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ABSTRACT 

 
 This thesis models the outbreak of civil war in developing countries from 2000 

until 2004 based upon conditions in the 1990s. This predictive model takes into account 

economic issues, conflicts, presence of natural resources, and governance issues. A 

simpler model is also evaluated that takes into account conflict issues and natural 

resources. The models are tested on five African nations that recently experienced civil 

war and one that did not to determine if it could have predicted such outcomes in these 

countries. The models are able to predict accurately civil war in most of the cases. The 

potential for future civil war is then assessed for several African nations with some 

discouraging results for several of them. 

 



 

  iii 

ACKNOWLEDGEMENTS 
 

 My time at Georgetown, including my time working on this thesis, has been a 

long and challenging process. My goals in starting this degree and this thesis were to 

understand what keeps countries poor and how violence affects those is the developing 

world. This thesis focuses on both of these goals. I plan to take the knowledge that I 

have obtained here at Georgetown and use it to better society as a whole.  

 I am thankful to God for inspiring me to begin this process and carrying me 

through the challenges that I have faced. I am grateful to my long-suffering and ever 

supportive husband for partnering with me through this process. David has willingly 

given up all his vacations while we have been at Georgetown for visiting developing 

countries and attending development activities to understand how best to help those in 

developing countries. His advice and courageous spirit has made this journey a beautiful 

one and this thesis and degree is as much his as mine. I would like to thank my father for 

pushing me to remember those that are poor and help make their life better. He has 

encouraged me to pursue challenging topics with courage and love. I would also like to 

thank my mother for her love and support during this process. I am grateful for my sister 

for her energy and laughter while writing this thesis. I am thankful for my nana and papa 

who have guided me and said many prayers to get me through this time. I have been 

blessed by the wonderful teachers, advisors and staff at Georgetown Public Policy 

Institute. Many of these people have helped me work through the next steps that I will 

take in life after Georgetown. 



 

  iv 

 

TABLE OF CONTENTS 
I.  INTRODUCTION .............................................................................................................................1 

II.  LITERATURE REVIEW ON CAUSES OF CIVIL WAR IN DEVELOPING 

COUNTRIES...............................................................................................................................................3 

III.  EXPLAINING CIVIL WAR (THEORETICAL FRAMEWORK) ...............................7 

IV.  EMPIRICAL MODEL, VARIABLES, AND DATA ........................................................9 

A.  EMPIRICAL MODEL..................................................................................................................................9 

B.  VARIABLES ............................................................................................................................................... 10 

C.  DATA............................................................................................................................................................ 16 

V.  RESULTS AND ANALYSIS ...................................................................................................17 

VI.  MODEL APPLICATIONS IN AFRICA .............................................................................22 

A.  MODEL EVALUATION .......................................................................................................................... 22 

B.  FUTURE PREDICTIONS ....................................................................................................................... 25 

VII.  CONCLUSIONS........................................................................................................................27 

VIII.  APPENDIX A ...........................................................................................................................30 

IX.  REFERENCES .............................................................................................................................35 

 



 

  v 

 

TABLE OF TABLES 

Table 1: Developing Countries Used In Analysis ........................................................... 10 

Table 2: Definition of Variables...................................................................................... 15 

Table 3: Descriptive Statistics of the Determinants of Civil War................................... 17 

Table 4: Probit Analysis of Determinants of Civil War.................................................. 18 

 



 

  1 

 

I. INTRODUCTION 
  

 Civil war is a significant problem in many countries. Understanding the reasons 

behind civil war is important because these wars wreak havoc on the citizens of the 

nation in which the violence is occurring, resulting in a significant amount of deaths, not 

to mention the destabilizing effects on bordering states. Over the past 50 years, 16 

million of the 19.5 million deaths attributed to violent conflict have come from internal 

conflicts such as civil war (Roderic 1). This problem is focused in the developing world 

where, over any five-year period in time in the past 40 years, the poor (and their 

associated low income countries) have had a one in six chance of being at war (Collier, 

Bottom 32). Civil war is terrible for development in that an outbreak shuts down 

businesses, scares away potential investors, bankrupts families, and destroys steps taken 

to build infrastructure in a country. Understanding the causes of civil war, particularly in 

developing countries, is key to preventing them. A model to predict these outbreaks can 

help warn policy makers about the changes needed to prevent them.  Such a model can 

also be used by risk analysts for investment purposes. This model could be useful to 

foreign militaries and disaster response organizations to be prepared to respond to the 

calamity that follows the outbreak. 

 This thesis seeks to understand and model civil war in developing countries. 

Given that a large number of civil wars over the past century have occurred in the 1990s 

and early 2000s, this time period will be the focus of this research. The definition of 

civil war used in this study was defined by Gleditsch as “a contested incompatibility that 
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concerns government and/or territory where the use of armed force between two parties, 

of which at least one is the government of a state, results in at least 25 battle-related 

deaths” (1). The UCDP/PRIO Armed Conflict Dataset from the Centre for the Study of 

Civil War, which is used extensively in this analysis, describes these conflicts either as 

"[i]nternal armed conflict [that]occurs between the government of a state and one or 

more internal opposition group(s) without intervention from other states" or 

"[i]nternationalized internal armed conflict [that] occurs between the government of a 

state and one or more internal opposition group(s) with intervention from other states 

(secondary parties) on one or both sides" (Gleditsch 7). 

 Section II of this thesis reviews the literature on civil war. Section III discusses 

the theoretical framework related to the causes of civil war. Section IV discusses the 

models, methods, variables, and data, along with the estimation methods used in the 

study. Section V provides the results of the analysis. Section VI applies the model to 

selected African countries and Section VII discusses the conclusions of this research. 
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II. LITERATURE REVIEW ON CAUSES OF CIVIL WAR IN 
DEVELOPING COUNTRIES  
  

 The literature on violent internal conflict in developing countries identifies a 

number of major causes. These include region-specific differences, economic inequality, 

ethnic diversity, religion, poverty, corruption, and natural resources. Region-specific 

differences are mentioned most frequently in the context of Africa because of the 

perception that conflicts are more prevalent and more violent there than in other regions. 

