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Abstract

We present a new index of ethnic geography, the Ethnic Diversity and Clustering (EDC)
index, which measures the clustering of ethnic groups within a country, as well as the overall
ethnic diversity of the country. Using digital map data for over 7000 linguistic groups around
the world, we construct the EDC index for 189 countries. We also calculate the traditional
Ethno-Linguistic Fractionalization (ELF) index of ethnic diversity for 189 countries, including
186 countries for which we also have the EDC index. In cross-country regressions, our EDC
and ELF indices are significantly correlated with measures of civil war, including the number of
conflicts, total time spent in war, and total combatant deaths. Evidence from regressions using
both indices indicates that civil war is more frequent and severe in countries where citizens of a
given ethnic group tend to be more clustered together. Results for the average duration of con-
flicts are weaker for both indices. In addition, higher levels of ethnic diversity and clustering are
associated with an increased incidence of civil conflict for countries with the straighter borders
typical of artificial states, but not for other countries. Our results are robust to the inclusion of
controls for former colonial status, continent, and climate.
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1 Introduction

From the wars in Yugoslavia in the 1990’s to the current strife in Iraq, Sudan and Russia, divisions
between ethnic groups are frequently seen as a basis for civil wars, whether by sparking conflict or
prolonging it. However, despite extensive anecdotal evidence, empirical analysis of the impact of
ethnic diversity on civil conflict has been largely inconclusive. In order to better understand the
connections between ethnicity and conflict, it is important to consider not just the ethnic diversity
of the country as a whole, but also the pattern of the distribution of ethnic groups within a country.
This research takes a geographic approach to this question, using digital map data to construct
several new indices of ethnic geography. Importantly, by using map-based data, we are able to

measure the pattern of the distribution of ethnic groups within a country’s borders.

We design and construct a new index, the Ethnic Diversity and Clustering (EDC) index, which
measures ethnic segregation in the form of clustering, as well as the overall ethnic diversity of a
country. Specifically, the measure reflects the degree to which citizens belonging to each ethnic
group are clustered together or dispersed throughout the countryE In addition to this index, we
consider ethnic diversity and ethnic clustering separately. We construct a new version of the widely-
used Ethno-Linguistic Fractionalization (ELF) index as a measure of ethnic diversity. We also
present preliminary evidence on a third index, the Ethnic Clustering (EC) index, which measures
only the clustering of ethnic groupsﬂ We calculate the ELF, EDC and EC indices for 182 countries.
In cross-country regressions, we find all three indices to be significantly correlated with several

measures of civil conflict.

Previous work on the relationship between ethno-linguistic fractionalizatiorﬂ and civil conflict
has led to no consensus as to even the direction of the effect of ethnic diversity on civil conflict.
Researchers have also considered ethnic dominance, which is defined as either one large ethnic group

or two to three main ethnic groupsﬁ Studies which have found no effect of ethnic fractionalization

! An example of a country with highly-clustered ethnic groups is Belgium, with Flemish speakers almost exclusively
in the north of the country and French speakers almost exclusively in the south. By contrast, Senegal has more
interspersion of its ethnic groups, with Woluf speakers and other ethnic group members located in diverse regions of
the country.

2This index corresponds to the “H” index detailed in Reardon and O’Sullivan (2004). The EC index has the
advantage in that it is a pure measure of clustering, whereas our EDC index reflects ethnic diversity as well as
clustering. However, the EDC measure has a useful intuitive interpretation as the ethnic diversity experienced by the
average citizen, and is also more robust than the EC index for ethnically homogeneous countries. The construction
of all of our indices is described further in Sections [2| and

3The literature has focused mainly on fractionalization and not on segregation.

4With regard to the relationship between ethnic dominance and ethnic fractionalization, one main ethnic group
corresponds to a high value of ELF, close to 1; whereas two to three main groups corresponds to values of ELF closer
to 0.5, which is in the middle of the range of the index. If having two to three main ethnic groups in a country is
significantly correlated with civil war, then the relationship between ELF and conflict will be non-monotonic, with



on the onset of civil wars include Fearon and Laitin (2003); Lujala, Gleditsch and Gilmore (2005),
who focus on the impact of the availability of natural resources, especially diamonds; and Miguel,
Satyanath and Sergenti (2004) who estimate the effect of GDP growth on civil war in African
countries, instrumenting for changes in GDP using rainfall data. Other research has found that
higher ethnic fractionalization is associated with a lower incidence of civil war, including work by
Collier (2001), Collier and Hoeffler (2004) and Fearon (2005). The first two of these studies also
show that ethnic dominance increases the chance of civil war, while Fearon (2005) finds no effect
of ethnic dominance. Collier and Hoeffler (2002) find no effect of ethnic dominance on civil war
onset in Africa. Finally, Sambanis (2004) estimates twelve models using different inclusion criteria
for civil wars from previous studies. He finds a significant positive effect of fractionalization on
civil war onset in one model out of twelve, and marginal significance in two additional models,

suggesting that using different criteria for including civil wars can affect the empirical results.

Other studies have focused on the duration of civil war. Lujala et al. (2005) find a positive effect
of fractionalization on civil war duration. Collier and Hoeffler (1998) also find that fractionalization
predicts longer civil wars, and that the effect is non-monotonic. Collier, Hoeffler and Séderbom
(2004) show a non-monotonic relationship between ethnic fractionalization and civil war duration.
They find that civil war duration is longest for middle levels of fractionalization (ELF=0.5), and
is shorter for both very low and very high fractionalization. Finally, Fearon (2004) finds no effect

of ethnic fractionalization on civil war duration.

There are several possible reasons for this lack of conclusive evidence concerning the effect of
fractionalization on civil conflict. First, as outlined above, the pattern of ethnic groups within a
country has received little attention to date. In our research, we examine one possible aspect of
these patterns, namely the segregation or clustering of ethnic groups. Second, the literature has
so far used a country-wide measure of ethnic diversity instead of focusing on the diversity in the
conflict location. This is important if the area of a conflict is quite different from the country as a
whole. While we do not address the issue in this paper, our map-based methodology can easily be
extended to calculate sub-national indices, and we are currently constructing conflict-area indices

as part of related research.

Third, with regard to measures of civil conflict, the effects of ethnic diversity have been shown
to vary significantly depending on the choice of the left hand side variable, which might include
the incidence, duration, or intensity of civil war. In our research, we examine all three of these

aspects of civil war. Finally, results of previous studies depend crucially on the definition of what

middle values of ELF associated with the highest levels of conflict.



constitutes a civil war. Numerous databases have been used in the literature and most authors
have used their own inclusion criteriall] Our aim is not to devise a “correct” or “new” definition of
civil war. Instead we base our analysis on the UPPSALA /PRIO version of the Correlates of War
(COW) database, a widely used source. We use the Major Episodes of Political Violence (MEPV)
database as a robustness check, and also apply several additional inclusion criteria for civil wars,

which are typical of the other principle studies in this area.

Our research also relates to the question of the proper measurement of segregation. Massey
and Denton (1988) propose five dimensions along which segregation can be measured: evenness,
exposure, concentration, centralization, and clusteringﬁ Our analysis focuses on the clustering
aspect of segregation. To date, the vast majority of work on segregation indices has been based on
the premise that data is available for certain distinct sub-areas such as census block groups, but
not at the level of an individual person or location. However, any such segregation index is highly
dependent on the precise designation of the sub—areasm Problems with this approach include the fact
that sub-areas are most often designed to facilitate data collection, not the accuracy of segregation
measures. Sub-areas may also completely ignore social and cultural geography, introducing noise to
the measure. Or, sub-areas may explicitly group similar populations together, causing the measure

to be biased.

Several recent papers describe new indices which can be constructed using individual level
data, avoiding these problems with sub-area definitions. Reardon and O’Sullivan (2004) describe
the construction of several measures of two aspects of segregation: clustering/evenness and ex-
posure/isolation. Also, work by Echenique and Fryer (2006) uses information on the interactions
between individuals to create a new, spatially-based index of segregation, the Spectral Segregation
Index. Our research is in this spirit, as we use data on many individual locations to construct our
indices. In addition, the index which we refer to as the EC or Ethnic Clustering index corresponds
to the “H” measure of clustering from Reardon and O’Sullivan (2004). To the best of our knowl-
edge, this index has not been used to measure clustering of ethnic groups in countries around the
world F

®The most widely known database is the Correlates of War (COW) database. A popular version of that database
in the UPPSALA/PRIO version. For a detailed review of approximately 60 databases on civil war we refer to Eck
(2005). Sambanis (2004) offers an overview of the inclusion criteria of various authors.

