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Abstract

This research argues that deep-rooted factors, determined tens of thousands of years ago, had a
signi�cant e¤ect on the course of economic development from the dawn of human civilization to
the contemporary era. It advances and empirically establishes the hypothesis that, in the course
of the exodus of Homo sapiens out of Africa, variation in migratory distance from the cradle
of humankind to various settlements across the globe a¤ected genetic diversity and has had a
long-lasting e¤ect on the pattern of comparative economic development that is not captured
by geographical, institutional, and cultural factors. In particular, the level of genetic diversity
within a society is found to have a hump-shaped e¤ect on development outcomes in both the pre-
colonial and the modern era, re�ecting the trade-o¤ between the bene�cial and the detrimental
e¤ects of diversity on productivity. While the intermediate level of genetic diversity prevalent
among Asian and European populations has been conducive for development, the high degree
of diversity among African populations and the low degree of diversity among Native American
populations have been a detrimental force in the development of these regions. Further, the
optimal level of diversity has increased in the process of industrialization, as the bene�cial forces
associated with greater diversity have intensi�ed in an environment characterized by more rapid
technological progress.
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1 Introduction

Existing theories of comparative development highlight a variety of proximate and ultimate factors
underlying some of the vast inequities in living standards across the globe. The importance of
geographical, cultural and institutional factors, human capital formation, ethnic, linguistic, and
religious fractionalization, colonialism and globalization has been at the center of a debate regarding
the origins of the di¤erential timing of transitions from stagnation to growth and the remarkable
transformation of the world income distribution in the last two centuries. While theoretical and
empirical research has typically focused on the e¤ects of such factors in giving rise to and sustaining
the Great Divergence in income per capita in the pre-industrial era, attention has recently been
drawn towards some deep-rooted factors that have been argued to a¤ect the course of comparative
economic development.

This paper argues that deep-rooted factors, determined tens of thousands of years ago, have
had a signi�cant e¤ect on the course of economic development from the dawn of human civilization
to the contemporary era. It advances and empirically establishes the hypothesis that, in the course
of the exodus of Homo sapiens out of Africa, variation in migratory distance from the cradle of
humankind in East Africa to various settlements across the globe a¤ected genetic diversity and
has had a long-lasting hump-shaped e¤ect on the pattern of comparative economic development
that is not captured by geographical, institutional, and cultural factors. Further, the optimal level
of diversity appears to have increased in the process of industrialization, as the bene�cial forces
associated with greater diversity have intensi�ed in an environment characterized by more rapid
technological progress.

Consistent with the predictions of the theory, the empirical analysis �nds that the level
of genetic diversity within a society has a hump-shaped e¤ect on development outcomes in the
pre-colonial as well as in the modern era, re�ecting the trade-o¤ between the bene�cial and the
detrimental e¤ects of diversity on productivity. While the intermediate level of genetic diversity
prevalent among the Asian and European populations has been conducive for development, the
high degree of diversity among African populations and the low degree of diversity among Native
American populations have been a detrimental force in the development of these regions. In
addition, the empirical �ndings suggest that, indeed, the optimal level of diversity has increased in
the course of industrialization. While the optimal level of diversity in the year 1500 CE corresponded
to that prevalent in the Far East, the optimal level in the year 2000 CE corresponds to the
level present in the U.S. This paper thus highlights one of the deepest channels in comparative
development, pertaining not to factors associated with the dawn of complex agricultural societies
as in Diamond�s (1997) in�uential hypothesis, but to conditions innately related to the very dawn
of mankind itself.

The hypothesis rests upon two fundamental building blocks. First, migratory distance from
the cradle of humankind in East Africa had an adverse e¤ect on the degree of genetic diversity within
ancient indigenous settlements across the globe. Following the prevailing hypothesis, commonly
known as the serial-founder e¤ect, it is postulated that, in the course of human expansion over
planet Earth, as subgroups of the populations of parental colonies left to establish new settlements
further away, they carried with them only a subset of the overall genetic diversity of their parental
colonies. Indeed, as depicted in Figure 1, migratory distance from East Africa has an adverse e¤ect
on genetic diversity in the 53 ethnic groups across the globe that constitute the Human Genome
Diversity Cell Line Panel.

Second, there exists an optimal level of diversity for each stage of development re�ecting
the interplay between con�icting e¤ects of diversity on the development process. The adverse e¤ect
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Figure 1: Expected Heterozygosity and Migratory Distance in the HGDP-CEPH Sample

pertains to the detrimental impact of diversity on the e¢ ciency of the aggregate production process
of an economy. Heterogeneity increases the likelihood of mis-coordination and distrust, reducing
cooperation and disrupting the socioeconomic order. Greater population diversity is therefore
associated with the social cost of a lower total factor productivity, which inhibits the ability of
society to operate e¢ ciently with respect to its production possibility frontier.

The bene�cial e¤ect of diversity, on the other hand, concerns the positive role of diversity in
the expansion of society�s production possibility frontier. A wider spectrum of traits is more likely
to be complementary to the development and successful implementation of advanced technological
paradigms. Greater heterogeneity therefore fosters the ability of a society to incorporate more
sophisticated and e¢ cient modes of production, expanding the economy�s production possibility
frontier and conferring the bene�ts of increased total factor productivity.1

Higher diversity in a society�s population can therefore have con�icting e¤ects on the level
of its total factor productivity. Aggregate productivity is enhanced on the one hand by an increased
capacity for technological advancement, while simultaneously diminished on the other by reduced
cooperation and e¢ ciency. However, if the bene�cial e¤ects of population diversity dominate at
lower levels of diversity and the detrimental e¤ects dominate at higher levels (i.e., if there are
diminishing marginal returns to both diversity and homogeneity), the theory would predict an
inverted-U relationship between genetic diversity and development outcomes over the course of
the development process. Furthermore, the theory would also predict that the optimal level of
diversity increases with the process of economic development, as the bene�cial forces associated
with greater population diversity become intensi�ed in an environment characterized by more rapid
technological progress.

In estimating the impact on economic development of migratory distance from East Africa
via its e¤ect on genetic diversity, this research overcomes limitations and potential concerns that
are presented by the existing data on genetic diversity across the globe (i.e., measurement error,

1 Indeed, this observation is broadly consistent with theoretical and empirical evidence on the creativity-promoting
e¤ects of diversity in the workforce (see, e.g., Alesina and La Ferrara, 2005).
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data limitations, and potential endogeneity). Population geneticists typically measure the extent of
diversity in genetic material across individuals within a given population (such as an ethnic group)
using an index called expected heterozygosity. Like most other measures of diversity, this index may
be interpreted simply as the probability that two individuals, selected at random from the relevant
population, are genetically di¤erent from one another. Speci�cally, the expected heterozygosity
measure for a given population is constructed by geneticists using sample data on allelic frequencies,
i.e., the frequency with which a �gene variant�or allele (e.g., the brown vs. blue variant for the
eye color gene) occurs in the population sample.2 Given allelic frequencies for a particular gene or
DNA locus, it is possible to compute a gene-speci�c heterozygosity statistic (i.e., the probability
that two randomly selected individuals di¤er with respect to the gene in question), which when
averaged over multiple genes or DNA loci yields the overall expected heterozygosity for the relevant
population.3

The most reliable and consistent data for genetic diversity among indigenous populations
across the globe consists, however, of only 53 ethnic groups from the Human Genome Diversity
Cell Line Panel. According to anthropologists, these groups are not only historically native to
their current geographical location but have also been isolated from genetic �ows from other ethnic
groups. Empirical evidence provided by population geneticists (e.g., Ramachandran et al., 2005)
for these 53 ethnic groups suggest that, indeed, migratory distance from East Africa has an adverse
linear e¤ect on genetic diversity as depicted in Figure 1. Migratory distance from East Africa
for each of the 53 ethnic groups was computed using the great circle (or geodesic) distances from
Addis Ababa (Ethiopia) to the contemporary geographic coordinates of these ethnic groups, subject
to �ve obligatory intermediate waypoints (i.e., Cairo (Egypt), Istanbul (Turkey), Phnom Penh
(Cambodia), Anadyr (Russia) and Prince Rupert (Canada)), that capture paleontological and
genetic evidence on prehistorical human migration patterns.

Nonetheless, while the existing data on genetic diversity pertain only to ethnic groups, data
for examining comparative development are typically available at the country level. Moreover,
many national populations today are composed of multiple ethnicities, some of which may not be
indigenous to their current geographical locations. This raises two complex tasks. First, one needs
to construct of a measure of genetic diversity for national populations, based on genetic diversity
data at the ethnic group level, accounting for diversity not only within each component group but
for diversity due to di¤erences between ethnic groups as well. Second, it is necessary to account
for the potential inducement for members of distinct ethnic groups to relocate to relatively more
lucrative geographical locations.

To tackle these di¢ culties, this study adopts two distinct strategies. The �rst restricts
attention to development outcomes in the pre-colonial era when, arguably, regional populations
were indigenous to their current geographical location and largely homogenous in terms of their
ethnic compositions, with the presence of multiple indigenous ethnicities in a given region having
a negligible e¤ect on the diversity of the regional population. The second, more complex strategy
involves the construction of an index of genetic diversity for contemporary national populations that
accounts for the expected heterozygosity within each sub-national group as well as the additional
component of diversity at the country level that arises from the genetic distances between its pre-

2 In molecular genetics, an allele is de�ned as any one of a number of viable DNA codings (formally, a sequence
of nucleotides) that occupy a given locus (or position) in a chromosome. Chromosomes themselves are �packages�
for carrying strands of DNA molecules in cells and comprise multiple loci that typically correspond to some of the
observed discrete �units of heredity� (or genes) in living organisms. For further elaboration on basic concepts and
de�nitions in genetics, the interested reader is referred to Gri¢ ths et al. (2000).

3See Weir (1996) for the statistical theory underlying measures of genetic diversity.
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colonial ancestral populations. The examination of comparative development under this second
strategy would have to additionally account for the potential inducement for members of distinct
ethnic groups to relocate to relatively more lucrative geographical locations.

The examination of comparative development in the pre-colonial era, when societies were in
their agricultural stage of development, requires the interpretation of outcomes from a Malthusian
equilibrium point of view. Improvements in the technological environment during the Malthusian
epoch generated only temporary gains in income per capita, eventually leading to a larger, but
not richer, population (Ashraf and Galor, 2010). Thus the relevant variable gauging comparative
economic development during this era is population density as opposed to income per capita. In
light of this argument, this study employs cross-country historical data on population density as
the outcome variable of interest in the historical analysis and examines the hypothesized e¤ect of
human genetic diversity within societies on their population densities in the years 1 CE, 1000 CE
and 1500 CE.4

Using data on genetic diversity observed at the ethnic group level, the historical analysis
reveals, consistently with the proposed hypothesis, a highly signi�cant hump-shaped e¤ect of genetic
diversity on log population density in the year 1500 CE. In particular, accounting for the in�uence
of the timing of the Neolithic Revolution, the natural productivity of land for agriculture, as
well as other geographical characteristics that may a¤ect population density in the pre-industrial
era, the estimated linear and quadratic coe¢ cients associated with genetic diversity imply that
a 1 percentage point increase in diversity for the least diverse society in the regression sample
would raise its population density by 58.03%, whereas a 1 percentage point decrease in diversity
for the most diverse society would raise its population density by 23.36%. Despite the statistical
signi�cance and robustness of these e¤ects, however, the analysis is subsequently expanded upon
to lend further credence to these �ndings by alleviating concerns regarding sample size limitations
and potential endogeneity bias.

The issue of data limitations encountered by the analysis stems from the fact that diversity
data at the ethnic group level currently spans only a modest subset of the sample of countries
for which historical population estimates are available. The potential endogeneity issue, on the
other hand, arises from the possibility that genetic diversity within populations could partly re�ect
historical processes such as interregional migrations that were, in turn, determined by historical
patterns of comparative development. Furthermore, the direction of the potential endogeneity
bias is a priori ambiguous. For example, while historically better developed regions may have
been attractive destinations to potential migrants, serving to increase genetic diversity in relatively
wealthier societies, the more advanced technologies in these societies may also have conferred the
necessary military prowess to prevent or minimize foreign invasions, thereby reducing the likelihood
of greater genetic diversity in their populations.5

In surmounting the aforementioned data limitations and potential endogeneity issues, this
research appeals to the �out of Africa� theory regarding the origins of Homo sapiens. According

4Admittedly, historical data on population density likely su¤ers from mismeasurement as well. However, while
measurement error in explanatory variables leads to attenuation bias in OLS estimators, mismeasurement of the
dependent variable in an OLS regression has the less serious consequence of yielding larger standard errors, a result
that works against rejecting the �null hypothesis�. This statistical symptom, however, further strengthens the
�alternative hypothesis� if the relevant coe¢ cient estimates are statistically signi�cant despite the mismeasurement
of the dependent variable.

