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Abstract 
 
Climate change is expected to bring about major change in freshwater availability, the 
productive capacity of soils, and eventually also in patterns of human settlement. 
However, considerable uncertainties exist with regard to the extent and geographical 
distribution of these changes. Predicting scenarios for how climate related 
environmental change may influence human societies and political systems 
necessarily involves an even higher degree of uncertainty. The direst predictions 
about the impacts of global warming warn about greatly increased risks of violent 
conflict over increasingly scarce resources such as freshwater and arable land. We 
argue that our best guess about the future has to be based on our knowledge about the 
relationship between environment and violent conflict in areas that already experience 
forms of environmental change that we think will increase with climate change. 
Previous rigorous studies in the field have mostly focused on national level 
aggregates. This article represents a new approach to assess the impact of 
environment on domestic armed conflict by using geo-referenced (GIS) data and 
small geographical, rather than political, units of analysis. It addresses some of the 
most important factors assumed to be strongly influenced by global warming: land 
degradation, freshwater scarcity, and population density and change. The preliminary 
results indicate that the relationships between local level demographic/environmental 
factors and conflict are not uniform. High levels of population growth in already 
densely populated areas do not appear to increase the risk of conflict, while land 
degradation appears to have some effect. Also, water scarcity in densely populated 
areas appears to increase the risk of conflict generally, but decrease the risk of 
territorial conflict.  
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1. Introduction 

Environmental change as a cause of violent conflict has been a contended issue in the 

security discourse of the 1990s. Although first rising as neo-Malthusian concerns over 

population growth and over-consumption of renewable natural resources in the late 

1960s, scarcities of resources like freshwater and arable land increasingly became 

security issues after the end of the Cold War. Explanations for this have been twofold. 

First, a general environmental awareness increased in Western popular opinion in this 

period, and environmental protagonists succeeded in ‘securitizing’ central 

environmental issues, thereby attracting the attention of policymakers (Levy, 1995: 

44). Second, the end of the Cold War left a void in security policy, and Western 

national security establishments sought ways to legitimize their continued existence 

(Barnett 2001: 2; Gleditsch, 1998). Despite the attention given to environmental 

factors as potential security threats, there appears to be a consensus that economic, 

political and social factors determine how countries handle resource scarcity. 

Economically, politically and socially robust countries are probably more capable 

both to adapt to resource scarcity and to mitigate conflict. 

 With an increasing focus on environmental consequences of climate change, 

speculations about how global warming may eventually influence patterns of war and 

peace have arisen (e.g. Renner, 1996; Homer-Dixon & Blitt, 1998; Rahman, 1999; 

Klare, 2001; Brauch, 2002; Schwartz & Randall, 2003; Pervis & Busby, 2004). To 

address the issue of whether climate change may pose a traditional security threat, we 

build on propositions from the environmental security literature, identifying potential 

links between natural resource scarcity and violent conflict. We combine these 

propositions with environmental change scenarios from the Intergovernmental Panel 

on Climate Change (IPCC), and develop testable hypotheses about the expected 

relationships. These hypotheses are tested in a statistical model with a global 

coverage. If soil degradation, freshwater scarcity and population pressure has 

influenced the risk of conflict in the past, we assume that this may also inform us 

about likely security implications of climate change. Obvious limitations to such 

approach are the possibilities that environmental change will bring about more severe 

and more abrupt forms of environmental change than we have experienced in the past. 

On the other hand, we are also unable to capture the possibility of an enhanced 

adaptability to environmental change due to increased technological and institutional 

capacity. 
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 Previous quantitative studies of environmental scarcity and violent conflict 

have primarily focused on state level factors (Esty et al., 1998; Hauge & Ellingsen, 

1998; Toset et al., 2000; de Soysa, 2002; Urdal, 2005). While there are some strong 

arguments in favor of comparing sovereign political units, especially related to the 

opportunity for internal migration and the ability to control for national-level 

economic and political factors, severe forms of environmental change are often 

confined to smaller areas than entire countries (for a forceful argument for 

disaggregating studies of environmental factors and armed conflict see Buhaug & 

Lujala, 2005). Sometimes such changes also span across international borders. 

Similarly, violent political conflicts seldom affect all parts of a country equally. In this 

study the units of analysis are geographical squares of 100 x 100 km, allowing us to 

study the relationship between environment and conflict in a small-scale geographical, 

rather than political, context. We are utilizing a georeferenced version of the 

Uppsala/PRIO armed conflict data (Gleditsch et al., 2002) produced by Halvard 

Buhaug (Buhaug & Gates, 2002). The dataset covers domestic violent conflicts with 

at least 25 battle deaths annually, between two or more organized parties, of which at 

least one is the government of a state. The environmental data stem from several 

sources, and include indicators of freshwater scarcity, productivity of land, and 

population growth and density. Based on the results obtained from this study we aim 

to predict future risks of violent conflict under different climate change scenarios. 

 

2. Environmental Change and Armed Conflict 

Recent civil war literature has focused on how economic and political features affect 

the risk of armed conflict. Fearon & Laitin (2003) argue that poverty increases the 

likelihood of war since poor states have a much weaker financial and bureaucratic 

basis, providing opportunity for insurgency. When controlling for income, they find 

that ethnic and religious diversity does not increase the risk of conflict. Collier & 

Hoeffler (2004) find that poverty, low economic growth and high dependence on 

primary commodity exports were important predictors of civil war, while ethnic and 

religious diversity as well as democracy did not affect the risk of war. Hegre et al. 

(2001), on the contrary, found that regime type and ethnic heterogeneity matter even 

after controlling for level of development. Environmental and demographic stress is 

not likely to be an equally important risk factor under all economic, political or social 

conditions. On the contrary, we argue that countries with low economic, political and 
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social ability to handle resource scarcity will be more likely to experience armed 

conflict. In a seminal study of environmental conflict, Hauge & Ellingsen (1998) 

found that economic and political factors were the strongest predictors of conflict, but 

that environmental and demographic factors did have some impact. 