5More recent work has argued that several of these dimensions should be combined, for example evenness and
clustering can be seen as opposite ends of the same spectrum. (Reardon and Firebaugh (2002)).

"See Reardon and O’Sullivan (2004) for a discussion of these critiques.

8By contrast, while we could theoretically construct the Spectral Segregation Index in Echenique and Fryer (2006),
in practice the task would be too large from a computational stand-point since it is based on interactions among all
individual data points.




Ethnicity can be described by several different dimensions including language, religion, cultural
traditions, and visual characteristics. In our research we focus on the linguistic aspect of ethnicity,
specifically the primary language spoken, which we consider to be one of the most important
factors. Previous research has used tabulated statistical data to explore other aspects of ethnicity.
For example, Alesina, Devleeschauwer, Easterly, Kurlat and Wacziarg (2003) consider religion and
visual racial characteristics, in addition to language differences. Depending on the availability of

digital map data, we hope to explore some of these additional aspects of ethnicity in the future.

In order to calculate the ELF, EDC and EC indices, we require information on the location of
each language group, and also population density data. For the linguistics information, we rely on a
proprietary dataset from Global Mapping International showing the location of over 7000 language
groups around the Worldﬂ We also use digital map data on population density from Columbia
University’s Gridded Population of the WorldE Both data sets are based on data for the early
1990’s. We calculate the ELF, EDC and EC measures for 189, 189 and 185 countries, respectively,

including 182 countries for which we have all three indices[]

With regard to theoretical predictions for the relationship between ethnic geography measures
and civil conflict, we draw on the existing literature to construct four hypotheses which are described
in detail in Section [d] Several hypotheses rely on the idea that ethnicity can be used to coordinate
or enforce the coalitions that engage in conflict. Our theories predict that higher levels of ethnic
diversity and higher levels of ethnic clustering will both be associated with more civil conflicts.
However predictions for the effect on the duration of the typical civil war are more ambiguous.
We predict that higher ethnic diversity can lead to either shorter or longer conflicts, while higher

ethnic clustering should be associated with shorter conflicts.

In Section |5, we show that both the ELF and EDC measures prove to be significantly correlated
with the incidence of civil conflicts, the total years spent in civil war, and the total casualties. The
results are less strong for the average duration and the average casualties for each conflict. Evidence
for the EC index also shows it to be correlated with these civil war outcomes. However, for several
reasons detailed in Sections [2|and [3, we consider the evidence using the EC index to be preliminary.

Based on these findings, we find empirical support for three of our four hypotheses. However, in

9World Language Mapping System Version 3.2, from Global Mapping International (www.gmi.org). This data is
based on the 15th Edition of the Ethnologue linguistics database.

10Gridded Population of the World database Version 3, from the Center for International Earth Sci-
ence Information Network (CIESIN) Socio-Economic Data Center (SEDAC), Columbia University, New York;
http://sedac.ciesin.columbia.edu/gpw/index.jsp.

"Technical difficulties, which are described further in Section currently prevent our calculating the indices for
a small subset of countries.



contradiction to our last hypothesis, we find that more ethnic clustering is associated with longer

wars.

Our results are robust to excluding small conflicts; excluding small countries; using different
criteria for civil war; and controlling for former colonial status, climate, and continent dummy
variables. We do not currently control for GDP, although it is an important factor, because GDP
is also affected by ethnic diversity and is thus endogenous. In future work, we plan to use a panel
data format to accurately account for the effect of GDP. To address potential reverse causality from
civil conflicts to ethnic group geography, we show that our results are largely robust to including

only conflicts that began in the 1990’s or laterE

Finally, we also consider the impact of measures of artificial states. Based on data from Alesina,
Easterly and Matuszeski (2006) we construct a dummy variable for artificial states using the median
of their “fractal” variable as a cutoff. We find evidence that more diversity and more clustering of

ethnic groups are associated with more civil conflict for artificial states, but not for other countries.

2 Ethnic Geography Indices

We compute three separate indices in order to measure the two aspects of ethnic geography that
we choose to examine, ethnic diversity and ethnic clustering. One index, the Ethno-Linguistic
Fractionalization (ELF) index, measures only ethnic diversity. A second index, the Ethnic Diversity
and Clustering (EDC) index measures both ethnic diversity and clustering, while a third index, the
Ethnic Clustering (EC) index measures only ethnic clustering The ELF index constructed using
carlier data from the 1960’d™| has been used extensively in the literature to date. The EDC index
was designed by the authors and we know of no other instances of the use of this index. Finally,
the EC index is based on the “H” index described by Reardon and O’Sullivan (2004). All three

indices have a range of zero to one.

While both the EDC and EC indices measure clustering, each index has its advantages and
disadvantages. As we show below, the EDC index has an intuitive interpretation as the average
diversity in local areas across the country, while the EC index has no equivalent interpretation.
Also, the EC index is not defined for perfectly homogenous countries (those with only one ethnic

group) and, based on our data, cannot be reliably computed for countries that are mostly homo-

120ur ethnic geography data corresponds to the early 1990s time period.
13The most commonly used ELF index to date is based on ethnic groups described in the Atlas Narodov Mira
[Atlas Of The Peoples Of The World] (1964).



geneous (with one big ethnic group and a few very small ethnic groups). By contrast, the EDC
index is computable for all countries, both in theory and in practice. On the other hand, the EC
index has the obvious advantage of measuring only clustering while the EDC index is measuring
diversity as well as clustering. Because of difficulties interpreting the EC index for very or perfectly
homogeneous countries, we present only preliminary results for this index in Section |5 and we rely
on the EDC index for our main conclusions regarding ethnic clustering. Reassuringly, the EDC and

EC indices produce similar results regarding the relationship between clustering and civil conflict.

A final difference among the three indices is that the EDC and EC indices are constructed using
measures of ethnic diversity in each local area of the country, while the ELF index only considers
the country-wide populations of each ethnic group. Because of the local component of the EDC

and EC indices, use of digital map data greatly aids in the construction of these indices.

We now proceed to describe each index in detail. In the formulas below, [ indexes the languages
within a country, L is the total number of languages in the country, and p indexes points in an
even grid across the country, each approximately 1.5 kilometers apart. Finally, “Np” designates a
variable that relates to the local area around point p, for example the area within 50 kilometers of

point p. Thus, we define:

ny, Population of language [ at point p

ny, Population of language [ in region of point p
va Total population in region of point p

n; Total population of language [ in country

N Total population of country

The ELF index is described in previous literature and is calculated based on the population of

each ethnic group in the country as a whole. It is constructed using a Herfindahl index of the shares

of each ethnic group in the total population (%) The ELF index is equal to the probability that

two citizens picked at random from the country’s population will be from different ethnic groups.

L

ELle—Z(%)Q (1)

=1

We also construct our new Ethnic Diversity and Clustering (EDC) index which is related to the



ELF index in that it uses the formula for the ELF index to calculate a measure of ethnic diversity

in a local region. We then average this local elf index over the entire country to get the EDC index.

In general, as in Reardon and O’Sullivan (2004), we can define the population of a given ethnic
group in a local area using the population at nearby points (n,) and a weighting proximity factor
(6(p, q)) which gives greater weight to a point g if it is close to point p, and less weight for a point

that’s far from point p. The general formula is given by:

= [ o(p, O)nqdq

P [ é(p,a)dg @)

For the EDC index, we use a weighting factor which is 1 inside of a circle of 50 kilometers
and zero outside. Thus our formula for the number of people speaking a given language [ in a
local region is simply the number of people within a 50 kilometer radius that speak that language.
The formula is given below, where R, is a region of radius 50 kilometers around point p and A is

normalized to oneE

f nigdq
~ R
iy = (3)

We consider a series of points p, which are spaced in a grid across each country. The points are
approximately 1.5 kilometers from each other, and we calculate 7, at each of these points. Given
the definition for ng,, we also define the total population in a local region of each point and a value

for the ELF index in the local region of each point.