5The history of world civilization is abound with examples of both phenomena. The �Barbarian Invasions�of the
Western Roman Empire in the Early Middle Ages is a classic example of historical population di¤usion occurring
along a prosperity gradient, whereas the The Great Wall of China, built and expanded over centuries to minimize
invasions by nomadic tribes, serves (literally) as a landmark instance of the latter phenomenon.
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to this well-established hypothesis, the human species, having evolved to its modern form in East
Africa some 150,000 years ago, thereafter embarked on populating the entire globe in a stepwise
migration process beginning about 70,000�90,000 BP.6 Using archeological data combined with
mitochondrial and Y-chromosomal DNA analysis to identify the most recent common ancestors of
contemporary human populations, geneticists are able to not only o¤er evidence supporting the
origin of humans in East Africa but also trace the prehistorical migration routes of the subsequent
human expansion into the rest of the world.7 In addition, population geneticists studying human
genetic diversity have argued that the contemporary distribution of diversity across populations
should re�ect a serial-founder e¤ect originating in East Africa. Accordingly, since the populating of
the world occurred in a series of stages where subgroups left initial colonies to create new colonies
further away, carrying with them only a portion of the overall genetic diversity of their parental
colonies, contemporary genetic diversity in human populations should be expected to decrease with
increasing distance along prehistorical migratory paths from East Africa.8 Indeed, several studies
in population genetics (e.g., Prugnolle et al., 2005; Ramachandran et al., 2005; Wang et al., 2007)
have found strong empirical evidence in support of this prediction.

The present study exploits the explanatory power of migratory distance from East Africa
for genetic diversity within ethnic groups in order to overcome the data limitations and potential
endogeneity issues encountered by the initial analysis discussed above. In particular, the strong
ability of prehistorical migratory distance from East Africa in explaining observed genetic diversity
permits the analysis to generate predicted values of genetic diversity using migratory distance for
countries for which diversity data are currently unavailable. This enables a subsequent analysis to
estimate the e¤ects of genetic diversity, as predicted by migratory distance from East Africa, in a
much larger sample of countries. Moreover, given the obvious exogeneity of migratory distance from
East Africa with respect to development outcomes in the period 1�1500 CE, the use of migratory
distance to project genetic diversity alleviates concerns regarding potential endogeneity between
observed genetic diversity and economic development.

The main results from the historical analysis, employing predicted genetic diversity in the
extended sample of countries, indicate that, controlling for the in�uence of land productivity, the
timing of the Neolithic Revolution, and continental �xed e¤ects, a 1 percentage point increase
in diversity for the most homogenous society in the sample would raise its population density
in 1500 CE by 36.36%, whereas a 1 percentage point decrease in diversity for the most diverse

6An alternative to this �recent African origin�(RAO) model is the �multiregional evolution accompanied by gene
�ow�hypothesis, according to which early modern hominids evolved independently in di¤erent regions of the world
and thereafter exchanged genetic material with each other through migrations, ultimately giving rise to a relatively
uniform dispersion of modern Homo sapiens throughout the globe. However, in light of surmounting genetic and
paleontological evidence against it, the multiregional hypothesis has by now almost completely lost ground to the
RAO model of modern human origins (Stringer and Andrews, 1988).

7For studies accessible to a general audience, the reader is referred to Cavalli-Sforza et al. (1994), Cavalli-Sforza
and Cavalli-Sforza (1995), Olson (2002), Wells (2002) and Oppenheimer (2003).

8 In addition, population geneticists argue that the reduced genetic diversity associated with the founder e¤ect is
due not only to the subset sampling of alleles from parental colonies but also to a stronger force of �genetic drift�
that operates on the new colonies over time. Genetic drift arises from the fundamental tendency of the frequency of
any allele in an inbreeding population to vary randomly across generations as a result of random statistical sampling
errors alone (i.e., the chance production of a few more or less progeny carrying the relevant allele). Thus, given
the inherent �memoryless� (Markovian) property of allelic frequencies across generations as well as the absence of
mutation and natural selection, the process ultimately leads to either a 0% or a 100% representation of the allele in
the population (Gri¢ ths et al., 2000). Moreover, since random sampling errors are more prevalent in circumstances
where the law of large numbers is less applicable, genetic drift is more pronounced in smaller populations, thereby
allowing this phenomenon to play a signi�cant role in the founder e¤ect.
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society would raise its population density by 28.62%. Further, a 1 percentage point change in
genetic diversity in either direction at the predicted optimum diversity level of 0.6832 would lower
population density by 1.45%. Consistent with the predictions of the proposed hypothesis, the non-
monotonic e¤ect of genetic diversity on development outcomes is uncovered for earlier historical
periods as well. Moreover, genetic diversity explains between 15% and 42% of the cross-country
variation in log population density, depending on the historical period examined and the control
variables included in the regression speci�cation. Indeed, the impact of genetic diversity is robust to
various regression speci�cations such as the inclusion of controls for the spatial in�uence of regional
technological frontiers via trade and the di¤usion of technologies, and controls for microgeographic
factors gauging terrain quality and proximity to waterways.

Moving to the contemporary period, the analysis, as discussed earlier, constructs an index
of genetic diversity at the country level that not only incorporates the expected heterozygosities
of the pre-Columbian ancestral populations of contemporary sub-national groups, as predicted
by the migratory distances of the ancestral populations from East Africa, but also incorporates
the pairwise genetic distances between these ancestral populations, as predicted by their pairwise
migratory distances. Indeed, the serial-founder e¤ect studied by population geneticists not only
predicts that expected heterozygosity declines with increasing distance along migratory paths from
East Africa, but also that the genetic distance between any two populations will be larger the
greater the migratory distance between them.

The baseline results from the contemporary analysis indicate that the genetic diversity of
contemporary national populations has an economically and statistically signi�cant hump-shaped
e¤ect on income per capita. Moreover, in line with the prediction that the bene�cial impact of
diversity has increased in the process of industrialization, the optimal level of diversity with respect
to the modern world income distribution is higher than that obtained with respect to population
density in the pre-colonial Malthusian era. The hump-shaped impact of diversity on income per
capita is robust to continental �xed e¤ects, and to controls for ethnic fractionalization and various
measures of institutional quality, including an index gauging the extent of democracy, constraints
on the power of chief executives, legal origins, major religion shares, and the share of the population
of European descent, as well as to controls for years of schooling, disease environments, and other
geographical factors that have received attention in the literature on cross-country comparative
development.

The direct e¤ect of genetic diversity on contemporary income per capita, once institutional,
cultural, and geographical factors are accounted for, indicates that: (i) increasing the diversity of
the most homogenous country in the sample (Bolivia) by 1 percentage point would raise its income
per capita in the year 2000 CE by 38.63%, (ii) decreasing the diversity of the most diverse country
in the sample (Ethiopia) by 1 percentage point would raise its income per capita by 20.52%, (iii) a
1 percentage point change in genetic diversity (in either direction) at the optimum level of 0.7208
(that most closely resembles the U.S. diversity level of 0.7206) would lower income per capita by
1.91%, (iv) increasing Bolivia�s diversity to the optimum level prevalent in the U.S. would increase
Bolivia�s per capita income by a factor of 4.73, closing the income gap between the U.S. and Bolivia
from 12:1 to 2.5:1, and (v) decreasing Ethiopia�s diversity to the optimum level of the U.S. would
increase Ethiopia�s per capita income by a factor of 1.73 and, thus, close the income gap between
the U.S. and Ethiopia from 47:1 to 27:1.

Reassuringly, the highly signi�cant and stable hump-shaped e¤ect of genetic diversity on
income per capita in the year 2000 CE is not an artifact of post-colonial migrations towards
prosperous countries and the concomitant increase in ethnic diversity in these economies. The
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hump-shaped e¤ect of genetic diversity remains highly signi�cant and the optimal diversity estimate
remains virtually intact if the regression sample is restricted to (a) non-OECD economies (i.e.,
economies that were less attractive to migrants), (b) non Neo-European countries (i.e., excluding the
U.S., Canada, New Zealand and Australia), (c) non-Latin American countries, (d) non Sub-Saharan
African countries, and perhaps most importantly (e) to countries whose indigenous population is
larger than 97% of the entire population (i.e., under conditions that virtually eliminate the role of
migration in the creation of diversity).

The remainder of the paper is organized as follows: Section 2 brie�y reviews some related
literature. Section 3 covers the historical analysis, discussing the empirical strategy as well as the
relevant data and data sources before presenting the empirical �ndings. Section 4 does the same
for the contemporary analysis, and, �nally, Section 5 concludes.

2 Related Literature

The existing literature on comparative development has emphasized a variety of factors underlying
some of the vast di¤erences in living standards across the globe. The in�uence of geography, for
instance, has been stressed from a historical perspective by Jones (1981), Diamond (1997) and
Pomeranz (2000), and is highlighted empirically by Gallup et al. (1999) and Olsson and Hibbs
(2005) amongst others. Institutions, on the other hand, are given historical precedence by North
and Thomas (1973), Mokyr (1990), and Greif (1993), and are emphasized empirically by Hall and
Jones (1999), La Porta et al. (1999), Glaeser and Shleifer (2002), Rodrik et al. (2004), and Acemoglu
et al. (2005). In related strands of the literature on institutions, Engerman and Sokolo¤ (2000) and
Acemoglu et al. (2005) have stressed the role of colonialism, while the e¤ects of ethno-linguistic
fractionalization are examined by Easterly and Levine (1997), Alesina et al. (2003), Montalvo and
Reynal-Querol (2005) and others. Meanwhile, the historical impact of sociocultural factors has
been highlighted by Weber (1905, 1922) and Landes (1998), with empirical support coming from
Barro and McCleary (2003), Tabellini (2008) as well as Guiso et al. (2009). Finally, the importance
of human capital formation has been underlined in the uni�ed growth theories of Galor and Weil
(2000), Galor and Moav (2002), Hansen and Prescott (2002), Lucas (2002), Lagerlöf (2003, 2006),
Doepke (2004), Galor and Mountford (2006, 2008), Galor (2005), Galor et al. (2009) and Dalgaard
and Strulik (2010), and has been demonstrated empirically by Glaeser et al. (2004).

This research is singular in its attempt to empirically establish the role of deep-rooted
factors, determined tens of thousands of years ago on contemporary development. It is the �rst
to argue that variation in migratory distance from the cradle of humankind to various settlements
across the globe had a persistent e¤ect on the process of development and on the contemporary
variation in income per capita across the globe. The paper is also unique in its attempt to establish
the role of genetic diversity genetic within a society as a signi�cant determinant of its development
path and, thus, its comparative economic performance across space and time.

Nevertheless, the employment of data and empirical results from research in population
genetics places this paper in the neighborhood of some recent insightful papers in the economic
literature (e.g., Guiso et al., 2009; Spolaore and Wacziarg, 2009) that have appealed to data on
genetic distance between human populations to instrument or proxy for the e¤ect of sociocultural
di¤erences between societies on technological di¤usion and trade.9 Spolaore and Wacziarg (2009)

9See also Desmet et al. (2006) who demonstrate a strong correlation between genetic and cultural distances among
European populations to argue that genetic distance can be employed as an appropriate proxy to study the e¤ect of
cultural distance on the formation of new political borders in Europe.
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argue that genetic distance observed between populations captures their divergence in biological
and cultural characteristics (transmitted intergenerationally within a population over time), acting
as a barrier to the horizontal di¤usion of technological innovations across populations. The authors
show that Fst genetic distance, which re�ects the time elapsed since two populations shared a
common ancestor, bears a statistically signi�cant positive relationship with both historical and
contemporary pairwise income di¤erences. In particular, they �nd that a standard deviation in
genetic distance accounts for 20�30% of a standard deviation in income di¤erences, a result that
remains robust after controlling for various geographical, linguistic and religious di¤erences.10 Guiso
et al. (2009), on the other hand, employ data on genetic distance between European populations
as an instrument for measures of trust to estimate its e¤ect on the volume of bilateral trade and
foreign direct investment, �nding that a one standard deviation increase in genetic distance reduces
the level of trust by about 27%.11

The employment of the genetic distance metric between populations in the earlier studies
permitted the analysis of the e¤ect of cultural (and biological) di¤erences, proxied by genetic
distances, on the degree of spillovers across societies. In addition, Spolaore and Wacziarg�s (2009)
�nding that income di¤erences between societies are a function of their relative genetic distance
from the world technological frontier implicitly invokes the notion of a hierarchy of traits, whereby
the most complementary traits for economic development are those that are predominant in the
population at the frontier. In contrast, the genetic diversity metric within populations exploited
in this paper facilitates the analysis of the e¤ect of the variation in traits across individuals within
a society on its development process, regardless of society�s proximity to the global technological
frontier. Hence, unlike previous studies where interdependence across societies through trade or
technological di¤usion is a necessary condition for the e¤ect of human genetics on the process of
economic development, the current research advances the novel hypothesis that genetic diversity
within a society plays a signi�cant role in its development path, independently of its position in
the world economy. Moreover, the genetic channel proposed in this study is entirely orthogonal to
conceptual frameworks that posit a hierarchy of genetic traits in terms of their conduciveness to
the process of development.