While some of the environmental security literature has clearly overstated their 

case, few scholars would argue that resource scarcities never occur or that they are 

irrelevant for conflict behavior. Natural resources that are essential to human life and 

welfare are unevenly distributed between and within states, and scarcities of certain 

natural resources may arise and persist locally, at least temporarily. The most 

influential scholar moderating the neo-Malthusian position has been Thomas Homer-

Dixon and his ‘Project on Environment, Population, and Security’ at the University of 

Toronto. Homer-Dixon and associates distinguish between different sources of 

resource scarcity. Supply-induced scarcity results from depletion in quantity or 

degradation in quality of a renewable resource. Demand-induced scarcity is caused by 

population growth or increased per capita consumption, while structural scarcity is 

aggravated when groups have systematically unequal access to resources (Homer-

Dixon, 1999: 48).  

Most armed conflicts and wars are over objectives that can broadly be defined 

as resources (Gleditsch, 1998). Neo-Malthusians are primarily concerned with 

resources that are essential to food production. Homer-Dixon & Blitt (1998) argue 

that large populations in many developing countries are highly dependent on four key 

resources: freshwater, cropland, forests, and fisheries. The availability of these 

resources determines people’s day-to-day well-being, and scarcity of such resources 

can under certain conditions cause violent conflict (Homer-Dixon & Blitt, 1998: 2). It 

has been proposed that the resource scarcity and conflict scenario is more pertinent to 

developing countries due to generally lower capacity to deal with environmental 

issues and less ability to cope with and adapt to scarcity (Homer-Dixon, 1999: 4–5; 

Kahl, 2002: 258). 

Homer-Dixon argues that increased environmental scarcity is likely to cause 

social effects that increase the risk of internal violent conflict. Environmental 

scarcities can lead to constrained agricultural and economic productivity causing 

migration and widespread poverty. The notion of ‘environmental refugees’ has 

received particular attention (El-Hinnawi, 1985; Jacobson, 1988; Lee, 1997). 

However, as Suhrke (1997: 263) notes, migrants fleeing deteriorating environmental 



 5 

conditions rarely have the resources to instigate violent conflict and are more likely to 

become victims of violence. 

Grievances resulting from increased resource competition may cause violent 

conflict if two conditions are met. First, the aggrieved individuals need to participate 

in some sort of ethnic, religious, or class-based collective that is capable of violent 

action against the authorities. Second, the political structure must fail to give these 

groups the opportunity to peacefully express their grievances at the same time as it 

offers them the openings for violent action (Homer-Dixon & Blitt, 1998: 11). 

Some recent contributions further moderate the neo-Malthusian position. Kahl 

(2002: 266) refutes the critique that neo-Malthusian models are deterministic, and 

claims that they are rather underspecified. He criticizes much neo-Malthusian writing 

for failing to identify clearly which intervening variables are most important. 

Referring to the assumption of ‘state weakness’ as a necessary precondition for 

environmentally induced conflict in the works of Homer-Dixon and of Goldstone (e.g. 

2002), he contends that such conflicts can also arise under conditions of ‘state 

exploitation’ when powerful elites exploit rising scarcities and corresponding 

grievances in order to consolidate power. Conflicts in Kenya and Rwanda are claimed 

to be examples of the latter (Kahl, 2002: 265). Matthew (2002: 243) provides two 

important critiques of the simple neo-Malthusian thesis. First, it understates the 

capacity to adapt to scarcities that are manifest in many societies. Second, it does not 

adequately deal with historical and structural dimensions of violence, like 

globalization and colonial influence. Matthew’s approach shifts the focus to why 

some states succeed while others fail to adapt to scarcities of renewable resources. 

Moderate neo-Malthusian contributions emphasize that scarce natural 

resources are not very likely to generate the most serious forms of conflict. Dalby 

(2002: 95) concedes that ‘the likelihood of large-scale warfare over natural resources 

is small’. And while claims of future ‘water wars’ proliferate, Homer-Dixon (1999: 5) 

concludes that interstate scarcity wars are not very likely. He rather predicts that the 

most likely forms of violent conflict to erupt from resource scarcities are ethnic 

clashes and civil strife. In order to address the proposition that scarcity is more likely 

to produce low-level violence, this study investigates the relationships between 

different forms of local resource scarcity and low-intensity armed conflict.  

 Previous quantitative studies have found mixed evidence for the resource 

scarcity and conflict nexus. The two first larger studies in the field, the State Failure 
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Task Force Report (Esty et al., 1998) and Hauge & Ellingsen (1998) report slightly 

different results. Esty et al. (1998) found no effects of soil degradation, deforestation 

and freshwater supply on the risk of state failure. Hauge & Ellingsen (1998) on the 

contrary concluded that the same factors1 as well as high population density were 

indeed positively associated with civil war, but that the magnitudes of the effects were 

second to political and economic factors. Toset et al. (2000) find that shared rivers 

increase the likelihood of interstate military disputes, and that water scarcity is also 

associated with conflict, although not very strongly. Wolf et al. (2005: 81) concludes, 

on the basis of a major data collection effort that shared freshwater resources is hardly 

ever a major cause of conflict, and that cooperative events between riparian states 

clearly outnumber conflict events. Assessing the issue of land scarcity, de Soysa 

(2002) finds a significant effect of population density on domestic armed conflict, 

while Urdal (2005) reports results indicating that scarcity of potentially arable land 

may indeed have a pacifying effect domestically. The aim of this study is to reconcile 

these diverse findings by moving below national aggregates to see if local resource 

scarcity better predicts conflict behavior. 

