulative results of the decade of work by Homer-Dixon and his associates appeared in 

two books: Ecoviolence, a collection of case studies edited by Homer-Dixon and Jessica 

Blitt, and Environment, Scarcity and Violence¸ by Homer-Dixon.9  

 The independent variables in Homer-Dixon’s model are three types of 

“environmental scarcity”: “supply-induced scarcity,” created by a degradation in the 

quantity or quality of natural resources, “demand-induced scarcity,” created by 

population growth, and “structural scarcity,” which exists when resources are unevenly 

distributed throughout the population of interest. The dependent variables were a variety 

of types of conflict, including “simple scarcity conflicts,” “group identity conflicts,” and 

“deprivation conflicts.” The pathways leading from scarcity to degradation were 

complex; scarcity did not impact conflict directly, but acted through “social effects”. Two 

central mechanisms included “resource capture,” in which elites secure a larger share of 

resources, leading to societal contention, and “ecological marginalization,” in which 

groups are forced to migrate to marginal land or into areas controlled by other groups, 

leading to declining productivity and inter-group tensions. An additional social effect that 

can contribute to conflict is state weakness, arising from environmental scarcity and 

                                                 
8 Homer-Dixon, Thomas F. (1991) "On the Threshold: Environmental Changes as Causes of Acute 
Conflict" International Security 16(2): 76-116; Homer-Dixon, Thomas F. (1994) "Environmental 
Scarcities and Violent Conflict: Evidence From Cases" International Security 19(1): 5-40. 
9 Homer-Dixon, Thomas F. and Jessica Blitt, Eds. (1998) Ecoviolence: Links Among Environment, 
Population, and Security. Lanham: Roman and Littlefield Publishers, Inc; Homer-Dixon, Thomas 
F. (1999) Environment, Scarcity, and Violence. Princeton: Princeton University Press. 
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consequent decreases in economic productivity and increasing demands placed on the 

state apparatus.  

 Homer-Dixon and his associates tested their model using case studies. All the 

cases selected were located in the developing world and all included violent conflict. The 

decision to select cases on the dependent variable, conflict, has been the most persistent 

source of criticism of the Toronto Group’s program. Detractors point out that, by failing 

to include control cases in which no conflict occurs, researchers cannot be certain that 

environmental scarcity has a divergent effect in cases that do end in violent 

confrontation.10  

 Selection bias is by no means the only criticism that has been leveled at Homer-

Dixon’s work. Critics claim that his models are underspecified, suggesting that he 

undertheorizes the other factors that contribute to violence, such as poverty and regime 

type.11 But they also critique the models for being too complex and for their 

inconsistency.12 While the baseline model, depicted below, is relatively straightforward, 

models applied to specific cases can include forty or more independent and intervening 

variables. Finally, critics reject his decision to include structural scarcity in his 

independent variable, arguing that the causal implications of unequal resource access 

differ from the effects of simple scarcity. They assert that, by including all three types, 

the concept of “scarcity” becomes analytically useless.13  

 

                                                 
10 Gleditsch, Nils Petter (1998) "Armed Conflict and the Environment: a Critique of the 
Literature" Journal of Peace Research 35(3): 381-400. 
11 Gleditsch, Nils Petter and Henrik Urdal (2002) "Ecoviolence? Links between Population 
Growth, Environmental Scarcity and Violent Conflict in Thomas Homer-Dixon's Work" Journal 
of International Affairs 56. 
12 Gleditcsh (1998). 
13 Gleditsch and Urdal (1999). 
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 Though their scope is no less ambitious, other research programs have not 

attracted as much critical scrutiny. The most important of these is the Environmental 

Conflicts Program (ENCOP), a Swiss project led by Gunther Baechler.14 The ENCOP 

model also attempts to map the complex causal pathways leading to a variety of types of 

conflict. However, they place greater emphasis on the independent variable of 

“environmental discrimination”: a concept similar to Homer-Dixon’s structural scarcity. 

They also emphasize that societal cleavages can emerge along many axes, not just the 

ethnic one highlighted in the Toronto Group’s research. And ENCOP devotes greater 

analytic energy to establish the context in which environmental degradation and 

discrimination occur; they view them as conditions of modernization. Methodologically, 

ENCOP also employs case studies to test the model. However, they diverge from Homer-

Dixon by including control cases in which no conflict occurs. 

                                                 
14 Baechler, Gunther (1998) Why Environmental Transformation Causes Violence: A Synthesis. 
Environmental Change and Security Project Report Issue 4: 24-44. 
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 The final research program of significance was a pilot study launched by 

NATO.15 The NATO study shifted the focus back to environmental degradation, 

examining how it could lead to different types of conflicts, at various levels of intensity. 

Like the Toronto Group and ENCOP projects, the NATO study emphasized the indirect 

effects of environmental degradation. It offered a complicated model with many 

independent variables, characterized by reciprocal relationships and feedback loops. It 

also focused on the importance of context; none of these studies claimed that 

environmental degradation and discrimination were the singular causes of violent 

contention. Unlike its predecessors, the NATO pilot study did not include a systematic 

testing effort and no further research appears to have been conducted. 

 The qualitative testing method employed in the early environment-conflict 

research projects possessed certain inherent limitations. Data collection and analysis 

efforts limit the number of cases that can be analyzed. It is hard to control for other 

factors that can contribute to conflict outbreak. And it is difficult to assess the relative 

importance of different variables. To respond to these limitations, two research projects 

have attempted to test environmental conflict models employing statistical methods.  

 The first is the State Failure Task Force (SFTF), now renamed the Political 

Instability Task Force.16 Commissioned in the wake of the disastrous international 

intervention in Somalia, this project consisted of a team of academic researchers 

specializing in quantitative approaches to conflict studies. The dependent variable in their 

                                                 
15 Lietzmann, Kurt M. and Gary D. Vest (1999) Environment and Security in an International 
Context Executive Summary Report: NATO/Committee on The Challenges of Modern Society Pilot 
Study Pilot Study. Environmental Change and Security Project Report 5: 34-48 
16 Esty, Daniel C., et al. (1995) Working Papers: State Failure Task Force Report (Phase I) State 
Failure Task Force; Esty, Daniel C., et al. (1998) State Failure Task Force Report: Phase II 
Findings State Failure Task Force. 
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study was “state failures”: a broad dependent variable which included civil wars, ethnic 

wars, genocides and politicides and “adverse or disruptive” regime transitions. They 

identified explanatory variables through “kitchen sink” stepwise regression, testing the 

correlations between every social, political, or economic indicator for which they had 

data against incidence of state failure. These indicators included measures of 

environmental degradation; aware of the research efforts undertaken by Thomas Homer-

Dixon and loudly trumpeted by Robert Kaplan in his alarmist and influential Atlantic 

Monthly piece, “The Coming Anarchy,” they recognized that environmental degradation 

might be a significant cause of conflict.17 

 However, the Phase I report (1995) found no direct linkage between the 

environment and conflict. In fact, they found that their most efficient model contained 

only three explanatory factors: infant mortality, trade openness, and level of democracy. 

In their Phase II study (1998), they tested the effects of environmental degradation on one 

of their salient independent variables: infant mortality, a proxy for “quality of life.” They 

found that environmental indicators had an effect on infant mortality, but only when 

“vulnerability,” measured in dependence on agriculture, was high and “state capacity,” 

measured in total phone lines, was low. There were also profound limitations to this 

statistical study. The only two environmental degradation indicators for which they had 

data were magnitude of deforestation, based on measures taken in 1980 and 1990, and 

magnitude and rate of change in the decline in soil quality, assessed in 1990, from its 

quality 5-10 years prior. The model could only be run for 1980-1990 and contained only 

95 observations; consequently, no control variables other than “infant mortality 1980,” 

                                                 
17 Kaplan, Robert D. (1994) "The Coming Anarchy: How scarcity, crime, overpopulation, 
tribalism, and disease are rapidly destroying the social fabric of our planet" The Atlantic Monthly 
273(2): 44-76. 
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vulnerability, state capacity, and “tropics” could be included. Unsurprisingly, the 

substantive effect of “infant mortality 1980” overwhelmed the environmental factors.        

 The second quantitative project was conducted by Wenche Hauge and Tanya 

Ellingsen, scholars at the Peace Research Institute Oslo (PRIO).18 They attempted to 

statistically test Homer-Dixon’s model. Their data for “supply-induced scarcity” were the 

same deforestation and soil degradation measures employed by the SFTF and a single 

observation for freshwater availability. They measured “demand-induced scarcity” using 

UN Population Division data on population density. And they used World Bank data on 

income percentiles to calculate a measure for “structural scarcity”: this was also a single 

observation. To control for alternative causes of conflict, they also included data on 

regime type, economic development, political stability, and military expenditure. The 

dependent variables in their study are the incidence of civil war (1980-1992) and armed 

civil conflict (1989-1992). Unlike the SFTF, Hauge and Ellingsen find a statistically 

significant relationship between environmental degradation, particularly deforestation, 

and conflict. This substantive effect is larger in the smaller scale armed conflicts than in 

civil wars with 1000 or more battle deaths. However, for both levels of conflict, the effect 

of environmental degradation is smaller than the impact of political and economic 

variables. The environment appears to have an effect, but it is a small one.  

 There are a number of problems with these statistical studies. Many scholars 

criticize the atheoretical stepwise regression method employed by the SFTF to identify 

independent variables. Their decision to run the models for the entire 1957-1994 period is 

also problematic when including environmental variables; limited data availability would 

                                                 
18 Hauge, Wenche and Tanja Ellingsen (1998) "Beyond Environmental Scarcity: Causal Pathways 
to Conflict" Journal of Peace Research 35(3): 299-317. 
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have led to the omission of many observations. The alternative approach of interpolating 

missing data, employed by Hauge and Ellingsen, is also problematic. Some of the proxies 

employed to capture social, political, and economic variables are also suspect; “total 

telephone lines,” for example, is a poor measure of state capacity, as even the SFTF 

researchers themselves recognized (1998).   

Most of the problems with the two research projects, as well as the remarkable 

lack of other statistical studies examining relationship between environmental 

degradation and conflict can be traced back to data problems. The quantity and quality of 

time series panel data for environmental indicators is poor. It frequently relies on 

government-reported statistics and regimes may have limited data-collection capacities, 

different definitions of the variable of interest, as well as an incentive to lie. This problem 

was even worse in the early-to-mid-1990s; the post-Cold War interest in environmental 

variables had not yet translated into a concentrated data collection effort. It is not 

surprising that the two studies attempting to identify a relationship between 

environmental degradation and civil insecurity produced contradictory results. 

Ten years later, researchers attempting to discern these causal linkages possess a 

number of advantages. In the last decade, many public and private agencies have devoted 

greater energy to systematic environmental data gathering efforts. Previous measures 

have been updated and new ones added. Meanwhile, there is plenty of room for 

researchers to be more creative in identifying available data that can act as more 

appropriate proxies for environmental degradation the causal mechanisms through which 

degradation translates into violent conflict. 
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The past ten years have also witnessed dramatic increases in the amount of 

scholarly attention devoted to civil war studies and in the quality of intra-state conflict 

models. A number of researchers have compiled more reliable civil war datasets that 

cover a longer time period than the datasets employed in the Hauge and Ellingsen 

study.19 The models employed in these analyses also contain better control measures.  

The following section describes how we have deployed these improved conflict 

models to build and test a more theoretically grounded and methodologically rigorous 

environmental conflict model.  

 

II. Quantitative Analysis 
 

We statistically test our hypotheses by augmenting a standard civil war model 

(Sambanis 2004) with our environmental variables of interest.  We fit a cross-section 

time series logistic regression to the data and correct our covariance matrices for cluster-

induced correlation with the Generalized Estimating Equation method (see Zorn 2001).  

In effect we are modeling discrete-time, one-way transitions from a state of peace (i.e., 

non-conflict) to conflict (for more on the application of logistic regression to discrete 

time models, see Yamaguchi 1990 and Beck, Katz, and Tucker 1998).  Our dependent 

variable is all observations of internal conflicts with a threshold of at least 25 battle-

related deaths, in which at least one of the participants is a representative of the state, per 

Gleditsch et al (2002). All estimation was performed with R (R Development Core Team 

2006).   

