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We know little about how ethnic geography, i.e., the distribution of ethnic groups across space, shapes
comparative economic, political and social development. To make progress and to harness the growing
availability of spatially explicit data, we need indices summarizing key aspects of ethnic geography.
We develop and axiomatize a novel index of ethnic segregation that takes both ethnic and spatial dis-
tances between individuals into account. We can decompose this index into indices of generalized ethnic
fractionalization, spatial dispersion, and the alignment of spatial and ethnic distances. For our applica-
tion, we compute different country-level versions of the segregation index and its components based
on either ethnographic maps or geo-referenced survey data. Reassuringly, the different versions of the
segregation index are highly correlated. We explore the relation of our indices to (i) existing measures
of ethnic segregation and diversity; (ii) climatic and geographical factors; and (iii) the quality of govern-
ment, economic development, and trust.
� 2021 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

There is a vast literature on how ethnic diversity affects eco-
nomic, political and social outcomes. This literature provides evi-
dence for negative effects of country-level ethnic diversity on,
e.g., public good provision, redistribution, the quality of govern-
ment, peace, and economic development in general. In these stud-
ies, ethnic diversity is typically measured by the standard index of
ethnic fractionalization (e.g., Easterly and Levine, 1997, Alesina
et al., 2003, Desmet et al., 2012) or indices of ethnic polarization
(e.g., Esteban and Ray, 1994, Montalvo and Reynal-Querol,
2005).1 These indices are based on the different ethnic groups’
country-wide population shares. By definition, they ignore ethnic
geography, i.e., the distribution of ethnic groups across space. Ethnic
geography, however, may well shape comparative economic,
political and social development, but we do not know how. To
make progress and to harness the growing availability of spatially
explicit data, we need indices summarizing key aspects of ethnic
geography.

We contribute to the literature on ethnic diversity by proposing
a set of indices that capture key aspects of ethnic geography. Our
main contribution is a methodological one: we derive a new segre-
gation index that is based on both spatial and ethnic distances
between pairs of individuals instead of population shares only.
There is indeed evidence that both these distances matter for eco-
nomic, political and social outcomes (see, e.g., White, 1983, for spa-
tial distances and Desmet et al., 2009, for ethnolinguistic
distances). For conceptual clarity we provide an axiomatic charac-
terization. Starting from a general class of indices that are expres-
sions of the relation between a randomly selected pair of
individuals, we uniquely characterize the proposed segregation
index via a set of axioms that are intuitive properties of a segrega-
tion measure.
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Fig. 1. Illustration of our segregation measure.
Notes: The two diagrams of each sub-figure depict two distributions of ethnic
groups in space. Each tone of gray indicates a different ethnic group, and ethnic
distances between groups are given by differences in tones of gray. Spatial locations
are on the horizontal axis, which also measures spatial distances, while the vertical
axis measures the population mass at each location.

Fig. 2. Illustration of the distributions of the axiomatization.
Notes: The two diagrams of each sub-figure depict two distributions of ethnic
groups in space and are to be interpreted in the same way as in Fig. 1.

3 Online Appendix A illustrates border dependence and the checkerboard problem
in some detail.

4 One could also consider applications in which either the ethnic or the spatial
dimension in our setup were replaced by income, wealth, or some other economic
variable. Notice, however, that our axiomatic characterization treats the two
dimensions symmetrically as distances in an abstract space, while more specific
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The proposed segregation index has three prominent features.
The first is that, if we abstract from the spatial dimension (by
assuming the same spatial distance between an individual and
anyone else, including oneself), our segregation index coincides
with Greenberg’s (1956) generalized fractionalization index. If eth-
nic distances between individuals are further assumed to be bin-
ary, this latter index becomes equivalent to the standard
fractionalization index used by Alesina et al. (2003) and many
others. Hence, our segregation index can be seen as a straightfor-
ward spatial extension of the most commonly used measure of
ethnic diversity. Symmetrically, our segregation index reduces to
a simple index of spatial dispersion if we abstract from the ethnic
dimension.

The second (and closely related) prominent feature is that
our segregation index can be decomposed into three (sub-)
indices: the generalized fractionalization index, the index of
spatial dispersion, and a measure of the alignment of spatial
and ethnic distances between pairs of individuals (hereinafter
simply ethno-spatial alignment). Fig. 1 illustrates the role of
these three components. In all parts, the society to the left is
more segregated than the one to the right, but for different rea-
sons: in part (a), it is due to higher spatial distance; in part (b),
it is due to higher ethnic distance (as indicated by more differ-
ent tones of gray); and in part (c), it is due to higher ethno-
spatial alignment, as spatially very distant pairs of individuals
are ethnically very distant too in the society to the left but
not in the society to the right.

To discuss the third prominent feature of our segregation index,
we borrow the terminology from Reardon and O’Sullivan (2004).
They call segregation measures ‘‘a-spatial” if they are based on
population shares in administrative units, and ‘‘spatial” if they
are based on spatial distances between individuals.2 Our index is
a spatial segregation measure and, therefore, avoids standard prob-
lems of a-spatial segregation measures. An important problem is
border dependence, i.e., the property of a-spatial segregation mea-
sures that the index value depends on the way the government
draws subnational borders and on the type of subnational units
(e.g., provinces versus districts) used in its computation. Related
issues, including the checkerboard problem (White 1983), follow
2 Reardon and Firebaugh (2002) and Reardon and O’Sullivan (2004) review a-
spatial and spatial segregation measures, respectively.

2

from the disregard of patterns of spatial distances between such
units.3

The application of our indices requires data with ethnic and
spatial information. But once appropriate data is available, they
can be computed for different types of spatial units, including con-
tinents, countries, provinces, districts, cities, or grid cells. Hence,
our indices can be used to study the relation between ethnic geog-
raphy and economic, political or social development at the macro,
the meso, or the micro level. Furthermore, our indices could be
applied to measure and study segregation and human geography
along dimensions of identity other than ethnicity. Prominent alter-
natives include caste and religion, but one could also consider dif-
ferent types of occupations, party affiliations, or cultural values.4

In this paper, we illustrate how our segregation index and its
components can be computed at the country level, using different
types of data that are readily available for many countries and con-
tain ethnic and spatial information. On the one hand, we compute
our indices based on ethnographic maps featuring the traditional
homelands of ethnolinguistic groups. We use the ethnographic
arguments may apply when distances represent differences in endowments. Hodler
et al. (2020) propose a framework analogous to ours for the measurement of ethnic
stratification based on ethnic and economic distances between pairs of individuals.
Thereby, they rely on specific axioms for the economic dimension that are based on
progressive/regressive transfers of wealth in the tradition of inequality measurement.



7 Relatedly, Ejdemyr et al. (2018) and Tajima et al. (2018) use census data to
compute segregation measures for subnational administrative units in Malawi and
Indonesia, respectively. The latter measure a-spatial segregation while the former
employ the spatial dissimilarity index, which acknowledges spatial distances but
disregards ethnic distances by construction. Despite their differences, both contribu-
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map by the World Language Mapping System (WLMS, version 19),
which represents the homelands of the language groups listed in
the Ethnologue (Gordon, 2005), to compute our indices for 161
countries from across the world, and Murdock’s (1959) map of
pre-colonial ethnicities to compute our indices for 48 African coun-
tries. On the other hand, we compute our indices for around half of
these African countries based on geo-coded survey data from the
Demographic and Health Surveys ICF (1986-2019) and Afrobarom-
eter (BenYishay et al., 2017). Compared to survey data, the main
advantage of ethnographic maps is that they offer better spatial
coverage. A potential disadvantage is that we may attribute inter-
nal migrants (e.g., those who left their homeland to move to a large
metropolitan area) to the wrong ethnic group when relying on
ethnographic maps. Reassuringly, the four different versions of
our indices are highly correlated despite these differences, with
the correlation coefficients between the different versions of the
segregation index ranging from 0.82 to 0.95.