L
Ny = Zﬁlp (4)
=1

L 2

ny
elfy=1-> | = (5)
=1 NP

11 terms of the size of the radius used, there is no a priori reason to choose a 50 kilometer radius. However,
introspection based on the authors’ personal experiences with the distances that people tend travel on a regular
basis in developed and developing countries, led us to use a 50 kilometer benchmark. Having created the software
architecture and toolset for calculating one version of the EDC index, it is easy to adapt the process to using different
radii. Future research will explore the impact of changing the radius to smaller and larger values. We do use a more
general Gaussian proximity weighting factor when calculating the EC index. The index was calculated at a later
stage in this research, when additional software tools became available to the authors. Future research will extend
the use of the Gaussian weighting factor to the EDC index.



Finally, we construct our EDC index by averaging this local elf variable over the whole country,

weighting by the total population at each point.

2_p Npelfy

EDC = —/————
Zpr

(6)

In interpreting the EDC index, there are three main characteristics. First, the index has an
intuitive interpretation as the average value of the local elf index for the country as a whole. Since
the typical citizen experiences the ethnic diversity of his or her local area, the EDC index reflects

the average diversity that the typical citizen experiences.

Second, the index also reflects the clustering of ethnic groups within a country. For two countries
with the same value of the ELF index, the EDC index will vary depending on how clustered or
dispersed members of the ethnic group are. The country with more clustering will have a lower
EDC value because the typical citizen in that country will live in an area that is relatively more
homogeneous. For that country, the average local elf value at points within the country will be
lower, reflecting the clustering of ethnic groups into local areas. But this average of the local elf
value is just the EDC index. So, for a given value of the ELF (diversity) index, the EDC index will
be lower for countries with clustered ethnic groups. Likewise, if a country has citizens of different
ethnic groups dispersed throughout the country, then the typical citizen will live in a relatively
ethnically diverse area, the local elf index will be higher on average, and the EDC index will be
higher. A final characteristic is that the ELF index serves as an upper bound on the EDC index,
with the two being equal when the radius of the “local area” is equal to inﬁnityE

We also construct a third measure, which we refer to as the Ethnic Clustering or EC index.
This index corresponds to the entropy-based “H” measure described by Reardon and O’Sullivan

(2004), which is their preferred measure of clustering according to several criteria. It is given by

5Intuitively, if the radius is larger than the size of the country, then all parts of the country are included in the
“local area” for each point in the country. So the local elf index will be equal to the country-wide ELF index at each
point in the country and the EDC index will be equal to the ELF index. For radii smaller than the country as a
whole, some, but not all of the country will be in each “local area”. Although one particular area can be more diverse
than the country as a whole, on average the local areas will be less diverse than the country as a whole, and the
EDC index will be less than the ELF index. One exception to this is the population of each ethnic group is spread
completely evenly throughout the country, in which case the EDC index is equal to the the ELF index.



the formulas below %]

EC:I?:1-LZEPNP (9)

FE and Ep refer to the entropy of the national and local environments, respectively. Entropy
can be thought of as the noisiness or chaos of a particular system, where the system in this case is
the set of numbers that reflect the population share of each ethnic group. The EC index compares
the typical entropy of the local environments with the entropy of the country as a whole. The key
concept is that, if the local environments are the same as the national environment, with the same
population share for each ethnic group locally and nationally, then the local entropies will all be
identical to the national entropy. This is the case if the ethnic groups are perfectly interspersed.
In this situation, the average of the local entropies will be equal to the country-wide entropy, so

the second term in Equation (9) will be one and the EC will be equal to zero.

However, if the local environment is very different from the national environment, the local and
national entropies will also differ. This is the case if ethnic groups are clustered together. Here,
the average local entropy will be very different from the national entropy and the second term will
be closer to zero, causing the EC index to be closer to one. Thus the higher the value of the EC
index, the greater the clustering. (Note that this is the opposite direction from that of the EDC

index; a higher EDC index is associated with less clustering.)

As with our EDC measure, we calculate the EC measure for the special case where the “local
area” is designated by a 50 kilometer circle around the point in question. However, for the EC
measure, we also add a Gaussian weighting function so that more weight is given to points closer
to the center of the circle and less weight is given to points that are further away. Thus ny, is given
by Equation |2, where ¢(p, q) is a Gaussian function that falls to zero at a radius of 50 kilometers.

In future research, we will also use this Gaussian function for calculating the EDC index. (See

16Reardon and O’Sullivan (2004) discuss their measure in the context of racial segregation, but the index is also
appropriate for groups that differ on ethnic or linguistic dimensions, as in our research.

10



footnote on page 9.)

The EC measure is preferable to the EDC index because it measures the clustering of ethnic
groups within a country, irrespective of the overall diversity. This is useful for separating out the
impact of ethnic diversity from the impact of ethnic clustering. However, the interpretation of the
EC measure is less intuitive than that of the EDC measure, which is the average of the elf index

diversity for all local areas.

In addition, the EC measure is undefined for perfectly homogeneous countries, that is countries
with one ethnic group, which are also countries with an ELF index equal to zero. For these
countries, the value of EC is equal to (1 - 0/0), which is undefined. In practice, the EC index also
appears to be highly sensitive to measurement errors when the country is close to homogeneous,
namely when the country has one large ethnic group and a few, very small ethnic groups. Thus,
when considering the impact of the EC index on civil conflict, we exclude those countries with low
or zero value for ELF. We are still exploring this aspect of the index, and our results for the EC

index should be considered preliminary.

3 Data Description and Methodology

3.1 Construction of Ethnic Variables

Calculation of the ELF, EDC and EC measures requires information on the location of ethnic groups
and information on population density. As was discussed earlier, we use linguistic differences as
a proxy for ethnic differences. Data on the locations of language groups is obtained from Global
Mapping International’s World Language Mapping Systemm This dataset consists of polygons
covering most of the world, for each language spoken today. The language group locations are
accurate for the approximate years of 1990—1995@ The data are based on SIL International’s 15th

edition of the Ethnologue linguistics database of languages around the WorldE Figure 2 shows an

1"World Language Mapping System Version 3.2, from Global Mapping International (GMI), www.gmi.org.

'8Small portions of the map are designated as areas with a mix of languages, with the location polygons for several
groups overlapping. We use information on the population of each langauge group, available in the Ethnologue/GMI
database, to apportion population in a mixed language area between the two or more designated ethnic groups.
The GMI database also contains information on widespread languages within a country, but since these languages
are not explicitly mapped, their location is not clear. Some may have speakers in every corner of a country, while
other widespread languages may only be in certain areas such as large cities. Thus, we do not currently consider the
widespread languages in our calculations. The GMI database does not contain information on migration, or explicit
information on language group populations in urban areas, which may be more mixed.

9Gordon, Raymond G., Jr. (ed.), 2005. Ethnologue: Languages of the World, Fifteenth edition. Dallas, Tex.: SIL
International (formerly the Summer Institute of Linguistics). Online version: http://www.ethnologue.com/.
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example of this data, mapping the location of currently-spoken language groups in Senegal. Each

language is shown in a different shade of grey.

Data on population is provided by the Gridded Population of the World (GPW) population
map data for 1990, from Columbia University@ The GPW dataset takes the form of a grid covering
the whole world. Each square of the grid contains information on the population in that square.
The population data is based on carefully-compiled information from censuses around the world,
at the smallest administrative level possible for each country. The grid itself is designated by
degrees longitude and latitude and one square measures approximately 5 kilometers on a Side.@
Combining these two sources of data, our estimated ethnic group populations approximately apply

to the countries around the world in the early 1990’s.

As a first step in the process of calculating the indices, the ethnic language data and the
population data are combined to create a grid of dots covering the entire world. The dots are
located at the center of each small square on the grid of data from the Gridded Population of the
World dataset, and are approximately 1.5 kilometers on a side (or 2.25 km squared)@ Each dot
represents a group of citizens who are assigned a population based on the population data from
the underlying square of the GPW data. Each dot also has an ethnic group identity, derived from
the ethnic group for the area in which the dot is locatedg

Figure 1 illustrates this for a small portion of Senegal. Three language areas are designated,
using light grey and medium grey shading. The area in the upper left corner is Wolof-speaking,
while the area in the middle is Serer-Sine-speaking and the bottom portion is an area where both
languages are spoken. Super-imposed on this are small squares, each representing one of the “dots”
of information. The dots that correspond to higher population density are colored darker. For the
mixed language area, only one of the two dots at each point is shown. At Example Point 2, which is

in the Serer-Sine region, the population at that point is designated as 4288, while the ethnic group

20Gridded Population of the World database Version 3, from the Center for International Earth Sci-
ence Information Network (CIESIN) Socio-Economic Data Center (SEDAC), Columbia University, New York;
http://sedac.ciesin.columbia.edu/gpw/index.jsp. There is some data on the population of each ethnic group available
in the GMI dataset. However, the information is incomplete and is listed for widely varying census years.