The fact that 40% of the countries in Sub-Saharan Africa have been in civil war at least 

once during the past 40 years only adds to the perception that Africa might in some way 

be different than other regions (Elbadawi 244). However, Collier and Hoeffler, using 

their model of civil conflict, indicate that Africa should not be categorized differently 

from other regions and that the civil wars experienced in Africa follow an international 

conflict pattern not unlike that in the rest of the world. They claim that the conflict risk 

structure is what sets Africa apart (13).  

 Others place the blame for conflict on Africa's ethnic and religious diversity. 

However, Elbadwi and Sambais conclude that conflict in Africa is not based upon social 

diversity issues such as ethnicity and religion, but on economic and political factors 

(254). Paul Collier's work supports Elbadwi' and Sambais's research by showing that the 

cause of civil war is not ethnic diversity. While Collier states that ethnic diversity is not 

a risk factor, he argues that ethnic dominance has played a role in civil war (ethnic 

dominance being defined as a majority group and a large minority group). Collier also 

concurs with Elbadwi and Sambais by saying that economic factors such as GDP per 
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capita play a very important role. Collier goes on to state that economic inequality is not 

one of the economic factors to blame for civil war (Leashing 198-200).   

 Collier suggests that another cause of civil war is geography. The more spread 

out a country is, he argues, the harder it is for the government to control the whole 

country. He cites the example of Singapore versus the Democratic Republic of Congo 

(DRC) saying that in Singapore the government can have forces in any part of the 

country in a matter of an hour while in the DRC it is many times that. According to 

Collier, this geographic difference increases the DRC's chances of going to war by 50% 

while decreasing Singapore's by 3%. In addition to country size, he notes that 

mountainous regions could have a higher chance of civil war when compared to flat 

regions (Leashing 201). 

 Collier investigates the causes of civil war through what he calls the conflict trap. 

He argues that countries that have participated in civil war have a tendency to fall back 

into that habit and that it is extremely hard to break such a cycle; thus, conflict becomes 

a trap. In his theory of the conflict trap, the poorest billion of the world's population have 

a much-heightened probability of being at war compared with the rest of the world. He 

finds that a low initial level of income as well as slow, no, or negative growth play a 

pivotal role in the onset of civil war. He argues that when there are high levels of 

poverty, people are more open to joining rebellions. For people facing severe poverty, 

the small chance of money from a rebellion is appealing. Collier finds little evidence for 

political grievance as a source of civil war, though it is often quoted as the main reason 

for conflict by rebel leaders (Bottom 23, 32-34).  
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 Like Collier, Cliffe (1999) blames conflict outbreak on previous involvement in 

conflicts. Cliffe also suggests that religious fundamentalism has been a significant factor 

in the outbreak of conflict, particularly in Sub-Saharan Africa (89,99). 

 Edward Miguel's research also supports the view that poverty is linked to civil 

war. However, Miguel argues that there are omitted variables that bias these results, 

particularly the omission of economic growth. To eliminate an endogeneity problem, he 

uses vegetation variation as an instrumental variable for GDP growth for countries with 

a significant agriculture sector. In his analysis, the vegetation variation indicates the 

economic shock in a country. If there is a high vegetation reading, the country has not 

experienced an economic shock, but if there is a negative change resulting in a low 

vegetation reading, the country has experienced an economic shock. He finds that "a 

negative growth shock of five percentage points increases the likelihood of conflict by 

one half the following year" (1).  Collier also follows this rational in that shocks from 

rainfall impact economic growth (Bottom 20).  

 Many economists and historians have drawn the connection between natural 

resources and internal conflict. Natural resources (including agricultural, mineral, and 

fuel) are often called a resource curse because of the havoc they wreak on a nation's 

economy and structure that results from the often mismanaged profits of these resources. 

Natural resources produce high rent seeking in government positions. Often people 

seeking government roles in nations with abundant natural resources are seeking to 

benefit just from the status and aim to line their pockets based upon their positions. As 

the rent seeking increases, internal conflict can arise over control of these positions.  
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 Natural resources have also been known to produce low growth rates which can 

lead to conflict. Low growth rates come from significant dependence on only the 

primary industry of obtaining the natural resource and not secondary industries which 

lead to diversification. Once the resource(s) is depleted, the country is no better off than 

it was prior to the extraction of the natural resource. Natural resources can also lead to 

reduced education efforts because people desire to work in the natural resource field that 

many times does not require a significant amount of education. This lack of education 

prevents additional growth (Collier, Bottom 38-51). Collier suggests that the ratio of 

primary exports to total GDP is a good measure for natural resource dependence. He 

suggests that this ratio is dangerously high if it reaches 0.26 (Leashing 201).  

 Water as a natural resource and access to it is a relatively new concern for studies 

of the causes of civil war. Water as a cause for civil war has not been included in many 

civil war models but as global warming increases, water sources could dwindle and be 

the source for future conflict. Straus partially blames access to water resources for the 

current conflict in Sudan (126). Cliffe warns of conflict based upon access to water (98). 

Other scholars and organizations, such as the OECD's Development Assistance 

Committee, have added to this warning that lack of access to water heightens a nation's 

chance for internal conflict (1). 

 This thesis is intended to bring many of these loose strands together in an effort 

to assess the relative importance of the many factors believed to play a significant role in 

causing internal violent conflict in developing countries, particularly in Africa.  
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III. EXPLAINING CIVIL WAR (THEORETICAL FRAMEWORK) 
  

 Civil wars need finances to fund the fighting and fighters to participate in the 

conflict. The finances come from a variety of sources, but a significant amount of money 

comes from the presence of natural resources in a country. If a segment of a population 

is able to obtain control over resources such as diamonds or oil, the profits from the sale 

of the resources can be used to fund fighting for the control of the government. Funding 

can also be obtained from outside actors that buy the natural resources.  