Furthermore, unlike earlier studies where genetic distance between populations diminishes
the rate of technological di¤usion and reduces productivity, the hypothesis advanced and tested in
this paper suggests that genetic diversity within a population confers both social costs, in the form
of lower social capital arising from di¤erences amongst individual members, and social bene�ts in
the form of diversity-driven knowledge accumulation. Thus, the overall e¤ect of genetic diversity on
developmental outcomes would be hump-shaped, rather than monotonically negative. The results
of the empirical analysis conducted in this study suggest that the previously unexamined bene�cial
e¤ect of genetic di¤erences is indeed a signi�cant factor in the overall in�uence of the genetic
channel on comparative development.

10The coe¢ cient estimates obtained from regressing genetic distance on income di¤erences in Spolaore and
Wacziarg�s (2009) study remain almost una¤ected in both magnitude and signi�cance when subjected to controls for
cultural distance, proxied for with a set of variables including common colonial history, linguistic distance as well as
religious distance. While this could be regarded as evidence for a biological interpretation of their results, the authors
argue that the �barriers�arising from di¤erences in vertically transmitted characteristics are not primarily linguistic
or religious in nature.
11 It should be noted that Giuliano et al. (2006) have raised concerns regarding the use of genetic distance as either a

proxy or an instrument for cultural di¤erences in these studies, arguing that genetic distance, being strongly correlated
with geographic distance, is really a proxy for transportation costs associated with geographical (as opposed to
biological or sociocultural) barriers. Nevertheless, Spolaore and Wacziarg (2009) and Guiso et al. (2009) demonstrate
that their results remain robust to controls for this alternative transportation cost hypothesis.
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The examination of the e¤ects of genetic diversity along with the in�uence of the timing of
agricultural transitions also places this paper in an emerging strand of the literature that has
focused on empirically testing Diamond�s (1997) assertion regarding the long-standing impact
of the Neolithic Revolution. Diamond (1997) has stressed the role of biogeographical factors
in determining the timing of the Neolithic Revolution, which conferred a developmental head-
start to societies that experienced an earlier transition from primitive hunting and gathering
techniques to the more technologically advanced agricultural mode of production. According to
this hypothesis, the luck of being dealt a favorable hand thousands of years ago with respect
to biogeographic endowments, particularly exogenous factors contributing to the emergence of
agriculture and facilitating the subsequent di¤usion of agricultural techniques, is the single most
important driving force behind the divergent development paths of societies throughout history that
ultimately led to the contemporary global di¤erences in standards of living. Speci�cally, an earlier
transition to agriculture due to favorable environmental conditions gave some societies an early
advantage by conferring the bene�ts of a production technology that generated resource surpluses
and enabled the rise of a non-food-producing class whose members were crucial for the development
of written language and science, and for the formation of cities, technology-based military powers
and nation states. The early technological dominance of these societies subsequently persisted
throughout history, being further sustained by the subjugation of less-developed societies through
exploitative geopolitical and historical processes such as colonization.

While the long-standing in�uence of the Neolithic Revolution on comparative development
remains a compelling argument, this research demonstrates that, contrary to Diamond�s (1997)
unicausal hypothesis, the composition of human populations with respect to their genetic diversity
has been an signi�cant and persistent factor that a¤ected the course of economic development
from the dawn of human civilization to the present. In estimating the economic impact of human
genetic diversity while controlling for the channel emphasized by Diamond (1997), the current
research additionally establishes the historical signi�cance of the timing of agricultural transitions
for pre-colonial population density, which, as already argued, is the relevant variable capturing
comparative economic development during the Malthusian epoch of stagnation in income per
capita.12 Interestingly, however, unlike the conjecture of Diamond (1997), the timing of the
Neolithic Revolution has no e¤ect on contemporary income per capita.13

12Note that, although the genetic diversity channel raised in this study is conceptually independent of the timing
of the agricultural transition, an additional genetic channel that interacts with the time elapsed since the Neolithic
Revolution has been examined by Galor and Moav (2002, 2007). These studies argue that the Neolithic transition
triggered an evolutionary process resulting in the natural selection of certain genetic traits (such as preference for
higher quality children and greater longevity) that are complementary to economic development, thereby implying a
ceteris paribus positive relationship between the timing of the agricultural transition and the representation of such
traits in the population. Indeed, the empirical evidence recently uncovered by Galor and Moav (2007) is consistent
with this theoretical prediction. Thus, while the signi�cant reduced-form e¤ect of the Neolithic Revolution observed
in this study may be associated with the Diamond hypothesis, it could also be partly capturing the in�uence of this
additional genetic channel. See also Lagerlöf (2007) for a complementary evolutionary theory regarding the dynamics
of human body mass in the process of economic development.
13Olsson and Hibbs (2005) and Putterman (2008) have suggested that there is empirical support for the Diamond

hypothesis in that the timing of the Neolithic revolution a¤ected the contemporary variation in income per capita
across the globe. However, as established in Table 12, these results are non-robust. Once the genetic diversity channel
is included in the analysis, the (direct or indirect) e¤ect of the Neolithic Revolution on contemporary outcomes
becomes statistically insigni�cant.
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3 The Historical Analysis

3.1 Data and Empirical Strategy

This section discusses the data and empirical strategy employed to examine the impact of genetic
diversity on comparative development in the time period 1-1500 CE.

3.1.1 Dependent Variable: Historical Population Density

As argued previously, the relevant variable re�ecting comparative development across countries in
the pre-colonial Malthusian era is population density. The empirical examination of the proposed
genetic hypothesis therefore aims to employ cross-country variation in observed genetic diversity
and in that predicted by migratory distance from East Africa to explain cross-country variation in
historical population density. Data on historical population density are obtained from McEvedy
and Jones (1978) who provide �gures at the country level, i.e., for regions de�ned by contemporary
national borders, over the period 400 BCE�1975 CE.14 However, given the greater unreliability
(and less availability in terms of observations) of population data for earlier historical periods, the
baseline regression speci�cation adopts population density in 1500 CE as the preferred outcome
variable to examine. The analysis additionally examines population density in 1000 CE and 1 CE
to demonstrate the robustness of the genetic channel for earlier time periods.

3.1.2 Independent Variable: Genetic Diversity

The most reliable and consistent data for genetic diversity among indigenous populations across the
globe consists of 53 ethnic groups from the Human Genome Diversity Cell Line Panel, compiled
by the Human Genome Diversity Project-Centre d�Etudes du Polymorphisme Humain (HGDP-
CEPH).15 According to anthropologists, these 53 ethnic groups are not only historically native to
their current geographical location but have also been isolated from genetic �ows from other ethnic
groups. Population geneticists typically measure the extent of diversity in genetic material across
individuals within a given population (such as an ethnic group) using an index called expected
heterozygosity. Like most other measures of diversity, this index may be interpreted simply as the
probability that two individuals, selected at random from the relevant population, are genetically
di¤erent from one another. Speci�cally, the expected heterozygosity measure for a given population
is constructed by geneticists using sample data on allelic frequencies, i.e., the frequency with which
a �gene variant�or allele occurs in the population sample. Given allelic frequencies for a particular
gene or DNA locus, it is possible to compute a gene-speci�c heterozygosity statistic (i.e., the
probability that two randomly selected individuals di¤er with respect to a given gene), which when
averaged over multiple genes or DNA loci yields the overall expected heterozygosity for the relevant
population.

Consider a single gene or locus l with k observed variants or alleles in the population and
let pi denote the frequency of the i-th allele. Then, the expected heterozygosity of the population
with respect to locus l, H l

exp, is:

H l
exp = 1�

kX
i=1

p2i . (1)

14The reader is referred to Appendix B for additional details.
15For a more detailed description of the HGDP-CEPH Human Genome Diversity Cell Line Panel data set, the

interested reader is referred to Cann et al. (2002). A broad overview of the Human Genome Diversity Project is given
by Cavalli-Sforza (2005). The 53 ethnic groups are listed in Appendix A.
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Given allelic frequencies for each of m di¤erent genes or loci, the average across these loci
then yields an aggregate expected heterozygosity measure of overall genetic diversity, Hexp, as:

Hexp = 1�
1

m

mX
l=1

klX
i=1

p2i , (2)

where kl is the number of observed variants in locus l.
Empirical evidence uncovered by Ramachandran et al. (2005) for the 53 ethnic groups from

the Human Genome Diversity Cell Line Panel suggests that migratory distance from East Africa
has an adverse linear e¤ect on genetic diversity.16 They interpret this �nding as providing support
for a serial-founder e¤ect originating in East Africa, re�ecting a process where the populating of
the world occurred in a series of discrete steps involving subgroups leaving initial settlements to
establish new settlements further away and carrying with them only a subset of the overall genetic
diversity of their parental colonies.

In estimating the migratory distance from East Africa for each of the 53 ethnic groups in
their data set, Ramachandran et al. (2005) calculate great circle (or geodesic) distances using Addis
Ababa (Ethiopia) as the point of common origin and the contemporary geographic coordinates of the
sampled groups as the destinations. Moreover, these distance estimates incorporate �ve obligatory
intermediate waypoints, used to more accurately capture paleontological and genetic evidence
on prehistorical human migration patterns that are consistent with the widely-held hypothesis
that, in the course of their exodus from Africa, humans did not cross large bodies of water. The
intermediate waypoints, depicted on the world map in Figure 2 along with the spatial distribution
of the ethnic groups from the HGDP-CEPH sample, are: Cairo (Egypt), Istanbul (Turkey), Phnom
Penh (Cambodia), Anadyr (Russia) and Prince Rupert (Canada). For instance, as illustrated
in Figure 2, the migration path from Addis Ababa to the Papuan ethnic group in modern-day
New Guinea makes use of Cairo and Phnom Penh whereas that to the Karitiana population in
Brazil incorporates Cairo, Anadyr and Prince Rupert as intermediate waypoints.17 The migratory
distance between endpoints (i.e., Addis Ababa and the location of a group) is therefore the sum
of the great circle distances between these endpoints and the waypoint(s) in the path connecting
them, and the distance(s) between waypoints if two or more such points are required.

The empirical analysis of Ramachandran et al. (2005) establishes migratory distance from
East Africa as a strong negative predictor of genetic diversity at the ethnic group level. Based
on the R-squared of their regression, migratory distance alone explains almost 86% of the cross-
group variation in within-group diversity.18 In addition, the estimated OLS coe¢ cient is highly

16Ramachandran et al. (2005) compute expected heterozygosity (i.e., genetic diversity) for these 53 ethnic groups
from allelic frequencies associated with 783 chromosomal loci.
17Based on mitochondrial DNA analysis, some recent studies (e.g., Oppenheimer, 2003; Macaulay et al., 2005) have

proposed a southern exit route out of Africa whereby the initial exodus into Asia occurred not via the Levant but
across the mouth of the Red Sea (between modern-day Djibouti and Yemen), thereafter taking a �beachcombing�path
along the southern coast of the Arabian Peninsula to India and onward into Southeast Asia. Moreover, a subsequent
northern o¤shoot from the Persian Gulf region ultimately lead to the settlement of the Near East and Europe. This
scenario therefore suggests the use of Sana�a (Yemen) and Bandar Abbas (Iran) as intermediate waypoints instead of
Cairo. Adopting this alternative route for computing migratory distances, however, does not signi�cantly alter the
main results presented in Section 3.2.
18These results are similar to those uncovered in an independent study by Prugnolle et al. (2005) that employs a

subset of the HGDP-CEPH sample encompassing 51 ethnic groups whose expected heterozygosities are calculated
from allelic frequencies for 377 loci. Despite their somewhat smaller sample at both the ethnic group and DNA
analysis levels, Prugnolle et al. (2005) �nd that migratory distance from East Africa explains 85% of the variation in
genetic diversity. On the other hand, using an expanded data set comprised of the 53 HGDP-CEPH ethnic groups
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Figure 2: The 53 HGDP-CEPH Ethnic Groups and Migratory Paths from East Africa

statistically signi�cant, possessing a t-statistic = -9.770 (P-value < 10�4), and suggests that
predicted expected heterozygosity falls by 0.0755 percentage points for every 10,000 km increase in
migratory distance from Addis Ababa. This is the relationship depicted earlier on the scatter plot
in Figure 1.