21Prior to our analysis, we project the population and ethnic data using Albers Equal Area Conic and Lambert
Conformal Conic projections for each continent.

22In practice, we create a grid that is three times smaller than the GPW data, so that each original square of about
5km on a side is turned into nine smaller squares. We do this so as to have a smaller-scale fit between the population
and ethnic group data. Because of this division, the resulting population information is essentially increased by a
factor of nine. However all indices that we compute rely on ratios of populations, so this factor of nine cancels out
across the board.

23For mixed langauge areas, two or more dots are created on top of one another, one for each language in that
area. The population at each spot is divided among the language dots in proportion to the share of each language
group in the total population of the country.
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tagged to that point is Serer-Sine. Example Point 1 is slightly more complicated, as it is in an area
of mixed languages. Here the population at that location is divided between the two ethnic groups
based on their relative populations in the country as a whole. As a result, at Example Point 1
there are two dots, a dot representing 2211 Serer-Sine-speaking people and a dot representing 6833

Wolof speakers.

The collection of these dots is the basis for the calculation of the ELF, EDC and EC indices.
The ELF index is constructed by considering all the points in a country. We use the population
and ethnic group information from the dots to calculate estimates of the country-wide population
for each ethnic group. Based on these estimates, we calculate the ELF index, which is based solely
on the ratio of each group’s estimated population in the whole country to the total estimated

population of the country.

For the EDC index, we require detailed information on the ethnic population in the surrounding
area of each location. We divide the country into a grid of the same size and location as the
population data grid. For each square in that grid, we designated a circular area of 50 kilometers in
radius as the “local area” within which the typical citizen would travel frequently and experience
the ethnic diversity of the area. For each square, we calculated the total number of people in each
ethnic group, and the fraction of each ethnic group in the surrounding 50km circle. From these
fractions of ethnic groups for the local area around each point, we calculate a local elf index for each
point. We then generate a map which has the local elf index for each grid square in the country.
The EDC index is calculated by taking a population-weighted average of the local elf index across

the entire country.

Figures 2 through 5 show the language maps for Senegal and Zimbabwe and the resulting maps
of the local elf index for both countries. Although Zimbabwe and Senegal have reasonably similar
values for the country-wide ELF index (0.633 and 0.659, respectively), there is more interspersion
of the ethnic groups in Senegal. For example, in Senegal there are a dozen or so smaller areas of
people of a different ethnic group within some of the larger ethnic group areas (Figure 2). With
less clustering (more interspersion) in Senegal, the local elf index is higher on average, so the EDC
index, which is the average value of the local elf variable, should also be also higher. In fact, the
EDC index for Senegal is 0.349 as opposed to a value of 0.160 for Zimbabwe. Thus the EDC index
reflects the relative clustering of ethnic groups in a country, as well as the overall ethnic diversity

of that country.

Although the EDC and ELF indices are the main focus of our research, it is worth pointing out
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that the maps of the local elf index are useful in and of themselves, as they indicate areas of high
and low ethnic diversity within a country (Figures 3 and 5). Visually, areas of the country that
are more diverse are lighter, while less diverse areas are darker. For example, the places in Senegal
where several smaller groups are located in the middle of a larger ethnic group area are colored
lighter, indicating high ethnic diversity in those areas. Places where one or more language groups
meet are areas of higher diversity, while places in the middle of a language group’s area have low

diversity.

The EC index is computed in a similar manner to the EDC index. For each point in the country
we calculate the population of each ethnic group in the local area around each point. Then, using
the shares of each language group in these local areas, we compute the EC index@ The EC index
also requires information about the share of each ethnic group in the country as a whole. But this

information is the basis for the ELF index, so it is readily available.

We calculate the ELF, EDC and EC indices for 189, 189 and 185 countries, respectively; there
is an overlap of 182 countries for which we have all three indices| The raw correlation between
the ELF and EDC indices is 0.86 (Table |2, Panel A). This reflects the fact that the ELF index
measures the diversity of a country (specifically the chance that two randomly drawn citizens will
be of different ethnic groups) while the EDC index reflects both overall diversity and the clustering
of ethnic groups. The EC index is not at all correlated with the ELF index, which is not surprising
since they measure different aspects of ethnic geography, namely clustering and diversity. There is

a small negative correlation between the EDC and EC indices.

Encouragingly, the ELF index which we construct is highly correlated with the principle previous
calculation of the ELF index (referred to here as the ELF60 index), which was based on the
tabulated populations of each ethnic group from the Atlas Narodov Mira [Atlas Of The Peoples Of
The World] (1964). The correlation is 0.79 between the ELF60 index and our ELF index (Table

24Gee Section [2| for details on the EC formula. One difference is that, for the EC index we use a Gaussian weighting
function, so that populations close to the point in question received higher weight than those further out.

25The calculation of these indices is conceptually quite straightforward, but requires considerable computing power
and attention to the exact manner in which the data is divided up to be processed. The software used to manipulate
the digital map data, ArcGIS, is immensely powerful and versatile, but it is Windows-based (limiting the possible
use of servers), and uses only limited computer memory (1GB of RAM). Even the typical medium-sized country has
200,000 to 1,000,000 points, each with ethnic and population data. In computing our EDC index, we have developed
a specialized toolset for ArcGIS which is designed to meet the needs of our project. Thanks to this toolset, we
anticipate that future versions of the indices will be much more straightforward to compute. With regard to specific
countries, idiosyncratic technical difficulties with the calculation method and software prevented us from including
a dozen or so countries in one or more of the indices. In addition, six large countries (Australia, Canada, China,
Kazakhstan, Russia, and the United States) are omitted because their files are too large to process with the current
toolset. We are currently working on modifications to our algorithms so as to be able to calculate the indices for all
omitted countries.
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Panel B). The two measures are from different time periods, the 1960’s versus the 1990’s, and are
constructed based on different datasets. The ELF60 index uses lists of ethnic group populations
for each country. By contrast, our ELF measure is based on combining the ethnic group areas
with population density data, on a geographic basis, and estimating ethnic populations from the
resulting data. Finally, the definitions of ethnic groups in the Atlas Narodov Mira are mostly based
on language but also include some aspects of religion and more loosely-defined “culture.” Our index

is based solely on ethnic groups as determined by linguistically-defined languagesﬁ

Given these significant differences, it is reassuring that the correlation is as high as it is. We are
encouraged by this strong correlation between our measure and the traditional measure and see this
as a reflection of the validity of our map-based methodology to estimate ethnic populations. Finally,
a major advantage of our method is that data is available for essentially the entire world, allowing us

to create the indices for many more countries than are typically available for cross-country analysis.

Summary statistics for the ethnic variables we construct are given in Table [3] All four indices
have values between 0 and 1 and the ELF and ELF60 indices have similar characteristics. Note
that ELF60 is available for only 113 countries compared to 189 countries for our version of the ELF
index. The mean and median for the EDC index are lower than the corresponding values for the
ELF index, reflecting the fact that the ELF index for each country is an upper bound for the EDC

index for that country.

3.2 Civil War Variables

We construct our civil war variables based on two alternative sources. Our main data come from
the Correlates of War (COW) database, specifically the PRIO/Uppsala Version 3.0@ The COW
data are widely used in the literature (for example, Collier et al. (2004) and Fearon and Laitin
(2003)) and hence we use this data for our baseline regressions. The dataset includes information
on the location, start date, end date and total battle deaths per year for each conflict. As a
robustness check, we also use the Major Episodes of Political Violence (MEPV) dataset, which
includes a slightly different set of conﬂicts@ The MEPV dataset also has some information, albeit

25Tn order to explore further the differences between the ELF60 and our ELF index, we are currently constructing
an “intermediate” version of the ELF index, in which we use the (somewhat incomplete) population data in the GMI
linguistics database, but rely on the older, non-map-based method to calculate an ELF index. Thus we combine the
method of the ELF60 index and the data from our ELF index.