                                                 
19 Collier and Hoeffler; Fearon and Laitin (2003); Sambanis (2004); Gleditsch et. al. (2004). 
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Data 

Dependent Variable 
Our unit of observation is a country-year for 172 countries over the years 1945 to 

1999.  Our dependent variable is civil war starts, which takes a value of zero for any year 

in which a country has no internal conflicts and 1 for the first year of a conflict that 

reaches a threshold of 25 battle deaths and in which the state was a participant.  Once a 

war begins, there are no observations of the affected country until the war ends.  For 

example, suppose we have observations of our dependant variable for a hypothetical 

country that is at peace from 1946 to 1955, experiences a civil war from 1956 to 1959, 

and then remains at peace through 1999 would have 10 years.  For this country, our 

dependent variable is coded as zero for 10 years (1946 to 1955) and then is coded as one 

for a single year (1956, when the conflict commences).  We drop all observations of the 

country for the remaining three years of conflict (1957 to 1959).  The country reenters 

our dataset in 1960 and is coded as zero for that year and all subsequent years.20 

 

Control Variables and Basic Conflict Model 
Internal conflict and civil wars have many causes and potential explanatory 

variables.  To control for these other explanatory variables in our analysis we add 

environmental variables to Nicholas Sambanis’s  (2004) civil conflict model, which is a 

refinement of two other conflict models: Fearon and Laitin (2003) and Collier and 

Hoeffler (2001).  The control variables are included in our conflict model are: 

• Per capita real GDP, 

                                                 
20 As a result of the this coding schema, if in a given country a second civil war breaks out while 
another is ongoing, the second civil war will not be counted.  We test an alternative definition that 
would include the second (and any subsequent) civil wars n the robustness section, below. 
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• Annual percentage change in per capita real GDP, 

• A dummy variable for regime instability, 

• A dummy variable if a regime is an anocracy, 

• A dummy for countries that are significant oil exporters, 

• Ethnolinguistic Fractionalization, 

• Log population, 

• Percentage of Muslims in the population, 

• Percentage of land area that is mountainous, and 

• Time at peace since last civil conflict. 

Succinctly, civil war onset is expected to be less likely the more developed a 

country is (proxied by GDP) and the higher the economic growth rate (growth rate of 

GDP).  Civil war onsets are expected to be more likely for the remaining variables; that 

is, unstable regimes, anocracies, oil exporters, high ethnolinguistic fractionalization, large 

populations, a high Muslim population, and a high availability of mountain redoubts are 

all expected to increase the probability of a civil war beginning in a given country year.  

Finally, time at peace is used to control for duration dependency in the dataset.    

We should note how the anocracy and regime instability dummy variables are 

calculated.  Both variables are calculated from the Polity 2 series in the Polity IV (2002) 

dataset.   The Polity 2 series is a codification of regime type where countries receive an 

integer score of -10 to 10 representing a single dimension ranging from authoritarian 

regimes to liberal democracies.  The anocracy dummy variable is coded one for countries 

in the middle range (-6 to 6) of the Polity 2 series and is coded zero otherwise.  

Theoretically both authoritarian regimes and democracies should be more adept at 
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avoiding civil wars, albeit for different reasons.  Those countries that are not fully 

democratic or fully authoritarian have neither the coercive nor institutional means to 

avoid or put down rebellions that are available to authoritarian and democratic regimes.  

The regime instability variable is coded one in a given year if a regimes Polity 2 score 

experienced a greater than two point change from the previous year. 

All control variables (as well as our environmental variables of interest) are 

lagged one by one year to control for reverse causation.  Endogeneity from reverse 

causation can arise for two reasons in this dataset.  First, civil war onset may lead to 

changes in right hand side variables, such as sharp decreases in measures of economic 

capacity or increased environmental degradation.  Second, since our level of analysis is a 

country-year, it is impossible to determine if a civil war starts before or after a 

contemporaneous change in an explanatory variable.  For example, a civil war may begin 

in January of a given year and the regime may become less democratic in June, perhaps 

as a result of the internal conflict.  We would only observe a simultaneous change in both 

variables in our data set, since our observed time periods are not granular enough to pick 

up on the timing of events within a single year.  Lagging variables allows us to avoid 

these two potential sources of endogeneity. 

Explanatory Variables of Interest 
To investigate environmental causes of conflict we added the following, one at a 

time, to the conflict model described above: 

• CO2 emissions (kg per 2000 GDP), 

• CO2 emissions (kilotons),                    

• CO2 emissions (metric tons per capita), 

• Organic water pollutant emissions (kg per day per worker),  
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• Organic water pollutant emissions (kg per day),  

• Agriculture value added per worker,  

• Cereal yield (kg per hectare), 

• Crop production index, 

• Fertilizer consumption (100 grams per hectare of arable land), 

• Value added from agriculture (% of GDP), 

• Food production index,  

• Land under cereal production, 

• Agricultural land (% of land area), 

• Agricultural land (sq. km),               

• Arable land (% of land area),        

• Arable land (hectares per person), 

• Arable land (hectares), 

• Forest area (% of land area),  

• Forest area (sq. km),                    

• Permanent cropland (% of land area), 

• Rural population density, 

• Urban population density, 

• Rural population growth, and 

• Population growth. 

We also calculated year-on-year growth rates for each variable, with the exception of any 

aforementioned growth variables.  Thus we tested 44 environmental variables.  Figures 1 

and 2 provide summary statistics and sources for our control and environmental 

variables, respectively.  



 

 

 

 
 

Variable Mean
Standard 
Deviation Min Max

Number 
Missing Source

Per capita GDP 3.7 4.50 0.05 67.0 3300 World Bank
GDP Growth 0.0 0.09 -0.55 2.4 3460 World Bank
Instability 0.2 0.36 0 1 3217 Polity IV
Anocracy 0.2 0.42 0 1 3053 Polity IV
Oil 0.1 0.34 0 1 2681 World Bank
ELF 0.5 0.27 0.004 1.0 3200 Fearon (2003)
Log population 15.4 1.80 10.40 20.9 1002 World Bank
Percentage Muslim 26.0 38.00 0.00 100.0 2939 Fearon & Laitin (2003)
Mountains 18.0 21.00 0.00 94.0 3121 Fearon & Laitin (2003)
Time at peace since last civil conflict 20.0 15.00 0.00 54.0 2944 calculated

Figure 1:  Control Variable Summary Statistics 
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Variable Mean
Standard 
Deviation Min Max

Number 
Missing Source

CO2 emissions (kg per 2000 GDP) 0.5 0.5 0.0 6 6062 World Bank WDI
CO2 emissions (kilotons) 97285.9 406438.0 -80.6 5600000 3129 World Bank WDI

CO2 emissions (metric tons per capita) 4.4 7.8 0.0 109 3152 World Bank WDI
Organic water pollutant emissions (kg per day per worker) 0.2 0.1 0.1 0 7500 World Bank WDI

Organic water pollutant emissions (kg per day) 224000.0 700317.0 56.0 8490000 7542 World Bank WDI
Agriculture value added per worker 4070.0 6990.0 61.0 49100 5704 World Bank WDI

Cereal yield (kg per hectare) 1980.0 1397.0 63.0 8290 4101 World Bank WDI
Crop production index 82.2 93.6 0.2 2140 3842 World Bank WDI

Fertilizer consumption (100 grams per hectare of arable land) 1400.0 4000.0 0.1 56000 4200 World Bank WDI
Agriculture, value added (% of GDP) 22.2 16.7 0.1 95 5179 World Bank WDI

Food production index (1999-2001 = 100) 75.9 56.9 2.8 1040 3842 World Bank WDI
Land under cereal production (hectares) 4000000.0 13000000.0 0.0 110000000 3400 World Bank WDI

Agricultural land (% of land area) 40.2 22.4 0.3 90 3221 World Bank WDI
Agricultural land (sq. km) 274000.0 686435.0 12.0 5450000 3221 World Bank WDI

Arable land (% of land area) 15.0 15.0 0.0 71 3200 World Bank WDI
Arable land (hectares per person) 0.4 0.4 0.0 4 3200 World Bank WDI

Arable land (hectares) 7600000.0 22000000.0 1000.0 190000000 3200 World Bank WDI
Forest area (% of land area) 31.0 24.0 0.0 99 9300 World Bank WDI

Forest area (sq. km) 200000.0 575755.0 20.0 5200000 9299 World Bank WDI
Permanent cropland (% of land area) 3.1 5.0 0.0 41 3400 World Bank WDI

Rural population density 453.0 1030.0 0.0 13400 3205 Earthtrends
Urban population density 3.7 2.5 -4.7 18 7843 Earthtrends
Rural population growth 1.0 1.8 -13.8 16 7843 Earthtrends

Population growth 100.0 306.1 0.5 5860 1370 Earthtrends

Figure 2: Environmental Variables Summary Statistics 

 

 

 

 

 

 



Estimation 
 

We estimated 44 binary cross-section time series regressions by adding each 

environmental variable to the Sambanis conflict model.  Of these 44 variables, only the 

following five were statistically significant at 10% level or better (one-tailed t-tests): 

• Rural population growth 

• CO2 Emissions (kilograms per 2000 GDP) 

• Cereal yield growth 

• Arable land (as a percent of total land area) 

• Permanent cropland (as a percent of total land area) 

Table 2 provides parameter estimates for six logistic regression models.  Model (1) is 

simply the Sambanis conflict model and is provided as a comparison to the five models 

augmented with our environmental variables.   The estimated parameters for Sambanis 

model all have the same signs as his 2004 analysis.  Increases in the lagged values of per 

capita GDP, GDP growth, and the number of peace years all decrease the probability of a 

civil war start; all three of these variables are statistically significant at 5% level (one-

tailed test).  The dummy variables for anocratic countries, regime instability, and major 

oil exporters as well as increases in the measures for ethnolinguistic fractionalization and 

the log of population are associated with increases in the probability of a civil war start.   

Finally, the effects of the percentage of mountainous land and the percentage Muslim 

population are both statistically insignificant and have substantially small estimated 

effects.  

Before proceeding with a presentation of our results we note that care must be 

taken in making comparisons between models as the number of observations is different 
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between all models in Table 2.  The difference in the number of observations is due to 

variation in missing data for each environmental variable.  

 

Initial Analysis 
 

Our approach is to test the environmental variables in relatively simple 

generalized linear models and then to investigate more complicated interactions of 

environmental with structural variables (i.e., GDP, regime type, and region).  The logistic 

regressions for the four statistically significant environmental variables mentioned above 

are provided by Models (2) through (6) in Figure 4.  Model (2) shows that an increase in 

the rural population growth rate decreases the probability of an internal conflict 

commencing.  CO2 emissions (kg per 2000 PPP GDP) (Models (3a) and (3b)), the growth 

rate of cereal yields (Model (4)), and the change in the percentage of arable land (Model 

(5)) similarly affect the probability of a civil war start: increases in each variable lead to 

decreases in the probability of war.  Finally, Model (6) demonstrates that increases in 

permanent cropland are associated with increases in the probability of war.   

We should note that Model (3a) includes both CO2 emission measured in kg per 

GDP as well as GDP.  The correlation between theses two variables is unsurprisingly 

high—0.85—and likely makes estimation of coefficients for both independent variables 

very inefficient.  We have included a regression (Model (3b)) that drops lagged GDP per 

capita from the analysis while retaining carbon dioxide emission.  We draw the same 

inferences in Model (3b) as we do in Model (3a).  Increases in CO2 emissions are 

associated with decreases in the probability of civil war.  However, we do not attribute 

the decreased probability of war from CO2 emission to be a result of environmental 
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factors.  Instead we believe CO2 acts as a proxy for economic development and the 

effects such development have on the propensity of a given country to witness an internal 

civil conflict.   In general, we think that measures of GDP provide a closer, more 

transparent, and more consistently measured proxy for development than CO2 emissions.  

Moreover, we do not lose any observations when using GDP but do lose country-years 

and whole time series of countries when we use CO2 data.  We consequently do not 

include CO2 variables in the analyses that following this section. 