 

3. Climate Change as an Environmental Security Issue 

 

Violence and disruption stemming from the stresses created by abrupt changes 

in the climate pose a different type of threat to national security than we are 

accustomed to today. Military confrontation may be triggered by a desperate 

need for natural resources such as energy, food and water […]’ (Schwartz & 

Randall, 2003: 14) 

 

In recent contributions to the environmental security debate, climate change is 

frequently argued to constitute a future major threat. Firstly, increasing temperatures, 

precipitation anomalies and extreme weather will aggravate processes of resource 

degradation that is already underway, especially with regard to soil, forests, 

freshwater and fishery resources, potentially leading to increased risks of violent 

conflict (Renner, 1996: 46; Homer-Dixon & Blitt, 1998: 2–5; Klare, 2001: 20; Pervis 

& Busby, 2004: 68). Secondly, significantly increasing sea levels as well as more 

                                                 
1 Hauge & Ellingsen did not have time-series data for the environmental indicators. 
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extreme weather conditions will force millions of people to migrate, potentially 

leading to higher pressures on resources in areas of destination and subsequently to 

resource competition and possibly political instability and violent conflict (Renner, 

1996: 108; Rahman, 1999: 205; Barnett, 2001: 8). Although climate change is usually 

regarded as a potential future threat, some argue that climate change has already been 

a contributing factor to the Darfur conflict (Byers & Dragojlovic, 2004: 2). 

 Combining the most radical climate change forecasts with a conventional neo-

Malthusian perspective on resource wars produce bleak prospects for the future. In a 

report for the Pentagon, which received global media attention, Schwartz & Randall 

(2003) speculate about the consequences of a worst-case climate change scenario and 

its implications for US national security. Accepting the neo-Malthusian conflict 

scenario with little reservation, they argue that ‘as abrupt climate change lowers the 

world’s carrying capacity aggressive wars are likely to be fought over food, water and 

energy’ (Schwartz & Randall, 2003: 15) and further that a collapse in carrying 

capacity could make humanity revert to it’s ancient norm of constant battles for 

diminishing resources (p. 16). But as Barnett (2001: 5) notes, there is every reason to 

be cautious about the links between climate change and conflict. Existing 

environment and conflict research has simply not produced sufficient evidence to 

enable us to make anything but ‘highly speculative claims about the effects of climate 

change and violent conflict’ (Barnett, 2001: 5). 

Although warning against overstating the relationship between climate change 

and armed conflict, both Barnett (2001: 6) as well as Pervis & Busby (2004: 68) 

accept that the depletion and altered distribution of natural resources likely to result 

from climate change could under certain circumstances increase the risk of some 

forms of violent conflict. It is not likely to be a major or sufficient cause of conflict, 

but may contribute to a mounting environmental challenge (Brauch, 2002: 23; Tänzler 

& Carius, 2002: 8) Whether such changes may result in armed conflict is likely to be 

highly dependent on social, economic and political contextual factors. Barnett (2001: 

9) suggests that climate change may be particularly problematic in a context of weak 

states, economic transition and high inequality. Furthermore, it appears to be a 

consensus that climate change, like environmental change generally, represents a 

greater threat to domestic than international peace, and that the proper focus should be 

on the sub-state level (Barnett, 2001: 6). 
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 Based on the 2001 impact assessments of climate change from the United 

Nations Intergovernmental Panel on Climate Change (IPCC), we identify three major 

forms of climate related environmental change that according to the environmental 

security literature is likely to have security implications: land productivity, freshwater 

and population .  

 

3.1 Land Degradation 

Climate change is likely to influence the food producing capacity in many areas. 

While some areas may experience a reduction in crop yields, others are likely to 

benefit. One important factor is temperature. While a few degrees of warming are 

projected to generally increase temperate crop yields, larger amounts of warming may 

decrease temperate crop yields. In tropical areas, where dryland agriculture 

dominates, even minimal increases in temperature may be detrimental to food 

production (IPCC, 2001: 32). Degradation of soil and water resources is likely to be 

intensified by adverse changes in temperature and precipitation, although adaptation 

behavior has a potential to mitigate these impacts as land use and management have 

been shown to have a greater impact on soil conditions than the indirect effect of 

climate change (IPCC, 2001: 32).  

 

H1: High land degradation increases the risk of armed conflict. 

 

3.2 Freshwater Scarcity 

According to the IPCC (2001: 31), there are currently 1.7 billion people who presently 

live in countries that are water-stressed, meaning that they use more than 20% of their 

renewable water supply. This number is projected to increase as a result of population 

and industrial growth, and climate change may aggravate this trend in many water-

stressed countries as a result of decreases in streamflow and groundwater recharge 

(IPCC, 2001: 31), although freshwater supply may increase in other countries. Higher 

water temperatures are likely to lead to a degradation of water quality. Non-climatic 

factors may influence freshwater availability and quality to a larger degree than 

climate change, and water management may thus significantly reduce vulnerability 

(IPCC, 2001: 31). However, in areas where vulnerability increases and water 
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management fails,2 increased freshwater scarcity is a likely outcome. If climate 

related water stress should be regarded as a future security threat, we would expect to 

see that already water scarce areas are more susceptible to armed conflict: 

 

H2: High freshwater scarcity increases the risk of armed conflict.  

 

3.3 Population Crowding 

Because of rising sea levels and increased risks of flooding, climate change is 

expected to contribute to migration from coastal and riverine settlements (IPCC, 

2001: 36). Some forms of environmental change associated with climate change like 

extreme weather and acute flooding may cause what we may rightfully term 

‘environmental refugees’. However, the most dramatic form of change as it affects 

human settlements, sea-level rise, is likely to happen gradually. Improved forecasting 

skills will make adaptation easier and reduce the problem of population displacements 

(Chimeli et al., 2002: 213). Rather than the massive and sudden influxes of refugees, 

we are likely to see a gradual migration by people in search for more fertile land. This 

is analogous to the situation in many marginal areas today, and for population to be a 

valid security threat under the climate change scenario, we would expect to see 

population crowding be associated with armed conflict even today.  

 

H3: The higher the population density and the greater the population growth, the 

greater the risk of armed conflict. 

 

Furthermore we expect that land degradation and freshwater scarcity represent greater 

security challenges the greater the population living in the area. 