We document how our indices relate to other prominent mea-
sures of ethnic segregation and diversity. We also show that the
variation in climatic and geographical factors explain a consider-
able share of the variation in ethnic segregation, generalized ethnic
fractionalization, and spatial dispersion, but a somewhat lower
share of the variation in ethno-spatial alignment.

Finally, we study how our indices are associated to prominent
measures of comparative economic, political and social develop-
ment in our global Ethnologue-based sample. These relations
are interesting even though the standard caveat applies that the
estimated coefficients may not represent causal effects. The seg-
regation index is negatively related to the rule of law and GDP
per capita (but not generalized trust). However, these negative
relations disappear once we control for climatic and geographical
factors. In contrast, ethno-spatial alignment is positively related
to the rule of law, GDP per capita and generalized trust even if
we control for climatic and geographical factors. This latter find-
ing suggests that, on average, countries tend to be better gov-
erned, richer and more trusting if ethnically diverse people live
far apart.

Our theoretical work is related to other contributions on the
measurement of segregation that incorporate the spatial dimen-
sion. Several contributions introduce spatial distances into well-
known a-spatial models of segregation (e.g., Jakubs, 1981, for the
dissimilarity index; White, 1983, for the isolation index; or
Reardon and O’Sullivan, 2004, for the dissimilarity index, the Theil
index and the interaction index). Moreover, Echenique and Fryer Jr
(2007) develop a segregation index based on proximity in net-
works.5 To our knowledge, there is, however, no other segregation
measure that presents both ethnic/social and spatial distances in
the same framework.6 Our framework is also related to prominent
models of fractionalization and polarization (e.g., Rao, 1982,
Esteban and Ray, 1994, Duclos et al., 2004, Bossert et al., 2011), in
particular the generalized fractionalization index introduced by
Greenberg (1956), as explained above.

Our application is related to other contributions that measure
ethnic geography and study its effect on economic, political and
social outcomes at the country level. Alesina and Zhuravskaya
(2011) compute an a-spatial index of ethnic segregation and find
that the quality of government is lower in more ethnically segre-
5 Blumenstock and Fratamico (2013) also rely on network data for providing a-
spatial segregation measures.

6 Methodologically, our approach is in the tradition of exposure measurement,
being loosely based on the isolation-interaction models of Bell (1954), White (1983),
and Philipson (1993). Most axiomatic work on segregation focuses on another class of
models, known as evenness indices (e.g., Hutchens, 2004, Chakravarty and Silber,
2007, and Frankel and Volij, 2011). While some evenness measures are extended to
introduce spatial distances, they do not lend themselves naturally to the introduction
of both spatial and ethnic distances.
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gated countries.7 Matuszeki and Schneider (2006) compute a mea-
sure of average subnational ethnic fractionalization and study how
this measure relates to conflict. Desmet et al. (2020) study public
good provision and develop a measure that captures the average
exposure of an individual to members of the country’s different eth-
nic groups with an emphasis on weighting this exposure according
to the representation of these groups at the individual’s location.
There are two main differences between these contributions and
ours. First, we focus on conceptualizing spatial segregation and
introducing the novel concept of ethno-spatial alignment, while they
either compute a-spatial segregation (Alesina and Zhuravskaya,
2011) or extend the fractionalization framework (Matuszeki and
Schneider, 2006, Desmet et al., 2020). Second, spatial (and ethnic)
distances are continuous in our approach, but binary in their contri-
butions. We thus see our spatial segregation index as complemen-
tary to their measures, which capture alternative important
aspects of ethnic geography.8

Section 2 presents the theoretical framework, derives our segre-
gation index, and establishes its decomposability into indices of
generalized ethnic fractionalization, spatial dispersion, and
ethno-spatial alignment. Section 3 presents our applications, and
Section 4 concludes. The Appendix contains the proofs of our the-
oretical results, and the Online Appendix additional information
and further results.
2. Development of indices of ethnic geography

2.1. General model

A population P � N comprehending an arbitrarily large number
of individuals is partitioned into n 2 N ethnic or, more generally,
social groups G :¼ 1; . . . ;nf g and distributed over t 2 N locations
on a territory T :¼ 1; . . . ; tf g. We generally assume t P n P 3 so
that (i) there is significant ethnic heterogeneity; (ii) there are at
least as many locations as groups, so that it is possible that no indi-
viduals of different groups share the same location.

Denoting by lg
p 2 0;1½ � the share of population that corresponds

to group g 2 G in location p 2 T , we let lp :¼
P

g2Gl
g
p and

lg :¼ P
p2Tl

g
p be the total population shares of location p 2 T and

group g 2 G respectively, where
P

p2Tlp ¼
P

g2Glg ¼ 1. Then, the
n� t matrix of population shares

l :¼
l1

1 � � � l1
t

..

. . .
. ..

.

ln
1 � � � ln

t

2
664

3
775

defines a mass distribution, and the space of all mass distributions
M is the subset of 0;1½ �t�n such that the restrictions above are
satisfied.
tions find that higher ethnic segregation leads to higher local public goods provision.
Hence, their findings and ours point in the same direction of there being some
advantages of ethnically diverse individuals not living close to one another.

8 Many other contributions studying economic, political and social effects of ethnic
geography rely on ethnographic maps as well, but do not choose a measurement-
based approach. Prominent examples include studies on the relation between the
location of ethnic groups and conflict (e.g., Cederman et al., 2009, Weidmann, 2009,
Michalopoulos and Papaioannou, 2016, König, 2017), on the effect of pre-colonial and
current institutions on economic development (e.g., Michalopoulos and Papaioannou,
2013, Michalopoulos and Papaioannou, 2014), and on ethnic favoritism (e.g., De Luca
et al., 2018).
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For any pair of locations p; q 2 T , let kp;q 2 0;1½ � be the spatial
distance between them, where we generally assume kp;q ¼ 0 if
p ¼ q and kp;q ¼ kq;p. A spatial distribution is defined by the t � t
matrix of spatial distances between all pairs of locations

k :¼
k1;1 � � � k1;t

..

. . .
. ..

.

kt;1 � � � kt;t

2
664

3
775;

and the space of all spatial distributions L is the subset of 0;1½ �t�t

such that the restrictions above are satisfied.
For any pair of groups g;h 2 G, let cg;h 2 0;1½ � be the ethnic dis-

tance between them, where we generally assume cg;h ¼ 0 if g ¼ h
and cg;h ¼ ch;g . The n� n matrix of ethnic distances between all
pairs of groups

c :¼
c1;1 � � � c1;n

..

. . .
. ..

.

cn;1 � � � cn;n

2
664

3
775

defines an ethnic distribution, and the space of all ethnic distribu-
tions G is the subset of 0;1½ �n�n such that the restrictions above
are satisfied.