 

 

 

(1) (2) (3a) (3b) (4) (6)
 

Environemtnal
Variable of Interes

-0.33 (0.24) -0.86 (0.39) -1.06 (0.44) -0.05 (0.02) -0.05 (0.02) 0.08 (0.03)

GDP per cap. -0.13 (0.05) -0.17 (0.17) -0.14 (0.06) -0.14 (0.06) -0.14 (0.06) -0.12 (0.06)
GDP Growth -2.39 (1.26) -7.14 (3.82) -5.54 (1.83) -5.86 (1.71) -3.31 (1.46) -3.31 (1.46) -3.58 (1.54)

Regime Instability 0.64 (0.24) 0.22 (0.60) -0.10 (0.38) -0.03 (0.41) 0.47 (0.27) 0.47 (0.27) 0.49 (0.27)
Anocracy 0.45 (0.23) 1.32 (0.54) 0.97 (0.40) 1.05 (0.36) 0.60 (0.29) 0.60 (0.29) 0.52 (0.28)

Oil Exporter 0.61 (0.31) 0.28 (0.84) 0.84 (0.43) 0.76 (0.43) 0.56 (0.31) 0.56 (0.31) 0.63 (0.32)
ELF 0.85 (0.44) 0.63 (0.92) 0.05 (0.75) 0.49 (0.73) 0.87 (0.59) 0.87 (0.59) 1.11 (0.59)

Log pop 0.28 (0.07) 0.50 (0.13) 0.41 (0.10) 0.40 (0.10) 0.29 (0.07) 0.29 (0.07) 0.30 (0.08)
% Mountainous 0.01 (0.00) 0.00 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01) 0.01 (0.01)

% Muslim 0.00 (0.00) 0.00 (0.01) -0.01 (0.01) -0.01 (0.01) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Peace Years -0.02 (0.01) -0.03 (0.02) -0.04 (0.01) -0.04 (0.01) -0.03 (0.01) -0.03 (0.01) -0.03 (0.01)

Intercept -8.89 (1.18) -11.81 (2.45) -9.46 (1.61) -9.92 (1.73) -8.65 (1.33) -8.65 (1.33) -9.36 (1.53)
N 5592 1025 2598 2598 4198 4297 4294

Growth rate of cereal Yield
Arable land (as % of to land

area) growth
Permanent cropland (as % of

total land area)Sambanis Rural Population Growth CO2 Emissions

 

 

Figure 3: Parameter estimates and Standard Errors (in parentheses) of statistically significant Models.  Estimates in bold are significant at 
the 5% level (one-tailed test); estimates in italics are significant at the 10% level (one-tailed tests). 
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To facilitate comparing the magnitude of environmental causes of civil conflict 

vis-à-vis the Sambanis conflict model, we have provided Figure 3, which graphically 

displays standardized regression coefficients with two-tailed 95% and 50% confidence 

intervals.  We standardized the variables by mean centering each (non-dichotomous) 

variable and dividing each by two standard deviations.  By doing so, we put each variable 

on common scale with mean zero, allowing us to make direct comparisons of the size of 

the effect each variable has on the probability of civil war relative to all the other 

variables in each model.  For example, from the fifth panel we can see that the a one 

standard deviation increase in the percentage of total land devoted to permanent cropland 

increases the log-odds of civil war by 0.79.  In terms of the size of the effect, it is less 

than a one standard deviation increases in GDP log population (1.1 increase in the log-

odds of civil war), but greater than a one standard deviation change in every other 

variable. 

Since direct interpretation of logistic regression coefficients is difficult, we have 

included Figure 4, which shows how the probability of a civil war start changes as a 

function of the statistically significant environmental variables.  All other variables are 

held at their mean or modal values.   The black line represents the best fitted probability 

as we change the environmental variable from its lowest to its highest observed value in 

the dataset. The light gray lines represent estimation uncertainty in the logistic 

regressions coefficients and give us an idea of the precision of our estimates.  The lines 

were generated by 40 simulation draws of the coefficients from their posterior 

distributions.   
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Figure 4: Standardized regression coefficients with two-tailed 95% (light line) and 50% (dark line) confidence intervals.  Data is 
standardized by mean centering and dividing by 2 standard deviations. 
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Focusing on the best-fit line, it is clear that the probability of war is decreasing in 

rural population growth, carbon dioxide emissions, cereal yield growth, and arable land 

growth.  Conversely, the probability of war is increasing in permanent cropland growth.  

More concretely we can see that the probability of war is almost 80% for the 

lowest levels of rural population growth and decreases to near zero at levels greater than 

a 5% growth rate.  Notice that the higher probabilities are less precisely estimated than 

the lower probabilities, as demonstrated by the spread in the 40 simulated probability 

curves (light lines).  Nevertheless, the effect is still significant.   

Similar insights can be gleaned from the four other panels in Figure 4.   With 

maximum probabilities of 1%, 20%, and 20% for carbon dioxide emissions, cereal yield 

growth, and arable land growth, respectively.  These probabilities are declining through 

the observed values of each environmental variable.  The fitted probability for percentage 

permanent cropland monotonically increases when moving from the minimum to the 

maximum observed values of this variable.   

 

Interaction Analysis 
 

In the simple additive models we analyzed in the last section, we found only five 

of 40 environmental variables that had a statistically significant effect on the probability 

of civil war when individually added to a canonical statistical model of civil war starts.  

In this section we reanalyze our 40 environmental variables by focusing on how their 

effects on conflict might be conditioned by different levels of development and regime 

type.  For example, the effects of environmental degradation may very well be 

conditional on the level of development a country has attained.  In such a scenario, we 
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would expect a given level of environmental degradation to have a different impact on 

the probability of conflict in a poor country such as Haiti versus a Northern European 

country, ceteris paribus.  To control for the conditional effects of development, we 

interact the lagged environmental variables with lagged GDP per capita and report results 

if either the environmental variable’s main effect or the interaction of the environmental 

variable and GDP is significant at 10% level.    

Similar to the conditional effects of development, we expect the impact of 

environmental variables to also be conditioned by regime type.  Therefore, we also report 

analyses that interact environmental variables with the Polity 2 regime type indicator 

variable.  In the interest of space and for comparability, we only provide graphical 

displays of standardized regression coefficients and confidence intervals in Figures 5 

(GDP interactions) and 6 (regime type interactions). 

 

GDP-Environmental Variable Interactions 
 

Turning first to the GDP interactions we found 10 environmental variables for 

which the main effect or interaction term were significant at the 10% level or better21 

when we included a GDP interaction term.  The significant environmental variables were: 

• Rural population growth, 

• Fertilizer consumption, 

• Value added from agriculture, 

• Cereal yields, 

• Food production index, 
                                                 

21 We used one-tailed tests for the main effects and two-tailed tests for the interaction (since we 
have no theoretically derived expectation as to the sign of coefficients for interaction terms). 
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• Percent permanent cropland, 

• Growth in population density, 

• Growth in cereal yields, and 

• Growth in total arable land. 



 

 
Figure 5: Graphical representation of fitted logistic regression line of  the best fit model (black lines).  Light lines represent uncertainty in 
the logistic regression coefficients.  All control variables held at mean or modal values. 
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The direction and magnitude of the effects of each variable can be seen in the 

standardized coefficient plots provided in Figure 5.  Direct interpretation of the 

coefficient estimates for our variables of interest is complicated by the interaction with 

GDP.  However, it is worth noting that standardized coefficients of the main effects for 

rural population growth, cereal yields, cereal yield growth are large relative to both the 

other regressors in their given models and in relation to the other environmental 

variables.  Moreover, the coefficients for the interaction terms of these variables are 

relatively large in both senses as well.  We continue this section by focusing on the 

effects of these three variables. 

Figure 6 illustrates the complexity of the interactions.  The top three panels show 

three different perspectives of the same probability surface for changes in rural 

population growth and GDP, with all other variables held at their mean or modal values.   

When the rate of rural population growth is negative, increasing GDP is associated with 

decreasing probabilities of civil war.  Conversely, at high values of rural population 

growth increases in GDP are associated with increases in the probability of civil conflict.   

 We see the same type of reversal of probabilities when focusing on changes in 

rural population growth at different levels of per capita GDP.  Negative levels of rural 

population growth are associated with high probabilities of war when GDP is relatively 

low.  At high levels of per capita GDP, the probability of civil war falls with decreasing 

values of rural population growth.  Finally, note that stable rural population (i.e., rural 

population growth near 0%) is associated with very low probabilities of civil war starts, 

regardless of the level of per capita GDP. 
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Figure 6: GDP Interactions. Standardized regression coefficients with two-tailed 95% (light line) and 50% (dark line) confidence intervals.  
Data is standardized by mean centering and dividing by 2 standard deviations. 
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 In contrast to the complex interaction of GDP with rural population, interactions 

of cereal yields and growth in cereal yields with GDP are relatively simple.  The bottom 

two panels of Figure 6 display each variable’s probability surface.  At low levels of GDP, 

increases in cereal yield are associated with very slight increases in the probability of 

civil war.  At high levels of GDP, cereal yields have no effect on the probability of civil 

war.  Indeed, GDP has very little effect over most values of cereal yields.  However, at 

very low levels of cereal yields the probability of civil conflict increases with per capita 

GDP.  The patterns for growth in cereal yields are similar to those for raw cereal yields, 

with the exception that at low levels of GDP negative growth rates are associated with an 

increase in the probability of civil war.  These probabilities decline as cereal yield growth 

rates increase.   

Regime Type-Environmental Variable Interactions 
 
We follow the same procedure we used in the last section, interacting Polity IV’s regime 

type (Polity 2) variable with each environmental variable and we drop the anocracy 

covariate.  We found that the following seven variables had statistically significant 

associations via their main effects or the interaction term: 

• Agricultural land (% of land area), 

• Permanent cropland (% of land area), 

• Growth of cereal yield, 

• Growth of arable land (% of land area), 

• Growth of arable land (hectares per person), 

• Growth of total arable land (hectares), 

• Growth of permanent cropland (% of land area) 
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Figure 7: 3D effects plots of the interaction between GDP and rural population growth (top panel), cereal yield (middle panel), and 
cereal yield growth (bottom panel).  Each panel has three perspectives of the same probability surface.  All other variables are held at 
mean or modal values. 
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Figure 7 displays the standardized coefficients and standard errors for the 

aforementioned environmental variables.  In almost all of the models, only the main 

effect of the environmental variable is significant while the interaction is insignificant.  

The exception is the last model, where we see that the main effect of growth in 

permanent cropland is insignificant, while its interaction with regime type is significant.  

Again, interpretation of the substantive effects of these variables is difficult due to the 

presence of the interaction terms.  Since the effects of percent permanent crop land and 

the growth rate of cereal yield have the largest effects on the probability of conflict 

relative to other explanatory variables in each of their models, we only look graphs of 

interaction effects for these two variables.  
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Figure 8: Regime Type (Polity 2) Interactions. Standardized regression coefficients with two-tailed 95% (light line) and 50% (dark line) 
confidence intervals.  Data is standardized by mean centering and dividing by 2 standard deviations. 
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Figure 9: 3D effects plots of the interaction between regime type (Polity2) and rural population growth (top panel), cereal yield (middle 
panel), and cereal yield growth (bottom panel).  Each panel has three perspectives of the same probability surface.  All other variables 
are held at mean or modal values. 
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The top panel of Figure 8 displays three perspectives of the probability surface for 

the interaction of percent permanent cropland with regime type.  We can see that for 

countries that have 40% of their land devoted to permanent crop land, the maximum 

probability of war is about 35% for an authoritarian regime (Polity 2 = -10) and that the 

probability falls linearly to about 25% as a regime become completely democratic.  

Countries with no permanent cropland face an near zero probability of civil war 

regardless of regime type.  Indeed, regime type has little effect on the probability of civil 

war conditional on amount of land under permanent cultivation.   As cropland increases 

from 0% to 40% the probability of a civil war increases to 25% for democracies and 30% 

for authoritarian regimes. 

The bottom panel of Figure 8 provides three perspective of the civil war 

probability surface for the interaction of regime type and the yearly growth rate of cereal 

yields.  If the growth rate of cereal yields is very high (e.g., greater than 100%) then the 

probability of a civil conflict beginning is exceedingly low, regardless of regime type.  

However, negative cereal yield growth is associated with increasing probabilities of civil 

conflict for both authoritarian and democratic regimes.  Moreover, notice that the effect 

of negative cereal yield growth on the likelihood of civil conflict is much more 

pronounced for more democratic regimes.  For example, the highest probability of 

internal conflict for authoritarian regimes is about 5%, which is realized when there is 

agricultural collapse (i.e., -100% cereal yield growth).  However, a democracy facing the 

same kind of stress in its agricultural production has a probability of greater than 30% of 

civil conflict.  The tenor of this finding however needs to attenuated by the imprecision of 
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the estimates of both the main effect and the interaction variable (see the third coefficient 

graph in Figure 7). 

 

Regional Analysis 
 

This section analyses whether the effects we have uncovered in the previous 

analysis differ by world region.  In other words, might changes in, say, rural population 

density on the probability of internal conflict be different for the OECD (i.e. developed) 

countries versus those in Sub-Saharan Africa?   Besides overall differences in economic 

development, other mechanisms by which region might alter the effects of environmental 

measures include colonial legacy, external conflicts, climate, and regional trade patterns 

(both historic and contemporary). 

The significance of the following variables have proven to be rather robust in the 

previous section; indeed, each listed variables was significant in at least two of the three 

models we have estimated: 

• Rural population growth, 

• Growth in cereal yields, 

• Arable land growth, and 

• Percent of permanent cropland. 

We estimate varying intercept (i.e. fixed effects by region) and varying slope, varying 

intercept (where the coefficient on the environmental variable is allowed to vary by 

region) models that include these four variables as well as closely related variables 

(specifically, cereal yields, growth in arable land, and growth in permanent cropland).  

Each country is assigned one of the following regions 
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• Latin America and Caribbean. 

• Middle East, 

• Eastern Europe,  

• Africa, 

• Southern Asia, 

• Eastern Asia, and 

• the OECD. 