 

H4: The greater the population density, the stronger is the effect of land degradation 

and high freshwater scarcity on armed conflict. 

 

                                                 
2 While it is difficult to control for water management practices directly, we assume that good water 
management practices are more likely to occur the greater the economic resources and the more 
accountable the political regime of a country. 
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3.4 The Salience of Economic, Political and Social Conditions 

Countries are assumed to be able to cope with environmental and demographic stress 

very differently. Resource scarcity and population pressure is likely to only pose a 

security risk in societies that have a particularly low ability to adapt to environmental 

and demographic stress, and to mitigate conflict. Generally, we expect that the 

capacity to avoid violent conflict over scarce resources increases with higher income, 

stronger democratic or autocratic institutional features and with greater cultural 

homogeneity. Greater income may indicate less dependence on natural resources, and 

thus lower vulnerability to scarcities, as well as greater economic ability to 

accommodate groups affected by scarcity. Democratic regimes are assumed to be 

more accountable and thus more likely to respond appropriately to resource scarcity, 

while autocracies generally may be expected to have a greater ability to act effectively 

to cope with scarcities than semi-democracies due to tighter control. Finally, cultural 

homogeneity is expected to generally increase social cohesion, possibly also 

facilitating better resource management. If we do not control for economic, political 

and social factors in our empirical models, we expect to be less able to detect any 

effects of environmental and demographic factors since countries with high adaptive 

capacity that experience population pressure or resource degradation are likely to be 

less conflict prone. Hence, we expect to see more clear results from environmental 

and demographic factors when such controls are introduced. 

  

H5: The greater the adaptive capacity, measured as high levels of income, strong 

democratic or autocratic regime features, and cultural homogeneity, the smaller the 

impact of environmental and demographic factors on the risk of armed conflict. 

 

4. Geospatial Data and Logistic Methods 

For this sub-national study, data were created from geospatial information. The 

process began with fitting a fishnet across the globe (described in greater detail by 

Buhaug and Rød, 2005). A fishnet constitutes a grid whose individual square size is 

dictated. For the purposes of this study, the square dimensions are 100 km x 100 km 

at the equator. This is a considerably smaller unit of analysis than previous studies of 

civil war. In total, the full dataset is comprised of 14,175 polygon squares of which 

2,719 (19%) are ‘conflictual’ – meaning either a conflict point directly falls into that 

square or it is included in the conflict radius of 300km – and 11,456 non-conflict 
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squares. The number of conflict squares is based on the Uppsala/PRIO conflict 

location latitude and longitude coordinates (Buhaug & Gates, 2002, see Figure 1 for 

an illustration of conflict points). All coordinates are automatically assigned a scope 

of 300 km, which explains how 585 conflict events result in 2,719 conflict squares. 

Although all conflict points in the Uppsala/PRIO set are assigned a scope denoting the 

entire extent of the conflict, the scope is, by design, a circle around the point. 

Conflicts often do not in reality conform to the circular measure. We choose a scope 

extent of 300 km as we assumed this would properly denote a ‘conflictual area’. This 

is still problematic as the Uppsala/PRIO location is an aggregate measure of the center 

of the larger conflict, so the actual location of the fighting is not directly represented 

(Strand et al., 2005). However, the majority of conflicts had a radius of 300 km or 

fewer, therefore we do account for the majority of definite fighting locations. 

 In this paper we include all conflicts for the 1990–2003 period. We limit the 

conflicts observed to those occurring since 1990 as the geospatial explanatory 

variables we use in the analysis were collected during or after 1990. The analyses are 

purely cross-sectional.  

 

Figure 1: Uppsala/PRIO Conflict Locations 1990-2002 

 
Source: This map was constructed for this article on the basis of coordinates of conflict from Buhaug & 

Gates (2002) 
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The data covers all countries with populations over 100,000, which we estimate to 

cover 14,175,000 km2  in total land area. Grid squares are assigned data from both 

raster files and country aggregates. Below is a summary of the variables, along with 

the data specifics. With rasters, which often come with 1km data resolution, 

information is aggregated up to the size of the square. Data can also be time 

dependent. When possible, all stages or data counts over time are included, or in some 

cases, the change over time (e.g. mean precipitation). 

 

4.1 Country Level Data 

Each polygon square of the fishnet is situated within a country and assigned country 

level information, including the country’s ethnic fractionalization, GDP per capita and 

Polity scores for 1990, 1995 and 2000. 3 If 1990 information was not available, as is 

the case with a number of post-Soviet states, 1991 estimates are assigned. A squared 

Polity term was generated to account for a possible inverted U-shaped relationship 

between regime type and armed conflict (Hegre et al., 2001). GDP per capita 

estimates are logged for interpretation and less bias at the extremes. 

 

4.2 Raster Data4 

Using raster data for statistical analysis is a relatively new practice in social science; 

however geospatial data allow for innovative, in-depth theory testing as data is often 

collected at a local level. Using raster data requires translating raster values from an 

image (JPEG, TIN, or BIL) into a form by which values can be extracted 

(georeferenced and projected) and, in turn, creating meaningful interpretations for the 

values (transforming legend categories). Transforming and applying raster data with 

values recorded at 1km units to 100km x 100km polygon squares involves choosing 

an aggregation type. The program Spatial Analyst relays information on the 

minimum, maximum, mean, standard deviation, sum, range, majority and minority 

values at the kilometer as it is aggregated to the 100km square.  We choose ‘majority’ 

                                                 
3 Ethnic Fractionalization, GDP per capita and Polity data are taken from Fearon & Laitin (2003). The 
data are available at http://www.stanford.edu/group/ethnic/publicdata/publicdata.html. The Polity data 
are originally from Polity version IV, available at  http://www.cidcm.umd.edu/inscr/Polity/. 
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as it was the measure which best summed recorded the local conditions- for example, 

if five kilometers of a 100km square were densely populated (and therefore recorded 

with a higher number), but the remaining 95km were quite sparsely populated (and 

therefore with a lower density score), this majority measure would note that most of 

the square is actually sparsely populated. Other measures would distort the reality on 

the ground. 