 Once the finances are obtained, the other component to the civil war is the 

participants. Though there are numerous reasons given for conflict participation, much 

of the participation comes down to money. A population that faces high levels of 

poverty often does not have a significant financial investment in their government. The 

financial risks that come from civil war are not as apparent as the risks in countries that 

are already developed. Basically, people have less to lose in poor countries than in 

wealthy countries, so the opportunity costs of conflict are lower. A second issue is that 

since people already are suffering from high levels of poverty, the new opportunities that 

could come from a new government are attractive. This issue is compounded when there 

is high economic inequality. In this case, new potential opportunities that may come 

from a change in government make civil war more attractive. People who are suffering 

from poverty and inequality combined, which is not unlike the situation in many African 

countries today, could be drawn to these potential opportunities, thus increasing the 

likelihood of participating in civil war.  In addition, people with very little income may 
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be attracted to participating in civil war if there are financial incentives. If participants 

are paid or allowed access to items obtained during the fighting, they could be swayed to 

participate, as opposed to those who do not need the finances. All these issues are 

compounded when there are profits from natural resources at stake. If people experience 

little of the profits from these resources and see another sector of the population 

receiving most of these profits, the attractiveness of civil war is increased. When people 

are suffering from high levels of poverty and inequality, they can be driven by an 

extreme desire for change.  

 The increased probability of conflict participation resulting from poverty and 

economic inequality is increased by corrupt government. The perception that financial 

hardship and inequality are a result of a corrupt government can further peoples' desires 

to change the government and therefore increase participation in civil war.  

 Another factor that contributes to civil war is problems in neighboring countries. 

A side effect of violence in one country is that neighboring countries can feel the effects 

of the violence, for example through an influx of refugees and arms. These effects can 

lead to a spillover of violence in these neighboring countries and spur the outbreak of 

civil war there.  
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IV. EMPIRICAL MODEL, VARIABLES, AND DATA 

A. EMPIRICAL MODEL 
  

 This thesis uses a probit regression to determine which factors explain change in 

the probability of the outbreak of civil war in selected developing countries over a five 

year period from 2000 until 2004. The maximum liklihood estimation method is used to 

calibrate this model. Equation 1 is the probit model equation. Equation 2 contains the 

initial equation to be estimated.  

        

Pr(yi=1)=Φ(β0+β1Xi)             [Equation 1] 

 
Pr(Conflicti=1)=Φ(β0+β1GDPperCapita+β1Resource+β2GrowthRate+β3Inequality+β4Pe

aceLength+β5Neighbors+β6RainRate+β7Governance+β8LandArea)      [Equation 2] 

 A world-wide sample of developing countries was used with selection 

representative of countries with high to no conflict. The countries selected to be used in 

this model are shown in Table 1. 
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Table 1: Developing Countries Used In Analysis 

Afghanistan Djibouti Kyrgyz Republic Rwanda 
Algeria Dominican Republic Lao PDR Saudi Arabia 
Angola Ecuador Lebanon Senegal 
Argentina Egypt, Arab Rep. Lesotho Sierra Leone 
Armenia El Salvador Liberia Slovak Republic 
Azerbaijan Equatorial Guinea Libya Slovenia 
Bangladesh Eritrea Madagascar Somalia 
Belize Ethiopia Malawi South Africa 
Benin Gabon Malaysia Sudan 
Bhutan Gambia, The Mali Suriname 
Bolivia Georgia Mauritania Swaziland 
Botswana Ghana Mexico Syrian Arab Republic 
Brazil Guatemala Mongolia Tajikistan 
Brunei Darussalam Guinea Morocco Tanzania 
Burkina Faso Guinea-Bissau Mozambique Thailand 
Burundi Guyana Myanmar Togo 
Cambodia Haiti Namibia Tunisia 
Cameroon Honduras Nepal Turkmenistan 
Central African Republic India Nicaragua Uganda 
Chad Indonesia Niger Uruguay 
Chile Iran, Islamic Rep. Nigeria Uzbekistan 
China Iraq Oman Venezuela, RB 
Colombia Jordan Pakistan Vietnam 
Congo, Dem. Rep. Kazakhstan Panama West Bank and Gaza 
Congo, Rep. Kenya Papua New Guinea Yemen, Rep. 
Costa Rica Korea, Dem. Rep. Paraguay Zambia 
Cote d'Ivoire Korea, Rep. Peru Zimbabwe 

 
 

B. VARIABLES 
  

 To represent the dependent variable, a dummy variable is used with a value of 1 

if an internal conflict has occurred from 2000 to 2004 and 0 if it has not. Data for this 

variable come from the UCDP/PRIO Armed Conflict Dataset maintained by the Centre 

for the Study of Civil War at the International Peace Research Institute at Oslo. This 

database defines conflict as that including at least 25 battle-related deaths over a one 

calendar year time span. Using the definition of 25 battle-related deaths allows the 
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model to include smaller countries' civil wars as opposed to the 1000 conflict related 

deaths definition than many databases use. The UCDP/PRIO Armed Conflict Dataset 

defines civil war as "Internal armed conflict [that] occurs between the government of a 

state and one or more internal opposition group(s)" with or without outside intervention 

(Gleditsch 7). Multiple conflict start dates are listed in this database. The one chosen for 

this research is the date when the conflict in question reached at least 25 deaths. 

 The independent variables have been chosen based upon careful review of the 

literature and my own conceptual framework found in Section III. The values for the 

independent variables are averages over the 1990s and thus are lagged in relation to the 

dependent variable which covers the period 2000 to 2004.  

 To account for the level of development and economic performance of the 

country, GDP per capita, PPP (constant 2000 international dollars) and the growth rate 

of GDP per capita are included. Data for these variables come from the World 

Development Indicators developed by the World Bank (World Bank 2009). As a country 

becomes wealthier and/or people see that there are expanding economic opportunities, it 

is expected that they will have less of a tendency to participate in civil war. Thus, as 

these variables increase, it is expected that the likelihood of civil war will decrease.  

 A third economic factor is inequality. To account for this, an index of economic 

inequality was created from the 2009 online version of the World Development 

Indicators. This index is a ratio of the proportion of national income received by the 

richest 20% of the population divided by the proportion of national income received by 

the poorest 20%. It is expected that the smaller this ratio, the lower the probability of 

civil war. The time period for this variable ranges from the early 1990s until 2001; it is 
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the only variable for which the time period extends beyond the 1990s. The longer time 

period was used to allow more countries to be included. As this variable does not change 

significantly over short time periods, this short extension to include 2000 and 2001 

should not pose any significant problems. 

