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A P P E N D I X  1

Methods and Data

Data Set and Model

THE FIGURES AND PROBABILITY ESTIMATES PRESENTED IN

chapters 3–5 are based mainly on the logistic regression analy-
sis reported in tables 3 and 5 in Collier and Hoeffler (2002c).

The data set used is global, spans the years 1960–99, and covers 161
countries. We divide the data series into eight subperiods, 1960–64,
1965–69, …, 1995–99.

In our regressions we estimate the probability of a war breaking out
during a five-year period, and the model can be written in the follow-
ing general form:

(A1.1)

where t and i are time and country indicators. The dependent variable
is a dummy variable indicating whether a war broke out during the
five-year period, so that Yit is the log odds of war. The explanatory vari-
ables are either measured at the beginning of the period (the X variables
in equation (A1.1), for example, income per capita, primary commod-
ity exports/gross domestic product [GDP], population), or during the
previous five-year period (the M variables, for instance, per capita in-
come growth), or are time invariant or changing slowly over time (the
Z variables, for example, social fractionalization).

The expected probability p̂it of a war breaking out can be calculated
by using the estimated coefficients obtained from equation (A1.1):

(A1.2)ˆ ˆ ˆ ˆ ˆ
, –a bX cM dZ Wit i t i it+ + + =1

Y a bX cM dZ uit it i t i it= + + + +, – ,1
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(A1.3)

We calculate probabilities for hypothetical observations. For exam-
ple, we find the average values for X

–
it, M

–
i,t–1, Z

–
i for a subgroup of

countries and take this to be a typical country within the subgroup. We
then calculate p̂it by applying equation (A1.3). For the policy simula-
tions in chapter 3 we used the probability for the average developing
country as a baseline. 

For figure 3.1 we used the actual values of social fractionalization
and ethnic dominance and the average values for each observation to
predict the risk of civil war.

Figures 3.3(a) and 3.3(b) are based on a model extending the analy-
sis in Collier and Hoeffler (2002c). Details are available on request.

Figure 3.6 is based on a military expenditure function where the risk
of civil war breaking out is one of the explanatory variables. Details 
are presented in Collier and Hoeffler (2002d). Details are available on
request.

Figure 3.7 uses the formula for calculating expected probabilities
shown above, based on model 11, table 5, in Collier and Hoeffler
(2002c). In the typical low-income country, primary commodity exports
have a value of 15 percent of GDP. Such a country is represented in the
middle column in the figure. The other columns represent calculations
made using different values for primary commodity exports/GDP ratios.

The chances of peace depicted in figures 3.8 and 3.9 show the prob-
ability of a war ending in the first, second, and so on year, as estimated
in an exponential regression model with period and time dummies as
the only explanatory variables. For details see Collier, Hoeffler, and
Söderbom (2003). 

For figure 3.10 we used the average values for the five-year observa-
tions during which a war broke out and the average values for the five-
year observations during which a war ended.

In figure 3.11 we use a model presented in Collier and Hoeffler
(2002c) in which the diaspora is an explanatory variable (table 3, model
6). In the first column we use the average value of the diaspora (1.3
percent), and in the second column we assume a diaspora 10 times as
large.
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Figure 3.12 uses a regression model presented in Collier and Hoef-
fler (2002a) showing that military expenditure increases the risk of re-
newed conflict in postconflict societies.

The self-sustaining level of civil war is the steady-state distribution
of a first-order Markov chain. Denote the annual probability of war ini-
tiation as w and the annual probability of war termination as v. These
two probabilities form the following transition matrix: 

1 – w w
T =

v 1 – v

The distribution vector dt+1 of countries in war and in peace at time
t + 1 is the product of this transition matrix and the distribution vec-
tor dt at t :

1 – w w it
d t+1=

v 1 – v 1 – it

where the incidence or level it is the number It of countries at war di-
vided by all countries Nt. If the annual probabilities are constant, the
incidence of war will converge to a self-sustaining level, s = w/(w + v)
(Taylor and Karlin 1998), where the number of countries exiting war
equals the number entering war. In the Gleditsch and others (2002)
dataset, the annual probability of war initiation is 0.016 and the aver-
age annual probability of war termination is 0.1233, giving a self-
sustaining level of s = 0.115.