 

Varying Regional Intercepts 
 

Figure 10 provides plots of the standardized parameter estimates with their 95% 

and 50% confidence intervals.22  Two patterns stand out in Figure 10.  First, the fixed 

effects for regions are clearly statistically significant and have the largest impact on the 

probability of war.   Of the fixed effects, the OECD countries are the least likely to 

experience a civil conflict and Middle Eastern countries are the most likely.  

Nevertheless, in every model, the 95% confidence intervals for the region fixed effects 

overlap, suggesting that there is no significant difference between the different regional 

intercepts.   Still to understand the magnitude of the differences, changing a country’s 

region from the OECD to the Middle East leads to a positive difference of no more than 

0.5% in all seven logistic regressions.

 
22 Intercepts were suppressed in the estimation so the effect of all regions could be reported. 



 

 Figure 10: Varying Intercept Models (Region Fixed Effects). Standardized regression coefficients with two-tailed 95% (light line) and 
50% (dark line) confidence intervals.  Data is standardized by mean centering and dividing by 2 standard deviations. 
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Second, no coefficient for an environmental variable is significant at a 5% level, with the 

exception of the percentage of land devoted to permanent crop production,.  A one 

standard deviation increase in this variable has an effect on the probability of civil 

conflict no greater than a 2% positive difference.  At the 10% (one-tailed) level, rural 

population growth, cereal yields growth, and growth in arable land are all statistically 

significant.  A one standard deviation decrease in each variable has a maximum positive 

difference of 35%, 73%, and 9.5%, respectively. 
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 Figure 11:Region Fixed Effects. Graphical representation of fitted logistic regression line of the best-fit model (black lines).  Light lines 
represent uncertainty in the logistic regression coefficients.  All control variables held at mean or modal values. 
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Figure 11 provides graphs of the fitted logistic curve (black lines) on the 

probability scale for each region.  The horizontal axis of each row corresponds to all 

observed values of percentage crop land, rural population growth, cereal yield growth, 

and arable land growth.  The gray lines in each graph represent the estimation 

uncertainty.  Notice that the estimated probability of civil war for the OECD countries is 

lower in all four models, although the uncertainty in the estimates suggest that there is no 

substantive difference in the probability of civil war that can attributed to region. 

 

Varying Slope-Varying Intercept by Region Models 
 

In the last section we looked at the effects for regions on their own by allowing 

the intercept of the linear predictor to vary by region.  Although this allows us to test if 

region has an association with civil war starts, it assumes that the effect of our 

environmental variables of interest are the same in each region.  In this section we allow 

the environmental variables’ coefficients to vary by region, hypothesizing that effects of 

environmental change are conditioned by regional variations.  We focus on the same 

variables as in the varying-intercept models.  Latin America is the reference category. 
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Figure 12: Varying Intercept-Varying Slope Models. Standardized regression coefficients with two-tailed 95% (light line) and 50% (dark 
line) confidence intervals.  Data is standardized by mean centering and dividing by 2 standard deviations. 
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Figure 12 provides standardized coefficients and standard errors for the seven 

models with environmental variable-region interactions.  Only one main effect is 

statistically significant at conventional levels:  percentage arable land.  There are 

interaction effects that are significant for six of the seven models (the model with 

regional population growth has neither the main effect nor any interaction effect that is 

significant).  In three of the seven models (cereal yield, cereal yield growth, and 

percentage arable land) the interaction of an environmental variable with the Eastern 

Europe indicator is statistically significant and substantially negative.  In fact, the 

estimate is literally off-the-charts the percentage arable land-Eastern Europe interaction.  

The standardized coefficient estimate is 142, which to a large extent begs disbelief.  The 

main effect on Eastern Europe in that model is also excessively large, with an estimated 

coefficient of –32. 
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Figure 13: Region Interactions. Graphical representation of fitted logistic regression line of the best-fit model (black lines).  Light lines 
represent uncertainty in the logistic regression coefficients.  All control variables held at mean or modal values. 
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To assist with substantive interpretations, Figure 13 provides graphs of the effects 

of each variable by region on the probability of civil war starts.  Obviously, many of the 

effects are imprecisely estimated, as evidenced by the spread in the simulated logistic 

curves (gray lines). Focusing on the best-fit logistic curves, it is clear that OECD 

countries have a very low probability of conflict regardless the level of any of the 

environmental variables.23 

 Perhaps more importantly, we can easily see that despite the relative uncertainty 

the estimated effects of each variable do vary by region.  The first row the Figure 13 

illustrates the opposite effects from increases in cereal yield in Eastern Europe vis-à-vis 

South Asia.  The probability of a civil war start in Eastern Europe is decreasing cereal 

yield while in South Asia the probability of conflict is increasing.  The maximum 

probability of a civil war start for South Asia in is approximately 55% and is realized at 

the highest observed value of cereal yield (about 9500 kg per hectare). The rates of 

change also vary, with a steep, step function like drop from near certainty to zero in 

Eastern Europe, while the shape is quadratic for South Asia.  All other regions 

substantively face a zero probability of war for the average country in the dataset. A 

similar pattern of differences in the effects hold for changes in year on year growth rate 

of cereal yields, with the additional finding that Africa faces higher probabilities of civil 

war starts at extremely negative values of cereal yield growth: for example the average 

country in the data set faces an approximately 22% probability if it faces a 100% 

reduction of cereal yield growth and it is located in Africa.  The same country, facing the 

                                                 
23 We do note the exception of the estimated effects of cereal yields in the OECD countries, which 
at high levels as associated with increased probabilities of conflict.  However, roughly half the 
simulated logistic curves are monotonically decreasing while the other half are monotonically 
increasing, reflecting the high degree of uncertainty in the estimates cereal yield’s effects. 
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same drop in cereal yields,  has an almost certain probability of not experiencing a civil 

war start if it is located in Latin America, the Middle East, East Asia or the OECD. 

 Looking at arable land growth, we see that negative values are associated with a 

sharp increase in the probability of civil war for Latin American and Eastern European 

countries.  For these two regions, the probabilities decrease as the growth rate of arable 

land increases.  The opposite relationship holds in South Asia, where low levels of arable 

land growth are associated with near zero probabilities of civil war starts.  As arable land 

growth increases, so too do civil war probabilities, with a maximum probability of 

approximately 15% for the average country in the dataset.  

 Turning to cropland data, the fifth row of Figure 13 shows that an average country 

located in Africa, South Asia, or East Asia is more likely to experience civil war the 

higher the percentage of its total land area is devoted to permanent cropland.  The 

increase in the likelihood of civil war is especially pronounced for East Asian countries, 

where 40% permanent cropland is associated with a 70% probability of a civil war start, 

controlling for other factors.  

 The opposite relationships hold for growth in permanent cropland (the last row in 

Figure 13).  For Latin America, Eastern Europe, and East Asia the probability of conflict  

is increasing in the growth rate of permanent cropland.  The probabilities are decreasing 

in cropland growth for the Middle East and East Asia.  The most precise estimates for the 

effect of growth in permanent cropland are for East Asia.  The probability of a civil war 

start is highest at extremely negative growth, where  -100% growth suggests a 40% 

probability of a civil war start in East Asia.  The probability approaches zero at stable 

growth (0%) and positive growth rates.   
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 Figures 12 and 13 make clear that effects of environmental change are likely 

conditional on unobserved regional variation.  OECD countries face near zero 

probabilities of civil war starts, regardless of the values of environmental variables.  This 

may be caused  by political institutions that lead to less contentious distribution of scarce 

resources, by extremely flexible economies that dampen the effects of environmental 

change and resource scarcity, or by integration with the world economy that allow 

increasingly scarce resources to be cheaply procured from other parts of the world.  

Changes in environmental variables in less developed regions have myriad and frequently 

opposed effects, suggesting that further research must pay careful attention the causal 

mechanisms that couple environmental change to conflict, but are not measured in 

currently available datasets. 

 

Robustness 

Different dependent variable definitions 
 

Our analyses thus far have utilized Gleditsch et al’s (2002) definition of a civil 

war start,  which codes a country-year as having a civil war start if the conflict exhibits 

contested incompatibility over a government or territory involving the use of armed force 

by the government of state fighting an opposition organization and causing at least 25 

battle deaths per year.  This section examines whether our findings are sensitive to two 

alternative definitions of our dependent variable, and in particular focuses on (1) the 

battle death threshold, which is rather low for Gleditsch and his coauthors, and (2) 

accounting for multiple, concurrent conflicts within a given state.   
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We reran every model presented in Figures 4, 6, 8, 10, and 12 using  two other 

definitions of civil war starts.  The first definition is provided by Doyle and Sambanis 

(2000).  In this codification of the dependent variable, a conflict is coded as commencing 

if it has caused more than 1,000 deaths overall and in at least a single year in which the 

sovereignty of state is challenged within the border of that state.  As with Gleditsch et al, 

the state must be a principle combatant.  Sambanis (2004) provides the second, very 

specific definition, which we quote at length: 

(a) The war takes place within the territory of a state that is a member of the 
international system with a population of 500,000 or greater. 

(b) The parties are politically and militarily organized, and they have publicly 
stated political objectives.  

(c) The government (through its military or militias) must be a principal 
combatant.  If there is no functioning government, then the party representing 
the government internationally and/or claiming the state domestically must be 
involved as a combatant. 

(d) The main insurgent organization(s) must be locally represented and must 
recruit locally.  Additional external involvement and recruitment need not 
imply that the war is not intrastate.  Insurgent groups may operate from 
neighboring countries, but they must also have some territorial control (bases) 
in the civil war country and/or the rebels must reside in the civil war country. 

(e) The start year of the war is the first year that the conflict causes at least 500 
to1,000 deaths.  If the conflict has not caused 500 deaths or more in the first 
year, the war is coded as having started in that year only if cumulative deaths 
in the next three years reach 1,000.  

(f) Throughout its duration, the conflict must be characterized by sustained 
violence, at least at the minor or intermediate level. There should be no 3-year 
period during which the conflict causes fewer than 500 deaths. 

(g) Throughout the war, the weaker party must be able to mount effective 
resistance. Effective resistance is measured by at least 100 deaths inflicted on 
the stronger party. A substantial number of these deaths must occur in the first 
year of the war.  But if the violence becomes effectively one-sided, even if the 
aggregate effective-resistance threshold of100 deaths has already been met, 
the civil war must be coded as having ended, and a politicide or other form of 
one-sided violence must be coded as having started.  

(h) A peace treaty that produces at least 6 months of peace marks an end to the 
war. 

(i) A decisive military victory by the rebels that produces a new regime should 
mark the end of the war. Because civil war is understood as an armed conflict 
against the government, continuing armed conflict against a new government 
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implies a new civil war.  If the government wins the war, a period of peace 
longer than 6 months must persist before we code a new war (see also 
criterion k).  (Sambanis 2004, 829-830) 

  
In the coding of civil war starts used thus far, if a country experiences a second 

conflict while a prior conflict is in progress, we do not code the second conflict.  

Therefore we also reran regressions that account for new civil war starts that are 

contemporaneous with other civil wars in the same country, for each of the three of civil 

conflict definitions employed.  We label our original approach (no simultaneous civil 

wars) approach (a) and the second (all civil war starts) approach (b).  Consequently, for 

any given model presented in the paper, we test the robustness of our estimations with six 

different definitions of the dependent variable: two each for the three definitions of civil 

war starts. 

Initial Analysis 
 
   We display all six standardized parameter estimates and standard errors of every 

coefficient simultaneously, in order to ease comparisons of the estimates across all six 

dependent variable definitions.  The estimates for our initial models are displayed in 

Figure 14, which corresponds to Figure 4.  The estimates of the effect of rural population 

growth are not very stable, with the sign of the estimate changing across the six different 

civil war start definitions (they are negative for the 25 battle deaths threshold and positive 

for the 1,000 battle deaths threshold).  Cereal yield growth and arable land growth are 

stable in regards to sign and magnitude, but fail to reach statistical significance in any of 

the 5 alternative definitions.   The percentage of land devoted to permanent cropland is 

very robust, having similar coefficient estimates and standard errors across all six 

definitions.



 
Figure 14: Robustness to changes in the dependent variable (war starts).  Standardized coefficient estimates and standard errors for five 
different DV specifications are provided with original model estimates in black. 
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GDP Interactions 
 

Figure 15 displays standardized coefficient estimates and standard errors for 

interactions of per capita real GDP with environmental variables.  Again, rural population 

growth (the main effect) switches signs depending on the battle death threshold.   The 

interaction effect seems relatively robust, losing statistical significance when for Doyle  

and Sambanis, approach (a) and Sambanis, approach (a).   