The present study exploits the explanatory power of migratory distance from East Africa
for the cross-sectional variation in ethnic group expected heterozygosity in order to advance the
empirical analysis of the e¤ect of diversity on development in two dimensions. First, given the
potential endogeneity between observed genetic diversity and economic development as discussed
earlier, the use of genetic diversity values predicted by migratory distance from East Africa alleviates
concerns regarding endogeneity bias. Speci�cally, the identifying assumption being employed here
is that distances along prehistorical human migration routes from Africa have no direct e¤ect
on economic development during the Common Era. Second, the strong capacity of migratory
distance in predicting genetic diversity implies that the empirical analysis of the genetic hypothesis
proposed in this study need not be restricted to the 53 HGDP-CEPH ethnic groups that span only
21 countries, especially since data on the outcome variable of interest (i.e., population density in
the year 1500 CE) are available for a much larger set of countries.

To further elaborate, the current analysis tests the proposed genetic hypothesis both using
observed genetic diversity in a limited sample of 21 countries, spanned by the 53 ethnic groups
in the HGDP-CEPH data set, and using genetic diversity predicted by migratory distance from
East Africa in an extended sample of 145 countries. In the 21-country sample, genetic diversity
and migratory distance are aggregated up to the country level by averaging across the set of ethnic

and an additional 24 Native American populations, Wang et al. (2007) �nd that migratory distance explains a more
modest 74% of the variation in genetic diversity, based on allelic frequencies for 678 loci. The authors attribute their
somewhat weaker results to the fact that the additional Native American ethnic groups in their augmented sample
were historically subjected to a high degree of gene �ow from foreign populations (i.e., European colonizers), which
obscured the genetic legacy of a serial-founder e¤ect in these groups.
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groups located within a given country.19 For the extended sample, however, the distance calculation
methodology of Ramachandran et al. (2005) is adopted to �rst construct migratory distance from
East Africa for each country, using Addis Ababa as the origin and the country�s modern capital
city as the destination along with the aforementioned waypoints for restricting the migration route
to landmasses as much as possible.20 This constructed distance variable is then applied to obtain a
predicted value of genetic diversity for each country based on the coe¢ cient on migratory distance
in Ramachandran et al.�s (2005) regression across the 53 HGDP-CEPH ethnic groups. Hence, it is
this predicted genetic diversity at the country level that is employed as the explanatory variable of
interest in the extended sample of countries.21

3.1.3 Control Variables: Neolithic Transition Timing and Land Productivity

Diamond�s (1997) hypothesis has identi�ed the timing of the Neolithic Revolution as a proximate
determinant of economic development, designating initial geographic and biogeographic conditions
that governed the emergence and adoption of agricultural practices in prehistorical hunter-gatherer
societies as the ultimate determinants in this channel. Some of these geographic and biogeographic
factors, highlighted in the empirical analysis of Olsson and Hibbs (2005), include the size of the
continent or landmass, the orientation of the major continental axis, type of climate, and the
number of prehistorical plant and animal species amenable for domestication.22

19A population-weighted averaging method is infeasible in this case due to the current unavailability of population
�gures for the HGDP-CEPH ethnic groups.
20Clearly, there is some amount of measurement error that is introduced by following this methodology since actual

migration paths are only approximated due to the use of �ve major intercontinental waypoints. For instance, using
this general method to calculate the migratory distance to Iceland, which was settled in the 9th century CE by a
Norwegian population, fails to capture Oslo as an additional case-speci�c waypoint. The overall sparsity of historical
evidence, however, regarding the actual source of initial settlements in many regions makes a more re�ned analysis
infeasible. Nonetheless, it is credibly postulated that the absence of case-speci�c waypoints from the analysis does
not introduce signi�cant mismeasurement at the global scale. The same argument applies in defense of using modern
capital cities as destination points for the migratory paths, although historical evidence suggests that, at least for
many cases in the �Old World�, modern capitals were also some of the major centers of urbanization throughout the
Common Era (see, e.g., Bairoch, 1988; Chandler, 1987; and, McEvedy and Jones, 1978).
21As argued by Pagan (1984) and Murphy and Topel (1985), the OLS estimator for this two-step estimation

method yields consistent estimates of the coe¢ cients in the second stage regression, but inconsistent estimates of
their standard errors as it fails to account for the presence of a generated regressor. This inadvertently causes naive
statistical inferences to be biased in favor of rejecting the null hypothesis. To surmount this issue, the current study
employs a two-step bootstrapping algorithm to compute the standard errors in all regressions that use the extended
sample containing predicted genetic diversity at the country level. The bootstrap estimates of the standard errors are
constructed in the following manner. A random sample with replacement is drawn from the HGDP-CEPH sample of
53 ethnic groups. The �rst stage regression is estimated on this random sample and the corresponding OLS coe¢ cient
on migratory distance is used to compute predicted genetic diversity in the extended sample of countries. The second
stage regression is then estimated on a random sample with replacement drawn from the extended cross-country
sample and the OLS coe¢ cients are stored. This process of two-step bootstrap sampling and least squares estimation
is repeated 1,000 times. The standard deviations in the sample of 1,000 observations of coe¢ cient estimates from the
second stage regression are thus the bootstrap standard errors of the point estimates of these coe¢ cients.
22See also Weisdorf (2005). While the in�uence of the number of domesticable species on the likelihood of the

emergence of agriculture is evident, the role of the geographic factors requires some elaboration. A larger size of the
continent or landmass implied greater biodiversity and, hence, a greater likelihood that at least some species suitable
for domestication would exist. In addition, a more pronounced East-West (relative to North-South) orientation of
the major continental axis meant an easier di¤usion of agricultural practices within the landmass, particularly among
regions sharing similar latitudes and, hence, similar environments suitable for agriculture. This orientation factor is
argued by Diamond (1997) to have played a pivotal role in comparative economic development by favoring the early
rise of complex agricultural civilizations on the Eurasian landmass. Finally, certain climates are known to be more
bene�cial for agriculture than others. For instance, moderate zones encompassing the Mediterranean and marine
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The current analysis controls for the ultimate and proximate determinants of development in
the Diamond channel using cross-country data on the aforementioned geographic and biogeographic
variables as well as on the timing of the Neolithic Revolution.23 However, given the empirical link
between the ultimate and proximate factors in Diamond�s hypothesis, the baseline speci�cation
focuses on the timing of the Neolithic transition to agriculture as the relevant control variable for
this channel. The results from an extended speci�cation that incorporates initial geographic and
biogeographic factors as controls are presented to demonstrate robustness.

The focus of the historical analysis on economic development in the pre-colonial Malthusian
era also necessitates controls for the natural productivity of land for agriculture. Given that in a
Malthusian environment resource surpluses are primarily channeled into population growth with per
capita incomes largely remaining at or near subsistence, regions characterized by natural factors
generating higher agricultural crop yields should, ceteris paribus, also exhibit higher population
densities (Ashraf and Galor, 2010).24 If diversity in a society in�uences its development through
total factor productivity (comprised of both social capital and technological know-how), then
controlling for the natural productivity of land would constitute a more accurate test of the e¤ect
of diversity on the Malthusian development outcome �i.e., population density.

In controlling for the agricultural productivity of land, this study employs measurements
of three geographic variables at the country level including the percentage of arable land, absolute
latitude, and an index gauging the overall suitability of land for agriculture based on soil quality
and temperature.25

3.1.4 The Baseline Regression Speci�cations

In light of the proposed genetic diversity hypothesis as well as the roles of the Neolithic transition
timing and land productivity channels in agricultural development, the following speci�cation is
adopted to examine the in�uence of observed genetic diversity on economic development in the
limited sample of 21 countries:

lnPit = �0t + �1tGi + �2tG
2
i + �3t lnTi + �

0
4t lnXi + �

0
5t ln�i + "it, (3)

where Pit is the population density of country i in a given year t, Gi is the average genetic diversity
of the subset of HGDP-CEPH ethnic groups that are located in country i, Ti is the time in years

west coast subcategories in the Köppen-Geiger climate classi�cation system are particularly amenable for growing
annual, heavy grasses whereas humid subtropical, continental and wet tropical climates are less favorable in this
regard, with agriculture being almost entirely infeasible in dry and Polar climates. Indeed, the hypothesized in�uence
of these exogenous factors on the Neolithic Revolution has been established empirically by Olsson and Hibbs (2005)
and Putterman (2008).
23The data source for the aforementioned geographic and biogeographic controls is Olsson and Hibbs (2005) whereas

that for the timing of the Neolithic Revolution is Putterman (2008). See Appendix B for the de�nitions and sources
of all primary and control variables employed by the analysis.
24 It is important to note, in addition, that the type of land productivity being considered here is largely independent

of initial geographic and biogeographic endowments in the Diamond channel and, thus, somewhat orthogonal to
the timing of agricultural transitions as well. This holds due to the independence of natural factors conducive to
domesticated species from those that were bene�cial for the wild ancestors of eventual domesticates. As argued by
Diamond (2002), while agriculture originated in regions of the world to which the most valuable domesticable wild
plant and animal species were native, other regions proved more fertile and climatically favorable once the di¤usion
of agricultural practices brought the domesticated varieties to them.
25The data for these variables are obtained from the World Bank�sWorld Development Indicators, the CIA�sWorld

Factbook, and Michalopoulos (2008) respectively. See Appendix B for additional details.

14



elapsed since country i�s transition to agriculture, Xi is a vector of land productivity controls, �i
is a vector of continental dummies, and "it is a country-year speci�c disturbance term.26

Moreover, considering the remarkably strong predictive power of migratory distance from
East Africa for genetic diversity, the baseline regression speci�cation employed to test the proposed
genetic channel in the extended cross-country sample is given by:

lnPit = �0t + �1tĜi + �2tĜ
2
i + �3t lnTi + �

0
4t lnXi + �

0
5t ln�i + "it, (4)

where Ĝi is the genetic diversity predicted by migratory distance from East Africa for country i
using the methodology discussed in Section 3.1.2. Indeed, it is this regression speci�cation that is
estimated to obtain the main empirical �ndings.27

Before proceeding, it is important to note that the regression speci�cations in (3) and (4)
above constitute reduced-form empirical analyses of the genetic diversity channel in Malthusian
economic development. Speci�cally, according to the proposed hypothesis, genetic diversity has a
non-monotonic impact on society�s level of development through two opposing e¤ects on the level
of its total factor productivity: a detrimental e¤ect on social capital and a bene�cial e¤ect on the
knowledge frontier. However, given the absence of measurements for the proximate determinants
of development in the genetic diversity channel, a more discriminatory test of the hypothesis is
infeasible. Nonetheless, the results to follow are entirely consistent with the theoretical prediction
that, in the presence of diminishing marginal e¤ects of genetic diversity on total factor productivity
in a Malthusian economy, the overall reduced-form e¤ect of genetic diversity on cross-country
population density should be hump-shaped � i.e., that �1t > 0 and �2t < 0. Moreover, as
will become evident, the unconditional hump-shaped relationship between genetic diversity and
development outcomes does not di¤er signi�cantly between the adopted quadratic and alternative
non-parametric speci�cations.

3.2 Empirical Findings

This section presents the results from empirically investigating the relationship between genetic
diversity and log population density in the pre-colonial Malthusian era of development. To this
end, the analysis exploits cross-country variations in observed genetic diversity, migratory distance
from East Africa and historical population density, as well as in variables used to control for the
timing of the Neolithic transition and the natural productivity of land for agriculture. Consistent

26The fact that economic development has been historically clustered in certain regions of the world raises concerns
that these disturbances could be non-spherical in nature, thereby confounding statistical inferences based on the OLS
estimator. In particular, the disturbance terms may exhibit spatial autocorrelation, i.e., Cov["i; "j ] > 0, within a
certain threshold of distance from each observation. Keeping this possibility in mind, the limited sample analyses
presented in the text are repeated in Appendix D, where the standard errors of the point estimates are corrected for
spatial autocorrelation across disturbance terms, following the methodology of Conley (1999).
27Tables E.1�E.2 in Appendix E present the descriptive statistics of the limited 21-country sample employed

in estimating equation (3) while Tables E.3�E.4 present those of the extended 145-country sample used to estimate
equation (4). As reported therein, the �nite-sample moments of the explanatory variables in the limited and extended
cross-country samples are remarkably similar. Speci�cally, the range of values for predicted genetic diversity in the
extended sample falls within the range of values for observed diversity in the limited sample. This is particularly
reassuring because it demonstrates that the methodology used to generate the predicted genetic diversity variable did
not project values beyond what is actually observed, indicating that the HGDP-CEPH collection of ethnic groups is
indeed a representative sample for the worldwide variation in within-country genetic diversity. Moreover, the fact that
the �nite-sample moments of log population density in 1500 CE are not signi�cantly di¤erent between the limited
and extended cross-country samples foreshadows the encouraging similarity of the regression results that are obtained
under observed and predicted values of genetic diversity.
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with the theoretical predictions of the proposed diversity channel, the results demonstrate that
genetic diversity has a highly statistically signi�cant and robust hump-shaped relationship with
historical log population density. Results for observed diversity in the limited 21-country sample
are examined in Section 3.2.1. The remaining sections concern genetic diversity, predicted by
migratory distance from East Africa, in the extended sample of 145 countries.