Human Induced Soil Degradation: The measure of soil degradation 

throughout the world (see Figure 2) was commissioned by The International Soil 

Reference and Information Centre (ISRIC) for the United Nations Environment 

Programme in 1990 (UNEP, 2005). The information on soil degradation is based on 

questionnaire answers from numerous soil experts throughout the world. Each 

measure combines type, degree, extent, cause and rate of soil degradation. Based on 

such measures each kilometer of land was classified by the level of degradation 

ranging from 1 (low) to 4 (very high). Land can also be classified as experiencing no 

degradation or no available data. For the purposes of this statistical analysis, 

degradation values are joined into meaningful degradation categories. Land which is 

categorized as ‘not degraded’ or low levels of degradation is the reference category or 

‘level 1’ with 7,388 observations, medium levels and high levels of land degradation 

are coded as ‘level 2’ with 5,781 observations and very high levels of degradation are 

a separate ‘level 3’ category containing 832 observations. This index contains 174 

null values.  

 

                                                                                                                                            
4 All raster data used in this analysis came from UNEP (2005). 
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Figure 2: Human Induced Soil Degradation 

 
Source: UNEP (2005) 

 

Easily Available Fresh Water – this TERRASTAT5 measure notes the amount 

of stored soil moisture easily available to crops (UNEP, 2005, for illustration see 

Figure 3) and is used to assess water scarcity. To quote the metadata: 

‘This is an indicator for the amount of stored soil moisture readily available to crops. The 
water retention at 2 bar suction is used to separate easily available water (EAV) from water 
which is more tightly held at higher suctions and difficult to abstract, especially from deeper 
subsoils; and in the use of a conceptual model of effective rooting depth.’ 
(http://geodata.grid.unep.ch/page.php) 

 
�

The data is collected at the level of 1km at the equator. The legend’s stated minimum 

amount is 10 and maximum 99. However, the values range from 1 to 255 in the 

georeferenced raster. This problem is rectified by associating ranges of values with 

legend categories The legend clearly notes types of lands and the water variation 

within those types; a) land with over 120mm of available water; b) land with 60-

120mm of available water; c) land with 40-60mm of available water; d) land with 20-

40mm of available water; and e) land with less than 20mm of available water.  There 

are ‘wetlands’ in each type of land where the maximum amount of expected water is 

found. Translating these values into a usable measure for statistical analysis resulted 

in one variable and five distinct categories; ‘0’ for very high levels of available water 

(>120mm), ‘1’ for land with high levels of available water (60-120), ‘2’ for medium 

access to available water (40-60), ‘3’ for low access to available water (20-40mm) 
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and ‘4’ for dry land (<20mm). To avoid bias based on unclear categorization of raster 

values, only polygon squares with clear and distinct water level values are used in the 

final analysis.  With null values (330) factored out, the pre-sampled dataset included 

2,413 squares of ‘0’ level, 7,077 squares with level ‘1’, 7,077 with level ‘2’, 1,876 

with level ‘3’ and 495 with level ‘4’, with increasing values indicating increasing 

levels of water scarcity. The raw data and further description are available at 

http://geodata.grid.unep.ch/ under ‘Easy Available Water’ (UNEP, 2005).  

 

Figure 3: Easily Available Fresh Water Image 

 
Source: UNEP (2005) 6 

 

Population density – UNEP (2005) has two population size measures (1990 

and 1995) at a 1 km level provided by the Center for International Earth Science 

Information Network (CIESIN). Both are used to create an index of population 

growth and density in each square. Population count of people per square kilometer is 

represented as an increasing density score (see Appendix 1), which resembles a log-

transformed measure of population density used in previous comparable studies (e.g. 

Urdal, 2005). Differences between 1995 and 1990 estimates are collected to determine 

population growth during this period. An interaction variable between population 

density and population growth is created to determine whether areas of high density 

and high growth are particularly susceptible to conflict. An interaction between 

                                                                                                                                            
5 TERRASTAT I Global GIS Databases was created as part of the Poverty and Food Insecurity 
Mapping Project. 
6 The legend for Figure 3 specifcies variation in water level within water level catagories. 
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population density and water scarcity is also created as high levels of water scarcity in 

an area characterized by high density and growth may be a stress-inducing factor 

leading to increased conflict. 

 

4.3 Conflict Level Data 

Each square is categorized as a ‘conflict’ or a ‘non-conflict’ square. Conflict squares 

can be further disaggregated by conflict type. Uppsala’s conflict data are categorized 

by whether they are “territorial” or “revolutionary” in nature. Buhaug and Rød (2005) 

have found that the effects of explanatory variables are markedly different when 

conflict type is controlled for. There are reasons to suspect that conflicts which are 

territorial in nature may have a different pattern of causation than conflicts over 

government. The role of ecological factors may have additional salience to those who 

rebel over land and territorial control.  

 

4.4 Method 

After GIS data conversions, the dataset is capable of being used in a standard 

statistical program. Logistic regression is used in this stage of the analysis where the 

dependent variable is conflict; the unit of observation is the grid square. Furthermore, 

due to the size of the dataset statistical significance may be overestimated. Hence, all 

models are bootstrapped to ensure that standard errors and coefficient estimates are 

robust.  

 

5. Results 

5.1 Bivariate relationships with conflict 

A number of variables in this study have not been used before in conflict analysis, for 

that reason we present bivariate relationships. The initial bivariate statistics presented 

in Table 1 suggest that water scarcity is positively and significantly7 related to conflict 

and the relationship between water and conflict is strengthened in territorial conflicts. 