 The length of the period of peace (in years) since the previous conflict and the 

number of bordering countries in conflict are included to account for the conflict history 

and conflict occurrence in the region. Peace length is drawn from the UCDP/PRIO 

Armed Conflict Dataset. In this dataset, civil war is defined as two primary parties in 

conflict. The database includes both primary and secondary parties in conflict. In this 

study, a conflict was selected if one of the primary parties was the national government 

and the other was an opposition force. Conflicts in which secondary parties included 

other nations were also selected. In addition, some conflicts have opposition groups that 

are funded or supported in some way by other nations, but those other nations are not 

directly involved militarily in conflict with the one experiencing civil war. Conflicts of 

this nature are also included in this analysis.  

 For the purposes of this study, countries that were in conflict during 1996 

through 1999 have been assigned the minimum peace length value of zero. Countries 

that had no conflict in 20 or more years were assigned the maximum value of 20. All 

other countries were assigned a peace length value based on years from 1996. It is 

expected that the longer a country is at peace, the smaller the chances it will experience 

civil war.  

 Data on neighboring countries in conflict is drawn from the CIA World Fact 

Book combined with data from the UCDP/PRIO Armed Conflict Dataset. It is expected 
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that the fewer the number of bordering countries that are at war, the smaller the 

probability of civil war in the country of interest. 

 Resource abundance, precipitation (rain) rate, and land size indicate access to 

natural resources in the nation. Resource abundance is measured by the sum of exports 

of fuel and minerals as a ratio of GDP. This variable is built from the World 

Development Indicators. It is anticipated that a greater abundance of natural resources 

increases the probability of civil war. The rate of precipitation or rain rate is taken from 

the GPCP Combined Precipitation Data Set that was developed at Goddard Spaceflight 

Center (2009). The data used in this dataset are estimates of the "combined satellite-

gauge (SG) precipitation" (Huffman 5). Precipitation data, over the time period of 

interest, is provided in segments of 2.5° latitude by 2.5° longitude. The reporting units 

for the precipitation rate is in millimeters per day averaged over a month. This variable 

is based on the latitude and longitude of a country (within 2.5°) as reported by the CIA's 

World Fact Book. This variable is not the average over a country, but only the point 

reported by the single location defined in the CIA. It is anticipated that as the amount of 

precipitation decreases, the probability of civil war increases.   

 Land area is included to account for the size of the country that has to be 

managed. Data for this variable come from the World Development Indicators. It is 

expected that as the size of a country increases, the probability of civil war increases 

because it is harder to reach areas and control populations in a larger country versus a 

smaller one. 

 A governance index variable based upon the World Bank's Worldwide 

Governance Indicators is also used in this analysis. The dataset describes governance as 



 

  14 

"the traditions and institutions by which authority in a country is exercised. This 

includes the process by which governments are selected, monitored and replaced; the 

capacity of the government to formulate and implement sound policies effectively; and 

the respect of citizens and the state for the institutions that govern economic and social 

interactions among them" (Kaufmann 5). The governance index is used to indicate 

quality of governance with higher values indicating better governance. This index is 

created from an unweighted average of six indicators: Voice and Accountability; 

Political Stability and Absence of Violence; Government Effectiveness; Regulatory 

Quality; Rule of Law; and Control of Corruption. These values are based upon public 

perceptions of these indicators. As this index value increases, it is expected that the 

likelihood of civil war decreases. 

 A summary of all these variables, their definitions, and sources of data are 

presented in Table 2. 
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Table 2: Definition of Variables 

Name Definition Reference Database 

Dependent Variable 

Civil War Dummy 1=Civil war occurrence  
0=No occurrence of civil war 

UCDP 

Independent Variables 
GDP Per Capita GDP per capita, PPP constant 2000 

international dollars  
World Bank Development 
Indicators 

Resource Natural resource abundance: ratio of oil 
and mineral exports to GDP 

World Bank Development 
Indicators 

Growth Rate GDP per capita growth (annual %)  World Bank Development 
Indicators 

Peace Length Time since last outbreak of large scale 
violence in years 

UCDP 

Inequality Measure Proportion of income received by the 
richest 20% divided by the proportion of 
income received by the poorest 20% 

World Bank Development 
Indicators Online 2000 and 
2004 

Neighbors Number of boarder states in conflict 
from 1996-1999 

UCDP, CIA World Fact 
Book 

Rain Rate Rate of precipitation over 1 month in 
millimeters per day 

NASA Goddard Space 
Flight Center 

Land Area Land area of country in square 
kilometers 

World Bank Development 
Indicators 

Governance Unweighted average of 6 governance 
indicators:  

1. Voice and Accountability 
2. Political Stability & Absence 

of Violence  
3. Government Effectiveness 
4. Regulatory Quality  
5. Rule of Law 
6. Control of Corruption  

World Bank Governance 
Indicators 
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C. DATA  
   

 In order to estimate the model in this analysis, data was needed for countries that 

were in conflict as well as for countries that were not. To meet these requirements, data 

had to be drawn from multiple sources.  

  Although it was desirable to include a variable for ethnolinguistic variability in 

this analysis, no complete dataset was found for the time period covered. A fairly robust 

dataset was available for the 1960s, but it was assumed that the ethnolinguistic makeup 

of a country would have changed too much from the 1960s to the 1990s to be accurate 

for this analysis. 

 A complete set of data for the variables listed in Table 2 was not available for all 

108 countries listed in Table 1. Precipitation data, peace length, governance, and 

neighbors in conflict are the only variables that have no missing data. GDP per capita 

includes 98 countries, GDP per capita growth has 105, the resource variable has 88 

countries, and the inequality index has 75. The dependent variable, civil war dummy, is 

available for all the countries in the list. Including more data would most likely provide 

more reliable and robust results.  