Finally, a joint distribution is a triple of mass, spatial and ethnic
distributions, and an index is a function
S : 0;1½ �t�n

; 0;1½ �t�t
; 0;1½ �n�n� � ! Rþ, where S l; k; cð Þquantifies some

property of the joint distribution l; k; cð Þ 2 M;L;Gð Þ.
To give meaning to our framework we now impose some more

structure. We assume (a relevant feature of) the relation between
each pair of individuals is determined by the distances between
their groups and locations. For each pair of individuals i; j 2 P that
inhabit locations p; q 2 T and belong to groups g;h 2 G, we quantify
the relation between them by ri;j ¼ p kp;q; cg;h

� �
, where the function

p : 0;1½ �2 ! Rþ is continuous and non-decreasing in each argu-
ment and satisfies p 0;0ð Þ ¼ 0. Among the various interpretations
of the function p, one possibility is to see it as the degree of alien-
ation (i.e., lack of common interest) between a pair of individuals,
which naturally increases with their spatial and ethnic distances.
The definition of an index requires to aggregate all these pairwise
relations into a scalar S which describes a relevant feature of the
population as a whole. Following the axiomatic foundations in
Rao (1982) and Bossert et al. (2011), we consider the class of
indices that are expression of the expected relation between a ran-
domly selected pair of individuals, S ¼ 1

jPj
P

i;jð Þ2Pri;j. Then, given our

assumption ri;j ¼ p kp;q; cg;h
� �

, in our framework these indices take
the form

S l; k; cð Þ ¼
X
p;qð Þ2T2

X
g;hð Þ2G2

lg
pl

h
qp kp;q; cg;h

� � ð1Þ

for each joint distribution l; k; cð Þ 2 M;L;Gð Þ and any function p
that satisfies the above restrictions. In the next section we will
introduce a set of axioms that pin down a particular index (up to
positive scalar multiplication) from class (1) as our segregation
index.

2.2. Axiomatization of the segregation index

We now introduce a set of axioms that we see as desirable prop-
erties of a segregation measure. For simplicity of exposition, these
properties are defined through examples of distributions with two
or three mass points. The first two axioms consider pairs of groups
and locations, thereby focusing on obtaining ethnic homogeneity
within a location.
4

Axiom 1 (Local ethnic homogeneity and ethnic distances)
Data: Consider a joint distribution l; k; cð Þ 2 M;L;Gð Þ with two
locations p; q 2 T and two groups g;h 2 G such that

lg
p ¼ lh

p ¼ lh
q ¼ 1=3 with kp;q > 0 and cg;h > 0, and let

~l 2 M; ~c 2 G and � > 0 satisfy
~lg
p ¼ lg

p and ~lh
q ¼ lh

p þ lh
q with ~cg;h ¼ cg;h � �.

Statement: We require S l; k; cð Þ < S ~l; k; ~cð Þ for � arbitrarily
small.

Let us discuss Axiom 1, whose distributions are depicted in
Fig. 2(a).

There are two locations (left and right) and two ethnic groups
(represented by dark and light tones of gray). Initially, in distribu-
tion l; k; cð Þ, two-thirds of the population are in the left location,
whose ethnic composition is perfectly balanced (half dark, half
light), while the remaining one-third of the population is in the
right location and is homogeneously dark. Given this, we transfer
all individuals of the dark group into the right location, so that
the left location becomes homogeneously light while the right
location remains homogeneously dark. Moreover, we reduce the
ethnic distance between the light and the dark group by an arbi-
trarily small amount � (represented by the slightly lighter tone of
gray of the dark group in the right diagram). Axiom 1 requires seg-
regation to increase as a consequence of this transformation. Intu-
itively, the axiom considers a trade off between increasing ethnic
homogeneity within locations and decreasing ethnic distance
across groups, requiring the former to dominate the effect on seg-
regation when the latter is arbitrarily small.

Axiom 2 is very similar to Axiom 1. As shown in Fig. 2(b), it is
based on the same initial distribution and the same transfer of pop-
ulation from the left to the right location. The only difference is
that, instead of reducing the ethnic distance between the light
and the dark groups, we reduce the spatial distance between the
left and right locations by an arbitrarily small amount.

Axiom 2 (Local ethnic homogeneity and spatial distances)
Data: Consider a joint distribution l; k; cð Þ 2 M;L;Gð Þ with two
locations p; q 2 T and two groups g;h 2 G such that

lg
p ¼ lh

p ¼ lh
q ¼ 1=3 with kp;q > 0 and cg;h > 0, and let

~l 2 M; ~k 2 L and � > 0 satisfy
~lg
p ¼ lg

p and ~lh
q ¼ lh

p þ lh
q with ~kp;q ¼ kp;q � �.

Statement: We require S l; k; cð Þ < S ~l; ~k; c
� �

for � arbitrarily

small.
The next two axioms are still inspired by the generally desirable

property that segregation should increase whenever the interac-
tion between ethnically diverse individuals becomes less likely.
However, unlike Axioms 1 and 2, they consider triples of groups
and locations, thereby focusing on changes in distributions that
foster the alignment of spatial and ethnic distances across pairs
of individuals.

Axiom 3 (Alignment of ethnic distances) Data: Consider any
joint distribution l; k; cð Þ 2 M;L;Gð Þ with three locations
p; q; r 2 T and three groups g;h; i 2 G such that

lg
p ¼ lh

q ¼ li
r ¼ 1=3;

kp;q > kq;r > 0; kp;r ¼ kp;q þ kq;r;

cg;h ¼ ch;i ¼ cg;i=2 > 0;

and let ~c 2 G and � > 0 satisfy

c
�g;i ¼ cg;i; c

�g;h ¼ cg;h þ �; c
�h;i ¼ ch;i � �:

Statement: We require S l; k; cð Þ < S l; k; ~cð Þ for all � 2 0; ch;i
� �

.
Let us discuss Axiom 3, whose distributions are depicted in

Fig. 2(c). The population mass is uniformly distributed on three
locations (left, central and right) and three ethnic groups (repre-
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sented by dark, medium and light tones of gray), where the left
location is homogeneously light, the central location is homoge-
neously medium and the right location is homogeneously dark.
The three locations are on a line, where the central location is clo-
ser to the right than to the left. Regarding ethnic distances, the
medium group is halfway between the other two groups in the left
diagram representing distribution l; k; cð Þ. Axiom 3 requires segre-
gation to increase when we change ethnic distances so that the
medium group becomes ethnically closer to the dark group (repre-
sented by the darker tone of gray of the middle location in the right
diagram). This is intuitive: as the medium group already inhabits a
location that is spatially closer to the location of the dark group
than to the location of the light group, the interaction between eth-
nically diverse individuals becomes less likely.

Axiom 4 (Alignment of spatial distances) Data: Consider any
joint distribution l; k; cð Þ 2 M;L;Gð Þ with three locations
p; q; r 2 T and three groups g;h; i 2 G such that

lg
p ¼ lh

q ¼ li
r ¼ 1=3; kp;q ¼ kq;r ¼ kp;r=2 > 0; cg;h > ch;i > 0; cg;i

¼ cg;h þ ch;i;

and let ~k 2 L and � > 0 satisfy

k
�
p;r ¼ kp;r ; k

�
p;q ¼ kp;q þ �; k

�
q;r ¼ kq;r � �:

Statement: We require S l; k; cð Þ < S l; ~k; c
� �

for all � 2 0; kq;r
� �

.