Section 3.2.2, in particular, discusses the baseline results associated with examining the
e¤ect of predicted diversity on log population density in 1500 CE. The analysis is subsequently
expanded upon in Sections 3.2.3-3.2.7 to establish the robustness of the genetic diversity channel
with respect to (i) explaining comparative development in earlier historical periods, speci�cally
log population density in 1000 CE and 1 CE, (ii) alternative concepts of distance including the
aerial distance from East Africa as well as migratory distances from several �placebo� points of
origin across the globe, (iii) the technology di¤usion hypothesis that postulates a bene�cial e¤ect
on development arising from spatial proximity to regional technological frontiers, (iv) controls for
microgeographic factors including the degree of variation in terrain and access to waterways, and
�nally, (v) controls for the exogenous geographic and biogeographic factors favoring an earlier onset
of agriculture in the Diamond channel.

3.2.1 Results from the Limited Sample

The initial investigation of the proposed genetic diversity hypothesis using the limited sample of
countries is of fundamental importance for the subsequent empirical analyses, performed using the
extended sample, in three critical dimensions. First, since the limited sample contains observed
values of genetic diversity whereas the extended sample comprises values predicted by migratory
distance from East Africa, similarity in the results obtained from the two samples would lend
credence to the main empirical �ndings associated with predicted genetic diversity in the extended
sample of countries. Second, the fact that migratory distance from East Africa and observed genetic
diversity are not perfectly correlated with each other makes it possible to test, using the limited
sample of countries, the assertion that migratory distance a¤ects economic development through
genetic diversity only and is, therefore, appropriate for generating predicted genetic diversity in
the extended sample of countries. Finally, having veri�ed the above assertion, the limited sample
permits an instrumental variables regression analysis of the proposed hypothesis with migratory
distance employed as an instrument for genetic diversity. This then constitutes a more direct and
accurate test of the genetic diversity channel given possible concerns regarding the endogeneity
between genetic diversity and economic development. As will become evident, the results obtained
from the limited sample indeed deliver on all three aforementioned fronts.

Explaining Comparative Development in 1500 CE. Table 1 presents the limited sample
results from regressions explaining log population density in 1500 CE.28 In particular, a number of
speci�cations comprising di¤erent subsets of the explanatory variables in equation (3) are estimated
to examine the independent and combined e¤ects of the genetic diversity, transition timing, and
land productivity channels.

Consistent with the predictions of the proposed diversity hypothesis, Column 1 reveals the
unconditional cross-country hump-shaped relationship between genetic diversity and log population
density in 1500 CE. Speci�cally, the estimated linear and quadratic coe¢ cients, both statistically

28Corresponding to Tables 1 and 2 in the text, Tables D.1 and D.2 in Appendix D present results with standard
errors and 2SLS point estimates corrected for spatial autocorrelation across observations.
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Table 1: Observed Diversity and Economic Development in 1500 CE

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

Dependent Variable is Log Population Density in 1500 CE

Observed Diversity 413.504*** 225.440*** 203.814*
(97.320) (73.781) (97.637)

Observed Diversity Sqr. -302.647*** -161.158** -145.717*
(73.344) (56.155) (80.414)

Log Transition Timing 2.396*** 1.214*** 1.135
(0.272) (0.373) (0.658)

Log % of Arable Land 0.730** 0.516*** 0.545*
(0.281) (0.165) (0.262)

Log Absolute Latitude 0.145 -0.162 -0.129
(0.178) (0.130) (0.174)

Log Land Suitability 0.734* 0.571* 0.587
(0.381) (0.294) (0.328)

Optimal Diversity 0.683*** 0.699*** 0.699***
(0.008) (0.015) (0.055)

Continent Dummies No No No No Yes
Observations 21 21 21 21 21
R-squared 0.42 0.54 0.57 0.89 0.90
Note : Heteroskedasticity robust standard errors are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

signi�cant at the 1% level, imply that a 1 percentage point increase in genetic diversity for the
most homogenous society in the regression sample would raise its population density in 1500 CE by
113.99%, whereas a 1 percentage point decrease in diversity for the most diverse society would raise
its population density by 63.71%. In addition, the coe¢ cients also indicate that a 1 percentage point
change in diversity in either direction at the predicted optimum of 0.6831 would lower population
density by 2.98%.29 Furthermore, based on the R-squared coe¢ cient of the regression, the genetic
diversity channel appears to explain 42% of the variation in log population density in 1500 CE
across the limited sample of countries. The quadratic relationship implied by the OLS coe¢ cients
reported in Column 1 is depicted together with a non-parametric local polynomial regression line
on the scatter plot in Figure 3. Reassuringly, as illustrated therein, the estimated quadratic falls
within the 95% con�dence interval band of the non-parametric relationship.30

The unconditional e¤ects of the Neolithic transition timing and land productivity channels
are reported in Columns 2 and 3 respectively. In line with the Diamond hypothesis, a 1% increase
in the number of years elapsed since the transition to agriculture increases population density in
1500 CE by 2.40%, an e¤ect that is also signi�cant at the 1% level. Similarly, consistent with the
predictions of the land productivity channel, population density in 1500 CE possesses statistically
signi�cant positive elasticities with respect to both the percentage of arable land as well as the
index gauging the suitability of land for agriculture. Moreover, the agricultural transition timing
and land productivity channels independently explain 54% and 57% of the limited cross-country

29The magnitude of these e¤ects can be derived directly from the estimated linear and quadratic coe¢ cients
associated with genetic diversity. Speci�cally, letting �̂1 and �̂2 denote the estimated coe¢ cients on genetic diversity
and genetic diversity square, equation (3) can be used to show that the proportional e¤ect on population density of
a �G change in diversity at the speci�ed level �G is given by: �P=P = expf�G(�̂1 + 2�̂2 �G+ �G�G)g � 1.
30For consistency with Figure 1, which depicts the negative e¤ect of increasing migratory distance from East Africa

on genetic diversity, the horizontal axes in Figures 3�7 and 9�10 represent genetic homogeneity (i.e., 1 minus genetic
diversity) so as to re�ect increasing as opposed to decreasing migratory distance from East Africa.
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Figure 3: Observed Genetic Diversity and Population Density in 1500 CE �The Unconditional
Relationship

sample variation in log population density in 1500 CE.
Column 4 presents the results obtained from exploiting the combined explanatory power

of all three channels for log population density in the year 1500 CE. Not surprisingly, given the
small sample size as well as the pairwise correlations between covariates reported in Table E.2 in
Appendix E, the estimated conditional e¤ects are sizeably reduced in magnitude in comparison
to their unconditional estimates presented in earlier columns. Nonetheless, the OLS coe¢ cients
associated with all channels retain their expected signs and continue to remain highly statistically
signi�cant. To interpret the conditional e¤ects of the genetic diversity channel, the estimated linear
and quadratic coe¢ cients associated with genetic diversity imply that, accounting for the in�uence
of the transition timing and land productivity channels, a 1 percentage point increase in genetic
diversity for the most homogenous society in the regression sample would raise its population
density in 1500 CE by 58.03%, whereas a 1 percentage point decrease in diversity for the most
diverse society would raise its population density by 23.36%. Further, a 1 percentage point change
in diversity in either direction at the predicted optimum of 0.6994 would lower population density
by 1.60%. Additionally, by exploiting the combined explanatory power of all three channels, the
estimated model explains an impressive 89% of the limited sample cross-country variation in log
population density.

Finally, the results from estimating the regression model in equation (3) are reported in
Column 5, which indicates that the results from previous columns were not simply re�ecting the
possible in�uence of some unobserved continent-speci�c attributes. In spite of the sample size
limitations and the smaller variability of covariates within continents in comparison to that across
continents, genetic diversity continues to exert signi�cant in�uence in a manner consistent with
theoretical predictions. Reassuringly, the estimated average within-continent e¤ects of the diversity
channel are very similar to the cross-continent e¤ects reported in Column 4 and the implied optimal
level of diversity remains intact, lending credence to the assertion that these e¤ects are indeed due
to genetic diversity as opposed to unobserved continental characteristics.
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To summarize, the limited sample results presented in Table 1 demonstrate that genetic
diversity has a statistically signi�cant hump-shaped relationship with log population density in the
year 1500 CE. The analysis, however, also reveals signi�cant e¤ects associated with the Neolithic
transition timing and land productivity channels. Indeed, the non-monotonic e¤ect of diversity on
log population density prevails under controls for these other explanatory channels, and remains
remarkably stable in magnitude regardless of whether the cross-country variations exploited by
the analysis are within or across continents. While, given the obvious limitations of the sample
employed, these results may initially appear to be more illustrative rather than conclusive, they are
in fact reassuringly similar to those obtained in the extended sample of countries, as will become
evident in Section 3.2.2 below. This similarity provides further assurance regarding the validity of
the inferences made with the main empirical �ndings that are associated with predicted as opposed
to observed values of genetic diversity.

Establishing the Exogeneity of Migratory Distance. As already mentioned, the fact that
the limited cross-country sample comprises observed genetic diversity, which is strongly but not
perfectly correlated with migratory distance from East Africa, permits a formal examination of
whether migratory distance in�uences population density solely via the serial-founder e¤ect on
genetic diversity. This is a particularly important test since, if migratory distance from East Africa
actually a¤ects economic development either directly or via some other unobserved channels, then
the main empirical analysis conducted using predicted values of diversity would be attributing this
latent in�uence to the genetic diversity channel.31

To implement the aforementioned test, the current analysis examines a speci�cation that
includes migratory distance from East Africa rather than genetic diversity to explain the cross-
country variation in log population density in 1500 CE. The associated results are then compared
with those obtained from estimating an alternative speci�cation including both migratory distance
and genetic diversity as covariates. Unless migratory distance and genetic diversity are ultimate
and proximate determinants within the same channel, then genetic diversity, when included in the
regression, should not capture most of the explanatory power otherwise attributed to migratory
distance. However, while Column 1 of Table 2 reveals a highly statistically signi�cant unconditional
hump-shaped e¤ect of migratory distance from East Africa on log population density, this e¤ect
not only becomes insigni�cant but also drops considerably in magnitude once genetic diversity is
accounted for in Column 2. Further, although the linear and quadratic coe¢ cients associated with
the e¤ect of genetic diversity, conditional on migratory distance from East Africa, are admittedly
somewhat weaker in magnitude when compared to their unconditional estimates in Table 1, they
continue to remain statistically signi�cant at conventional levels of signi�cance.