 Even though the inequality index has the lowest number of countries available, it 

was important to include because many scholars consider inequality to be a root cause of 

conflict. Originally, the GINI coefficient was considered as a measure of inequality, but 

very few countries had data available for the time period needed. To obtain additional 

countries, the inequality index was created from the World Development Indicators 

Database. Though this index provided more data than the GINI coefficient, this variable 

still suffers from significant data shortage.  
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V. RESULTS AND ANALYSIS 
 
 Table 3 presents some descriptive statistics for the independent variables. The 

mean economic indicators are quite low as a whole with a growth rate less than 1% and 

a GDP per capita at just under $3600. In addition, the mean inequality measure is 11, 

indicating that on average the richest 20% in the countries received eleven times more 

income than the poorest 20%. This collection of countries has a negative governance 

value of -0.35. The conflict indicators are also interesting in that these countries have on 

average at least one neighbor that is in conflict, but these countries also have a 

reasonably long amount of time since their last conflict - more than 10 years.  

 

Table 3: Descriptive Statistics of the Determinants of Civil War 

  Mean Standard Deviation 
GDP per Capita Growth 
Rate (annual%) 0.90 2.84 
GDP per Capita  
(PPP constant 2000 
international dollars ) 3,598 3,065 
Land Area  
(square kilometers) 910,093 1,577,992 
Rain Rate  
(millimeters per day) 3.28 2.46 

Neighbors in Conflict 1.22 1.37 
Resource 0.06 0.09 
Peace Length (years) 10.39 8.64 
Governance -0.35 0.51 
Inequality Measure 11.16 6.33 

 * Values are based on a sample size of the 67 countries in Model 1  

 The results from the probit regression analysis are presented in Table 4 below.   



 

  18 

Table 4: Probit Analysis of the Determinants of Civil War 

  Model 1 Model 2 Model 3 
Growth Rate 0.0121885 0.0228896   
  (0.1038203) (0.0818603)   
GDP per Capita -0.0001869 -0.0002311   
  (0.0001769) (0 .000156)   
Land Area  1.84e-09 8.87e-9 -2.28E-7 
  (2.66e-07) ( 2.23e-07) (1.74E-7) 
Rain Rate 0.011249 0.0453122 0.0285172 
  (0.1229357) (0.1017874) (0.0737295) 
Neighbors in 
Conflict 0.0150876 0.005809 0.3350989* 
  (0.2496751) (0.1846758) (0.1280949) 
Resource -1.11491  0.5618403   
  (2.813389) (1.983225)   
Peace Length -0.083015 ** -0.0641677** -0.0979506* 
  (0.0357452) (0.0259235) (0.022527) 
Governance -0.910123  -1.06182   
  (1.100346)  (0.7347086)   
Inequality 
Measure -0.0208632      
  (0.0397213)     
Constant -0.1478093   -0.6691989 -0.4983195 
  (0.9196995) (0.7122253) (0.3954052) 
Pseudo R2 0.3498 0.3606 0.3319 
N 67 85 108 

Standard errors are shown in parenthesis. * 1%, ** 5%, ***10% 

 

 Model 1 includes all the variables found in Table 2. In this fully specified model, 

only 67 countries satisfy all the data requirements and are included. Model 2 excludes 

the inequality measure, raising the sample size to 85 countries. Lastly, Model 3 includes 

only land area, precipitation rate, neighbors in conflict and peace length. It raises the 

sample size to the full 108 countries.  

 The only variable that is significant in Model 1 is the time since the last conflict. 

The negative sign indicates that decreasing the time since the last conflict increases the 
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probability that a country will be in civil war between 2000 and 2004. For example, 

increasing the time since the last conflict by one standard deviation from the mean 

reduces the probability of civil war by 4.4 percentage points. The magnitude of this 

change is not dramatic given that one standard deviation is over eight years. The 

direction of the result was anticipated because as countries come out of conflict, there 

are many players that might not have been on the winning side that are willing to go 

back to war. Other players that benefited from the country being in conflict might 

instigate additional conflict to continue the benefits. As people get used to the norm of 

being at peace and not conflict, they are less likely to be persuaded to participate in war 

again. This result agrees with Collier's theory of the conflict trap.  

 In Model 2, which excludes the inequality variable, increasing the time since the 

last conflict decreases the probability of civil war just as it did in Model 1. This variable 

is significant at the 5% level. For example, increasing the time since the last conflict by 

one standard deviation from the mean decreases the probability of civil war by 4.7 

percentage points. This result, as mentioned, was expected. However, the impact of the 

one standard deviation change is slightly greater in this model than in Model 1.  

 The governance and GDP per capita variables in Model 2 are borderline 

significant. Decreasing GDP per capita increases the probability of civil war, which was 

expected. For example, increasing GDP per capita by one standard deviation from the 

mean, decreases the probability of civil war by 5.5 percentage points. It was expected 

that the one standard deviation increase, which was approximately $3180, would have 

had a larger impact on reducing the likelihood of civil war outbreak. It was correctly 

anticipated that as GDP per capita grew, the likelihood of civil war decreased. People 
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living in poverty can be paid off to participate in conflict easier than those with access to 

higher incomes. The wealthier a country is, the less people might be willing to upset the 

status quo and participate in a conflict. On the same note, people with little to lose from 

such an upset might be more willing to take on the risk that comes with conflict in order 

to reap potential benefits. Civil war is also less likely to occur when the norm in a 

country is peaceful.  

 Model 2 also reveals the importance of governance. For example, increasing the 

quality of governance by one standard deviation from the mean, decreases the 

probability of going to war by 4.9 percentage points. The magnitude of the change on 

the probability of civil war is low given that one standard deviation is almost the same 

size as the mean. The direction of the result was expected because as people have more 

confidence in the quality of their government, they are less likely to want to change it, 

particularly through civil war. Also when people feel that they have a voice and can 

have an impact on their government, they may seek change through other more peaceful 

conduits than civil war.  

 GDP growth rate, land area, rainfall, neighbors in conflict, and natural resource 

availability are all statistically insignificant. The GDP growth rate and natural resource 

availability variables could have been insignificant due to the limited amount of data 

available for them.  