Fig. 2(d) represents Axiom 4 graphically. Again, there are three
locations respectively inhabited by three equally sized ethnic
groups. The medium group is ethnically closer to the dark group
than to the light, while the central location is halfway between
the right and the left location. Axiom 4 requires segregation to
increase if the central location is moved closer to the right location.
Similarly to the previous axiom, the intuition is that as the spatial
distance between ethnically diverse individuals increases, their
interaction becomes less likely.

Our four axioms identify our segregation index from the class of
measures (1):

Theorem 1. An index from class (1) satisfies Axioms 1–4 if and
only if it takes the form
S l; k; cð Þ ¼
X
p;qð Þ2T2

X
g;hð Þ2G2

lg
pl

h
qkp;qc

g;h; ð2Þ

up to a positive scalar multiplication.

This theorem implies that our segregation index always pro-
vides unambiguous rankings of joint distributions. Further, it
implies that ethnic and spatial distances are complementary
forces in the determination of the relation of a pair of individ-
uals, so that segregation is high only if pairs of individuals that
are ethnically heterogeneous are systematically located apart
from each other.

For any kp;q 2 0;1½ � and cg;h 2 0;1½ �, the function
p kp;q; cg;h
� � ¼ kp;qcg;h always takes value in 0;1½ �. It can thus be

interpreted probabilistically. Intuitively, the relation between
two individuals depends on (i) whether they do not interact per-
sonally and (ii) whether they do not share a common ethnocul-
tural background. Given this, it is natural to interpret the
function p as the probability that both these events are realized,
where the spatial distance kp;q is the probability of event (i) and
the ethnic distance cg;h is the probability of event (ii). Then, our
segregation index S represents the probability that two randomly
selected individuals neither interact personally nor share an eth-
nocultural background.
5

2.3. Decomposition of the segregation index

By construction, our segregation index is strongly related to the
fractionalization literature. To see this, let us assume that space
‘‘does not matter” by replacing the spatial distribution L with the
‘‘quasi-spatial” distribution 1t , where the spatial distance between
each pair of locations is equal to 1 (including the spatial distance
between a location and itself, implying 1t R L). In this case our
index becomes equivalent to the generalized fractionalization
index by Greenberg (1956):

F l; cð Þ :¼ S l;1t ; cð Þ ¼
X
g;hð Þ2G2

lglhcg;h: ð3Þ

This generalized fractionalization index represents the average eth-
nic distance between pairs of individuals and can be interpreted as
the probability that two randomly selected individuals do not share
a common ethnocultural background. If we also impose ethnic dis-
tances to take value in 0;1f g, our index reduces to the standard
fractionalization index, which has been widely applied to measure
ethnic fractionalization based on categorical data (see, e.g.,
Alesina et al., 2003, and references therein).

Symmetrically, we can assume that ethnicity ‘‘does not mat-
ter” by replacing the ethnic distribution G by the ‘‘quasi-ethnic”
distribution 1n, where the distance between each pair of groups
is 1 (implying 1n R G). We can then define the spatial disper-
sion index

D l; kð Þ :¼ S l; k;1nð Þ ¼
X
p;qð Þ2T2

lplqkp;q: ð4Þ

This index measures the average spatial distance between pairs of
individuals and can be interpreted as the probability that two ran-
domly selected individuals will not interact personally.

Our segregation index tends to be high if spatial distances
between locations and ethnic distances between groups are high,
i.e., when F and D are high. Moreover, it also depends on the align-
ment between spatial and ethnic distances, i.e., on whether a high
spatial distance between two individuals tends to go hand-in-hand
with a high ethnic distance between them. For each l 2 M, denote
by l 2 M the benchmark mass distribution corresponding to l,
where (i) groups and locations have the same mass as in l, i.e.,
lg ¼ lg and lp ¼ lp for all g 2 G and p 2 T; and (ii) groups are pro-

portionally represented at each location, i.e., lg
p=lp ¼ lg for all

g 2 G and p 2 T . Accordingly, we refer to S l; k; cð Þ as the benchmark
segregation of S l; k; cð Þ, and we propose as a measure of ethno-
spatial alignment

A l; k; cð Þ :¼ S l; k; cð Þ=S l; k; cð Þ if S l; k; cð Þ > 0;
1 if S l; k; cð Þ ¼ 0:

�
ð5Þ

Given our probabilistic interpretation of S; A can be seen as a like-
lihood ratio: it is the probability that two randomly selected indi-
viduals do not interact personally and do not share an
ethnocultural background given mass distribution l, relative to
the probability of the same event given the corresponding bench-
mark mass distribution l. Intuitively, focusing on the likelihood
ratio should ‘‘neutralize” the magnitude effects of average spatial
and ethnic distances. In fact, A l; kk; k0cð Þ ¼ A l; k; cð Þ for all
k; k0 > 0, while S l; kk; k0cð Þ ¼ kk0S l; k; cð Þ for all k; k0 > 0.

Lastly, we show how the various measures are related to one
other:

Proposition 1. It holds that

S l;k;cð Þ¼ F l;cð ÞD l;kð ÞA l;k;cð Þ if F l;cð Þ>0andD l;kð Þ>0;
0 if F l;cð Þ¼0orD l;kð Þ¼0:

�

ð6Þ



Fig. 3. Ethnic segregation across the globe.
Notes: This map shows variation in our Ethnologue-based segregation index (see Section 3.1 and Online Appendix C.1 for details). The map is projected using Eckert VI.

Table 1
Summary statistics for our indices of ethnic geography.

Obs. Mean Std. Dev. Min. Max.

Panel A: Ethnologue-based indices
Segregation 161 0.067 0.065 0 (many) 0.253 (NGA)
Alignment 161 1.274 0.383 0.801 (TKM) 3.176 (NOR)
Fractionalization 161 0.210 0.195 0 (many) 0.748 (PNG)
Dispersion 161 0.270 0.067 0.029 (RUS) 0.415 (SLE)

Panel B: Murdock-based indices
Segregation 48 0.100 0.073 0.002 (SWZ) 0.269 (MLI)
Alignment 48 1.276 0.271 0.944 (DJI) 2.833 (EGY)
Fractionalization 48 0.266 0.192 0.004 (SWZ) 0.721 (TCD)
Dispersion 48 0.304 0.052 0.168 (GNQ) 0.411 (SLE)

Panel C: DHS-based indices
Segregation 23 0.144 0.051 0.043 (GAB) 0.252 (NGA)
Alignment 23 1.137 0.083 1.052 (CIV) 1.361 (CMR)
Fractionalization 23 0.396 0.148 0.097 (GAB) 0.615 (TCD)
Dispersion 23 0.328 0.051 0.232 (MLI) 0.418 (GAB)

Panel D: Afrobarometer-based indices
Segregation 27 0.108 0.069 0.000 (BDI) 0.232 (CMR)
Alignment 27 1.135 0.087 1.002 (TZA) 1.295 (BWA)
Fractionalization 27 0.292 0.180 0.001 (BDI) 0.563 (NER)
Dispersion 27 0.330 0.048 0.228 (MLI) 0.418 (SLE)

Notes: Summary statistics for our indices computed using the Ethnologue map (panel A), the Murdock map (panel B), the DHS (panel C), and the Afrobarometer surveys
(panel D). Section 3.1 and Online Appendix C provide more information on these data sources and the computation of our indices.
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This proposition shows that our segregation index S can be
decomposed into the generalized ethnic fractionalization index F,
the spatial dispersion index D, and the ethno-spatial alignment
index A in a multiplicative fashion.9
3. Applications

3.1. Data and computation of our indices

To compute our segregation index S and its components, we
need the mass distribution l, the spatial distribution k, and
the ethnic distribution c. To get these distributions, we need
information on locations and ethnic groups. At the most gen-
eral level, we can rely on two types of data for this informa-
tion: ethnographic maps or geo-coded survey (or census) data.
9 Online Appendix B shows how this decomposition relates to the interpretation of
S as a geometric projection.