The results of the �horse race� regression in Column 2 are perhaps even more striking
given the prior that genetic diversity, as opposed to migratory distance, is likely to be a­ icted by
larger measurement errors. Nevertheless, since migratory distance is measured as the sum of aerial
distances between intercontinental waypoints, it may also be viewed as a noisy proxy of the distance
along actual migration routes taken by prehistorical humans during their exodus out of Africa. In
order to test whether genetic diversity survives a �horse race�with a less noisy measure of migratory
distance from East Africa, Columns 3�4 repeat the preceding analysis using migratory distance

31Figures C.3(a)�C.3(c) in Appendix C illustrate that, unlike the signi�cant impact of migratory distance from East
Africa on genetic diversity, migratory distance has no systematic relationship with a number of observed physiological
characteristics of populations, including average skin re�ectance, average height, and average weight, conditional on
geographical factors such as the intensity of ultraviolet exposure, absolute latitude, the percentage of arable land, the
shares of land in tropical and temperate zones, elevation, access to waterways, and continental �xed e¤ects.
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Table 2: Migratory Distance from East Africa and Economic Development in 1500 CE

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

Dependent Variable is Log Population Density in 1500 CE

Observed Diversity 255.219** 361.421** 233.761*** 181.938**
(100.586) (121.429) (86.884) (71.933)

Observed Diversity Sqr. -209.808** -268.514*** -167.566** -130.767**
(73.814) (87.342) (65.729) (59.268)

Migratory Distance 0.505*** 0.070
(0.148) (0.184)

Migratory Distance Sqr. -0.023*** -0.014
(0.006) (0.009)

Mobility Index 0.353** 0.051
(0.127) (0.154)

Mobility Index Sqr. -0.012*** -0.003
(0.004) (0.006)

Log Transition Timing 1.183*** 1.166**
(0.338) (0.475)

Log % of Arable Land 0.531*** 0.545**
(0.170) (0.219)

Log Absolute Latitude -0.169 -0.118
(0.106) (0.128)

Log Land Suitability 0.558** 0.595**
(0.256) (0.256)

Optimal Diversity 0.698*** 0.696***
(0.015) (0.045)

Continent Dummies No No No No No Yes
Observations 21 21 18 18 21 21
R-squared 0.34 0.46 0.30 0.43 � �
P-value for:
Joint Sig. of Diversity and its Sqr. 0.023 0.027
Joint Sig. of Distance and its Sqr. 0.235
Joint Sig. of Mobility and its Sqr. 0.905
Overidentifying Restrictions 0.889 0.861
Exogeneity of Distance and its Sqr. 0.952 0.804

Note : Heteroskedasticity robust standard errors are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

based on the index of human mobility employed previously by Ashraf et al. (2010). This index
captures the average distance from Addis Ababa to the HGDP ethnic groups located within a given
country, along �optimal� land-restricted routes that minimize the time cost of movement on the
surface of the Earth. The index thus accounts for natural impediments to human mobility, including
various meteorological and topographical conditions, and incorporates information on the time cost
of travelling under such conditions. Reassuringly, as revealed in Columns 3�4, while distance from
East Africa based on the mobility index possesses a signi�cant hump-shaped correlation with log
population density, this unconditional relationship virtually disappears once genetic diversity is
accounted for by the analysis, lending further support to the claim that distance along prehistorical
human migration routes from East Africa confers an e¤ect on development outcomes through
genetic diversity alone.32

32The di¤erence in the number of observations between Columns 1�2 (21 obs.) and Columns 3�4 (18 obs.) arises
due to the fact that the mobility index cannot be calculated for countries that can only be accessed from Addis Ababa
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The analysis now turns to address concerns regarding the fact that diversity and economic
development may be endogenously determined. In particular, Column 5 presents the results from
estimating the preferred regression speci�cation, with genetic diversity and its square instrumented
by migratory distance and its square as well as the squares of the exogenous transition timing and
land productivity variables. The results from a similar analysis that also accounts for continental
�xed e¤ects are reported in Column 6. Interestingly, in comparison to their OLS counterparts in
Table 1, the estimated 2SLS coe¢ cients associated with the diversity channel remain rather stable
in magnitude and increase in statistical signi�cance, particularly for the regression incorporating
continental dummies. Moreover, the implied estimates for the optimal level of diversity remain
virtually unchanged.

Finally, the 2SLS regressions in Columns 5 and 6 provide additional reassurance regarding
the exogeneity of migratory distance with respect to population density. Speci�cally, since the
estimated two-stage models are overidenti�ed (i.e., the number of instruments exceed the number
of endogenous regressors), the Sargan-Hansen test for overidentifying restrictions may be employed
to examine the joint validity of the instruments. In addition, a di¤erence-in-Sargan test may be
used to investigate the orthogonality of a subset of these instruments. Encouragingly, the high
P-values associated with these tests not only indicate that the set of instruments employed are
plausibly exogenous, but also resonate the earlier �nding that migratory distance does not impart
independent in�uence on economic development other than via the serial-founder e¤ect on genetic
diversity. Overall, the results uncovered here provide support for the inferences made with predicted
genetic diversity in the main empirical analysis to follow.

3.2.2 The Baseline Results

This section establishes the hump-shaped impact of genetic diversity, predicted by migratory
distance from East Africa, on log population density in 1500 CE, using the extended sample of
145 countries. To reveal the independent and combined e¤ects of the genetic diversity, transition
timing, and land productivity channels, Table 3 presents the results from estimating a number of
speci�cations spanning relevant subsets of the explanatory variables in equation (4).

The unconditional hump-shaped relationship between genetic diversity and log population
density in 1500 CE is reported in Column 1. In particular, the estimated linear and quadratic
coe¢ cients, both statistically signi�cant at the 1% level, imply that a 1 percentage point increase
in genetic diversity for the least diverse society in the regression sample would raise its population
density by 58.75%, whereas a 1 percentage point decrease in genetic diversity for the most diverse
society would raise its population density by 24.56%.33 Further, population density in 1500 CE is
unconditionally predicted by the regression to be maximized at an expected heterozygosity value of
about 0.7074, which roughly corresponds to that predicted for southern China by migratory distance
from East Africa. Indeed, a 1 percentage point change in genetic diversity in either direction at
the predicted optimum lowers population density by 1.76%. Moreover, based on the R-squared

by crossing at least one body of water. Restricting the sample used in Columns 1�2 to that in Columns 3�4 does
not qualitatively alter the �ndings. In addition, the unavailability of the mobility index measure for several countries
(due to the aforementioned strict land-accessibility constraint) makes this measure less suitable, in comparison to
the baseline migratory distance measure of Ramachandran et al. (2005), to predict genetic diversity in the extended
cross-country sample.
33Following the earlier discussion regarding the expected heterozygosity index, these e¤ects are therefore associated

with a 0.01 change in the probability that two randomly selected individuals from a given population are genetically
di¤erent from one another. See Footnote 29 for details on how these e¤ects may be computed based on the estimated
linear and quadratic coe¢ cients associated with genetic diversity.
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Table 3: Predicted Diversity and Economic Development in 1500 CE

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

Dependent Variable is Log Population Density in 1500 CE

Predicted Diversity 250.986*** 213.537*** 203.017*** 195.416*** 199.727**
(66.314) (61.739) (60.085) (55.916) (80.281)

Predicted Diversity Sqr. -177.399*** -152.107*** -141.980*** -137.977*** -146.167***
(48.847) (45.414) (44.157) (40.773) (56.251)

Log Transition Timing 1.287*** 1.047*** 1.160*** 1.235***
(0.170) (0.188) (0.143) (0.243)

Log % of Arable Land 0.523*** 0.401*** 0.393***
(0.117) (0.096) (0.103)

Log Absolute Latitude -0.167* -0.342*** -0.417***
(0.093) (0.096) (0.124)

Log Land Suitability 0.189 0.305*** 0.257***
(0.124) (0.094) (0.096)

Optimal Diversity 0.707*** 0.702*** 0.715*** 0.708*** 0.683***
(0.021) (0.025) (0.110) (0.051) (0.110)

Continent Dummies No No No No No Yes
Observations 145 145 145 145 145 145
R-squared 0.22 0.26 0.38 0.50 0.67 0.69
Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

of the regression, the cross-country variation in genetic diversity alone explains 22% of the cross-
country variation in population density. The quadratic relationship implied by the OLS coe¢ cients
reported in Column 1 is depicted together with a non-parametric local polynomial regression line
on the scatter plot in Figure 4. As before, the estimated quadratic falls within the 95% con�dence
interval band of the non-parametric relationship and, moreover, approximates the non-parametric
regression line rather well.

Column 2 reports the unconditional e¤ect of the timing of the agricultural transition on
population density in 1500 CE. In line with the Diamond hypothesis, a 1% increase in the number
of years elapsed since the Neolithic transition to agriculture is associated with a 1.28% increase
in population density, an e¤ect that is also statistically signi�cant at the 1% level. Furthermore,
26% of the cross-country variation in population density is explained by the cross-country variation
in the timing of the agricultural transition alone. Perhaps unsurprisingly, as foreshadowed by
the sample correlations in Table E.4 in Appendix E, the unconditional e¤ects of both the genetic
diversity and agricultural transition timing channels are somewhat weakened in magnitude once
they are simultaneously taken into account in Column 3, which reduces the omitted variable bias
a­ icting the coe¢ cient estimates reported in earlier columns. The coe¢ cients on both channels,
however, retain their expected signs and continue to remain statistically signi�cant at the 1% level
with the combined cross-country variation in genetic diversity and transition timing explaining 38%
of the cross-country variation in population density.

The results of examining the combined explanatory power of the genetic diversity and land
productivity channels are reported in Column 4.34 Once again, given the sample correlations, the
linear and quadratic coe¢ cients associated with genetic diversity are naturally somewhat weaker
when compared to their unconditional estimates of Column 1. More importantly, the coe¢ cients

34The cross-country variation in genetic diversity and in variables capturing the productivity of land for agriculture
together explain 50% of the cross-country variation in population density.
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Figure 4: Predicted Genetic Diversity and Population Density in 1500 CE �The Unconditional
Relationship

remain highly statistically signi�cant and also rather stable in magnitude relative to those estimated
while controlling for the timing of the Neolithic transition. In addition, the overall signi�cance of
the land productivity channel is also con�rmed, particularly by the estimated coe¢ cients on the
log percentage of arable land and log absolute latitude variables, which indeed appear to possess
their expected signs.35 Nonetheless, these estimates continue to re�ect some amount of omitted
variable bias resulting from the exclusion of the transition timing channel. For instance, the fact
that log agricultural transition timing has a sample correlation of 0.28 with genetic diversity and
one of 0.32 with log absolute latitude implies that the estimated e¤ects of these variables on log
population density in Column 4 may be partially capturing the latent in�uence of the excluded
Neolithic transition timing channel.

Column 5 presents the results from exploiting the explanatory power of all three identi�ed
channels for log population density in 1500 CE. In line with the theoretical predictions of each
hypothesis, the coe¢ cient estimates possess their expected signs and are all statistically signi�cant
at the 1% level. Moreover, in comparison to their estimates in Columns 3 and 4, the linear and
quadratic coe¢ cients associated with the diversity channel remain largely stable. In particular, the
estimated coe¢ cients of interest imply that, controlling for the in�uence of land productivity and
the timing of the Neolithic Revolution, a 1 percentage point increase in genetic diversity for the least
diverse society in the sample would raise its population density in 1500 CE by 43.55%, whereas a 1
percentage point decrease in diversity for the most diverse society would raise its population density
by 18.38%. Further, population density in 1500 CE is predicted to be maximized at an expected
heterozygosity value of 0.7081, where a 1 percentage point change in diversity in either direction

35To interpret the coe¢ cients associated with the land productivity channel, a 1% increase in the fraction of arable
land and in absolute latitude corresponds, respectively, to a 0.52% increase and a 0.17% decrease in population
density. While this latter e¤ect may seem unintuitive, given the positive relationship between absolute latitude and
contemporary income per capita, it accurately re�ects the fact that agricultural productivity in the past has typically
been higher at latitudinal bands closer to the equator. In addition, this �nding is also consistent with the �reversal
of fortune�hypothesis documented by Acemoglu et al. (2005).
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Figure 5: Predicted Genetic Diversity and Population Density in 1500 CE � Conditional on
Transition Timing, Land Productivity, and Continental Fixed E¤ects

would lower population density by 1.37%. Overall, based on the R-squared of the regression, the
cross-country variations in genetic diversity, agricultural transition timing, and land productivity
together explain 67% of the cross-country variation in population density in 1500 CE.

Finally, Column 6 reports the results from estimating the baseline regression model, speci�ed
in equation (4), which allows the analysis to capture unobserved continent-speci�c attributes that
could potentially have an in�uence on population density.36 Despite the more modest cross-country
variation in genetic diversity within continents as opposed to that across continents, the coe¢ cients
associated with diversity remain rather stable, increasing slightly in magnitude with the inclusion
of continental dummies, although the statistical signi�cance of the linear coe¢ cient drops to the 5%
level. Speci�cally, the coe¢ cients associated with the diversity channel indicate that, controlling
for the in�uence of land productivity, the timing of the Neolithic Revolution, and continental �xed
e¤ects, a 1 percentage point increase in diversity for the most homogenous society in the sample
would raise its population density in 1500 CE by 36.36%, whereas a 1 percentage point decrease in
diversity for the most diverse society would raise its population density by 28.62%. In addition, a 1
percentage point change in genetic diversity in either direction at the predicted optimum diversity
level of 0.6832, which roughly corresponds to that predicted for Japan by migratory distance from
East Africa, would lower population density by 1.45%. Reassuringly, the optimal level of predicted
diversity in the extended sample is quite similar to that obtained for observed diversity in the
limited 21-country sample.