Value added from agriculture changes signs with when the dependent variable 

definition utilizes different battle death criterion.  All other estimates of main effects and 

interactions appear robust in terms of sign, magnitude, and significance. 
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Figure 15: GDP Interaction. Robustness to changes in the dependent variable (war starts).  Standardized coefficient estimates and 
standard errors for five different DV specification are provided with original model estimates in black. 
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Regime Type Interactions 
 
 Figure 16 provides the standardized coefficient estimates for the models that 

include regime type (Polity 2) interactions with environmental variables.  There is little to 

say other than all main effects and interaction effects appear robust to changes in the 

definition of the dependent variable. The main effects for permanent cropland, per capita 

arable land, and total arable land growth are all significant and stable regardless of civil 

war definition.  The interaction effects of percentage arable with regime type land as well 

as permanent cropland growth with regime type lose statistical significance under 

alternative definitions. 
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Figure 16: Regime Type Interactions. Robustness to changes in the dependent variable (war starts).  Standardized coefficient estimates 
and standard errors for five different DV specification are provided with original model estimates in black. 
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Regional Analysis: Varying Intercept Models 
 

Figure 17 provides parameter estimates and standard errors for the models that 

analyze regional differences via fixed effects.  All regional fixed effects are stable to 

estimation against different dependent variables definitions. Six of seven environmental 

variables have stable coefficient estimates and standard errors.  The exception is 

percentage arable land, which is unstable in both sign and magnitude depending on the 

definition of the dependent variable.  Growth in the percentage of arable land and the 

percentage of permanent cropland are very stable; each is statistically significant and has 

similar point estimates across all dependent variable definitions. 
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Figure 17: Region Fixed Effects. Robustness to changes in the dependent variable (war starts).  Standardized coefficient estimates and 
standard errors for five different DV specification are provided with original model estimates in black. 
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Regional Analysis: Varying Intercept – Varying Slope Models 
 

Models that interact environmental variables with regional dummies are given in 

Figure 18.  The interaction effects are unstable for varying definitions of civil war in the 

models that contain percentage arable land and percentage permanent cropland.  Of 

particular interest in these models, are the estimates on the interaction and main effects 

for Eastern Europe.  In the Gleditsch definitions (approach (a) and approach (b)), the 

estimated effects are extremely large (in an absolute sense) and exhibit extreme 

imprecision, suggesting that the number of observations for this region when using the 

Gleditsch (2002) definition is very small relative to the other definitions.  Such instability 

insists that our findings apprehension in the analysis of the vary intercept – varying slope 

models above is well founded.   

 The main effect estimates for percentage arable land, cereal yield growth, growth 

in percentage arable land and permanent cropland growth, appear somewhat unstable to 

different dependent variable definitions.  Note thought that the latter three environmental 

variables are more significant and of greater magnitude under dependent variable 

definitions that restrict a civil war observation to have resulted in 1000 battle deaths. All 

other parameter estimates appear robust. 
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 Figure 18: Regime Fixed Effects and Varying Slope/ Robustness to changes in the dependent variable (war starts).  Standardized 
coefficient estimates and standard errors for five different DV specification are provided with original model estimates in black. 
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Case studies: mechanisms  

 There are many causal pathways through which environmental degradation can contribute to 

civil violence. Our statistical analyses lend the greatest support to hypotheses suggesting that 

environmental degradation acts through its effects on agriculture. As soil quality degrades and 

freshwater availability declines, the productivity of land declines. This reduces all farmers’ incomes and 

endangers subsistence farmers’ food supplies. Degradation can lead to a variety of responses. First, 

farmers may shift to crops that are less water-intensive or that can survive in nutrient poor or saline soil, 

depending on the type of environmental degradation that has occurred. Second, farmers may use a larger 

volume of fertilizers. Third, if fertile land is plentiful, farmers may expand the area under cultivation. 

None of these activities are likely to lead to conflict. However, if farmers lack the technical wherewithal 

or funding necessary to change crops or increase fertilizer inputs, or if all productive land is occupied, 

environmental degradation can be more problematic. Farmers can temporarily forestall major conflict by 

cultivating the same crops more intensively. Or they can move into marginal land. Both of these moves 

will entail a loss of productivity and further soil degradation, which will eventually force cultivators to 

pursue one of two more drastic measures. First, they may abandon an agricultural livelihood and move 

to urban areas. Second, they can attempt to seize land controlled by their neighbors.  

The latter move can lead directly to inter-communal conflict. This is a classic case of 

overcrowding; farmers compete over access to productive agricultural land. These conflicts are likely to 

be small-scale, local, and characterized by limited state involvement. They are also likely to activate any 

pre-existing social cleavages, and therefore may appear to be “ethnic,” “tribal,” clan, or class-based 

conflicts. These clashes will often be omitted from “civil war” and “armed conflict” datasets, since the 

scholarly definitions of these conflicts require that at least one of the participants be a representative of 

the state. In future studies, we hope to obtain data on local conflicts involving two or more nonstate 

actors, so as to test this mechanism more effectively.  
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The former move, urban migration, can also lead to conflict, but through more indirect 

mechanisms. As people are forced off the land, they migrate to cities in search of work. If the cities lack 

the employment opportunities necessary to satisfy the new migrants’ needs, grievances are likely to 

intensify. These can lead to urban disturbances, including protests, rioting, and violent clashes. These 

conflicts will frequently lead to direct entanglements with the state’s security forces and consequently 

will be represented in civil war/armed conflict datasets.  

There are numerous ways that both types of conflict can be forestalled. As noted above, 

technological wherewithal and financial capacity can reverse declining agricultural productivity. A 

strong urban services and industrial economy can relieve rural population pressures by providing 

plentiful jobs for new migrants. Food aid can relieve tensions, in both rural and urban locales, as can the 

provision of other social services to compensate for income loss. The availability of non-violent means 

of political expression can also reduce the likelihood of violence. Alternatively, so can a highly 

repressive state security apparatus.  

These mediating factors demonstrate that environmental degradation is not the only factor 

determining the onset of internal conflict. The following case studies aim to demonstrate how 

environmental factors, acting through agricultural activities, may contribute to domestic tensions. The 

two causal mechanisms we assess are, first “urban unrest” incited by migration from areas with 

declining agricultural productivity, and, second, “inter-communal clashes” brought on by local 

competition for rural agricultural land. The two cases are drawn from a single region: the Middle East. 

The first explores how environmental degradation did (and did not) contribute to the onset of the 1975-

1990 civil war in Lebanon. The second discusses how a lack of environmental degradation in Yemen in 

the post-World War II period forestalled popular contention. 
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Environment and Conflict in Lebanon 

 Environmental factors were by no means the single issue contributing to the onset of civil war in 

Lebanon in 1975. However, we argue that shifting patters of agricultural production contributed to the 

tensions created by longstanding inter-confessional divisions and the presence of the PLO in the region 

after 1967. The violence that occurred in Beirut and other Lebanese cities offers an illustration of the 

“urban unrest” mechanism described above. 

 One of the defining features of Lebanese politics is the unwritten 1943 “National Pact,” which 

guarantees that Lebanon’s democracy will function according to the principle of confessional 

representation. It mandates that the president of the country be from a Christian sect and that a Muslim 

hold a high office, such as Prime Minister. Confessional divides in Lebanon run deep and were 

reinforced during the French occupation. Communities are largely separate, within cities and at the 

regional level.24 However, in the immediate post-War years, these cleavages were rarely activated. 

There were also considerable intra-confessional divisions, within the Muslim and Christian 

communities, which moderated the intensity of inter-confessional conflict. 

 The low intensity of inter-communal conflict was also maintained by the clear gap in economic 

and educational attainment during the republic’s early years. Dating back to the pre-independence era, 

Christians had possessed a dominant economic role, controlling most of the trading networks and 

financial services, which were centered in Beirut. They owned the most profitable farms, producing fruit 

in the Mount Lebanon area. They had the best private schools and the most sophisticated social 

services.25 They were also not an obvious numerical minority in the national population. This economic 

dominance translated into political power that was initially uncontested. 

 
24 Rabinovich, Itamar (1984) The War for Lebanon, 1970-1985. Ithaca: Cornell University Press. 
25 Iqbal, Jawaid (1998) The Lebanese Civil War: Issues, Actors, and Outcome. Aligarh: Centre of West Asian Studies, 
Aligarh Muslim University. 24, 30. 
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However, as demographics changed and Sunni Muslims made increasing inroads into the 

Lebanese economy, demands for greater political representation increased. Muslims’ initiative to 

express their frustrations with the inegalitarian status quo gained momentum from the international 

context. Nasser’s Pan-Arab ideology, culminating in the unification of Egypt and Syria into the United 

Arab Republic (UAR) in February 1958, gave them a leader to rally around. Meanwhile, the Christian 

president Chamoun’s antipathy to Nasser and affection for the West made him an obvious target for 

communal animosity.26  

Sporadic clashes in Lebanon’s cities developed into the nation’s first full-scale civil war in 1958. 

Historians have described this as an inter-confessional contest aimed at gaining control of the 

government and determining the future orientation of the country; how would Lebanon align and who 

would govern it? The contest did not, however, become a nationwide civil war. Although clashes 

occurred in multiple cities and regions, the only significant militarized skirmishes occurred in Beirut and 

near the presidential palace at Beiteddine, where Druze forces under Walid Jumblatt attacked the 

retreating Chamoun. Within months, the conflict was resolved. Following a brief American intervention, 

Chamoun resigned and both sides indicated their desire to avoid future inter-confessional violence.27  

One of the main reasons that the conflict did not expand was the army’s refusal to be involved.28 

Under commander in chief Fuad Chehab, it only acted to protect whichever side appeared in danger of 

being overwhelmed. Another reason for the relative paucity of violence was the lack of mass 

involvement in the crisis. The 1958 civil war was essentially an elite battle.29 We argue that this lack of 

involvement is linked to the limited nature of economic changes that preceded the contest. Although 

national development was highly uneven, resource competition, particularly in cities, was not as extreme 

 
26 Rabinovich (1984); Petran, Tabitha (1987) The Struggle over Lebanon. New York: Monthly Review Press. 53. 
27 Rabinovich (1984); Petran (1987). 
28 Rabinovich (1984). 
29 Rabinovich (1984); el-Khazen, Farid (2000) The Breakdown of the State in Lebanon, 1967-1976. Cambridge: Harvard 
University Press. 19. 
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as it would be in later decades. By 1975, massive urban population growth would exacerbate hostilities, 

generating broader involvement in the war.30 

Following the 1958 civil war, Lebanon entered into a period of relative tranquility.  Chehab, the 

former army commander, assumed control of the presidency. Muslims were granted a greater role in the 

government31 and, recognizing that uneven economic development had contributed to the conflict, 

Chehab embarked on an ambitious program of development and social reforms aimed at reducing 

regional inequality.32 This action was unprecedented in Lebanese history. Unlike neighboring Middle 

Eastern states, which pursued state-led development policies or depended on commodity revenue to 

finance the state, natural resource-poor Lebanon’s founders had adopted an explicitly laissez-faire 

economic policy, involving monetary openness and very limited state intervention and assistance. As a 

result of these policies, Beirut became the financial center of the region. This position solidified, after 

violent regime changes in Egypt, Syria, and Iraq in the 1950s encouraged capital to flee those countries 

for the more stable Lebanon.33 Beirut also benefitted economically from the Palestinian war in 1947, 

after which it became the dominant port and airport in the region.34  

Financial capital fueled a real estate boom in Beirut. Local financiers did not, however, did not 

direct significant amounts of these funds to developing local industry. The native Lebanese preferred 

imported goods and, while Gulf demand for Lebanese exports did increase production in the late 1960s, 

the industrial sector still remained a relatively weak force in the country’s economy.35 The relative lack 

of light industry would be an important contributor to urban instability, as will be demonstrated below. 

 
30 From the early 1950s-1975, Beirut’s population grew from 250,000 to 1.4 million: Iqbal (1998), 28. 
31 Petran (1987), 52-53. 
32 Winslow, Charles (1996) Lebanon: War and Politics in a Fragmented Society. London: Routledge; Gaspard, Toufic K. 
(2004) A Political Economy of Lebanon, 1948-2002: the Limits of Laissez-faire. Leiden: Brill. 182. Makdisi, Samir (2004) 
The Lessons of Lebanon: the Economics of War and Development. London: I.B. Tauris & Co., Ltd. 12. 
33 Gaspard (2004), 76. 
34 Iqbal (1998), 25. 
35 Petran (1987), 62. 