 In the truncated model, Model 3, two of the variables are significant. Increasing 

the number of neighbors in conflict increases the probability that a civil war will occur, 

which was expected. Increasing the number of neighbors in conflict by 1 standard 

deviation from the mean, increases the probability of civil war by 12 percentage points. 
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The magnitude of the change is fairly substantial. Finally, consistent with the other 

models, decreasing the time since the last conflict increases the probability of civil war. 

For example, increasing the time since the last conflict by one year from the mean 

decreases the probability of civil war by 12 percentage points. These two variables 

represent the largest impacts across these models.   
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VI. MODEL APPLICATIONS IN AFRICA 

A. MODEL EVALUATION 

 To investigate the effectiveness of the models on African countries, test cases 

were performed on the following countries: Burundi, Sierra Leone, Ethiopia, Botswana, 

and Liberia.  

Based on the predictions of the model, Burundi would be expected to be in civil 

war in the early 2000s. Burundi was in fact in the throws of a long and bloody civil war 

and had two neighbors that were in conflict during this time. The value of the 

governance indicator in the late 1990s was -1.5. Coupled with the issues of violence and 

governance, the economic situation in the country was quite dire. The country had a low 

GDP per capita of $780, experienced negative growth rate of 2.8 percent, and had an 

inequality index of approximately 9.4. In terms of resources, the country had a low 

resource index of 0.0009 and a rainfall value of 2.5 millimeters per day, which is higher 

than the mean for the 108 countries in the dataset. Burundi is also the smallest of the 

countries in this model evaluation with a land area of only 25,680 square kilometers.  

Sierra Leone was also experiencing violent conflict in the 1990s with a civil war 

that had started in 1991. The nation had no neighbors that were in conflict during this 

time. Though neighboring Liberia was considered by many to be in conflict during this 

period, the database used had the conflict with the minimum number of deaths ending in 

1995 and starting again in 2000. The governance score was -1.4. As in Burundi, in 

addition to the conflict and governance situations, the economic situation in Sierra 

Leone was dire. The country had the lowest GDP per capita in this group of countries 



 

  23 

with a value of $640. Sierra Leone also experienced a negative growth rate of 5.2 

percent. Unfortunately, there are no reported values for inequality or the resource indices 

in this dataset for Sierra Leone. The country had the most rainfall of the group, 

recording 6.6 millimeters per day, which is twice as large as the 108 country mean, and 

a land area of 71,620 square kilometers.  

 Like the previous two countries, Ethiopia had a history of conflict leading up to 

and through the late 1990s. Also like the previous countries, the governance index value 

was negative with a value of -0.98. The economic situation in the country was also 

discouraging. The country had a GDP per capita of $750, experienced a slight negative 

growth rate of 0.06 percent, and had an inequality index of approximately 5.4, which 

was the least unequal of the countries in the group with data for this index. In terms of 

resources, the country had a low resource index of 0.001 and a rainfall value of 2.9 

millimeters per day. This amount of rainfall is below the mean for the 108 countries. 

Ethiopia is the largest of the countries in this model evaluation with a land area of over 1 

million square kilometers.  

 Liberia continues the trend of heavy violence in the recent past before and during 

the late 1990s. Liberia had the lowest governance score with a value of -2.0. The 

economic situation in the country was quite dire with a negative growth rate of 3.2 

percent. The data for GDP per capita, the inequality index, and the resource index were 

not available. The country had a recorded rainfall of 5.4 millimeters per day, which was 

above the mean for the 108 countries, and a land area of 96,320 square kilometers. 

 Botswana is unique in this group of countries in that it had seen little violence in 

the recent past. It is the only country in the group with a positive governance index value 
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of 0.65. In contrast to the other countries in the group, Botswana did quite well on the 

economic front. The country had a GDP per capita of $6360, experienced a positive 

growth rate of 3.7 percent, but had an inequality index of approximately 31, which is 

extremely high. The data for the resource index value was not available, though it is 

important to note that Botswana has substantial diamond resources. The country had a 

recorded rainfall of 1.3 millimeters per day, which is well below the mean for the 108 

countries, and a land area of 566,730 square kilometers. 

 These countries were selected because they are located in Africa and all of them 

but Botswana were in civil war during the time period of interest (early 2000s). 

Botswana was included in order to test the model for a country not at civil war during 

this time period.  

 Of the five countries considered only two, Burundi and Ethiopia, had all the data 

available to run Model 1. This model estimates that both countries - Burundi and 

Ethiopia - had relatively high probabilities of civil war - 82% and 72%, respectively, 

during the 2000 through 2004 time frame. The remaining three countries - Botswana, 

Liberia, and Sierra Leone - only had enough data available to run Model 3. All five 

countries were tested in Model 3 with results as follows: Botswana (0.5%), Burundi 

(59%), Ethiopia (64%), Liberia (45%), and Sierra Leone (37%). Model 3 accurately 

predicted that Botswana, would not be in civil war during this period. In the cases of 

Burundi and Ethiopia, the model predicted that these countries had moderate risks of 

civil war, though both were in civil war during this period. However, in the case of 

Liberia and Sierra Leone, the model estimates only low to moderate conflict 
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probabilities although both of these countries were in civil war during the 2000 through 

2004 time period.  

 

B. FUTURE PREDICTIONS 

 Given that Model 1 accurately predicted the state of civil war in the test countries 

above, it was used to predict future conflicts in Africa based on variable values from the 

mid to late 2000s. The countries included in this analysis were the Central Africa 

Republic, Cote d'Ivoire, Ethiopia, and Ghana. These countries were selected because 

they represent a variety of different economic, resource, inequality, and governance 

conditions.  

 The model indicates a low probability of civil war for Ghana (1.7%) in the near 

future, but a fairly high probability for the Central African Republic (80%), Cote 

d'Ivoire (62%), and Ethiopia (74%). The low probability for Ghana participating in a 

civil war in the near future relates back to the idea of the conflict trap. The country has 

no neighbors in civil war for the time span used in this prediction and has experienced 

no violent conflict in quite sometime. The other 3 countries have at least one neighbor in 

conflict and have experienced violent conflict in the recent past (ranging from ongoing 

conflict to three in peace). Ghana also has the lowest amount of natural resources being 

exported. The resource index value is negligible with a value of 0.00003, while Ethiopia 

has a value of 0.002, Central African Republic a value of 0.02, and Cote d'Ivoire a value 

of 0.14. Further setting Ghana apart is the fact that it is the only country of this group 

that has a positive governance index value (0.07), while Ethiopia has a value of -0.91, 

Central African Republic a value of -1.3, and Cote d'Ivoire a value of -1.4.  
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 Ghana did not have the highest GDP per capita ($644), nor the highest GDP per 

capita growth rate value (5.5%), though it was second highest among these countries. 