2Thttp:/ /new.prio.no/ CSCW-Datasets/Data-on-Armed-Conflict/. We update the number of battle deaths through
2005 using updated data from Uppsala/Prio. Data on battle deaths are based on Gleditsch, Wallensteen, Eriksson,
Sollenberg and Strand (2002) and Lacina and Gleditsch (2006).

28Gee http://members.aol.com/cspmgm /warlist.htm for more details.
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incomplete, on civilian deaths, while the COW data only considers battle combatants@

There has been extensive debate in the literature concerning the definition of civil conflict, with
many authors relying on different definitions and hence using a different number of conflicts in
their analysism We abstain from entering into this debate, and instead use the broadest definition
of civil conflict for our analysis, specifically the entire COW database. We then perform several
robustness checks with alternative definitions. First, we use the MEPV database. Next, for each
of the COW and MEPV databases, we restrict the sample to conflicts with more than 100 battle
dead per year and more than 1000 total battle dead during the entire conflict, a common threshold
in the literature. For the MEPV data, we also run regressions in which we only include conflicts
which are labeled as having an “ethnic” component. Finally we also restrict our COW database
civil conflicts to those also considered by Fearon and Laitin (2003), whose dataset is widely used

in the civil war literature.

Using data from the COW database, we construct eight civil war variables using data on the
conflicts in each country@ First, we sum the number of conflicts in the country that begin between
1945 and 2005. This variable is our primary measure of civil war incidence. We also create a dummy

variable that indicates the presence or absence of civil war during the sample period of 1945-2005.

To measure the average duration of war, we calculate the length of each conflict and then
average that number across all the conflicts in each country. This measure reflects the propensity
of a country to have long wars versus short wars and can more closely address the question of
whether certain patterns of ethnic groups, such as diversity or clustering/interspersion, lead to
longer wars. We also calculate the average casualties per conflict for each country and report
this variable in absolute terms and as a proportion of the population of the country (per 1000

inhabitants).

While the preceding two sets of variables, conflict incidence and conflict duration/intensity,
relate more directly to our hypotheses outlined in Section [4, several additional variables measure
the total burden placed on the country by civil war and may also be of interest. Total duration is
the total time spent in war and is measured as the fraction of years between 1945 and 2005 that
the country had a civil war. Similarly, we calculate the total number of casualties due to civil
war, and the total casualties normalized by the country’s population. Finally we make use of the

COW variable describing the intensity of civil wars. This intensity variable takes a value of 1, 2,

2°The MEPV conflicts include approximately 16 million total deaths, while the COW conflicts include approxi-
mately 5 million total battle deaths.

30See Sambanis (2004) for an in-depth discussion.

31We construct similar measures using the MEPV data.
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or 3, depending on the number of casualties in the conflict. When combining information on many

conflicts for one country, we use the highest value of the COW intensity variable for that country.

Since a country cannot have a negative number of conflicts, years spent in conflict, or battle
deaths, all civil war variables are censored at zero. In fact, the median country in our sample has a
zero for all of its civil war variables. Because of this censoring of the civil war data, we use a Tobit

specification in our regression analysis.

Summary statistics for the COW civil war variables, as well as for our main control variables,
are described in Table The average country had a little over one conflict and spent over five
years in civil war. However, as reflected by the zero median for each civil war variable, the typical
country has no civil war. Among countries with conflict (not shown in the table), the mean number

of conflicts is 2.6 and the mean total time spent in war is 11.6 years.

Raw correlations between the ethnic and civil war variables are shown in Table [2, Panel C. Civil
war outcomes are only somewhat correlated with the ELF index and even less correlated with the
EDC index. However, the EDC index is picking up on diversity as well as clustering, so regression
results in which we control for diversity using the ELF index should be more helpful. Finally, note
that the six civil war variables listed (number of conflicts, total duration, average duration, total
casualties, average casualties, and the COW intensity measure) are somewhat correlated with one

another, but they are not identical. These correlations are all between 0.24 and 0.84.

4 Theoretical Relationship between Ethnicity and Conflict

In this section we consider several hypotheses concerning the impact of ethnic diversity and clus-
tering on civil conflict. Theories of ethnic identity can be divided into two categories. Primordialist
theories describe situations in which an agent’s affinity for his or her ethnic group members en-
ters directly into his or her utility function. By contrast, instrumentalist theories describe agents
who do not care about ethnicity itself, but who pay attention to ethnicity because of its potential
strategic role. While we feel that primordialist theories are important, for the most part we focus
on instrumentalist theories so as to make the case that ethnicity can play a role even outside of
any natural affinity that members of an ethnic group have for one another. In many cases, primor-
dialist arguments can serve to strengthen the theories we describe below. In Section [5], we test our

hypotheses empirically using our newly constructed ethnic indices and the data on civil wars.
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4.1 Ethnic Diversity and Civil War

We begin by considering the relationship between ethnic diversity and the incidence of civil war.
In our empirical work, ethnic diversity is measured by the ELF index. Caselli and Coleman (2006)
describe a model in which ethnicity allows coalitions to be enforced ex post, because non-coalition
members can be excluded from a winning coalition based on their ethnicity. Since potential warring
coalitions will be stronger with ethnicity as an enforcement mechanism, more ethnic diversity
should be associated with more civil conflict. Other authors (Chandra (2003), Hardin (1995))
have shown that ethnicity can be used to coordinate on coalitions, while Fearon (1999) writes
that ethnicity can help create and enforce coalitions for pork projects. Glaeser (2005) describes a
model in which politicians may actually incite ethnic hatred towards members of racial groups in
opposing coalitions, so as to weaken their opponents. Thus ethnicity can play a role in creating
and strengthening coalitions. These findings lead to our first hypothesis concerning the impact of

ethnic diversity on the incidence of civil conflict.

Hypothesis 1: A higher degree of ethnic diversity is associated with a higher incidence of civil

conflict.

More specifically, Caselli and Coleman (2006) and others propose a U-shaped relationship be-
tween ethnic diversity and conflict incidence. They argue that ethnicity is most likely to be helpful
in forming or enforcing coalitions when there are two or three main ethnic groups in a country,
which is a situation associated with an intermediate level of overall ethnic diversity. We test a
corollary of Hypothesis 1, which predicts that the relationship between ethnic diversity and conflict

is non-monotonic.

We now turn to the question of which factors affect the average duration of conflicts in a country.
Two crucial concepts are the cohesion of the ethnic group and the enforceability of post-conflict
settlements. These two factors affect the duration of conflict in opposite directions. We posit that
the more cohesive the coalition, the less likely it is that the conflict will “fade away” over time
in the face of random shocks to other factors that affect the coalition’s success, such as available
resources or outside support. This channel is more along the lines of primordialist theories since
it depends on intrinsic affinity among members of an ethnic group. It predicts that higher ethnic

diversity should be associated with longer wars.

However, other factors may cause higher diversity to be associated with shorter wars. As

mentioned in the discussion of Hypothesis 1, ethnicity can be used to help enforce coalitions after
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a war has come to a settlement. If this is the case, then it should be easier to come to a settlement
between the warring parties if ethnicity plays a role in the coalition. Collier and Hoeffler (2006)
discuss the importance of the ability to lock-in post-conflict settlements, in ending a civil conflict.
Thus, greater ethnic diversity and, by extension, greater ethnic involvement in the formation of
coalitions, could lead to shorter wars by allowing the warring parties to more easily come to an
enforceable, negotiated settlement. Our second hypothesis details this theoretical ambiguity in the

relationship between diversity and the duration of conflict.

Hypothesis 2: A higher degree of ethnic diversity is associated with a longer average duration of
civil conflict if ethnic group cohesion is important, and a shorter average duration if post-settlement

enforceability is important.

Again, non-linearities may be relevant in this relationship. Collier et al. (2004) discuss the fact
that having many ethnic groups in a rebel group or coalition can reduce the cohesion within that
group. (This is also a primordialist theory.) This situation is more likely in countries with very
high diversity and thus many small ethnic groups from which to form coalitions. If the effect is
important, we should actually observe shorter conflicts in extremely diverse countries, leading to a

predicted non-monotonic relationship between ethnic diversity and civil conflict duration.