 
 
 

ENVIRONMENT AND SECURITY   Page 68 
7/1/2008 

                                                

Agriculture has consistently been the least productive sector of the Lebanese economy36 and, 

during this period, its contribution to the Lebanese economy declined even further. The reason for this 

decline was not environmental scarcity. Arable land was plentiful and water resources were adequate, in 

absolute terms. However, the latter were not always used efficiently; infrastructural weakness and 

under-funding meant that irrigation was limited, so the land was not exploited to its full potential. This 

suggests that state weakness, rather than independent environmental degradation, contributed to sub-

optimal agricultural performance. The fact that increasing amounts of arable land were left fallow during 

this time period also suggests that absolute scarcity was not a major driver of conflict. Instead, the 

meagerness of the income farmers could derive from agricultural labor, combined with the difficultly of 

challenging the large landowners who controlled vast banana and tobacco plantations along the southern 

coast, meant that small farmers had neither the ability nor the incentive to increase their holdings.37  

Rather than competing with each other for land, as predicted by the “inter-communal conflict” 

mechanism, they migrated to the cities.38  

Chehab’s public works projects and development programs were largely directed at the rural 

agricultural regions, where incomes were consistently the lowest in the nation and social services largely 

absent.39 These areas, including the South and the Bek’aa, were also predominantly populated by 

Muslim Shi’a. Although the programs made inroads into the inequality that had pervaded Lebanese 

society, they did not eliminate it.40 Nonetheless, increases in social spending and rural public works 

programs seem to have had a positive effect on social stabilization. Charles Winslow actually correlated 

 
36 Gaspard (2004), 93; Iqbal (1998), 28. 
37 Petran (1987), 60-61. 
38 Gaspard (2004), 93. 
39 Ibid. 
40 Petran (1987), 61, 70; el-Khazen (2000), 66. 
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the number of public works program proposed in a year with the number of violent incidents and finds a 

significant relationship between public projects and civil peace.41 

Despite these developments, agricultural productivity remained low and rural population 

numbers continued to decline. By the 1970s, 52% of the population lived in cities of more than 100,000 

inhabitants.42 Beirut, which had for decades exceeded the normal proportions of a capital city for a 

country of Lebanon’s size, was confronted with severe overcrowding.43 Most of the new migrants 

competed for service jobs; the dearth of industry left them unable to secure other employment.44 The 

new residents settled in districts according to their confessional association, intensifying social 

cleavages.  

After Chehab’s departure from office in 1964, public works programs under his designated 

successor, Charles Helou, slowed. They stopped entirely following the 1967 War.45 This year also 

witnessed a marked increase in the prominence of the Palestinian Liberation Organization (PLO) in 

Lebanese internal affairs. Over 120,000 Palestinians had immigrated to Lebanon following the 1947 

War.46 They had been settled in camps scattered throughout the country and their political activity had 

been limited. However, by 1967, the PLO had intensified its presence in the southern region. They 

began attacking Israel, which retaliated against PLO positions and against the Lebanese state: most 

spectacularly by bombing the Beirut port and airport in December 1968, severely disrupting trade.47  

The PLO became an increasingly divisive force in Lebanese politics, to the point that some 

authors claim that the organization’s presence was the central reason for the 1975 civil war.48  The PLO 

divided the country on confessional lines. Many Muslims, including the newly politically-active Shi’a 

 
41 Winslow (1996), 140-142. 
42 Gaspard (2004), 79. 
43 Rabinovich (1984) 
44 Gaspard (2004), 90-91; Petran (1987), 62. 
45 Winslow (1996). 
46 el-Khazen (2000), 133. 
47 Petran (1987). 
48 el-Khazen (2000) 
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population, which had recently become more politically active under the leadership of Imam Musa el-

Sadr, supported the PLO resistance fighters. Some Christian groups preferred that the Lebanese state 

enact its equivalent of Jordan’s Black September, ejecting the PLO from their territory.49 However, the 

divided Lebanese government lacked the capacity to accomplish this task, even had it wanted to. 

Instead, it adopted the Cairo Agreement (1970), recognizing the PLO’s right to operate freely, and this 

persistent reminder of the limits of state sovereignty exacerbated public perceptions of governmental 

incompetence. Soon, the PLO began violating the terms of the agreement, engaging in ever-more overt 

military attacks against Israel.50 Israeli retaliation, and the state’s inability to halt it, led even more 

people to migrate to the cities, abandoning their agricultural livelihoods in the south.51 

In the early 1970s, agricultural yields remained steady, and the amount of arable land and 

permanent cropland grew some. This suggests that food production was steady or rising. However, 

population numbers also increased. Meanwhile, rampant inflation, peaking in 1973-74, caused the price 

of food to rise dramatically.52 And, in 1974, there was a sudden drop in imports of cereals and pulses; 

after rising steadily for many years, the 1974 numbers suddenly drop to half the 1973 levels. These 

decreases followed a massive drop in international food aid in 1972. After receiving 154.1 thousand 

metric tons in 1971 (and 142.7 in 1970, the first reported year), Lebanon received 25.4 in 1972, and 

figures stayed very low for the remainder of the decade.53 These drops corresponded to a large drop in 

the amount of foreign aid and investment capital arriving from Arab states following the 1973 War.54 

Regional exports also dropped.55 

 
49 Petran (1987). 
50 el-Khazen (2000), 108. 
51 Ibid., 189. 
52 Petran (1987), 127. 
53 Data were obtained from the World Resources Institute’s Earthtrends database: www.wri.org/earthtrends. The original data 
sources is the Food and Agricultural Organization (FAO).  
54 Ibid., 180-181. 
55 el-Khazen (2000), 256. 
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Based on these numbers, it appears that the total food supply in Lebanon dropped dramatically in 

the year prior to the outbreak of civil war violence. At the same time, declining capital inflows 

financially pinched the population. These changes occurred in a country that was already characterized 

by significant inter-confessional and inter-class cleavages and was sharply divided on political questions 

regarding the future foreign policy of the country. Consistent urbanization, driven by the lack of 

agricultural opportunities, and increasing foreign attacks in the south, meant that population pressures 

were most prominent in Lebanese cities.56 Grievances generated by uneven access to education, lack of 

employment opportunities, and inflated food prices were also most prominent in urbane locales. 

Unsurprisingly, the fighting began in Beirut. The next locale to experience significant violence was 

Tripoli.57 In contrast to 1958, these conflicts expanded to involve a large proportion of the Lebanese 

population. This was not merely elite contention. Rather, it was an expression of mass grievances and 

hostility towards other groups and to the state. 

A declining food supply was not the only cause of the Lebanese civil war. Nor, in this case, may 

environmental degradation have contributed at all to the conflict; we have little statistical evidence of 

degradation and it appears that other factors were pushing urban migration trends. However, the causal 

mechanisms operating in the Lebanese case are consistent with the “urban unrest” hypothesis. A large 

population was forced into urban areas that could not provide sufficient economic opportunities to 

sustain it. An exogenous event—in this case, a rapid and dramatic decline in the food supply—

exacerbated existing hostilities. As in the “inter-communal clashes” mechanism, violence occurred 

along established lines of social cleavage. Various interventions, including a more generous food supply 

or stronger state action, could have alleviated tensions. It is also likely that strife would have been more 

limited if a larger percentage of the population could have been kept in rural eras, as during the Chehab 

 
56 Makdisi (2004), 27. 
57 Rabinovich (1984). 
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period. As our statistical models show, steady rural population or population growth is associated with 

peace. The Chehab strategy, of encouraging higher agricultural yields in order to limit urban 

migration,58 appears to have been en effective one, particularly in a context where cities could not 

support a population increase. 

 

Environment and Conflict in Yemen  

As in Lebanon, conflict in Yemen was not prompted by rural competition over scarce 

agricultural land. In both polities, people left the country because low agricultural productivity restricted 

the level of profits that could be obtained through farming. However, whereas in Lebanon the majority 

of migrant went to the cities, leading to urban overcrowding and increased inter-communal tensions, in 

Yemen, much of the population eventually emigrated abroad. Variation in emigration patterns led to 

differences in the breadth of conflict that occurred in each state. Most civil conflict in Yemen occurred 

amongst elites.   

Although never demarcated by a formal boundary, Yemen emerged from the Second World War 

as two separate political entities. Territories in the northwest, including the cities of Ta’iz and San’aa, 

were ruled by the Imam Yahya, who had come to power in 1918. The Imam depended on tribal linkages 

and patronage networks to sustain his rule, but had managed to develop a rudimentary state apparatus 

over the course of his political tenure.59 In the south and east, Great Britain directly controlled the city 

of Aden and maintained protectorate relations with the neighboring emirates. Aden was a prosperous 

port city and the location of a British Petroleum (BP) refinery. The territory’s other population centers 

 
58 Petran (1987), 70. 
59 Dresch, Paul (2000) A History of Modern Yemen. Cambridge: Cambridge University Press. 
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were in the northwest, in the mountains near northern Yemen, and in the eastern provinces o

Hadramawt.60 There was little interaction between Aden and the rural hinterlands.61  

The entire region is characterized by harsh environmental conditions. Estimates for the total 

amount of arable land in the two Yemens range from 3-5% of total land. Of that, only 2/3 are regularly 

cultivated.62 Drought and flood cycles are normal occurrences, lending uncertainty to agricultural 

enterprises.63 Prior to 1959, when donor countries including the United States and USSR began to 

supply the two countries with wheat, the rural and urban populations experienced repeated periods of 

famine and mass starvation.64 Since the 1960s, the food supply has been adequate to sustain the 

population. But Yemen will always be forced to rely on food imports and aid to prevent future scarcity. 

Although governance of the territory was divided, the political affairs of the two Yemens were 

highly interconnected. In the 1940s, northerners anxious for reform migrated to Aden to escape domestic 

repression. In addition to being a major force in northern politics, these “Free Yemenis” spread political 

awareness and activity in the south.65 Their aim was to overthrow the authoritarian northern Imam, 

whose policies of conservative isolationism were preventing social and economic modernization. In 

1948, the reformers led a coup attempt, assassinating Yahya and placing his brother, Ibrahim al-Wazir, 

in control. However, the assassins failed to kill Ahmed, Yahya’s son. He rallied northern tribal elements 

to his side, overthrew the reformers and declared himself Imam.66  

 
60 Burrowes, Robert D. (1989) "Oil Strike and Leadership Struggle in South Yemen: 1986 and Beyond" Middle East Journal 
43(3): 437-454. 
61 Dresch (2000), 73-74; Lackner, Helen (1985) P.D.R. Yemen: Outpost of Socialist Development in Arabia. London: Ithaca 
Press. 
62 Al-Sanabani, M. Mosleh (2007) "Land Tenure and Resource Management in the Yemeni Highlands" in Yemen into the 
Twenty-First Centruy: Continuity and Change. Kamil A. Mahdi, Anna Wurth and Helen Lackner, ed. Reading, UK: Ithaca 
Press; Tutwiler, Richard N. (2007) "Research Agenda for Sustainable Agricultural Growth and Natural Resource 
Management in Yemen" in Yemen into the Twenty-First Century: Continuity and Change. Kamil A. Mahdi, Anna Wurth and 
Helen Lackner, ed. Reading, UK: Ithaca Press: 221-248. 
63 Droughts occurred, at a minimum, in 1953-56, 1962-65, the early 1970s, and 1977. Floods occurred in 1975 and 1981-83. 
1982 was the worst year. Dresch (2000) and Lackner (1985). 
64 Dresch 49, 62. 
65 Lackner (1985) 
66 Dresch (2000), 55-57. 
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Ahmed continued his father’s conservative policies. His arbitrary authoritarianism prompted an 

abortive coup attempt in 1955. Reformers managed to temporarily install Abdullah, the Imam’s 

progressive brother, as Imam, but Ahmed again succeeded in asserting power. This time, he was assisted 

by his son, al-Badr, who was declared Crown Prince.67 During the remainder of Ahmed’s rule, 

repression was severe and power increasingly consolidated within the ruling family. The lack of political 

opportunities, combined with chronic unemployment and debt exacerbated existing discontent.68     

Ahmed died in 1962 and al-Badr was declared Imam. During the long illness that had preceded 

his father’s death, Badr had indicated his desire to implement reforms, and he reiterated this 

commitment after assuming power.69 However, one week after his ascension to the Imamate, 

dissatisfied members of the underpaid army, in conjunction with reformist political organizations, staged 

a coup and declared the Yemen Arab Republic (YAR). Although their assassination attempt was 

unsuccessful, they did depose Badr, who fled to the countryside. His attempts to regain control turned 

into a civil war, with “royalists,” consisting of Badr and the tribal elements that supported him, 

challenging the reformist “republicans.” Political émigrés in Aden surged northward to assist the latter 

contingent. They were also strongly supported by Egypt. Following the Egyptian revolution, Nasse

eager to see another regional monarchy deposed and, in the period following the 1956 Suez Crisis and 

1958 creation of the United Arab Republic (UAR) between Egypt and Syria, his Arab nationalist 

ideology was wildly popular in the region. The new republican regime immediately signed a military 

alliance pact with the UAR and Egyptian staffers occupied prominent “advisory” positions 

.70  

 

emporary New York Times articles. 
, 93-94. 