Figure 4.2 plots the incidence of war at t = 1950, 1951, …, 2020
obtained by subsequent multiplications of the transition vector and the
incidence for the previous year. The incidence in 1950 was 0.075, and
the figure simulates the convergence toward the steady-state incidence.
If Mt countries become independent countries at year t, they are as-
sumed to be at peace the first year, and the simulated incidence is ad-
justed to i ′

i = It /Nt + Mt, where It is the number of countries estimated
to be at war at t.

Figure 4.4 shows the self-sustaining incidence for each decade based
on the transition probabilities observed in each of these decades. The ob-
served incidence (figure 4.1) does not correspond to the self-sustaining
levels, because the convergence takes many years.
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Figures 4.5 decomposes the log odds of civil war for a typical coun-
try in 1995 (expressed as a ratio to the log odds of a typical country in
1965) into the effect of individual variables by computing βk(Xk,1995 –
Xk,1965) for each variable. A version of model 5–11 presented in Collier
and Hoeffler (2002c) with a decaying function of peacetime was used
for this figure and figures 4.10–4.12.

Figure 4.7 compares the average marginalized country with the av-
erage successful developer in the same manner. 

Figure 4.8 sets the estimated log odds of civil war for high-income
countries as the baseline, and plots the log odds of the average margin-
alized country and the average successful developer assuming that in-
come changes at the specified annual rates. 

Figure 4.6 does the same for the income and period dummies in the
duration model (Collier, Hoeffler, and Söderbom, 2003), setting the
estimated hazard of war termination in the 1960s as 1.

Figure 4.9 shows the estimated log odds of civil war outbreak for the
specified categories relative to the estimated log odds for a country with
no recent war. 

Figure 4.11 decomposes the ratio of the odds of the typical post-
conflict marginalized country to the typical no conflict marginalized
country in the same way as Figure 4.5. 

To produce figures 4.10, 4.12, 4.13, and the figures in chapter 5 and
6, we divided countries into three categories: Those at war (denoted
with w); peace countries, defined as countries that had not been at war
for the last 10 years (p); and postconflict countries, defined as countries
that had ended a civil war less than 10 years before the year of obser-
vation (z). With three states the transition matrix has nine transition
probabilities: the probability pww of going from a state of war to war,
the probability pwz of going from a state of war to a postconflict state,
and so on. The transition matrix is then 

pww pwz 0

T = pzw pzz pzp

ppw 0 ppp

Two of these transition probabilities are by definition 0: countries
cannot go directly from war to peace and from peace to postconflict.
We estimated each of these transition probabilities for the typical mar-
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ginalized country, the typical successful developer, and for high-income
countries. We assumed the probability of reversion to war from the
postconflict state to be constant over the 10 years even if model 4 as-
sumes this probability to be steadily decreasing over time. We used the
estimated probability for the average time since the end of the war for
the postconflict group. The probability of transition from postconflict
to peace was assumed to be 0.1(1 – pzw) if a country does not revert to
war. The probability that the year of observation is the last year of the
postconflict period is 0.1.

Based on these transition probabilities, we estimated the steady-state
distribution over these three states for each of these three subgroups.
The box in figure 4.12 labeled “successful developers at peace” shows
the number of successful developers at peace in equilibrium (93 percent
of 71 countries). The boxes labeled “active conflict” and “postconflict”
show the total number of countries at war and in the postconflict state
in all three country groups. The arrows show the number of countries
transiting from one state to another. These figures are computed as the
transition probability times the number of countries in the initial state.
For instance, the probability for marginalized countries of going from
peace to active conflict is estimated to be 0.022. In the estimated steady
state, 32 of the 52 marginalized countries are at peace, and 0.022*32 =
0.7 countries are going into conflict per year. The arrows between the
active conflict and postconflict boxes add the estimated number of
transitions of countries of all three groups.