4.2 Ethnic Clustering and Civil War

A second dimension that we study is the relationship between ethnic clustering and civil conflict.
Ethnic clustering will be examined empirically using the EDC index with the ELF index also

included in the regression, to control for the ethnic diversity portion of the EDC index.

We begin by considering the incidence of conflict and then discuss factors affecting the dura-
tion of conflict. Theory suggests that higher ethnic clustering should be associated with a higher
incidence of civil conflict. Bates (1983) points out that many public goods have a spatial aspect,
because citizens located near one another benefit from the same local public goods, such as roads,
schools and infrastructure. We add to this observation by postulating that coalitions of neighbors
have potentially more to gain from civil conflict than coalitions of non-neighbors. Since ethnicity
can be used to enforce coalitions, the clustering of people of one ethnic group is associated with
a higher likelihood of feasible coalitions, due to the joint advantages of enforceability and a high

potential return to members. Thus more clustering should be associated with more civil conflict.

Moreover a second channel reinforces this effect. A clustered ethnic group allows a coalition
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based on that ethnic group to have access to a “home base” area in which to create a secure base of

operations for a military force supporting the coalition. Hence, we propose the following hypothesis.

Hypothesis 3: A higher degree of ethnic clustering is associated with a higher incidence of civil

conflict.

Finally we look at how the clustering of ethnic groups might affect conflict duration. If the
conflict quiets down or becomes easier to resolve once each ethnic group’s army is in control of its
own ethnic group territory, then settlement is likely to happen more rapidly for clustered rather
than interspersed ethnic groups. By contrast, interspersed ethnic groups could be associated with
protracted wars as competing claims to territory require more time to be sorted out. Civilian
casualties are also likely to be lower for clustered ethnic groups than for areas with many ethnic
groups interspersed, as it is easier for a sympathetic army to protect civilians in one large area,

than to protect civilians in scattered settlements@ Our final hypothesis reflects this relationship.

Hypothesis 4: A higher degree of ethnic clustering is associated with a shorter duration of civil

conflict, and fewer average civilian casualties.

Thus, we have predictions that higher ethnic diversity should be associated with a higher inci-
dence of civil conflict, and either shorter or longer average duration. Ethnic clustering is predicted
to be associated with a higher incidence but a shorter duration of ethnic conflict and fewer civilian

casualties.

5 Empirical Results

5.1 Ethnic Diversity Results based on the ELF Index

We use cross-country regressions to test Hypotheses 1 and 2 which are outlined in the preceding
section. Both hypotheses describe the correlation between civil war outcomes and ethnic diversity,

as measured by the ELF index.

Hypothesis 1 concerns the incidence of civil war, which is measured by our “number of conflicts”

320pposing this idea are Fearon (2004)’s findings that “sons of the soil” conflicts tend to last for a long time.
Here, Fearon describes a situation in which a resource- or land-poor majority is encouraged to move into a well-off
minority group’s home territory. Fearon finds that these conflicts tend to last for a long time. However, this situation
of a majority group infiltrating a minority area is only one particular case of ethnic interspersion (or low levels of
ethnic clustering). Furthermore, our data on linguistics tends to be biased towards reflecting the primary language
of indigenous people in an area, so we may not be able to measure this type of interspersion very accurately with our
current data from Global Mapping International.
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variable. Results for this variable are presented in Table [4. Because of the censored nature of our
civil war data, our preferred specification is the Tobit specification shown in Columns 5 through
8. For comparison purposes, we also present OLS results in Columns 1 through 4. For each spec-
ification, we show the ELF and EDC indices separately and together. We also include regressions
with two basic controls, a dummy for whether a country is a former colony, and a measure of
climate, specifically the percentage of the country’s land area that has a hot and rainy climate

(Koppen-Geiger climate zone A).

As shown in Table [4 the ELF index is significantly and positively correlated with the number
of conflicts, in both the OLS and Tobit specifications. Addition of the EDC variable and the two
controls, colonial and climate, does not affect the significance of this result. This offers strong
support for Hypothesis 1 and we can conclude that ethnic diversity is associated with an increase
in the number of civil conflicts. Since this hypothesis is based on theories of ethnicity increasing

the strength of warring coalitions, we also find support for these theories of ethnic-based coalitions.

In terms of the magnitude of this effect, consider a country which goes from the 25th percentile
of the ELF index to the 75th percentile, an increase of 0.26 in the ELF index. By multiplying this
number by the coefficient in Table @ Column 8, we find that this increase in ethnic diversity is
associated with an increase of 1.3 in the number of conflicts for the country. This is a substantial
change given that the mean number of civil conflicts among countries with any civil war is 2.6

conflicts.

One possible concern is that the definition of each separate conflict may be somewhat arbitrary
in countries with many years of overlapping conflicts. Table [5| shows a probit regression in which
the dependent variable reflects whether or not a country had any civil conflict during the period of
study, 1945-2005. This variable measures incidence of civil war, but is not subject to the questions
concerning the definitions of conflicts and sub-conflicts. The ELF index continues to be significant

in this specification, even with the addition of the colonial and climate controls (Column 4).

Regarding the relationship between ethnic diversity and average conflict, Hypothesis 2 provides
an ambiguous prediction for the direction of this correlation. Results for the average duration
outcome variable are shown in Table [6] Panel B. Here, we also show OLS and Tobit results. While
the ELF index is significant when entered by itself or with just the EDC index (Columns 5-7),
the ELF index loses significance when we include the two main controls, colonial and climate.
From this we can conclude that the evidence is weaker for a correlation between ethnic diversity

and the average duration of civil conflict. This is in accordance with the ambiguous predictions
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of Hypothesis 2, for either shorter or longer wars in countries with higher ethnic diversity. This
evidence cannot be taken as conclusive since it relies on a null result. Still, it is possible that
the two competing factors of greater cohesion and greater ability to make binding settlements are
canceling each other out to a certain degree when it comes to the net effect of ethnic diversity on

the average duration of conflicts.

Average casualties per conflict is another measure of the intensity of each civil conflict. These
results are reported in Table [7] Panel B. Here, the coefficient for the ELF index is still significant
and positive, even when the main controls are included (Column 8). However, when we consider
average casualties as normalized by the population of the country (Table[8| Panel B), the coefficient
on the ELF index is again insignificant. Thus, there is still little support for a strong correlation

between ethnic diversity and the average duration or intensity of conflicts.

Additional civil war variables detail the overall impact or burden that civil war places on a
country. Results for total duration, total casualties, and total casualties per 1000 inhabitants are
shown in Panel A of Tables[6] through[§] Considering the Tobit regressions that include colonial and
climate controls (Column 8 in each table), we find that ethnic diversity as measured by the ELF
index is significantly correlated, at the 5% level or higher, with total duration and total casualties.
The index is significant at the 10% level for the casualties per 1000 inhabitants variable. Thus,
higher ethnic diversity is associated with a greater overall burden of civil conﬂict@ In terms of the
magnitude of this effect, for countries already affected by civil war (that is, the uncensored part
of our database), increasing ethnic diversity from the 25th percentile rank among countries to the
75th percentile rank is associated with an increase of 5.7 years in the total time spent in war. This
compares to an average of 11.6 years spent in conflict among this group of countries, which is a

large effect.

Results for the equivalent MEPV variables are shown in Table[9]and broadly confirm the results
from the COW data. The major exception is that average duration of conflicts is now significantly

correlated with the ELF index.

Finally, we consider the possibility of a non-monotonic relationship between ethnicity and the
civil war outcome variables, which is described further in Section [l We consider a non-linear
relationship between the ELF index and the civil war variables by including a square term for the

ELF index. In results not reported here, we find that the coefficient on the ELF squared term is

33We also find a significant impact on the COW intensity variable. These results are available at
http://www.people.fas.harvard.edu/ matuszes/papers.html.
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insignificant for all the civil war outcome Variables@ Thus, we do not find strong support for a

non-linear relationship between ethnic diversity and civil conflict outcome variables.

To conclude, for our first two hypotheses, we find stronger support for an impact of ethnicity
on incidence of conflict than for an impact on duration. We also find little evidence of a non-linear

effect of ethnic diversity on civil conflict.