67 Ibid., 78. 
68 Ibid., 86. 
69 Ibid., 84. Also see cont
70 Dresch (2000)
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In response to the Nasserist threat, Saudi Arabia supported the Royalists. The conflict rapidly

acquired the character of a proxy war between the two regional powers.71 The conflict also affected 

politics in southern Yemen. Prior to the 1962, the British had responded to the increasing Nasserist 

influence in the north by consolidating political control in the south. The

mirates, which fifteen states had voluntarily joined by 1961. In 1963, Aden reluctantly agreed to 

participate and the polity was renamed the Federation of South Arabia.  

Violence from the north rapidly spread to the south, as Nasserist infiltrators encouraged attacks 

against the British. The security situation deteriorated throughout the mid-1960s as local political 

emerged to oppose the foreign occupation. Initially, the most prominent of them, including the Socialis

(PSP), were centered in Aden. Their political base consisted of intellectuals and unionized urban 

workers (represented by ATUC). However, the PSP were soon challenged by the National Liberation 

Front (NLF), an organization that espoused class struggle as well as anti-colonial rhetoric. NLF leade

were not tribal, but they had stronger rural connections. Many of them were students and workers w

had spent time abroad. After experiencing the more open political and social systems in Europe and 

Egypt, these young reformers were eager to eject the British and assume a more prominent role in 

managing the country. Instead, they found their pathways blocked by the regime. Their National Charter

articulated their leftist perspective, highlighting the developmental differences between Aden

the rest of the country and rural land inequalities. It proposed rural development and reform projects.72  

The NLF was the first organization that attempted to mobilize the Yemeni rural population. 

However, while the NLF framed their struggle in economic terms that resonated with peasant concerns,

and may have increased rural p

 

ter 2; Dresch (2000), 111.  
71 Ibid., 89-91.  
72 Lackner (1985), chap
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the 1960s still appear to have been limited. In spite of widespread suffering, the majority of the 

population was immobile.73    

Once the British announced they would withdraw in 1968, the southern contest became as much

an internecine struggle for post-independence power as an anti-colonial conflict. After a Egyptian-

brokered effort to unite the NLF and FLOSY (essentially the militant wing of the PSP) failed, the NLF 

eclipsed the other organization. In 1967, the NLF gradually assumed control of the sultanates, the 

Hadramawt region, and, finally, Aden. Following the early British withdrawal, NLF leaders declare

People’s Republic of South 

ical left wing of the NLF gained control and declared the Peoples’ Democratic Republic of 

Yemen (PDRY) in 1970.74 

In the north, the civil war had also drawn to a close. The Egyptians negotiated a cease fire with 

Saudi King Faisal in 1965. Divides within the republican camp prevented them from arriving at a ful

resolution, so Egypt, tired of the expense, withdrew its troops in 1967. The royalists responded by lay

siege to San’aa. For seventy days, an agglomeration of republican supporters fended off attacks and 

eventually gained the upper hand. The removal of the controversial President Sallal from power also 

facilitated a resolution. Republicans and royalists, whose political divisions were not as

ar had made them appear, were able to cooperate in the formation of a new government. By 

1970, even the Saudis were offering diplomatic recognition and economic support.75   

The PDRY, in contrast, was initially ostracized by the international community. The British

off all financial aid, as did many Arab states. The Arab monarchies were hostile to the Marxist regime, 

while the moderates viewed it with suspicion, as they had believed that the YSP had been the true 

political representative of pan-Arab ideology. Domestic revenue sources had also dried up. Wh

 

. 
24. 

73 Dresch (2000), 70. 
74 Lackner (1985), chapter 2
75 Dresch (2000), 114-1
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 withdrew, they shut down the Aden port. The closing of the Suez Canal during the 1967 War 

further reduced the city’s economic significance. In 1970, the PDRY was a bankrupt state.76   

Both Yemens experienced considerable internal violence in the period from 1945-1970, some of 

which included enough bloodshed to be classified as “civil war.” However, environmental factors 

appear to have played a minimal role in the conflicts. Neither of the causal mechanisms examined by

study are present in this portion of the northern Yemen case: there was little inter-communal conflict in

rural areas and limited popular urban unrest. The coup attempts in 1948, 1955, and 1962 were elite-

initiated contests for political power. In 1948, unrest did not spread beyond San’aa.77 It was also very 

limited in the brief 1955 clash. Although the 1962-1970 civil war did involve broader participation, i

was still not a mass conflict and rural areas were mostly ignored. As one historian reports, “It was not 

depicted greatly in economic terms…”78 (96). Southern violence during the 1960s was portrayed in 

economic terms, but the rhetoric employed by elite leaders rarely translated into political action on the 

part of the ge

was Aden. However, as will be demonstrated below, this anomaly is consistent with our theories 

predictions.  

The general absence of popular conflict was not due to environmental abundance. Yemenis

many economic challenges. Poverty was widespread. Land was maldistributed and agricultural labor 

was particularly poorly remunerated.79 Prior to 1959, there were frequent famines and droughts.

However, the very consistency of these conditions was the greatest deterrent to mass political action. 

Environmental poverty was a constant, rather than a sudden occurrence. There was no sense of 

degradation; consequently, there was little impetus for increases in popular discontent. 

 
76 Lackner (1985), 51. 
77 Dresch (2000), 57. 
78 Ibid., 96. 
79 Ibid., 71, 79-80, 96. 
80 See note 5. 
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 social cleavages, the atomized nature of rural Yemeni society, and the paucity of means of mass 

political mobilization, the lack of popular violence during this period is unsurprising.  

Violence was also precluded by the absence of two necessary conditions for our hypothesized

environmental conflict causal mechanisms. First, farmers were also not confronted by a scarcity of 

arable land; one third of agricultural land was consistently left fallow.81 There were disincentives to 

farm, but they did not include environmental scarcity. Second, there was little urban overcrowding

Urban violence was constrained by the safety valve of foreign migration. Beginning in the late 

the developing oil industries in Saudi Arabia and the Gulf states acted as a pull factor for Yemeni 

migrants. This reduced population pressure in Aden, the only part of the two Yemens that had 

experienced significant popular violence in the late 1940s and 1950s. Prior to the growth of the Gulf 

economies, Aden had been the preferred destination of most Yemeni migrants, who flocked to the 

British-controlled city in hopes of escaping “chronic unemployment and debt” in southern Yemen.82 In 

spite of its wealth, the port had been unable to support the large numbers of internal migrants, forcing 

many into overcrowded slums.83 Fueled by the political ideology of the Free Yemenis, workers eng

in dozens of strikes from 1948-56 and riots and bombings occurred in 1958.84 These aggrieved 

provided fertile recruiting grounds for nationalist parties, including the YSP and NLF. By the mid-

1960s, it was increasingly difficult to determine whether activities w

ces or anti-colonial sentiment; the two had become inextricably intertwined. In contrast, whi

rural discontent was pronounced, it did not translate into action.85  

Violence in Aden declined with the British withdrawal and the city’s subsequent economic 

 
. 

, 86. 
81 See note 4
82 Dresch (2000)
83 Ibid., 54. 
84 Ibid., 71, 84. 
85 Ibid., 60 
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were impeding efforts to develop local industry.86 As predicted by our theory, when urban population 

pressures relaxed, violence declined. Meanwhile, the remittances sent by émigrés, which had bolstered 

the Yemeni economies throughout the 1960s, sustained them throughout the downturns of the 1970s.87 

Had it not been for this added cash flow, the likelihood of instability would have increased dramatic

Although the governing regimes in both Yemens responded to economic insecurity with a series of 

multi-year Plans involving public works projects and agricultural development, none of these schemes 

significantly increase domestic industry or agricultural productivity. The only sectors that saw in

in productivity were cash crops like qat and fruit, and even the latter only succeeded because of 

government restrictions on imports.  In the south, incentives to increase the amount of land under 

cultivation were further reduced by the Marxist regime’s redistribution of rural lands and introduction o

collective agriculture, combined with government controls on food prices and high labor costs created 

by widespread emigration. The profit margin on private cultivation was too low to encourage

s h land remained fallow.88 The attitude of the rural population was one of “apathy.”89  

 Throughout the 1970s, there were a number of regime changes in the YAR and PDRY, but, in 

both cases, activity was largely confined to the political leadership. The 1979 border war between the 

two states was also inspired by elite infighting; a southern faction assassinated the northern President, al

Ghashmi and the southern president was executed as punishment. Following the war, there was further 

intra-governmental contestation in the PDRY. President Isma’il was deposed in 1980 but survived and 

maintained some support. To eliminate this threat, his successor, ‘Ali Nasir Muhammed, entrapped and 

executed five of his main rivals in 1986. The bloodshed spread through the entire state structure, lead

 
86 Colton, Nora Ann (2007) "Political and Economic Realities of Labor Migration" in Yemen into the Twenty-First Century: 
Continuity and Change. Kamil A. Mahdi, Anna Wurth and Helen Lackner, ed. Reading, UK: Ithaca Press: 53-78. 
87 Dresch (2007), 131; Schmitz, Charles (2007) "Politics and Economy in Yemen: Lessons from the Past" in Yemen into the 
Twenty-First Century: Continuity and Change. Kamil A. Mahdi, Anna Wurth and Helen Lackner, ed. Reading, UK: Ithaca 
Press: 31-52. 
88 Dresch (2000), 139; Colton (2007), 64-68. 
89 Lackner (1985), 70; Dresch (2000), 60. 



 
 
 

ENVIRONMENT AND SECURITY   Page 80 
7/1/2008 

s ended with the exile of 

 

with 

come 

ic collapse, and to frustrate further internal political challenges, the 

00 

ok up 

                                                

to a brief civil war in which many leaders used political violence as cover for the pursuit of personal 

aggrandizement and local vendettas. Popular involvement was limited. The crisi

‘Ali Nasir Muhammed and the installation of a new, more moderate regime.90   

 This regime faced a new economic crisis. As oil prices fell, remittances from Gulf émigrés dried

up.91 Aid from the USSR ceased in 1989. Economic insolvency, combined with continuing internecine 

political insecurity, encouraged the southern regime to pursue long-standing unification discussions 

the north.92 Although the YAR had also been confronted a decline in economic fortunes in the mid-

1980s, this was rapidly reversed by the discovery of oil in 1984 and the introduction of commercial 

production in 1988.93 In addition to eliminating the state’s dependence on foreign imports, the in

provided by even minimal petroleum exports provided a replacement for the loss of the YAR’s 

remittance revenues.94 The south had discovered oil in 1986, but commercial production would not 

begin until 1993. To avoid econom

southern regime needed to unify. 

 The political merger occurred in 1990. Almost immediately, the regime confronted another 

crisis. Because of Yemen’s decision to support Iraq in the first Gulf War, Britain, the US, and the Gulf 

States cut off all development aid. Saudi Arabia also expelled all Yemeni guest workers. Over 900,0

flooded back to Yemen. Most did not return to a rural agricultural livelihood. Instead, they to

residence in Aden or in “returnee camps” outside of San’aa and Hodeida. Neither Yemen’s 

 

al and the Structure of Control in the Unified Yemen, 1990-1997. 

nity: Economic Prospects" Korean Journal of Yemeni Studies, 
k/y_erd_e2.htm. 

90 Burrowes (1989). 
91 Schmitz (2000), 34. 
92 Saif, Ahmed Abdel-Karim (1997) The Politics of Surviv
MA thesis: Department of Politics, University of Exeter. 
93 Almutawakel, Yahya Y. (nd) "Yemen U
http://hopia.net/kyc/boo
94 Schmitz (2000), 34. 
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underdeveloped industrial base nor the service industry was capable of absorbing the new labor force. 

Unemployment amongst the returnees ran as high as 90%.95    

 Rising oil revenues enabled the new state to remain solvent; popular protest was minim

again, instability was fomented amongst the political leadership. Although the Yemens had cosmetically 

integrated, both sides maintained their own armed forces. And, as northern leaders pursued an 

increasingly assertive campaign for hegemony over the unified state, southerners became concer

their power would be eclipsed and their social reforms rescinded by their conservative partner. The 

expectation of further oil discoveries also enabled the south to envision a future of independent 

economic self-sufficiency. Following parliamentary elections in 1993, in which the Yemeni Socialist 

Party did very poorly, the southerners 

which had no desire to see a strong, unified Yemen. Within two months, the superior northern forces 

contained the southern breakaway.96  

 The conflict’s rapid resolution confounded foreign observers’ predictions that the war would 

spread.97 A central reason for the northern campaign’s speed and success is the southern leaders’ failure 

to mobilize mass support for their cause. Instead of viewing the civil war as an opportunity to express 

their griev

the southern fighters leave their province.98 Once again, popular participation in political violence was 

limited.  

 We argue that these restraints on communal conflict and urban unrest have been encouraged by 

the lack of persistent environmental degradation and consequent agricultural downturns in Yemen. 

Although baseline productivity is extremely low, it did not get any worse in the post-war period. There 

has consistently been a surplus of arable land and, after 1959, food aid and imports guaranteed that the 
 

), 70. 

rary New York Times reporting. 