Given the estimated steady-state distributions, we obtained the esti-
mated incidence of (active) war. Figures 5.1–5.5 and 6.1 show the in-
cidence for the baseline (based on predicted probabilities for the aver-
age country in each group in 1990–99) compared with the incidence
predicted when the underlying variables are altered as specified.

Data Sources

Diaspora

We used data on the foreign-born population from the U.S. Bureau of
the Census and divided these numbers by the total population in the
country of origin (see http://www.census.gov/population/).
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Ethnic Dominance

Using ethno-linguistic data from the original data source (USSR 1964)
we calculated an indicator of ethnic dominance. This variable takes the
value of 1 if a single ethno-linguistic group makes up 45 to 90 percent
of the total population and 0 otherwise. We would like to thank Tomila
Lankina for the translation of the original data source.

GDP Per Capita

We measure income as real purchasing power parity-adjusted GDP per
capita. The primary dataset is the Penn World Tables 5.6 (Summers and
Heston 1991). Since the data are only available for 1960–92, we used
the growth rates of real purchasing power parity-adjusted GDP per
capita data from the World Development Indicators (World Bank 2002a)
to obtain income data for the 1990s.

Geographic Dispersion of the Population

We constructed a dispersion index of the population on a country-by-
country basis. Based on population data for cells of 400 square kilo-
meters we generated a Gini coefficient of population dispersion for
each country. A value of 0 indicates that the population is evenly dis-
tributed across the country and a value of 1 indicates that the total pop-
ulation is concentrated in one area. Data are available for 1990 and
1995. For years prior to 1990 we used the 1990 data. We would like to
thank Uwe Deichman of the World Bank’s Geographic Information
System Unit for generating these data. He used data from the Center
for International Earth Science Information Network, Columbia Uni-
versity; the International Food Policy Research Institute; the World Re-
sources Institute; and Gridded Population of the World.

Peace Duration

This variable measures the length of the peace period (in months) since
the end of the previous civil war. For countries that never experienced
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a civil war we measure the peace period since the end of World War II.
In chapter 4 we used a decaying function of peacetime: exp(–peace
duration/24).

Population

Population measures the total population. The data source is the World
Development Indicators (World Bank 2002a). 

Primary Commodity Exports/GDP

The ratio of primary commodity exports to GDP proxies the abun-
dance of natural resources. The data on primary commodity exports
and GDP were obtained from the World Bank. Export and GDP data
are measured in current U.S. dollars. 

Social, Ethno-linguistic, and Religious Fractionalization

We proxy social fractionalization in a combined measure of ethnic and
religious fractionalization. Ethnic fractionalization is measured by the
ethno-linguistic fractionalization index. It measures the probability that
two randomly drawn individuals from a given country do not speak the
same language. Data are only available for 1960. In the economics lit-
erature this measure was first used by Mauro (1995). Using data from
Barrett (1982) on religious affiliations we constructed an analogous re-
ligious fractionalization index. Following Barro (1997) we aggregated
the various religious affiliations into nine categories: Catholic, Protes-
tant, Muslim, Jew, Hindu, Buddhist, Eastern religions (other than
Buddhist), indigenous religions, and no religious affiliation. 

The fractionalization indexes range from 0 to 100. A value of 0 in-
dicates that the society is completely homogenous, whereas a value of
100 characterizes a completely heterogeneous society.

We calculated our social fractionalization index as the product of the
ethno-linguistic fractionalization and the religious fractionalization in-
dexes plus the ethno-linguistic or the religious fractionalization index,
whichever is the greater. By adding either index we avoid classifying a
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country as homogenous (a value of 0) if the country is ethnically ho-
mogenous but religiously diverse or vice versa.

War Start

We use mainly the data collected by Small and Singer (1982) and
Singer and Small (1994). War start is a dummy variable. It takes a value
of 1 if the country was at peace at the beginning of the period and war
broke out during the following five years. If the country remained at
peace during the entire period we record a value of 0. A missing value
is recorded if the country was at war at the beginning of the period. We
record 78 outbreaks of civil war, but cannot use all these observations
in our regressions because of missing data for some of the explanatory
variables.
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