5.2 Ethnic Clustering Results Based on the EDC Index

Next, we consider the relationship between ethnic clustering and civil war outcomes, and use these
findings to test Hypotheses 3 and 4. Our principle variable for measuring clustering is the Ethnic
Diversity and Clustering (EDC) index. We report preliminary evidence from our Ethnic Clustering
(EC) index in Section Because the EDC index measures both diversity and clustering, we
consider regressions in which the ELF index is also included, so that the variation in diversity can

be absorbed by the ELF index, leaving the EDC coefficient to reflect the effect of clustering.

Hypothesis 3 predicts that more ethnic clustering will be associated with a higher number of
ethnic conflicts per country. Results using the number of conflicts as an outcome variable are
shown in Table @l Again, we include our preferred Tobit specification as well as OLS results.
Although the sign on the EDC index is positive and significant when this variable is included by
itself (Column 6), it is always negative and significant when the ELF index is included (Columns 7
and 8). This indicates that, when controlling for ethnic diversity, the residual impact of the EDC
index is to decrease the incidence of civil conflict. A higher EDC index is associated with higher
ethnic diversity but also with a more even distribution of ethnic groups within the country, that is
with less clustering. Thus, this negative coefficient on the EDC index in the joint regression implies
that countries with more clustered (more segregated) ethnic groups are associated with more civil
conflict. This conclusion offers support for Hypothesis 3, which predicts that higher clustering is
associated with a higher incidence of civil war. Finally, unlike the ELF index, the EDC index is
not robust to using a probit model for the presence or absence of conflict (Table . When the two

main controls are included (Column 4), the EDC index no longer has a significant effect.

In considering Column 6, where we include only the EDC index, two competing factors are at
work. A higher EDC is associated with more ethnic diversity, which is tied to more civil conflicts.
However, a higher EDC is also associated with less clustering, which is tied to fewer civil conflicts.

Since the coeflicient on the EDC index by and large remains positive when ELF is not included in

34These results are available from the authors by request.
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the regression, there seems to be evidence that the ethnic diversity effect on conflict incidence is
stronger than the ethnic clustering effect. An alternative explanation is that the EDC index may,
by construction, give more weight to ethnic diversity than to ethnic clustering. Further analysis

using the EDC and EC indices may be able to shed light on this issue.

To test Hypothesis 4, we consider the evidence on the average duration of civil conflicts, as
shown in Table [ Panel B. Here, the EDC index is insignificant when the ELF index and two basic
controls are included (Column 8). Thus we find no support either way for Hypothesis 4, which
predicted that higher clustering would be associated with shorter civil wars. For the other two
civil war variables measuring the average intensity of wars, average casualties per conflict (Table
Panel A) and average casualties per conflict normalized by population (Table |8, Panel A), we
find similar results as for the ELF index. The EDC index is significant for the average casualties

outcome, but not for the average casualties per 1000 inhabitants outcome.

Regarding the effect of ethnic clustering on the remaining civil war outcome variables which
measure the overall impact of civil war on a country, we find that higher clustering is significantly
correlated with greater total time spent in war (total duration), higher total casualties, and higher

total casualties per 1000 inhabitants (Tables [6] through [ Panel A).

Results for the MEPV data are broadly in accordance with our results for the COW data (Table
E[). One important difference is that the EDC now has a significant, negative coefficient for the
average casualties regression (Column 5). Recall that the MEPV casualties data include civilian
as well as combatant deaths. So, this result seems to indicate that higher clustering is associated
with higher casualties among combatants and civilians combined. This contradicts Hypothesis 4,

which predicted that clustering would lower civilian casualties.

To summarize, we find support for Hypothesis 3, which says that higher clustering is associated
with a higher incidence of civil conflict. However, we do not find strong support for Hypothesis 4,
which predicts that higher clustering would be associated with shorter and less bloody wars. In
fact, using the MEPV data on civilian casualties, we find some evidence that more clustering is

associated with higher average civilian casualties per war, which contradicts Hypothesis 4.

Finally, we consider wars which are known to have an explicit ethnic component. The MEPV
dataset includes a flag for whether the combatants on either side of a conflict were organized in
part along ethnic lines. Table|10|shows results when the sample is restricted to these “ethnic wars.”
Interestingly, the results turn out to be much less strong than when we include all conflicts. When

the colonial and climate controls are included, EDC is never significant and ELF is significant only
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for the number of conflicts and the total duration of conflict.

5.3 Preliminary EC Index Results

Table [L1] presents preliminary results using the EC index as a measure of ethnic clustering. This
index has two caveats. First, it is not defined for homogeneous countries. Second, due to the
logarithmic function in the formula, the index is very sensitive to measurement errors when there
is one very large ethnic group and a few small ethnic groups. These countries also have a low ELF,
since they are relatively un-diverse. Thus, we present preliminary results for the EC index using
only countries with an ELF index greater than 0.1. This reduces our sample by between 40-80

countries, depending on the speciﬁcationﬁ

Using this restricted sample, the coefficients on the ELF index often lose significance, possibly
as a consequence of the lower variation in the ELF index. However coefficients on the EC index
are very significant for all civil war outcomes, often at the 1 percent level, with the exception of
average duration. The coefficients on the EC index are all positive, meaning that more clustering
is associated with more civil conflict. Since more clustering is associated with a lower EDC index,
but a higher EC index, these results are consistent with our conclusions from regressions using the

EDC and ELF indices. We intend to analyze this index more closely in the future.

5.4 Artificial States and Political Outcomes

Next, we consider whether ethnic diversity and clustering is more likely to lead to civil conflict
in countries which were created “artificially.” Alesina et al. (2006) construct two measures of the
degree to which a state is artificial. Their “partitioned” variable measures the fraction of a country’s
population that belongs to a partitioned ethnic group, which is an ethnic group that is split into two
or more different countries. They also create a measure of the straightness of a country’s border, a
“fractal” index based on the fractal dimension of the border. We control for both of these variables
and find that neither fractal nor partitioned is significant.?* However, all four ethnic variables are

noisy and the number of observations is considerably reduced by the inclusion of all the controls.

We construct a variable, artificial, which is a dummy variable which takes the value of one when
the fractal variable is below its median value; lower values of fractal correspond to more artificial

states. We then interact artificial with our two indices, ELF and EDC (Table [12)). For two of

35Geveral zero- or low-ELF countries drop out of the sample when we include the control variables.
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our outcome variables, the number of conflicts and the COW intensity variable (Columns 1, 2, 7
and 8), ELF and EDC lose significance when the interaction terms are included, and three of the
four interaction terms become significant. The first two coefficients, on the level terms, reflect the
effect of ELF and EDC for the non-artificial countries, while the coefficients on the interaction
terms reflect the differential impact on artificial countries. Thus having high diversity or high
clustering seems to be problematic only for artificial states@ The coeflicients are not significant
for the average duration and average casualties outcomes. Hence these results should be considered

indications, but not as strong evidence one way or the other.

Finally, we briefly consider the impact of ethnic clustering on several economic, political and
public goods outcome variables (Table[13)). Using the same outcomes as Alesina et al. (2006), orig-
inally derived from Kaufmann, Kraay and Mastruzzi (2004), we find significant effects of the ELF
and EDC indices on six political variables, checks on power and accountability, political stability,
government effectiveness, regulatory quality, the rule of law, and corruption. When controlling for
colonial status and climate, ELF is significant at the 1% level for all six variables. EDC is not as
robust, but is still significant at the 5% level or higher for regulatory quality and marginally signif-
icant at the 10% level for political stability and corruption. In all cases, the signs of the coefficients
reflect the fact that higher diversity (higher ELF) and more clustering (lower EDC) are associated
with worse political outcomes. The impact of ELF and EDC on several economic and public goods

variables is largely insignificant. These results are not shown but are available upon request.

To conclude, based on evidence from our EDC and ELF indices, we find support for Hypotheses 1
and 3, which state that higher diversity and higher clustering are associated with a higher incidence
of civil conflict. We find less support for Hypotheses 2 and 4, which concern the average duration of
civil war. We find that higher ethnic diversity and clustering are associated with worse overall civil
war outcomes, particularly in terms of the total time spent in war and the total civilian casualties.
Preliminary evidence from our EC index supports these finding. Artificial states appear to be more
strongly affected by ethnic diversity and clustering in terms of the number of civil wars; while the
impact on non-artificial states is not significant. Finally, we show evidence that higher clustering,

and especially higher ethnic diversity, is associated with worse political outcomes.