To place the worldwide e¤ect of the diversity channel into perspective, the coe¢ cients
reported in Column 6 imply that increasing the expected heterozygosity of the most homogenous
native South American populations by 11.1 percentage points to the predicted optimum would have
raised their population density in 1500 CE by a factor of 6.07. On the other hand, decreasing the
expected heterozygosity of the most heterogenous East African populations by 9.1 percentage points

36The excluded continent in all extended sample empirical speci�cations in this study that incorporate continental
dummy variables is Oceania.
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to the optimum would have raised their population density by a factor of 3.36. The non-monotonic
e¤ect of genetic diversity on log population density in 1500 CE, conditional on the timing of the
Neolithic Revolution, land productivity, and continental �xed e¤ects, is depicted on the scatter plot
in Figure 5.37

To summarize the results reported in Table 3, genetic diversity as predicted by migratory
distance from East Africa is found to have a highly statistically signi�cant non-monotonic e¤ect on
population density in 1500 CE. This �nding is entirely consistent with the theoretical prediction
of the proposed genetic diversity channel that comprises both an adverse e¤ect of diversity on
Malthusian economic development, via diminished social capital, and a favorable e¤ect arising
from increased technological creativity. The analysis also con�rms the signi�cant bene�cial e¤ects
of an earlier Neolithic transition to agriculture as well as geographical factors conducive to higher
agricultural yields. Nevertheless, controlling for these additional explanatory channels hardly a¤ects
the hump-shaped relationship between genetic diversity and population density, a �nding that
remains robust to the inclusion of continental dummies as well.

3.2.3 Results for Earlier Historical Periods

This section examines the e¤ects of genetic diversity on economic development in earlier historical
periods of the Common Era and, in particular, establishes a hump-shaped relationship between
genetic diversity, predicted by migratory distance from East Africa, and log population density in
the years 1000 CE and 1 CE. In so doing, the analysis demonstrates the persistence of the diversity
channel over a long expanse of time and indicates that the hump-shaped manner in which genetic
diversity in�uences development, along with the optimal level of diversity, did not fundamentally
change during the agricultural stage of development.

The results from replicating the analysis of the previous section to explain log population
density in 1000 CE and 1 CE are presented in Tables 4 and 5 respectively. As before, the individual
and combined explanatory powers of the genetic diversity, transition timing, and land productivity
channels are examined empirically. The relevant samples, determined by the availability of data on
the dependent variable of interest as well as all identi�ed explanatory channels, are comprised of 140
countries for the 1000 CE regressions and 126 countries for the analysis in 1 CE. Despite the more
constrained sample sizes, however, the empirical �ndings once again reveal a highly statistically
signi�cant hump-shaped relationship between genetic diversity, predicted by migratory distance
from East Africa, and log population density in these earlier historical periods. Additionally, the
magnitude and signi�cance of the coe¢ cients associated with the diversity channel in these earlier
periods remain rather stable, albeit less so in comparison to the analysis for 1500 CE, when the
regression speci�cation is augmented with controls for the transition timing and land productivity
channels as well as dummy variables capturing continental �xed e¤ects.

In a pattern similar to that observed in Table 3, the unconditional e¤ects of genetic diversity
in Tables 4 and 5 decrease slightly in magnitude when subjected to controls for either the Neolithic
transition timing or the land productivity channels, both of which appear to confer their expected

37Figures 5�7 are �augmented component plus residual�plots and not the typical �added variable�plots of residuals
against residuals. In particular, the vertical axes in these �gures represent the component of log population density
that is explained by genetic homogeneity and its square plus the residuals from the corresponding regression. The
horizontal axes, on the other hand, simply represent genetic homogeneity rather than the residuals obtained from
regressing homogeneity on the covariates. This methodology permits the illustration of the overall non-monotonic
e¤ect of the genetic channel in one scatter plot per regression. Plots depicting the partial regression lines associated
with the �rst-order and second-order e¤ects of genetic homogeneity on log population density in 1500 CE are presented
in Figures C.1(a)�C.1(b) in Appendix C.
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Table 4: Predicted Diversity and Economic Development in 1000 CE

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

Dependent Variable is Log Population Density in 1000 CE

Predicted Diversity 219.722*** 158.631** 179.523*** 154.913** 201.239**
(68.108) (63.604) (65.981) (61.467) (97.612)

Predicted Diversity Sqr. -155.442*** -113.110** -126.147*** -109.806** -145.894**
(50.379) (46.858) (48.643) (44.967) (68.252)

Log Transition Timing 1.393*** 1.228*** 1.374*** 1.603***
(0.170) (0.180) (0.151) (0.259)

Log % of Arable Land 0.546*** 0.371*** 0.370***
(0.140) (0.106) (0.114)

Log Absolute Latitude -0.151 -0.380*** -0.373***
(0.103) (0.110) (0.137)

Log Land Suitability 0.043 0.211** 0.190*
(0.135) (0.104) (0.106)

Optimal Diversity 0.707*** 0.701*** 0.712*** 0.705** 0.690**
(0.039) (0.127) (0.146) (0.108) (0.293)

Continent Dummies No No No No No Yes
Observations 140 140 140 140 140 140
R-squared 0.15 0.32 0.38 0.36 0.61 0.62
Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

e¤ects on population density in earlier historical periods. However, as argued previously, these
estimates certainly re�ect some amount of omitted variable bias resulting from the exclusion of one
or more of the identi�ed explanatory channels in Malthusian economic development. On the other
hand, unlike the pattern in Table 3, the coe¢ cients of the diversity channel also weaken moderately
in statistical signi�cance, dropping to the 5% level when controlling for transition timing in the
1000 CE analysis and to the 10% level under controls for the land productivity channel in the 1 CE
analysis. Nonetheless, this reduction in signi�cance is not entirely surprising when one accounts for
the greater imprecision with which population density is recorded for these earlier periods, given
that mismeasurement in the dependent variable of an OLS regression typically causes the resulting
coe¢ cient estimates to possess larger standard errors.

Column 5 in Tables 4 and 5 reveals the results from exploiting the combined explanatory
power of the genetic diversity, transition timing, and land productivity channels for log population
density in 1000 CE and 1 CE. Interestingly, in each case, the linear and quadratic coe¢ cients
associated with diversity remain rather stable when compared to the corresponding estimates
obtained under a partial set of controls in earlier columns. In comparison to the corresponding
results for population density in 1500 CE from Table 3, the coe¢ cients of the diversity channel
uncovered here are statistically signi�cant at the 5% as opposed to the 1% level, a by-product of
relatively larger standard errors that again may be partly attributed to the higher measurement
error a­ icting population density estimates reported for earlier historical periods.

Finally, the last column in each table augments the analysis with controls for continental
�xed e¤ects, demonstrating that the coe¢ cients of the genetic diversity channel in each historical
period maintain signi�cance in spite of the lower degree of cross-country variation in diversity within
each continent as compared to that observed worldwide. Moreover, the magnitudes of the diversity
coe¢ cients remain rather stable, particularly in the 1000 CE analysis, and increase somewhat for
population density in 1 CE despite the smaller sample size and, hence, even lower within-continent
variation in diversity exploited by the latter regression. Further, the estimated optimal levels of
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Table 5: Predicted Diversity and Economic Development in 1 CE

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

Dependent Variable is Log Population Density in 1 CE

Predicted Diversity 227.826*** 183.142*** 129.180* 134.767** 231.689**
(72.281) (57.772) (66.952) (59.772) (113.162)

Predicted Diversity Sqr. -160.351*** -132.373*** -88.040* -96.253** -166.859**
(53.169) (42.177) (49.519) (43.718) (79.175)

Log Transition Timing 1.793*** 1.636*** 1.662*** 2.127***
(0.217) (0.207) (0.209) (0.430)

Log % of Arable Land 0.377** 0.314** 0.348***
(0.158) (0.125) (0.134)

Log Absolute Latitude 0.190 -0.121 -0.115
(0.125) (0.119) (0.135)

Log Land Suitability 0.160 0.238* 0.210*
(0.173) (0.124) (0.125)

Optimal Diversity 0.710*** 0.692*** 0.734** 0.700*** 0.694***
(0.052) (0.027) (0.347) (0.188) (0.194)

Continent Dummies No No No No No Yes
Observations 126 126 126 126 126 126
R-squared 0.16 0.42 0.46 0.32 0.59 0.61
Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

diversity in the two periods are relatively stable in comparison to that obtained under the baseline
regression for the year 1500 CE. The coe¢ cients associated with diversity from the 1000 CE analysis
suggest that, accounting for both land productivity and the timing of the Neolithic transition, a
1 percentage point increase in genetic diversity for the least diverse society in the sample would
raise its population density by 38.42%, whereas a 1 percentage point decrease in diversity for the
most diverse society would raise its population density by 26.15%. On the other hand, for the
1 CE analysis, a similar increase in genetic diversity for the least diverse society would raise its
population density by 47.28%, whereas a similar decrease in diversity for the most diverse society
would raise its population density by 28.45%.38 The hump-shaped relationships, based on these
coe¢ cients, between genetic diversity and log population density in the years 1000 CE and 1 CE
are depicted on the scatter plots in Figures 6 and 7.

In sum, the results presented in Tables 4 and 5 suggest that, consistent with the predictions
of the proposed diversity channel, genetic diversity has indeed been a signi�cant determinant of
Malthusian economic development in earlier historical periods as well. The overall non-monotonic
e¤ect of diversity on population density in the years 1000 CE and 1 CE is robust, in terms of both
magnitude and statistical signi�cance, to controls for the timing of the agricultural transition, the
natural productivity of land for agriculture and other unobserved continent-speci�c geographical
and socioeconomic characteristics. More fundamentally, the analysis demonstrates the persistence
of the diversity channel, along with the optimal level of diversity, over a long expanse of time during
the agricultural stage of development.

38These e¤ects are calculated directly via the methodology outlined in Footnote 29 earlier, along with the sample
minimum and maximum genetic diversity values of 0.5733 and 0.7743, respectively, in both the 1000 CE and 1 CE
regression samples.
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Figure 6: Predicted Genetic Diversity and Population Density in 1000 CE � Conditional on
Transition Timing, Land Productivity, and Continental Fixed E¤ects

Figure 7: Predicted Genetic Diversity and Population Density in 1 CE �Conditional on Transition
Timing, Land Productivity, and Continental Fixed E¤ects
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3.2.4 Robustness to Aerial Distance and Migratory Distances from �Placebo�Points
of Origin Across the Globe

The results from the limited sample analysis discussed earlier demonstrate that the cross-country
variation in migratory distance from East Africa has a signi�cant non-monotonic in�uence on
comparative development in 1500 CE and that this impact runs exclusively via the serial-founder
e¤ect on genetic diversity. This �nding, however, does not preclude the possibility that alternative
measures of distance, potentially correlated with migratory distance from East Africa, may also
explain the historical cross-country variation in economic development in a similar non-monotonic
fashion. Indeed, if this is the case, then the role previously ascribed to the �out of Africa�migration
of Homo sapiens as a deep determinant of comparative development becomes suspect, undermining
the credibility of the proposed genetic diversity channel. Nonetheless, alternative distances, as will
become evident, do not impart any signi�cant in�uence, similar to that associated with migratory
distance from East Africa, on log population density in 1500 CE.

The current analysis compares regression results obtained using migratory distance from
Addis Ababa in the baseline speci�cation with those obtained under several alternative concepts of
distance. The alternative concepts of distance considered by the analysis include the aerial or �as
the crow �ies� distance from Addis Ababa as well as migratory distances from �placebo� points
of origin in other continents across the globe, namely London, Tokyo, and Mexico City, computed
using the same waypoints employed in constructing migratory distance from Addis Ababa.39 As
revealed in Table E.4 in Appendix E, with the exception of migratory distance from Tokyo, these
other distances are rather strongly correlated with migratory distance from Addis Ababa. Despite
some of these high correlations, however, the results presented in Table 6 indicate that migratory
distance from Addis Ababa is the only concept of distance that confers a signi�cant non-monotonic
e¤ect on log population density.

Speci�cally, consistent with the proposed diversity hypothesis, Column 1 reveals a highly
statistically signi�cant hump-shaped relationship between migratory distance from Addis Ababa
and log population density in 1500 CE, conditional on controls for the Neolithic transition timing
and land productivity channels. In contrast, the linear and quadratic e¤ects of aerial distance from
Addis Ababa, reported in Column 2, are not statistically di¤erent from zero at conventional levels
of signi�cance. Similarly, as shown in Columns 3�5, the migratory distances from �placebo�points
of origin do not impart any statistically discernible e¤ect, linear or otherwise, on log population
density in the year 1500 CE.