Cote d'Ivoire had the highest GDP per capita at $1025 but a much slower growth rate of 

only 0.3%. Ethiopia had the highest GDP growth rate of 7.5%, but a low GDP per capita 

of $245. Central African Republic had the lowest growth rate at 0% and a GDP per 

capita of $398. On the economic inequality index, Ghana had the third lowest value, 

which was 9.3. Ethiopia had the lowest value at 4.2, while Cote d'Ivoire had the highest 

at 11, and Central African Republic had a value of 9.5. Ghana had similar low rainfall 

averages to Cote d'Ivoire at approximately 0.2 millimeters per day, and both countries 

had significantly less rainfall than the Central African Republic or Ethiopia, 4.0 and 3.9 

millimeters per day, respectively.  

 Policy makers in these high-risk countries should heed the warning of civil war 

that this model predicts. It is quite telling that the only country that had no neighbors in 

conflict and had not experienced measurable violent conflict in at least 20 years was the 

only country not predicted (or has a very low probability) to be at civil war in the near 

future. Reducing violence in one's own country as well as assisting reduce violence in 

neighboring countries are key factors in preventing civil war at home. 
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VII. CONCLUSIONS 

 Violent conflict is a major disruptive force in the lives of those that experience it, 

particularly in the developing world. This thesis has shown that those at the lower end of 

the economic spectrum have a heightened probability that civil war is approaching in the 

near future. Once a nation has faced a violent conflict, the chances of reverting back to 

conflict are high particularly if the conflict was recent. The results in this thesis confirm 

the idea that conflict breeds conflict in a cyclical fashion. Countries that strive to prevent 

future civil war should seek to take measures to extend the time between conflict 

outbreaks. Conflicts in neighboring countries increase the likelihood that a nation will be 

drawn into civil war. Governments that are facing conflict spillover should take steps to 

assist their troubled neighbors. The motivation for this action is not just to assist their 

neighbors, but also out of their own self interest. These governments could also tighten 

borders in regions that neighbor conflict countries. Making borders less porous can 

prevent conflict from jumping borders.  

 In addition to conflict related issues, a nation's governance and people's 

perception of governance matters. As people in a country have more confidence in the 

governance of the rulers, the likelihood for civil war decreases. Governments need to 

improve their performance on the various dimensions of governance: Voice and 

Accountability; Political Stability and Absence of Violence; Government Effectiveness; 

Regulatory Quality; Rule of Law; and Control of Corruption to reduce a nation's chances 

of being involved in a civil war. To improve in the area of Voice and Accountability, 
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governments could create or expand voting rights to citizens. Allowing a free press will 

also go a long way to change how citizens perceive their government. To improve in the 

area of political stability and low violence, the government should publicly prosecute 

those who seek to overthrow the government violently. The government should also 

publicly work to reduce terrorism in the country. As governments become more stable 

and take the threat of terrorism seriously, public perceptions of weak governance can 

change. Government Effectiveness can be improved by increasing the quality of public 

services. As these services increase in quality, people will see their government as more 

effective. In the area of Regulatory Policy, change can occur through making effective 

and efficient policies. Also, strengthening the Rule of Law requires an efficient and 

equitable legal system. The effectiveness of the courts and police feeds into the control 

of corruption. Governments need to crack down publicly on those that are found to be 

corrupt, both private and public actors. Creating a more transparent government will also 

reduce the perception that a government is corrupt. Allowing public observation in the 

courts' process is one step towards more transparency. Another step includes providing 

public documents on law enforcement action, such as making publicly available a list of 

persons that are arrested. In summary, there are a number of actions that governments 

and civil society can take to improve governance and thus decrease the probability of 

future participation in civil war.  

 The above mentioned factors are ones that were found to be significant in the 

models generated in this thesis. Other variables that were tested turned out not to be 

significant. Performing this analysis with additional countries and/or with more data for 

each of the variables might provide more significant results.  



 

  29 

 Though the models did not predict a high probability of civil war in every case 

that actually experienced civil war, it did so for most of the test cases. The most robust 

model was accurate with high probabilities in the 2 cases tested, while the simpler model 

was correct in 3 of the 5 countries tested. When the more robust model was used to 

predict civil war in the future, the Central African Republic, Cote d'Ivoire, and Ethiopia 

emerged as the countries most at risk.  

 While modeling in this area is still imperfect, this study has demonstrated that it 

can provide some useful guidance. It is clearly a fertile area for further research.  
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VIII. APPENDIX A 
The following is output from Stata: 

Model 1: 

probit conflictdummy gdpgrowth landarea avgrainfall neighborsinconflict resourcevalue 

highestlowestweb peacelength governance gdppc 

 

Iteration 0:   log likelihood = -31.492201   

Iteration 1:   log likelihood = -21.771181   

Iteration 2:   log likelihood = -20.595175   

Iteration 3:   log likelihood = -20.478023   

Iteration 4:   log likelihood = -20.477109   

Iteration 5:   log likelihood = -20.477109   

 

Probit regression                                 Number of obs   =         67 

                                                  LR chi2(9)      =      22.03 

                                                  Prob > chi2     =     0.0088 

Log likelihood = -20.477109                       Pseudo R2       =     0.3498 

 