95 Colton (2007
96 Saif (1997). 
97 See contempo
98 Saif (1997). 
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entire Yemeni population had adequate caloric intakes.99 Although there have been multiple perio

which economic downturns threatened these external supplies, other developments have emerged to pick 

up the slack. Remittance revenue compensated for a lack of foreign aid in the 1970s. Oil revenue 

compensated for the loss of remittances in the 1980s and 1990s.100 Conse

absorb the dramatic increases in population size they experienced in the latter half of the twentieth 

century, without experiencing concomitant increases in popular conflict. 

 The return of foreign émigrés has constituted the regime’s most significant and sudden econo

challenge. In addition to putting a greater strain on state resources, it inflated the urban population

Aden, which contributes to the likelihood of urban unrest. However, throughout the 1990s, the New 

York Times reported only one case of inte

following a dramatic drop in the price in oil in 1998, after which the Yemeni government announced a 

reduction in bread and fuel subsidies.101  

 The only other reported violence in Yemen throughout the 1990s has consisted of kidnapp

Foreigners have been abducted by tribal representatives demanding anything from personal 

compensation, to rural development plans, to the release of political prisoners. The scope of this 

violence is extremely limited. In 2004, a religio-political movement under the leadership of Yahya Ba

ed-Din al-Houthi emerged in the northern region of Sa’ada. The “Young Believers,” members o

Zaydi Shi’a sect, oppose the pro-West stance of the Yemeni regime and demand the installation of 

more traditional government. Al-Houthi was killed in 2004, but attacks continued in 2005 and 

reoccurred in 2006-2007. However, the Young Believers are far from a mass movement. Houthi’s 

followers have never numbered more than 3000 and their motives do not appear to be economic.102 

                                      
99 Tutwiler (2007).  
100 Schmitz (2007), 37. 
101 Ibrahim, Youssef M. (Jun. 23, 1998) "Falling Oil Prices Pinch Several Producing Nations" New York Times New York. 
Pg. A6. 
102 See international news coverage for these periods.  
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 As long as oil and gas prices remain high and Yemen does not exhaust its reserves, popular 

contention is likely to be muted, in both urban and rural areas. The market for foreign labor in th

states, which has revived in recent years, will also restrain popular grievances, as have increases in 

foreign aid. However, a decline in oil revenue could be dangerous. Agricultural production in Yemen 

has continued to decline and the switch to qat farming has intensified the use of water reserves. 

Currently, groundwater is being extracted at a far greater rate than it is being replenished.103 Meanwh

the infrastructure for less water-intensive terrace farming has been neglected, leading to widespread soi

erosion in mountain provinces.104 Should Yemeni need to change its farming methods and crop patte

in respon

lands to former levels of productivity. Local fish stocks were also degraded through overfishing in the

1970s; it is unclear whether these can recover, should the need for greater domestic food pro

arise.105 

 The alternative income sources available to the Yemeni state have reduced its dependence

environmental stability and agricultural productivity. Consequently, it is less susceptible to 

environmental conflict. This case demonstrates how external interventions can compensate for 

environmental scarcity. It also illustrates the significance of changes in environmental quality in 

encouraging internal disputes; as

th

communal conflict” and “urban unr

aged internal conflict.     

 

 
103 Ward, Christopher (2007) "Practical Responses to Extreme Groundwater Overdraft in Yemen" in Yemen into the Twenty-
First Century: Continuity and Change. Kamil A. Mahdi, Anna Wurth and Helen Lackner, ed. Reading, UK: Ithaca Press: 
155-180. 
104 Tutwiler (2007). 
105 Lackner (1985), 189. 
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Environmental Conflict in India 

India is facing enormous environmental challenges over the next few decades, challenges that 

appear beyond the capacity of the political system to manage. A recent World Bank report points out 

that “about 15% of all aquifers are in critical condition, a number which will grow to 60% in the next

years unless there is change.”106 The predicted partial melting of the Himalayan glaciers is also expect

–after an initial short-term rise in river flows--to eventually reduce crucial river flows substantially in 

north India and Pakistan by mid-century.107 In addition to this there are severe shortages of land and 

increasing desertification, as well as declining improvements in agricultural productivity. One rece

study of Indian agriculture demonstrates that a major cause of the slowdown in agricultural growth rate

over the past decad

ase by only 0.51% per annum overall since 1996-97). Several major states such as Andhra 

Pradesh, Tamil Nadu, Rajasthan and Kerala have suffered a substantial net reduction in irrigated lan

since 1996-97.108 

Fifty percent of India’s irrigated farmland and eighty percent of domestic water supply 

relies on the country’s diminishing stocks of groundwater, and water infrastructure and planning is 

woefully inadequate to address the likely shortages. The Indian government and stat

ated plan to address these shortages, which are in fact accelerating as individual urban 

consumers, farmers and business interests each act to maximize their own share of a declining resource, 

through the use of electric pumps that ultimately endanger the collective resource.  

The negative effects of such water and land shortages and limits to cropping intensity on 

 
106 John Briscoe, India’s Water Economy: Bracing for a Turbulent Future (World Bank, 2005), pp.6-7. 
107 India’s Water Economy, p.32, 34. A 2007 study by the Indian Space Research Organization found that 466 glaciers in the 
Chenab, Parbati and Baspa river basins had shrunk 21% since baseline data in 1962, with smaller glaciers shrinking 38%. 
Frontline March 9, 2007, pp.12-15. 
108 Ramesh Chand, S.S. Raju and L.M. Pandey, “Growth Crisis in Agriculture: Severity and Options at National and State 
Level,” Economic and Political Weekly, June 30th 2007, pp.2528-2533. 
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dealt with the most contentious water-sharing issues in the 1960 Indus Waters Treaty, which established 

Indian management of three rivers (the Sutlej, Beas and Ravi) and Pakistani management of three more 

(Chenab, Jhelum and Indus).109 These agreements have survived intact despite two major wars be

India and Pakistan in

nd Bangladesh reached a compromise in 1986 over the division of water from the Ganges 

(Briscoe, 2005: 36). 

The domestic effects of environmental scarcity on conflict appear to be far more serious, 

however. Three kinds of serious conflicts have already broken out in India over the past decade i

response to these kinds of environmental scarcities. First, some of India’s 28 states have fought with 

each other over rights to commonly shared water resources. Many of India’s states are based on 

linguistic identities, and politicians who head the states of Maharashtra, Tamil Nadu and Karnataka

not been shy about appealing to Maratha, Tamil and Kannada nationalist or regionalist sympathies in 

order to press their states’ claims to a larger share of India’s water and deflect protests within their 

states. In June 1991, when a government tribunal considering states’ shares of the Cauvery river made 

an initial award that residents of Karnataka considered too favorable towards Tamil Nadu, there wa

quite widespread violence in Karnataka against Tamils living in the state. Twenty three people died in 

these December 1991 water riots in the state capital (Bangalore) and three other districts (Mysore, 

Chamarajanagar, and Mandya), and there were also a few tit-for-tat attacks against Kannadas living 

the border areas of Tamil Nadu.110 Thousands of Tamils fled Karnataka and its capital (where th

c.25% of the population) as a result of the violence. The ‘final’ award made by the 1990 tribunal in 

February 2007 seems unlikely to end the conflict, because it too was regarded by Karnataka as 

unfavorable and because it provides no good way of allocating the pain among the three states claiming 

 
109 Undala Z. Alam, Questioning the Water Wars Rationale: A Case Study of the Indus Waters Treaty,” The Geographical 
Journal, 168, 4, December 2002, pp.341-53. 
110 Frontline, February 23, 2007, pp.24-27. 
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Cauvery water (Karnataka, Kerala and Tamil Nadu) in the event of widespread shortages that seem 

likely to occur in the future. Farmers in Karnataka launched a massive wave of peaceful protests, strikes 

and marches in February 2007 against the award, and seem likely to launch more such movements

future.111 This time unlike in 1991 the state government took substantial preventive action—rounding up 

ctivists—to prevent a repeat of the anti-Tamil riots of sixteen years earlier, and the Tamil 

minority in the state made clear that it supported Karnataka’s water claims against those of Tamil Nadu. 

The second kind of conflict that has arisen over the past decade has been social protests as 

farmers and urban dwellers accustomed to a stable water supply have protested at severe shortages or th

absence of water. India’s cities have regular water or power riots, strikes and sit downs each summer as

citizens protest the non-availability of these important services, often by blockading or even attacking 

the government offices they hold responsible, or by otherwise damaging property. In East Delhi in t

summer of 2003, for instance residents damaged vehicles in protest at lack of water while residents in 

other areas launched strikes.112 In the capital of Madhya Pradesh state, residents talk of a “riot-like 

situation” when water trucks finally arrive in neighborhoods that have no regular access to water.113

increased shortages in rural areas have prompted farmers to massive and sometimes violent protests 

against the state. In the western state of Rajasthan, for instance, pol

angry water protests there in the summer of 2005, while there have been a rash of angry protests

over farmer suicides in Andhra Pradesh and other southern states. 

The third type of conflict in India has been due to large-scale migration from rural areas of th

country, especially those such as West Bengal and Rajasthan which are facing water and cropland 

shortages, to the larger cities as well as areas with less pressure on land resources. These migration 

 
111 For valuable background see articles on the Cauvery dispute in Frontline, February 23, 2007, pp.4-27. 
112 “Angry residents protest against water shortage,” Times of India, June 5th 2003.  
113 “Water crisis grips Madhya Pradesh,” Times of India, May 15, 2006. 
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, and politicians become active in coordinating pressure against the state in pursuit of their own 

gendas. 

e other 

. If for 

to 

the minimum level we see today--then the likelihood of conflict would go up 37.5%, to 0.88%. In a 
                                                

were large scale riots and attacks on Bengali-speaking migrants to the north east state of Assam, in

which perhaps 1,700 people were killed.114 More recently there have been occasional incidents

violence against Biharis from

abad and elsewhere. 

The scarcity-driven social conflicts that have taken place in India have so far been localized—

against specific municipalities and offices held responsible for the shortages-- but they have nonetheless 

been serious, and they have arisen under levels of environmental change –manageable levels of scarcity-

-far lower than those predicted in the next few decades. It seems very likely that these protests will rise 

in intensity, as well as become more coordinated as shortages involve a wider range of social groups in 

the future

a

 

 

Conclusion 

This research paper has demonstrated that several indicators of environmental scarcity and pressure are 

related to at least one major indicator of conflict—civil war onset—even when we control for th

most plausible causes of conflict. The base probability for an average country in the dataset of 

experiencing a civil war start in any one year (holding all variables at the mean and mode but not 

including any of the environmental scarcity variables) is 0.7%. If we introduce environmental scarcity 

indicators into this base conflict model the probabilities of conflict can change quite substantially

instance we include a measure of crop yield growth in the conflict model the base probability of 

violence in a year is 0.64%. If, however, crop yield growth were to drop substantially in the future—

 
114 Sanjoy Hazarika, Strangers of the Mist: Tales of War and peace from India’s Northeast (Viking, 1994) pp.144-45. 
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country like India, a decline in crop productivity by about one standard deviation would mean a rise in 

the probability of civil war by about 7% from 6.7% today to 7.2%. 

These findings are necessarily tentative, however, because we still lack good time series 

data necessary to fully test the link between scarcity and conflict: 

• Data on conflict, although much improved over the past decade, still do not trace 

many of the kinds of riots, demonstrations and localized violence that the case studies (especially of 

India) show are often the first to emerge from environmental scarcity. Indian water riots and farmers’ 

protests, for instance, are simply not recorded in existing data sources being used to “test” the 

connection between scarcity and conflict. 

• Data on environmental change is also inadequate. In particular much of what we 

do have is collected at irregular intervals by governments who may have an incentive to underreport the 

degree of environmental stress they are facing, or may simply lack the technical capacity to generate 

good data. 

The obvious solution to the first problem –the lack of data on all but the most serious 

forms of civil war—is to collect more data using regional press and media sources that are likely to pick 

up the low and medium intensity violence that most immediately results from environmental scarcity. 

The solution to the second problem –the lack of good environmental data that traces the main processes 

through which we think conflict might result—is to rely more on independent scientific monitoring of 

water, air and cropping patterns as well as satellite imagery that can generate independent data on 

variables such as cropping patterns, water availability and desertification. Only such independent 

sources—which we can then compare with “official” environmental data—can generate the reliable time 

series necessary to accurately test the relationship of scarcity to conflict. It would take considerable 

effort to integrate such datasets (e.g. those at the IRI/LDEO Climate Data library) into a larger conflict 
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model, but the payoff in terms of more reliable inferences about the relationship between scarcity and 

violence would likely be significant.115 

 

 
115 http://iridl.ldeo.columbia.edu/index.html. 
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