Higher levels of soil degradation are associated with increased risks of conflict, 

although less so in relation to territorial conflicts. Population density and growth are 

positively associated with conflict, with density having a smaller and population 

growth having a greater impact on territorial conflicts. Ethnic fractionalization is 

                                                 
7 The level of significance is set to p<0.05.  
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consistently positively correlated with all types of conflicts. Consistent with previous 

studies of civil war, we find that areas in countries with higher levels of per capita 

income are less susceptible to conflict. We do not find an inverted u-shaped bivariate 

relationship between regime type conflict, but a negative and significant effect on 

conflict of increasing democracy. 

 

Table 1: Bivariate Relationships 

 All Conflict Territorial Conflict  
Variables Coefficient Significance Coefficient Significance 
Water Scarcity 0.192 0.000 0.345 0.000 
     
Medium Degradation 0.714 0.000 0.489 0.000 
High Degradation 1.225 0.000 0.651 0.000 
(Low degradation is reference 
category) 
 

    

     
Pop Density (1990) 0.195 0.000 0.099 0.000 
     
Population Growth 0.07 0.035 0.124 0.000 
     

Logged GDP (1990) -0.877 0.000 -0.649 0.000 
     

Polity (1990) -0.073 0.000 -0.045 0.000 
Polity squared 0.002 0.000 0.001 0.341 
     

Ethnic Fractionalization 2.57 0.000 2.38 0.000 
     

 

5.2 Hypothesis Testing 

All Conflicts 

Hypothesis 1 considered the risk of conflict to increase when land degradation is high 

and the population density is high. In initial models, increasing levels of land 

degradation and higher population densities are both strongly related to an increased 

risk of conflict, with population density exerting more than double the influence than 

medium to high degradation does (see Table 1). With population variables at their 

mean, squares with little to no land degradation experience a 5% chance of conflict; at 

medium to high levels, the risk of conflict increases to 8%. When introducing 

population variables in Model 1 (Table 2), squares affected by medium level 

degradation appear to be at a significantly higher risk of conflict compared to low-

degradation squares, while the measure for very high-level degradation is not 

statistically significant. The interaction between population density and high levels of 

land degradation is not statistically significant. 
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Hypothesis 2 considers the relationship between water scarcity and conflict. 

Increasing scarcity of fresh water is not a significant indicator of increased civil war 

risk. However, when interacting with population density, we find that in areas of high 

population stress and high fresh water scarcity, there is slight increase, at 4.5%, in the 

risk of civil conflict. In Model 3, testing Hypothesis 3, population density is a strong 

indicator of conflict while population growth is not. However, in areas where 

population is already high, continued population growth increases the risk of civil 

war. Altogether, these models are not strong assessments of the factors contributing to 

civil war risk. The overall explanatory power of each model is low, and the strongest 

effects are found for population density. However, in a disaggregated analysis this 

effect is most likely primarily driven by the fact that conflicts take place where people 

live. More interesting is the interactions with other variables. While the effects may be 

small, when population density interacts with either freshwater scarcity or population 

growth, this appears to increase the risk of conflict somewhat, in accordance with 

Hypotheses 3 and 4.  

 

Table 2: Environment and Population Models 

DV: All Conflict Variables Coefficient Std. Error Z  Score Significance 
Model 1 Medium Level Degradation 0.530 0.047 11.23 0.000 
N: 14152 Very High Level Degradation 0.464 0.295 1.57 0.116 

-2LL: -6357 Population Density 0.019 0.007 24.79 0.000 

R
2

: 7% Population Growth 0.141 0.016 8.35 0.000 

 Population Density* High Degradation 0.074 0.044 1.68 0.094 
 Constant -2.97 0.055 -50.20 0.000 
      

Model 2 Water Scarcity 0.065 0.048 1.35 0.178 
N: 13831 Population Density 0.017 0.012 14.53 0.000 

-2LL: -5857 Population Growth 0.189 0.018 10.02 0.000 

R
2

: 7% Population Density*Water Scarcity 0.058 0.007 8.30 0.000 

 Constant -3.14 0.100 -31.23 0.000 
      

Model 3 Population Density 0.216 0.007 28.78 0.000 
N: 14152 Population Growth 0.041 0.041 1.01 0.313 

-2LL: -6472 Population Density*Pop Growth 0.013 0.04 2.90 0.004 

R
2

: 6% Constant -2.58 0.048 -53.35 0.000 

      

 

To test the impact of socio-economic and political variables, the environment and 

demography models are rerun with ethnic fractionalization, GDP measures and Polity 

(squared) scores. Model 4 displays the considerable degree of improvement in 

estimation resulting from the inclusion of socio-economic and political variables. As 

is underscored in many previous studies of civil war, low levels of income is often the 
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strongest correlate to civil war risk. We also find the conventional inverted U-shaped 

relationship between regime type and armed conflict, although the relative impact is 

small, and a clearly significant and positive effect of ethnic heterogeneity. Land 

degradation seems to increase the risk of conflict for both levels. When all other 

variables are at their mean, low or no degradation squares still experience a 4% risk of 

conflict, while squares with very high risk have a 10% base risk.  

 

Table 3: Socio-Economic Context and Ecological Models 

DV: All 
Conflict 

Variables Coefficient Std. Error Z Score Significance 

Model 4 Medium Level Degradation 0.589 0.054 10.86 0.000 
     N: 13831 Very High Level Degradation 0.740 0.090 8.15 0.000 
    -2LL: -5161 Water Scarcity 0.249 0.029 8.59 0.000 

    R
2

: 18% Pop Density (1990) 0.186 0.010 17.46 0.000 

 Logged GDP (1990) -0.662 0.032 -20.22 0.000 
 Polity (1990) 0.001 0.044 0.26 0.797 
 Polity

2
(1990) -0.003 0.009 -3.39 0.001 

 Ethnic Fractionalization 1.033 0.100 10.27 0.000 
 Population Growth 0.123 0.021 5.77 0.000 
 Constant -3.030 0.126 -24.09 0.000 
      
      
Model 5 Medium Level Degradation 0.505 0.056 8.94 0.000 
     N: 13831 Very High Level Degradation 0.360 0.310 1.16 0.245 
    -2LL: -5143 Water Scarcity -0.026 0.057 -0.45 0.651 