6

These types of data both have their advantages and
disadvantages.

For illustrative purposes, we compute two versions of our
indices for each type of data. In what follows, we describe the data
sources and sketch how we get the distributions l; k, and c.
Thereby, we discuss the main advantages and disadvantages of
each data source and, therefore, each version of our indices. Online
Appendix C provides more detailed information about the data and
the computation of these four versions of our indices.

Ethnographic maps: Ethnographic maps typically show the tradi-
tional homelands of ethnic groups in space. Given the focus on tra-
ditional homelands, these maps do not typically provide any
information about people living away from their traditional home-
lands, such as internal migrants now living in large metropolitan
areas. This is a disadvantage if the goal is to measure current ethnic
geography. However, it can be an advantage if researchers are
interested in historical ethnic geography per se or if they prefer
measures of ethnic geography that are pre-determined to recent
economic or political developments and, therefore, less vulnerable



Fig. 4. Comparing our index of ethnic segregation across different data sources.
Notes: The scatter plots show the associations between the indices of ethnic segregation computed based on the Ethnologue map (and current population data), the Murdock
map (and historical population data), the DHS, and the Afrobarometer surveys. Section 3.1 and Online Appendix C provide more information on these data sources and the
computation of our indices.
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to concerns of reverse causality. Another key advantage of ethno-
graphic maps is that they typically offer broad spatial coverage
along two dimensions. First, they provide ethnicity information
for each (populated) location shown on a map. Second, they are
available for an entire continent or even the entire world.

We mainly rely on the ethnographic map provided by the
World Language Mapping System (WLMS, version 19). This map
is based on the Ethnologue (Gordon, 2005) and represents ‘‘the
region within each country, which is the traditional homeland of
each indigenous language” (WLMS, version 19, n.p.). For brevity,
we subsequently call it the ‘‘Ethnologue map.” Relying on the Eth-
nologue map has several advantages. First, it has global coverage.
Second, the Ethnologue provides a comprehensive rather than a
selective list of language groups. We treat these language groups
as the relevant ethnic groups.10 Third, the Ethnologue provides lin-
guistic trees for the different language families. These trees show the
historical relation between languages and can be used to compute
ethnolinguistic distances between groups.
10 Common language often implies common ancestry, homeland, cultural heritage,
norms, and values. Desmet et al. (2017) show that ethnolinguistic identity is indeed
an important determinant of responses to many questions on cultural norms, values
and preferences asked in the World Value Surveys.

7

We overlay the ethnographic map with small grid cells, which
we take as our locations. To get the spatial distribution k of a given
country, we compute the geodesic distances between the centroids
of any two grid cells and normalize them by the maximum dis-
tance between any two grid cells within this country. We use the
Ethnologue’s linguistic trees to derive the ethnic distribution c.
More specifically, we follow Putterman and Weil (2010) and let
the ethnic distance between groups g and h be
cg;h ¼ 1�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2~gg;h= gg þ ghð Þ

p
, where gi is the number of nodes of lan-

guage i 2 g;hf g and ~gg;h the number of common nodes. Finally, to
get the mass distribution l, we use the population density map
from the Gridded Population of the World (GPW, version 4), which
is based on recent population census tables and provided by CIESIN
(2016). We compute our Ethnologue-based indices for 161 coun-
tries with a land surface area of more than 5,000 km2 and a current
population of more than 250,000.

We also compute our indices based on Murdock’s map of pre-
colonial ethnicities (Murdock, 1959). Relative to the Ethnologue
map, the main advantage is the clearer reference to a particular
time period, i.e., the times around 1900 (Michalopoulos and
Papaioannou 2016, p. 1811). The main disadvantage is that it cov-
ers only Africa.

We derive the spatial distribution k as we did for the Ethno-
logue map. To get the ethnic distribution c, we merge Murdock’s



Fig. 5. The segregation index and its components.
Notes: The scatter plots on the left show the associations between the Ethnologue-based index of ethnic segregation and its three components: ethno-spatial alignment,
generalized ethnic fractionalization, and spatial dispersion. The scatter plots on the right show the same associations when partialling out continent fixed effects.

11 Online Appendix E provides the corresponding maps for the Murdock-, DHS- and
Afrobarometer-based segregation indices as well as for the three Ethnologue-based
components of the segregation index.
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ethnicities to the Ethnologue’s language groups and again apply
the Putterman and Weil (2010) formula to measure the ethnic dis-
tances between these groups. For these two steps, we use the Link-
ing Ethnic Data from Africa (LEDA) software package by Carl et al.
(forthcoming). Finally, we leverage the main advantage of the Mur-
dock map and combine it with the population density map for
1900 from the History Database of the Global Environment (HYDE,
version 3.2) by Klein Goldewijk et al. (2010) to derive the mass dis-
tribution l. We compute these Murdock-based indices for 48 Afri-
can countries that satisfy the area and population thresholds
introduced above.

Survey data: Geo-coded survey data with information on the
respondents’ ethnicity (or language) have the advantage that
they allow capturing the current distribution of ethnic groups
in space. That is, they take internal migration into account. They
however have some disadvantages. First, their coverage is typi-
cally not global. Second, even within countries, they only provide
information for relatively few survey locations (often called clus-
ters or enumeration areas). Hence, spatial coverage is typically
much sparser.

We use the Demographic and Health Surveys (ICF (1986-2019),
henceforth DHS) that are geo-coded, ask about the respondents’
ethnicity, and were conducted in African countries. In total, we
use information from 1,204,181 respondents of 88 surveys in 23
African countries. To get the spatial distribution k, we compute
8

the geodesic distance between cluster locations and normalize
them by the maximum distance between any two cluster locations
within the given country. To get the ethnic distribution c, we use
the LEDA software package to merge the DHS respondents’ ethnic-
ities to the language groups in the Ethnologue and to measure the
ethnic distances between these groups. The mass distribution l is
based on all respondents in our final sample.

We also compute our indices using 84 geo-coded Afrobarome-
ter surveys from 27 African countries (BenYishay et al., 2017).
However, compared to the DHS, Afrobarometer surveys have fewer
clusters per country (of which some are not precisely geo-
referenced) and fewer respondents per cluster. As a result, we
can only use information from 70,408 respondents (as opposed
to more than 1.2 million in case of the DHS).

3.2. Descriptive statistics

The map in Fig. 3 shows the global distribution of our
Ethnologue-based segregation index, and Table 1 provides sum-
mary statistics for all four versions of the segregation index and
their components.11



Fig. 6. Comparing our segregation index to Alesina and Zhuravskaya’s (2011)
a-spatial segregation index.
Notes: The scatter plots show the associations between our Ethnologue- and DHS-
based segregation indices and the a-spatial segregation index by Alesina and
Zhuravskaya (2011), which is based on the population shares of different ethnic
groups in different subnational units rather than ethnic and spatial distances.