36Interestingly, the coefficient on the artificial variable is positive, indicating that less artificial states tend to have
more civil war. However, this coefficient is much smaller in magnitude than the coefficients on the interaction terms,
so that in ethnically diverse countries the net effect should still be that an artificially constructed (relatively straight)
border is associated with more civil war.

26



6 Robustness Tests

In keeping with the large variation across the literature on ethnic diversity and civil conflict, we
perform several robustness checks with our data. For the first three robustness check, we present
results for both the COW data (Panel A in each table) and the MEPV data (Panel B in each
table). First, we include continent dummy variables and our results if anything become stronger
(Table . ELF and EDC still have no impact on conflict duration in the COW data, but do have
an impact in the MEPV data.

In regressions not included in this paper, we restrict our data to big countries and big conﬂictsm
We limit our sample to countries with over 500,000 inhabitants, dropping 33 countries in the process,
and our results are essentially unaffected. We also limit our sample of civil wars to big conflicts,
as measured by the number of battle deaths. We include only conflicts and conflict-years in which
there were 100 or more battle deaths per year and 1000 or more total battle deaths during the span
of the conflict. This reduces our sample of conflicts considerably, from 264 to 126. Our results for
both ELF and EDC remain robust. However, the ELF index becomes significant for the average
duration outcome, which provides additional evidence regarding the predictions of Hypothesis 2.
The result suggests that ethnic diversity can lengthen big conflicts, but has no significant effect on

overall conflict.

We consider alternative definitions of conflict, and include only conflicts in the COW database
that are also in the database used by Fearon and Laitin (2003). In addition to the COW database,
this data is one of the most widely-used sources in the literature. Although this sample of conflicts
is restricted to the overlap between the COW and Fearon-Laitin databases, over two thirds of the
conflicts in the Fearon-Laitin database are included. Results are shown in Table Interestingly,
using this group of conflicts, the ELF index has a significant impact on the average duration of

ethnic conflict.

One control that does have a slight impact on the EDC measure is country size. When we
include this variable, the coefficients on the ELF index remain significant. However, results for our
EDC index are no longer significant at the 5% level, although they remain significant at the 10%
level. Given a constant degree of ethnic diversity, a larger country will tend to have ethnic groups
living further apart on average. Hence the EDC may also be picking up on this effect, in addition to
the effects of diversity and clustering. Still, our results for the EDC index remain weakly significant

even when including this country size factor. By contrast, coefficients for both the ELF and EDC

37These results are available at http://www.people.fas.harvard.edu/ matuszes/papers.html.
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indices remain significant when we include population as a control.?*

Finally, we consider the crucial concept of reverse causality from civil conflict to the ethnic
geography make-up. Members of an ethnic group may migrate or attempt to switch ethnicities in
response to civil war, particularly for ethnically-based civil wars. Since our main civil war data is
from 1945 to 2005, and our ethnic data is from the 1990’s this is a potentially serious problem@
In Table we show results from restricting the sample to only conflicts beginning in 1990 or
later. This reduces our sample of conflicts considerably. The result for the EDC index is no longer
significant, although the sign is still negative. Results for the ELF index are robust to using only
the post-1990 conflicts.

In future work, we hope to instrument for the ELF index using measure of genetic variety within
a country. Genetic data is available for many populations all over the world. However, to date it
appears that much work has focused on single genetic mutations, or on classifying people around
the world in to groups, for example 32 or 44 distinct groups. However, we are interested in a
measure of genetic diversity within a country, which requires more information than this. We hope

to be able to present instrumental variables results along these lines at some point in the future.

To conclude, our results are essentially robust to considering only large countries or large con-
flicts, to including continent dummy variables, to alternative definitions of conflict, and to the
addition of other ethnic controls. Country land area does have an impact on the results for the
EDC index, reducing the significance level to 10%. Our results for the ELF index are unaffected
when we consider only post-1990 conflicts, while results for the EDC index become insignificant in

this smaller sample.

7 Conclusions

We construct a new index of ethnic diversity and clustering (EDC) using digital map data for the
location of language groups around the world and population density data. We also replicate the
traditional ethno-linguistic fractionalization (ELF) index using our data and methodology and find

that it is highly correlated with previous measures of the ELF index.

Both the ELF index, which measures diversity, and the new EDC index, which measures both

diversity and clustering, are shown to be significantly correlated with the incidence and the overall

38Tt seems likely that migration is more likely to cause reverse causality problems, than ethnic group switching.
Changes to the mother tongue spoken by a family often occurs over many generations, so these changes are less likely
to be observed in the time frame we study.
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impact of conflict on a country, as measured by total duration of conflict and total casualties. When
the ELF and EDC indices are included together in regressions, the ELF index captures the ethnic
diversity aspect of the EDC index. The coefficient on the EDC index then provides an estimate of
the effect of the clustering of ethnic groups. Based on these regression results, we find support for
Hypotheses 1 and 3, which posit that higher diversity and higher clustering, respectively, should

be associated with higher incidence of civil war.

With regard to the average duration of conflicts, we find that the EDC and ELF indices both
have an insignificant effect on this variable. Hypothesis 2 provides an ambiguous prediction for the
impact of ELF on duration, while Hypothesis 4 predicts that higher clustering should be associated
with shorter wars and fewer civilian casualties. Thus, our results are in accordance with Hypothesis
2, and seem to contradict Hypothesis 4. In addition, using civilian and combatant battle deaths
from the MEPV database we find that higher clustering is associated with more overall casualties,
directly contradicting Hypothesis 4. Future work should explore additional theoretical reasons for

this relationship.

Our results are robust to including climate, continent and colonial history as controls; limiting
the sample to large countries or large conflicts; and several other robustness checks. To address a
potential reverse causality between conflict and ethnic geography, we restrict our sample to wars
beginning 1990 or later. Our results for the EDC index become insignificant, but results for the

ELF index are robust to this restriction.

We also examine interactions with measures of artificial states from Alesina et al. (2006). We
create a dummy variable using their fractal measure of the straightness of a country’s border, which
reflects the degree to which a country was constructed artificially. When we consider interactions
between this measure of artificiality and the EDC and ELF indices, the results indicate that higher
diversity, as measured by the ELF index, and more clustering, as measured by the EDC index are
both associated with a higher incidence of civil conflict in artificial states. However neither variable

has a sizeable impact for non-artificial, or more “natural” states.

Finally, our new indices are significantly correlated with indicators of political stability and
freedom within countries. More diversity and more clustering of ethnic groups are associated
with worse political outcomes. Correlations between our measures and economic and public goods

indicators are not significant.

We feel this paper provides a significant methodological contribution by introducing the tech-

nique of using digital map data to calculate new variables. Here, we calculate several new variables
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of ethnic geography, but the approach can be applied to creating data for many different areas of
interest. One advantage of this technique is the ability to consider sub-national areas, such as the
conflict zones themselves. Another advantage is the ability to generate data for large numbers of

countries.

In future work, we will examine the effect of including a GDP control in a panel data setting, a
necessary framework since GDP is strongly affected by ethnic diversity and is therefore endogenous.
We also plan to examine the duration of conflicts using hazard models to estimate the chance that
particular conflict will end in a given time frame, in conjunction with work focusing on conflict-area

measures of ethnic diversity and clustering.

To help identify a causal relationship between ethnicity and civil conflict, as opposed to the
correlations that we report in the paper, we are exploring the possibility of using genetic diversity as
an instrumental variable. We also plan to compare the ethnic diversity and segregation of conflict
zones to see if there is a correlation between certain patterns of ethnic geography and the duration
or severity of the conflicts. Additional possible extensions include regional (sub-national) analysis

and more extensive analysis of political and economic outcome variables.
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Figure 1: Senegal Points Closeup
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Figure 2: Senegal Languages - Each language is designated with a different shade of grey.

Figure 3: Senegal Local Elf Index - Lighter areas correspond to higher diversity areas, while darker
areas have less diversity. Black outlines of the different language areas have been superimposed on
this map of the local elf index.
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Figure 4: Zimbabwe Languages - Each language is designated with a different shade of grey

Figure 5: Zimbabwe Local Elf Index - Lighter areas correspond to higher diversity areas, while
darker areas have less diversity. Black outlines of the different language areas have been superim-
posed on this map of the local elf index.
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