    R
2

: 19% Pop Density (1990) 0.129 0.140 8.85 0.000 

 Logged GDP (1990) -0.666 0.032 -20.2 0.000 
 Polity (1990) -0.000 0.004 -0.15 0.882 
 Polity

2
(1990) -0.002 0.000 -3.00 0.003 

 Ethnic Fractionalization 1.011 0.100 10.0 0.000 
 Population Growth 0.038 0.051 0.73 0.464 
 Population Density*Pop Growth 0.010 0.005 1.80 0.072 
 Population Density*Water Scarcity 0.044 0.008 5.45 0.000 
 Population Density* High Degradation 0.044 0.046 0.94 0.345 
 Constant -2.58 0.146 -17.6 0.000 
      

 

When including the interaction terms in Model 5 however, we find that very 

high land degradation is no longer significant. Furthermore, it is also not significant 

when interacting with population density. This leads us to conclude that although land 

degradation appears to contribute to increase the risk of domestic armed conflict, the 

effect is non-linear in that medium to high levels are positively correlated, while very 

high levels of degradation do not increase the risk of conflict.  Also in Model 4, water 

scarcity is found to increase conflict risk. While the effect of freshwater is not robust 

when bootstrapping the model, the interaction effect with population density is, 

lending support to Hypothesis 4. 
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The inclusion of interaction terms in Model 5 raises model fit slightly. Again, 

moving from medium to high levels of degradation increase the risk of civil war 

within a square, by approximately 5%. We can also reiterate the importance and 

strength of GDP, population density and ethnic fractionalization and the statistical 

significance albeit general weakness of political regime. However, the significance of 

population density in interaction with other variables is reduced. Densely populated 

areas experiencing high population growth do not seem to be particularly prone to 

conflict in the multivariate model, while the interaction between density and water 

scarcity is still significant.  

Contrary to our expectation, the effects of environmental and demographic 

variables do not seem to increase when controlling for other factors, generally the 

results seem to be somewhat weaker in the multivariate models (Model 4 and 5). 

Areas experiencing moderate levels of degradation have a significantly higher risk of 

conflict, as have high-density areas with water scarcity. These effects are, however, 

dwarfed by the impact of income level. Areas experiencing a particularly high 

population pressure, measured as high density and high growth rates combined are not 

particularly conflict prone.  

 

Territorial Conflicts 

As noted above and discussed at length in Buhaug and Rød (2005), there are reasons 

to suspect that different types of conflict (territorial or revolutionary) have different 

causal mechanisms. The role of ecological conditions in territorial conflict is 

suspected to be of considerable importance, more so than revolutionary conflicts. For 

Models 6–10 in Tables 4 and 5, the 515 conflict squares with ‘territorial conflicts’ 

were regressed on the same variables in previous all-conflict models.  
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Table 4: Territorial Conflict and Ecological Degradation 

DV: Territorial Variables Coefficient Std. Error Z Score Significance 
Model 6 Medium Level Degradation 0.400 0.090 4.40 0.000 
N: 14152 Very High Level Degradation 1.710 0.378 4.52 0.000 

-2LL: -2158 Population Density 0.108 0.015 7.11 0.000 

R
2

: 2% Population Growth 0.161 0.033 4.82 0.000 

 Population Density* High Degradation -0.188 0.040 -4.69 0.000 
 Constant -4.076 0.109 -37.34 0.000 
      

Model 7 Water Scarcity 0.909 0.090 10.03 0.000 
N: 13831 Population Density 0.252 0.025 10.00 0.000 

-2LL: -1821 Population Growth 0.224 0.072 5.29 0.000 

R
2

: 4% Population Density*Water Scarcity -0.080 0.012 -6.26 0.000 

 Constant -5.80 0.230 -25.15 0.000 
      

Model 8 Population Density 0.116 0.014 8.07 0.000 
N: 14152 Population Growth 0.144 0.064 2.25 0.024 

-2LL: -2175 Population Density*Pop Growth 0.003 0.008 0.39 0.699 

R
2

: 1% Constant -3.895 0.094 -41.28 0.000 

      

 

It is clear from Models 6 through 8 that the sign and importance of the 

explanatory variables differ from the all-conflict models. The environmental and 

demographic variables are all positive and significant, but the overall explanatory 

power of the models is very low. In Model 6, we find that, with all variables at their 

median, the risk of civil war is negligible at 1%. If a square experiences medium to 

high levels of land degradation, the risk increases to 2%, while squares with very high 

land degradation have a risk of 9%. The effect of population density is much smaller 

in these models, as may be expected since territorial disputes primarily occur in rural, 

and therefore less densely populated, areas. Interestingly, the interaction effects with 

land degradation and water scarcity in Models 6 and 7 are negative, indicating that 

densely populated areas experiencing land or water stress are indeed less likely to 

experience territorial conflict. The interaction between population growth and density 

is positive, but clearly insignificant. 

When controlling for ethnic, political and economic factors in Table 5, the 

effects of environmental and demographic factors generally become somewhat 

stronger. As in the models for all conflicts, GDP per capita, ethnic fractionalization 

and regime type impact the risk of conflict. Both land degradation, water scarcity and 

population growth increases the risk of territorial conflict. All the interactions with 

population density are negative, and the interaction between density and water 

scarcity is clearly statistically significant (Model 10). Finding this effect for territorial 

conflicts could indicate that governments are likely to address and act on problems of 
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water stress in population centers of territories that are at risk of being involved in a 

conflict.  