13 Tables E.2–E.4 in Online Appendix E show the correlation coefficients between
the different versions of the components of the segregation index. These correlation
coefficients are fairly high as well. They are in the range of 0.42–0.88 for ethno-spatial
alignment, 0.86–0.94 for generalized ethnic fractionalization, and 0.69–0.90 for
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Nigeria is the most segregated country according to the Ethno-
logue and the DHS data, and the second and third most segregated
country according to the Afrobarometer and the Murdock data,
respectively. Its segregation index is in the range of 0.23–0.25 in
all four instances. In the global Ethnologue-based sample, ethnic
segregation (and generalized ethnic fractionalization) is zero in
the 15 countries that have only one ethnic homeland. These coun-
tries include three from Africa: Burundi, Rwanda, and Swaziland.
Burundi and Swaziland are also the least segregated countries
according to the Afrobarometer and the Murdock data,
respectively.12

Norway has the highest ethno-spatial alignment according to
the Ethnologue data and is a useful example to illustrate this novel
concept. Most Norwegian citizens speak Norwegian, which belongs
to the Indo-European language family, and live relatively close to
one another around Oslo and elsewhere in the southern parts of
the country. There are, however, some small groups of Kven Fin-
nish and Sami speakers in the far north of Norway. These languages
belong to the Uralic language family. Therefore, large spatial dis-
tances between individuals predict large ethnolinguistic distances,
and vice versa. That is exactly why ethno-spatial alignment is high
in Norway.

In Section 3.1, we discussed the advantages and disadvantages
of the different data sources that we used to compute the four
12 The DHS sample includes none of these three African countries.
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different versions of our indices. Fig. 4 now provides scatter plots
comparing the four versions of our segregation index.

We observe positive and fairly strong associations between any
two of these segregation indices and, therefore, similar rankings
across data sources. The corresponding correlation coefficients
are all fairly high and range from 0.77 to 0.95 (see Table E.1 in
Online Appendix E).13 Interestingly, the correlations between the
Ethnologue-based segregation index and the three other segregation
indices are all higher than the correlations between any two of these
other segregation indices, including the two survey-based segrega-
tion indices. These findings are reassuring. They imply that the type
of data used to compute our segregation index (and its components)
may not be as crucial as one may have thought. In particular, the
reliance on ethnographic maps, which have larger country coverage
but may induce us to attribute internal migrants to the wrong ethnic
group, should lead to the same pattern of results as one would get
with survey-based indices if surveys had been available for as many
countries. Therefore, we mainly focus on our global Ethnologue-
based indices in the subsequent analysis and relegate results for
the Murdock-, DHS- and Afrobarometer-based indices to the Online
Appendix.

Next, we investigate how the segregation index is related to its
components. The scatter plots on the left-hand side of Fig. 5 illus-
trate these relations for our Ethnologue-based indices.

We see that the segregation index is positively related to gener-
alized ethnic fractionalization and spatial dispersion and nega-
tively to ethno-spatial alignment. The scatter plots on the right-
hand side show that these relations remain very similar when par-
tialling out continental fixed effects. Hence, these relations are not
just the result of cross-continental differences but hold within
continents.14

Finally, we compare our indices to other prominent indices of
ethnic diversity. The top scatter plot in Fig. 6 illustrates the empir-
ical relation between our Ethnologue-based spatial segregation
index and the a-spatial segregation index by Alesina and
Zhuravskaya (2011). The association is positive and statistically
significant, but much weaker than the relations between the differ-
ent versions of our spatial segregation index (shown in Fig. 4). The
second scatter plot uses our DHS-based segregation index, as
Alesina and Zhuravskaya (2011) use DHS data to compute their
a-spatial segregation index for some of the countries in their sam-
ple. The association remains relatively weak, which is not surpris-
ing given the important conceptual differences between spatial
and a-spatial segregation indices (discussed in the Introduction
and illustrated in Online Appendix A).

Table 2 reports correlation coefficients between our
Ethnologue-based indices of ethnic geography and various promi-
nent indices of ethnic diversity. Panel A again looks at Alesina and
Zhuravskaya’s (2011) a-spatial segregation index. Panel B com-
pares our indices to the commonly used standard fractionalization
indices that Alesina et al. (2003) computed based on ethnicity, lan-
guage, and religion. Unsurprisingly, our index of generalized frac-
tionalization, which is based on language trees, is most strongly
correlated to the language-based fractionalization index and
uncorrelated with the one based on religion. Panel C compares
our indices to the indices of standard fractionalization, generalized
fractionalization, and polarization by Esteban et al. (2012). Unsur-
prisingly, our index of generalized ethnic fractionalization is most
spatial dispersion.
14 Table E.5 in Online Appendix E shows the correlation coefficients between the
segregation index and its components are similar across continents, but differ
somewhat across data sources used for the computation of the indices.



Table 3
Climate, geography, and our indices of ethnic geography.

(1) (2) (3) (4) (5)

Dependent variable: S S A F D
Americas �0.042*** �0.061*** 0.224* �0.095* �0.108***

(0.015) (0.017) (0.119) (0.050) (0.018)
Asia �0.027* �0.030* 0.080 �0.049 �0.056***

(0.014) (0.016) (0.102) (0.042) (0.015)
Europe �0.071*** �0.027 �0.038 �0.024 �0.039

(0.012) (0.024) (0.211) (0.061) (0.029)
Oceania �0.013 �0.009 �0.168 0.064 �0.052*

(0.045) (0.038) (0.342) (0.121) (0.030)
Absolute latitude 0.002 �0.012 0.002 0.004**

(0.001) (0.010) (0.003) (0.001)
Temperature 0.002 �0.032* 0.005 0.004

(0.002) (0.019) (0.006) (0.003)
Precipitation 0.003* 0.000 0.007* 0.000

(0.001) (0.010) (0.004) (0.002)
Access to sea �0.045*** 0.211* �0.128*** �0.051***

(0.016) (0.112) (0.047) (0.015)
Terrain roughness �0.003 0.037 �0.013 0.003

(0.006) (0.036) (0.016) (0.006)
Mean elevation 0.002 �0.311 �0.002 0.032

(0.027) (0.227) (0.077) (0.033)
St. dev. elevation 0.074*** �0.021 0.222*** 0.012

(0.019) (0.079) (0.056) (0.020)
Mean land suitability �0.006 �0.645*** �0.087 0.140***

(0.021) (0.172) (0.061) (0.023)
St. dev. land suitability 0.087 0.173 0.342** �0.153***

(0.054) (0.344) (0.161) (0.056)
Malaria suitability 0.133** �0.320 0.326* 0.131**

(0.061) (0.622) (0.193) (0.064)

R2 0.162 0.435 0.242 0.454 0.437

Countries 161 147 147 147 147

Notes: Dependent variables are indicated in the top row. They are the Ethnologue-based indices of ethnic segregation (S), ethno-spatial alignment (A), generalized ethnic
fractionalization (F), and spatial dispersion (D). OLS regressions with continent fixed effects. Africa is the omitted category. Online Appendix D.1 provides more information on
the climatic and geographical variables, including summary statistics in Table D.1. Robust standard errors. ***, **, * indicate p-values below 0.01, 0.05 and 0.1, respectively.

Table 2
Correlations between our indices of ethnic geography and alternative indices.

(1) (2) (3) (4) (5)

S A F D Obs.