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

conflictdu~y |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

   gdpgrowth |   .0121885   .1038203     0.12   0.907    -.1912956    .2156726 

    landarea |   1.84e-09   2.66e-07     0.01   0.994    -5.20e-07    5.24e-07 

 avgrainfall |    .011249   .1229357     0.09   0.927    -.2297005    .2521985 

neighborsi~t |   .0150876   .2496751     0.06   0.952    -.4742667    .5044419 

resourceva~e |   -1.11491   2.813389    -0.40   0.692    -6.629051    4.399231 

highestlow~b |  -.0208632   .0397213    -0.53   0.599    -.0987155    .0569892 

 peacelength |   -.083015   .0357452    -2.32   0.020    -.1530744   -.0129557 

  governance |  -.9101233   1.100346    -0.83   0.408    -3.066761    1.246515 

       gdppc |  -.0001869   .0001769    -1.06   0.291    -.0005336    .0001598 

       _cons |  -.1478093   .9196995    -0.16   0.872    -1.950387    1.654769 

------------------------------------------------------------------------------ 
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. gen model1=1 if e(sample) 

. replace model1=0 if ~ e(sample) 

sum gdpgrowth landarea avgrainfall neighborsinconflict resourcevalue highestlowestweb 

peacelength governance gdppc if model1==1 

 

    Variable |       Obs        Mean    Std. Dev.       Min        Max 

-------------+-------------------------------------------------------- 

   gdpgrowth |        67    .8956714    2.843995  -7.771401   8.744256 

    landarea |        67      910093     1577992      10000    9326410 

 avgrainfall |        67    3.275559    2.459933   .0284311   10.64331 

neighborsi~t |        67    1.223881    1.368708          0          7 

resourceva~e |        67    .0640202    .0886336   .0002731   .4019536 

-------------+-------------------------------------------------------- 

highestlow~b |        67    11.16293    6.328995   3.954545       32.5 

 peacelength |        67    10.38806    8.644415          0         20 

  governance |        67   -.3483357    .5121841  -1.514282   .9900272 

       gdppc |        67    3597.921    3065.116   498.1233      13840 
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Model 2: 

probit conflictdummy gdpgrowth landarea avgrainfall neighborsinconflict resourcevalue 

peacelength governance gdppc 

 

Iteration 0:   log likelihood = -42.534206   

Iteration 1:   log likelihood = -28.918535   

Iteration 2:   log likelihood = -27.315776   

Iteration 3:   log likelihood = -27.195017   

Iteration 4:   log likelihood = -27.194338   

Iteration 5:   log likelihood = -27.194338   

 

Probit regression                                 Number of obs   =         85 

                                                  LR chi2(8)      =      30.68 

                                                  Prob > chi2     =     0.0002 

Log likelihood = -27.194338                       Pseudo R2       =     0.3606 

 

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

conflictdu~y |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

   gdpgrowth |   .0228896   .0818603     0.28   0.780    -.1375536    .1833327 

    landarea |   8.87e-09   2.23e-07     0.04   0.968    -4.27e-07    4.45e-07 

 avgrainfall |   .0453122   .1017874     0.45   0.656    -.1541875    .2448119 

neighborsi~t |    .005809   .1846758     0.03   0.975    -.3561489    .3677669 

resourceva~e |   .5618403   1.983225     0.28   0.777     -3.32521     4.44889 

 peacelength |  -.0641677   .0259235    -2.48   0.013    -.1149768   -.0133586 

  governance |   -1.06182   .7347086    -1.45   0.148    -2.501822    .3781824 

       gdppc |  -.0002311    .000156    -1.48   0.138    -.0005369    .0000747 

       _cons |  -.6691989   .7122253    -0.94   0.347    -2.065135     .726737 

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

 

. gen model2=1 if e(sample) 

. replace model2=0 if ~ e(sample) 

. sum conflictdummy gdpgrowth landarea avgrainfall neighborsinconflict resourcevalue 

peacelength governance gdppc if model2==1 
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    Variable |       Obs        Mean    Std. Dev.       Min        Max 

-------------+-------------------------------------------------------- 

conflictdu~y |        85          .2    .4023739          0          1 

   gdpgrowth |        85    .8164458    2.794886  -7.771401   8.744256 

    landarea |        85    805918.9     1448551      10000    9326410 

 avgrainfall |        85    3.260697    2.385501   .0284311   10.64331 

neighborsi~t |        85    1.352941    1.469579          0          7 

-------------+-------------------------------------------------------- 

resourceva~e |        85    .0824801    .1210093   .0000538   .5705183 

 peacelength |        85    10.48235    8.630803          0         20 

  governance |        85   -.4287599    .5647429  -2.123325   .9900272 

       gdppc |        85     3620.15    3179.504   498.1233      13840 
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Model 3: 

. probit conflictdummy landarea avgrainfall neighborsinconflict peacelength  

 

Iteration 0:   log likelihood = -59.608684   

Iteration 1:   log likelihood = -40.795826   

Iteration 2:   log likelihood = -39.832034   

Iteration 3:   log likelihood = -39.823839   

Iteration 4:   log likelihood = -39.823839   

 

Probit regression                                 Number of obs   =        108 

                                                  LR chi2(4)      =      39.57 

                                                  Prob > chi2     =     0.0000 

Log likelihood = -39.823839                       Pseudo R2       =     0.3319 

 

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

conflictdu~y |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 

-------------+---------------------------------------------------------------- 

    landarea |  -2.28e-07   1.74e-07    -1.31   0.190    -5.69e-07    1.13e-07 

 avgrainfall |   .0285172   .0737295     0.39   0.699      -.11599    .1730244 

neighborsi~t |   .3350989   .1280949     2.62   0.009     .0840376    .5861603 

 peacelength |  -.0979506    .022527    -4.35   0.000    -.1421028   -.0537984 

       _cons |  -.4983195   .3954052    -1.26   0.208    -1.273299    .2766604 

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

 

gen ins=1 if e(sample) 

replace ins=0 if ~ e(sample) 

sum conflictdummy landarea avgrainfall neighborsinconflict peacelength  if ins==1 

 

    Variable |       Obs        Mean    Std. Dev.       Min        Max 

-------------+-------------------------------------------------------- 

conflictdu~y |       108    .2407407    .4295264          0          1 

    landarea |       108    731936.9     1319151       5270    9326410 

 avgrainfall |       108    3.242926    2.422487   .0284311   10.64331 

neighborsi~t |       108     1.37963    1.451506          0          7 

 peacelength |       108    9.851852    8.818857          0         20 
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