 

Table 5: Territorial Conflict, Socio-Economic Context and Ecological Models 

DV: 
Territorial 

Variables Coefficient Std. Error Z Score Significance 

Model 9 Medium Level Degradation 0.545 0.111 4.88 0.000 
     N: 13831 Very High Level Degradation 0.520 0.184 2.81 0.005 
    -2LL: -1719 Water Scarcity 0.342 0.060 5.68 0.000 

    R
2

: 9% Pop Density (1990) 0.066 0.023 2.86 0.004 

 Logged GDP (1990) -0.497 0.067 -7.42 0.000 
 Polity (1990) 0.026 0.009 2.85 0.004 
 Polity

2
(1990) -0.006 0.001 -3.34 0.001 

 Ethnic Fractionalization 1.24 0.217 5.73 0.000 
 Population Growth 0.168 0.046 3.66 0.000 
 Constant -4.60 0.259 -17.76 0.000 
      
      
Model 10 Medium Level Degradation 0.868 0.120 7.23 0.000 
     N: 13831 Very High Level Degradation 1.680 0.542 3.11 0.002 
    -2LL: -1678 Water Scarcity 1.090 0.103 10.55 0.000 

    R
2

: 11% Pop Density (1990) 0.254 0.029 8.69 0.000 

 Logged GDP (1990) -0.504 0.066 -7.56 0.000 
 Polity (1990) 0.036 0.009 3.80 0.000 
 Polity

2
(1990) -0.007 0.001 -4.27 0.000 

 Ethnic Fractionalization 1.410 0.222 6.35 0.000 
 Population Growth 0.257 0.083 3.08 0.002 
 Population Density*Pop Growth -0.010 0.010 -0.96 0.335 
 Population Density*Water Scarcity -0.135 0.015 -8.83 0.000 
 Population Density* High Degradation -0.134 0.089 -1.50 0.134 
 Constant -6.03 0.321 -18.75 0.000 
      

 

 

6.0 Conclusions  

It appears from this analysis of disaggregated data that environmental and 

demographic factors both directly and indirectly affect the risk of civil war. However, 

the results demonstrate that the effects are moderate. This analysis is unique in that 

both the dependent variable and independent variables are disaggregated, allowing for 

direct testing of hypotheses regarding population, land degradation and water scarcity. 

Although this analysis is a beginning attempt at using these data, the information from 

geospatial data at local levels can consistently sharpen our understanding of how local 

processes and national characteristics shape the context of conflict. 

  We find that overall, medium to high levels of land degradation are related to 

increased conflict, although the additional risk is quite small. Furthermore, estimates 

for very high land degradation, which we assume would have the strongest impact on 
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conflict risk, are not robust. However, all levels of land degradation increase the risk 

of territorial conflict and point to a general pattern of ecological degradation as a 

stronger indicator of territorially based civil wars than of other forms of conflict. The 

indicator for water scarcity is largely not robust as a component of civil war risk 

directly, although this finding must be qualified. For all conflicts, water scarcity 

increases the risk of conflict in densely populated areas. However, for territorial 

conflicts, the interaction between density and water scarcity is negatively associated 

with conflict, possibly reflecting a particular attention given to water issues in 

‘troublesome’ regions. Increasing population density, measured locally, is a 

consistently strong indictor of civil war risk (as found in Hegre & Raleigh, 2005). 

This points to the nature of each type of conflict- often population density and conflict 

are correlated because fighting occurs where people are and often densely populated 

capital and large cities see a disproportionate level of war.  Territorial conflicts, on the 

other hand are often located in geographically peripheral areas, and conform to ‘sons 

of the soil’ rural insurgencies. For these reasons, it is understandable why the power 

of population will vary over models. Population growth is not a strong predictor of 

conflict. According to neo-Malthusian reasoning, the risk of conflict should be 

expected to be particularly high when densely populated areas experience continued 

population growth. However, the interactions between density and growth are 

insignificant for all multivariate models. 

 The role environmental and demographic variables play within conflict 

scenarios has been argued to be contingent upon social, economic and political 

aspects of the state. In this paper, we merged specific environmental and demographic 

data collected at a local level, with national-level data for ethnic composition, per 

capita income and regime attributes. This analysis reconfirmed the well-established 

importance of these variables in civil war studies. Lower levels of GDP are the most 

important factor in increasing the risk of armed conflict. We held that states with low 

GDPs will depend more on their environment for individual and state income than 

states with higher GDPs; such lower income states will be more prone to violent 

conflict as increased use will exacerbate land degradation and water scarcity.  In 

addition, a poor state’s inability, due to lower capacity as a result of lower national 

income, to attenuate tensions over degradation may quickly lead to violent conflict. 

On the other hand, wealthier states may diffuse tensions due to degradation through 

welfare provisions and ultimately, new land use regulations. Such results and 
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assumptions suggest that environmental and demographic factors may be second to 

other drivers of armed conflict. However, we did not find that the effect of 

environmental and demographic factors changed significantly when introducing 

controls for economic, political and social factors. 

The explanatory power of the models presented in this paper is generally 

higher than previous studies (e.g. Fearon & Laitin, 2003; Hegre et al., 2001). We 

believe this is due to the inclusion of geographically varying measures within the 

model as it is obvious that conflict often does not occur throughout entire countries, 

more localized attributes need to be incorporated into models for a comprehensive 

understanding of the war process. Moreover, we believe a clearer link between the 

physical changes associated with environment variables and the political process of 

rebellion must be established. For that reason, it does not seem strange that the results 

from disaggregated analysis here do match previous studies regarding the 

environmental mechanisms in conflict. It seems that such environmental factors are 

made important through the policies of the state or through market fluctuations (for an 

example of how environmental factors are used as instrumental variables see Miguel 

et al., 2004). This analysis demonstrates that such initial theorization about the 

interaction of physical and political-economic process may be a more fruitful path 

than neo-Malthusian absolutist assertions. 
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APPENDIX 1: Population Density Scores 
 
 Density Score    Population Count 

1 no data/0 
2 0-0.1 
3 .1-.5 
4 .5-1 
5 1-5 
6 5-10 
7 10-50 
8 50-100 
9 100-250 
10 250-500 
11 500-1000 
12 1000-5000 
13 5000-10,000 
14 more than 10,000 

 

Data available at http://sedac.ciesin.org/data.html.   

 
 
 
 
 