Panel A: Alesina/Zhuravskaya (2011)
A-spatial segregation 0.585 �0.129 0.541 0.073 90

Panel B: Alesina et al., (2003)
Standard fractionalization (ethnicity) 0.515 �0.203 0.487 0.176 156
Standard fractionalization (language) 0.603 �0.235 0.541 0.365 154
Standard fractionalization (religion) 0.115 �0.005 0.060 0.185 158

Panel C: Esteban et al., (2012)
Standard fractionalization 0.575 �0.216 0.569 0.112 133
Generalized fractionalization 0.591 �0.081 0.631 �0.016 133
Polarization 0.381 �0.049 0.441 �0.068 133

Notes: Cells in columns (1)–(4) report correlation coefficients between established indices of ethic diversity and our Ethnologue-based indices of ethnic segregation (S),
ethno-spatial alignment (A), generalized ethnic fractionalization (F), or spatial dispersion (D). The established indices are: the a-spatial segregation used by Alesina and
Zhuravskaya (2011); standard fractionalization, which is the fractionalization index based on categorical data; generalized fractionalization, which is based on (non-binary)
ethnic distances and sometimes called the Greenberg-Gini index; and polarization, which is the polarization index by Duclos et al. (2004). Column (5) reports the number of
observations on which the correlation coefficients are based.

R. Hodler, M. Valsecchi and A. Vesperoni Journal of Public Economics 200 (2021) 104446
strongly correlated to the generalized fractionalization index by
Esteban et al. (2012).15 Finally, notice the low correlation between
our novel index of ethno-spatial alignment and all these established
indices.

3.3. Climate, geography, and our indices of ethnic geography

Previous contributions argue that climate and geography are
key determinants of local ethnic diversity (e.g., Nettle, 1998,
15 The correlation between the generalized fractionalization index by Esteban et al.
(2012) and our survey-based generalized fractionalization indices are even higher:
0.77 for the Afrobarometer surveys and 0.76 for the DHS.

10
Nunn, 2008, Michalopoulos, 2012, Cervellati et al., 2019). Table 3
shows how climatic and geographical factors shape ethnic geogra-
phy as measured by our Ethnologue-based indices.

Column (1) regresses the segregation index on dummy vari-
ables for the different continents (with Africa being the omitted
category). The results imply that African countries are significantly
more segregated than countries in the Americas or Europe. Column
(2) adds a large set of climatic and geographical variables: Absolute
latitude, temperature and precipitation, access to the sea, terrain
roughness, mean and standard deviation of elevation, mean and
standard deviation of land suitability for agriculture, and malaria
suitability (see Online Appendix D.1 for definitions and data
sources). We see that American countries are less segregated than



Fig. 7. Ethnic segregation and comparative development.
Notes: The scatter plots show the association between the Ethnologue-based index
of ethnic segregation and three measures of comparative development: The rule of
law in 2010 from the World Bank Governance Indicators in the top graph; the log of
GDP per capita in 2010 from the Penn World Tables in the middle graph; and
generalized trust from the World Value Surveys 1981–2008 in the bottom graph.
Online Appendix D.2 provides more information on these measures.
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African ones even when controlling for these climatic and geo-
graphical factors (while the same does not hold true for European
countries). Access to the sea, limited variability in elevation, and a
climate unsuitable for malaria are also related to low levels of eth-
nic segregation. Taken together, all the climatic and geographical
variables explain 44 percent of the variation in our segregation
index.

Columns (3)–(5) present the results for the three components of
our segregation index. These climatic and geographical variables
also explain 44–45 percent of the variation in generalized ethnic
fractionalization and spatial dispersion, and 24 percent of the vari-
ation in ethno-spatial alignment.16
16 The positive effects of the standard deviations of elevation and land suitability on
ethnic segregation and fractionalization corroborate the findings of Michalopoulos
(2012); and the positive effects of malaria suitability the finding of Cervellati et al.
(2019). Online Appendix F presents the effects of climate and geography on our
Murdock-, DHS-, and Afrobarometer-based indices in Tables F.1–F.3.
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3.4. Ethnic geography and comparative development

In a last step, we study the relation between our Ethnologue-
based indices of ethnic geography and prominent measures of
comparative political, economic and social development. These
measures are the rule of law from the World Bank Governance
Indicators (following Alesina and Zhuravskaya, 2011), the log of
GDP per capita in 2010 from the Penn World Tables 9.0, and gen-
eralized trust from the World Values Surveys 1981–2008 (taken
from Ashraf and Galor, 2013), which is only available for around
half of the countries in our sample. Fig. 7 shows scatter plots
between the segregation index and these measures of comparative
development.17

We see that more segregated societies have substantially
weaker rule of law and substantially lower GDP. Trust levels tend
to be slightly lower too, but no significantly so.

Next, we turn to cross-country regressions. The use of cross-
country regressions is common in the literature on the economic,
political and social effects of ethnic diversity, as is the caveat that
the estimated coefficients may not represent causal effects. We
try to address omitted variable bias by using continent fixed
effects and controlling for climatic and geographical factors; and
we try to alleviate concerns of reverse causality by using our
indices based on ethnographic maps of traditional homelands.
Nevertheless, we abstain from a causal interpretation of our
results.

The upper panel of Table 4 presents the results of linear regres-
sions of our measures of comparative development on the
Ethnologue-based segregation index. The dependent variable is
the rule of law in columns (1)–(2), log GDP per capita in columns
(3)–(4), and generalized trust in columns (5)–(6). We include con-
tinent fixed effects in all columns and the climatic and geographi-
cal variables introduced in Section 3.3 in even columns. Columns
(1) and (3) show that the rule of law and GDP are negatively asso-
ciated with ethnic segregation even within continents. However,
the results in columns (2) and (4) suggest that this negative asso-
ciation may be an artefact of cross-country differences in climate
and geography.

In the lower panel of Table 4, we replace the segregation index
by its three components, i.e., the indices of ethno-spatial align-
ment, generalized ethnic fractionalization, and spatial dispersion.
Consistent with the previous literature (e.g., Easterly and Levine,
1997; Alesina et al., 2003; Alesina and La Ferrara, 2005), we find
that the rule of law and incomes are negatively associated with
ethnic fractionalization. However, this negative association too
becomes insignificant when we control for climatic and geograph-
ical factors. There is no consistent pattern for the association
between spatial dispersion and our measures of comparative
development.

The most interesting result in Table 4 concerns ethno-spatial
alignment. Higher alignment is associated with better rule of
law, higher levels of trust, and, arguably, higher GDP even if we
control for climatic and geographical factors. Hence, countries
where diverse individuals live farther apart tend to be better gov-
erned, richer, and more trusting. This result is novel, as is the con-
cept of ethno-spatial alignment.18
17 Online Appendix D.2 provides definitions and data sources for these measures;
and Online Appendix G presents the corresponding scatter plots for our Murdock-,
DHS- and Afrobarometer-based indices in Figure G.1.
18 Online Appendix G presents the results for our Murdock-, DHS-, and
Afrobarometer-based indices in Table G.1 and robustness tests for our Ethnologue-
based indices in Tables G.2–G.10.



Table 4
Ethnic geography and comparative development.

(1) (2) (3) (4) (5) (6)

Dependent var.: Rule of law Log GDP p.c. Generalized trust
Segregation �2.864*** 0.482 �2.996** 0.345 0.060 0.411

(1.056) (1.174) (1.223) (1.286) (0.319) (0.330)

R2 0.375 0.560 0.517 0.683 0.252 0.565

Countries 159 147 151 139 77 74
Alignment 0.459*** 0.428** 0.295* 0.235* 0.121*** 0.081**

(0.160) (0.171) (0.173) (0.129) (0.038) (0.033)
Fractionalization �0.852** 0.021 �0.776* �0.017 0.106 0.137

(0.332) (0.389) (0.407) (0.588) (0.089) (0.087)
Dispersion �1.380 0.941 �3.459** 0.407 0.065 0.428

(1.378) (1.461) (1.355) (1.368) (0.254) (0.260)

R2 0.435 0.579 0.568 0.687 0.388 0.606

Countries 159 147 151 139 77 74
Continent FE Yes Yes Yes Yes Yes Yes
Controls No Yes No Yes No Yes

Notes: Dependent variables are indicated in the top row. They are the rule of law in 2010 from the World Bank Governance Indicators in columns (1) and (2); the log of GDP
per capita in 2010 from the Penn World Tables in columns (3) and (4); and generalized trust from the World Value Surveys 1981–2008 in columns (5) and (6). Each column
presents two OLS regressions. The main explanatory variable(s) is the Ethnologue-based index of ethnic segregation in the upper panel, and the Ethnologue-based indices of
ethno-spatial alignment, generalized ethnic fractionalization and spatial dispersion in the lower panel. All specifications include continent fixed effects and those in even
columns also control for the climatic and geographical variables used in Table 3. Online Appendices D.1 and D.2 provide more information on the control and the dependent
variables. Robust standard errors. ***, **, * indicate p-values below 0.01, 0.05 and 0.1, respectively.
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4. Conclusions

We have developed a novel index of ethnic segregation based
on ethnic distances between groups and spatial distances between
locations. We have provided an axiomatic characterization and
have shown that our segregation index is decomposable into three
sub-indices: generalized ethnic fractionalization, spatial disper-
sion, and the alignment between ethnic and spatial distances.

We have computed our indices for a large sample of countries
using either ethnographic maps or geo-coded survey data as the
main input. While the different types of data have different advan-
tages and disadvantages, we have shown that the resulting segre-
gation indices are highly correlated. We have documented that
variations in climate and geography explain a large share of the
variation in ethnic geography as measured by our indices. Further
cross-country regressions have revealed that the negative associa-
tion between ethnic segregation and current economic and politi-
cal development is mainly due to differences in climate and
geography. In contrast, countries with higher ethno-spatial align-
ment tend to be more successful even when controlling for climatic
and geographical factors.

The indices we have developed can be applied in many more
ways than just for measuring country-level ethnic geography. First,
they can be used to measure ethnic geography at the level of alter-
native spatial units, such as continents, provinces, districts, cities,
or grid cells. Second, they can be used to measure spatial segrega-
tion or human geography along dimensions of identity other than
ethnicity, such as caste, religion, types of occupation, party affilia-
tions, or even cultural values. Therefore, we hope that these indices
become a useful tool for researchers keen to improve our under-
standing of how ethnic and human geography shape comparative
economic, political and social development.
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Appendix A

Proof of Theorem 1: It is easy to verify that our segregation index
(2) belongs to class (1) and satisfies Axioms 1–4. Let us show that,
if an index belongs to class (1) and satisfies Axioms 1–4, then it
must take the form (2) up to a positive scalar multiplication. Take
any index from class (1) and let a; b > 0 be any scalars, where a is
spatial distance and b is ethnic distance in what follows. By Axiom
1, for � > 0 arbitrarily small,

p a; bð Þ þ p 0; bð Þ þ p a;0ð Þ < 2p a; b� �ð Þ:

Letting a ! 0, by continuity of p and p 0; 0ð Þ ¼ 0, we obtain at the
limit

p 0; bð Þ 6 p 0; b� �ð Þ:
Then, since p is non-decreasing, p 0; bð Þ must be constant in b; and
by p 0; 0ð Þ ¼ 0 we must have

p 0; bð Þ ¼ 0 for all b P 0: ð7Þ
Similarly, by Axiom 2, for � > 0 arbitrarily small,

p a; bð Þ þ p 0; bð Þ þ p a;0ð Þ < 2p a� �; bð Þ;
so that letting b ! 0 by the same arguments we obtain

p a;0ð Þ ¼ 0 for all a P 0: ð8Þ
Keeping our interpretation of a as spatial distance and b as ethnic
distance, let c > 0 be any scalar that represents another spatial dis-
tance in the following. By Axiom 3, for all � 2 0; bð Þ
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p a; bð Þ þ p c; bð Þ < p a; bþ �ð Þ þ p c; b� �ð Þ if c < a;

p a; bð Þ þ p c; bð Þ > p a; bþ �ð Þ þ p c; b� �ð Þ if c > a;

hence by continuity of p

p a; bð Þ þ p c; bð Þ ¼ p a; bþ �ð Þ þ p c; b� �ð Þ if c ¼ a:

Rearranging terms this leads to

p a; bð Þ ¼ p a; bþ �ð Þ þ p a; b� �ð Þ
2

for all � 2 0; bð Þ;

hence pmust be linear in the second argument. Jointly with (7) and
(8), this implies p a; bð Þ ¼ / að Þb for all a; b P 0;where / : 0;1½ � ! Rþ
is some continuous non-decreasing function that satisfies / 0ð Þ ¼ 0.
Similarly, by Axiom 4 (interpreting a as spatial distance, b as ethnic
distance and c as another ethnic distance), for all � 2 0; bð Þ
p b; að Þ þ p b; cð Þ ¼ p bþ �; að Þ þ p b� �; cð Þ if c ¼ a;

hence p must also be linear in the first argument. It follows that
/ að Þ ¼ ka for some k > 0, and we obtain p a; bð Þ ¼ kab for all
a; b P 0. �

Proof of Proposition 1: It is straightforward that, if F l; cð Þ ¼ 0 or
D l; kð Þ ¼ 0, we must have S l; k; cð Þ ¼ 0. To see this, note that
F l; cð Þ ¼ 0 implies cg;h ¼ 0 for all g;h 2 Gwith lg ;lh > 0. Similarly,
D l; kð Þ ¼ 0 implies kp;q ¼ 0 for all p; q 2 T with lp;lq > 0. Then, if
F l; cð Þ ¼ 0 or D l; kð Þ ¼ 0, there is either zero spatial distance or
zero ethnic distance between each pair of individuals, which
implies S l; k; cð Þ ¼ 0 by the multiplicative form of p.

We now show that, if F l; cð Þ > 0 and D l; kð Þ > 0, we must have

S l; k; cð Þ ¼ F l; cð ÞD l; kð ÞA l; k; cð Þ:
By the definition of A l; k; cð Þ, this is true if and only if

S l; k; cð Þ ¼ F l; cð ÞD l; kð Þ; ð9Þ
where the uniform mass distribution l corresponding to l is such
that (i) lg ¼ lg and lp ¼ lp for all g 2 G and p 2 T; and (ii)

lg
p=lp ¼ lg for all g 2 G and p 2 T. Combining the definition of our

index with (ii) we obtain

S l; k; cð Þ ¼
X
p;qð Þ2T2

X
g;hð Þ2G2

lplg
� �

lqlh
� �

kp;qcg;h

¼
X
p;qð Þ2T2

lplqkp;q

0
@

1
A X

g;hð Þ2G2

lglhcg;h
0
@

1
A;

which together with (i) implies (9). �

Appendix B. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jpubeco.2021.
104446.
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