These results strengthen the assertion that conditions innately related to the prehistorical
migration of humans out of Africa have had a lasting impact on comparative development. Given
the high correlations between migratory distance from Addis Ababa and some of these alternative
distance concepts, the fact that these other distances fail to reveal any signi�cant e¤ects makes the
argument in favor of the �out of Africa�hypothesis even stronger. Together with earlier �ndings
establishing migratory distance from Addis Ababa and genetic diversity as ultimate and proximate
determinants in the same channel, the �ndings from these �placebo�tests of distance lend further
credence to the proposed diversity hypothesis.

39The choice of these alternative points of origin do not re�ect any systematic selection process, other than the
criterion that they belong to di¤erent continents in order to demonstrate, at a global scale, the neutrality of migratory
distance from locations outside of East Africa. Indeed, other points of origin in Europe, Asia and the Americas yield
qualitatively similar results.
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Table 6: Robustness to Alternative Distances

(1) (2) (3) (4) (5)
Distance from: Addis Ababa Addis Ababa London Tokyo Mexico City

Dependent Variable is Log Population Density in 1500 CE

Migratory Distance 0.138** -0.040 0.052 -0.063
(0.061) (0.063) (0.145) (0.099)

Migratory Distance Sqr. -0.008*** -0.002 -0.006 0.005
(0.002) (0.002) (0.007) (0.004)

Aerial Distance -0.008
(0.106)

Aerial Distance Sqr. -0.005
(0.006)

Log Transition Timing 1.160*** 1.158*** 1.003*** 1.047*** 1.619***
(0.144) (0.138) (0.164) (0.225) (0.277)

Log % of Arable Land 0.401*** 0.488*** 0.357*** 0.532*** 0.493***
(0.091) (0.102) (0.092) (0.089) (0.094)

Log Absolute Latitude -0.342*** -0.263*** -0.358*** -0.334*** -0.239***
(0.091) (0.097) (0.112) (0.099) (0.083)

Log Land Suitability 0.305*** 0.254** 0.344*** 0.178** 0.261***
(0.091) (0.102) (0.092) (0.080) (0.092)

Observations 145 145 145 145 145
R-squared 0.67 0.59 0.67 0.59 0.63
Note : Heteroskedasticity robust standard errors are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

3.2.5 Robustness to the Technology Di¤usion Hypothesis

The technology di¤usion hypothesis, as mentioned earlier, suggests that spatial proximity to global
and regional technological frontiers confers a bene�cial e¤ect on the development of less advanced
societies by facilitating the di¤usion of new technologies from more advanced societies through
trade as well as sociocultural and geopolitical in�uences. In particular, the technology di¤usion
channel implies that, ceteris paribus, the greater the geographic distance from the global and
regional technological �leaders� in a given period, the lower the level of economic development
amongst the �followers�in that period. Indeed, several studies in international trade and economic
geography have uncovered strong empirical support for this hypothesis in explaining comparative
economic development in the contemporary era.40 This section examines the robustness of the
e¤ects of genetic diversity on economic development during the pre-colonial era to controls for this
additional hypothesis.

The purpose of the current investigation is to ensure that the preceding analyses were not
ascribing to genetic diversity the predictive power that should otherwise have been attributed to
the technology di¤usion channel. To be speci�c, one may identify some of the waypoints employed
to construct the prehistorical migratory routes from East Africa (such as Cairo and Istanbul) as
origins of spatial technology di¤usion during the pre-colonial era. This, coupled with the fact that
genetic diversity decreases with increasing migratory distance from East Africa, raises the concern
that what has so far been interpreted as evidence consistent with the bene�cial e¤ect of higher
diversity may, in reality, simply be capturing the latent e¤ect of the omitted technology di¤usion
channel in preceding regression speci�cations. As will become evident, however, while technology

40The interested reader is referred to Keller (2004) for a more comprehensive review of studies examining the
technology di¤usion hypothesis.
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Table 7: The Regional Frontiers Identi�ed for each Historical Period

City and Modern Location Continent Sociopolitical Entity Relevant Period
Cairo, Egypt Africa Mamluk Sultanate 1500 CE
Fez, Morocco Africa Marinid Kingdom of Fez 1500 CE
London, UK Europe Tudor Dynasty 1500 CE
Paris, France Europe Valois-Orléans Dynasty 1500 CE
Constantinople, Turkey Asia Ottoman Empire 1500 CE
Peking, China Asia Ming Dynasty 1500 CE
Tenochtitlan, Mexico Americas Aztec Civilization 1500 CE
Cuzco, Peru Americas Inca Civilization 1500 CE
Cairo, Egypt Africa Fatimid Caliphate 1000 CE
Kairwan, Tunisia Africa Berber Zirite Dynasty 1000 CE
Constantinople, Turkey Europe Byzantine Empire 1000 CE
Cordoba, Spain Europe Caliphate of Cordoba 1000 CE
Baghdad, Iraq Asia Abbasid Caliphate 1000 CE
Kaifeng, China Asia Song Dynasty 1000 CE
Tollan, Mexico Americas Classic Maya Civilization 1000 CE
Huari, Peru Americas Huari Culture 1000 CE
Alexandria, Egypt Africa Roman Empire 1 CE
Carthage, Tunisia Africa Roman Empire 1 CE
Athens, Greece Europe Roman Empire 1 CE
Rome, Italy Europe Roman Empire 1 CE
Luoyang, China Asia Han Dynasty 1 CE
Seleucia, Iraq Asia Seleucid Dynasty 1 CE
Teotihuacán, Mexico Americas Pre-classic Maya Civilization 1 CE
Cahuachi, Peru Americas Nazca Culture 1 CE

di¤usion is indeed found to have been a signi�cant determinant of comparative development in
the pre-colonial era, the baseline �ndings for genetic diversity remain robust to controls for this
additional in�uential hypothesis.

To account for the technology di¤usion channel, the current analysis constructs, for each
historical period examined, a control variable measuring the great circle distance from the closest
regional technological frontier in that period. Following the well-accepted notion that the process
of pre-industrial urban development was typically more pronounced in societies that enjoyed higher
agricultural surpluses, the analysis adopts historical city population size as an appropriate metric to
identify the period-speci�c sets of regional technological frontiers. Speci�cally, based on historical
urban population data from Chandler (1987) and Modelski (2003), the procedure commences with
assembling, for each period, a set of regional frontiers comprising the two largest cities, belonging to
di¤erent civilizations or disparate sociopolitical entities, from each of Africa, Europe, Asia and the
Americas.41 The e¤ectiveness of this procedure in yielding an outcome that is consistent with what
one might expect from a general familiarity with world history is evident in the regional frontiers
obtained for each period as shown in Table 7.42 In constructing the variable measuring distance to

41The exclusion of Oceania from the list of continents employed is not a methodological restriction but a natural
result arising from the fact that evidence of urbanization does not appear in the historical record of this continent
until after European colonization. Moreover, the consideration of the Americas as a single unit is consistent with the
historical evidence that this landmass only harbored two distinct major civilizational sequences �one in Mesoamerica
and the other in the Andean region of South America. Indeed, the imposition of the criteria that the selected cities
in each continent (or landmass) should belong to di¤erent sociopolitical units is meant to capture the notion that
technology di¤usion historically occurred due to civilizational in�uence, broadly de�ned, as opposed to the in�uence
of only major urban centers that were developed by these relatively advanced societies.
42Note that for the year 1 CE there are four cities appearing within the territories of the Roman Empire, which at

�rst glance seems to violate the criterion that the regional frontiers selected should belong to di¤erent sociopolitical
entities. This is simply a by-product of the dominance of the Roman Empire in the Mediterranean basin during
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the closest regional frontier for a given historical period, the analysis then selects, for each country
in the corresponding regression sample, the smallest of the great circle distances from the regional
frontiers to the country�s capital city.

To anticipate the robustness of the baseline results for predicted diversity to controls for the
technology di¤usion hypothesis, it may be noted that migratory distance from East Africa possesses
a correlation coe¢ cient of only 0.02 with the great circle distance from the closest regional frontier
in the 1500 CE sample. Furthermore, for the 1000 CE and 1 CE regression samples, migratory
distance is again weakly correlated with distance from the closest regional technological frontier in
each period, with the respective correlation coe¢ cients being -0.04 and 0.03.43 These encouragingly
low sample correlations are indicative of the fact that the earlier regression speci�cations estimated
by the analysis were indeed not simply attributing to genetic diversity the e¤ects possibly arising
from the technology di¤usion channel.

Column 1 of Table 8 reports the results from estimating the baseline speci�cation for log
population density in 1500 CE, while controlling for technology di¤usion as originating from the
regional frontiers identi�ed for this period. In comparison to the baseline estimates revealed in
Column 6 of Table 3, the regression coe¢ cients associated with the genetic diversity channel
remain relatively stable, decreasing only moderately in magnitude and statistical signi�cance. Some
similar robustness characteristics may be noted for the transition timing and land productivity
channels as well. Importantly, however, the estimate for the optimal level of diversity remains
virtually unchanged and highly statistically signi�cant. Interestingly, the results also establish the
technology di¤usion channel as a signi�cant determinant of comparative development in the pre-
colonial Malthusian era. In particular, a 1% increase in distance from the closest regional frontier is
associated with a decrease in population density by 0.19%, an e¤ect that is statistically signi�cant
at the 1% level.

Columns 2�3 establish the robustness of the diversity channel in 1000 CE and 1 CE to
controls for technology di¤usion arising from the technological frontiers identi�ed for these earlier
historical periods. Speci�cally, comparing Column 2 with the relevant baseline (i.e., Column 6
in Table 4), the linear and quadratic coe¢ cients of genetic diversity for the 1000 CE regressions
remain largely stable under controls for technology di¤usion, decreasing slightly in magnitude but
maintaining statistical signi�cance. A similar stability pattern also emerges for the coe¢ cients
capturing the in�uence of the diversity channel in the 1 CE regressions. Indeed, the estimates for
optimal diversity in these earlier periods remain rather stable relative to their respective baselines
in Tables 4 and 5. Finally, in line with the predictions of the technology di¤usion hypothesis, a
statistically signi�cant negative e¤ect of distance from the closest regional frontier on economic
development is observed for these earlier historical periods as well.

The results uncovered herein demonstrate the persistence of the signi�cant non-monotonic
e¤ect of diversity on comparative development over the period 1�1500 CE, despite controls for the
clearly in�uential role of technology di¤usion from technological frontiers that were relevant during
this period of world history. Indeed, these �ndings lend further credence to the proposed genetic
diversity channel by demonstrating that the empirical analyses thus far have not been ascribing to

that period. In fact, historical evidence suggests that the cities of Athens, Carthage and Alexandria had long been
serving as centers of regional di¤usion prior to their annexation to the Roman Empire. Moreover, the appearance of
Constantinople under Europe in 1000 CE and Asia in 1500 CE is an innocuous classi�cation issue arising from the
fact that the city historically �uctuated between the dominions of European and Asian civilizations.
43These correlations di¤er slightly from those presented in Table E.4 in Appendix E, where the correlations are

presented for the entire 145-country sample used in the regressions for 1500 CE.
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Table 8: Robustness to the Technology Di¤usion Hypothesis

(1) (2) (3)

Dependent Variable is
Log Population Density in:

1500 CE 1000 CE 1 CE

Predicted Diversity 156.736** 183.771** 215.858**
(75.572) (88.577) (105.286)

Predicted Diversity Sqr. -114.626** -134.609** -157.724**
(52.904) (61.718) (73.681)

Log Transition Timing 0.909*** 1.253*** 1.676***
(0.254) (0.339) (0.434)

Log % of Arable Land 0.363*** 0.323*** 0.342***
(0.104) (0.121) (0.131)

Log Absolute Latitude -0.492*** -0.454*** -0.212
(0.134) (0.149) (0.142)

Log Land Suitability 0.275*** 0.239** 0.191
(0.090) (0.105) (0.120)

Log Distance to Frontier -0.187***
in 1500 CE (0.070)

Log Distance to Frontier -0.230*
in 1000 CE (0.121)

Log Distance to Frontier -0.297***
in 1 CE (0.102)

Optimal Diversity 0.684*** 0.683*** 0.684**
(0.169) (0.218) (0.266)

Continent Dummies Yes Yes Yes
Observations 145 140 126
R-squared 0.72 0.64 0.66
Note : Bootstrapped standard errors, accounting for the use of generated
regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

genetic diversity the explanatory power that should otherwise have been attributed to the impact
of spatial technology di¤usion.

3.2.6 Robustness to Microgeographic Factors

This section addresses concerns regarding the possibility that the baseline results for predicted
genetic diversity could in fact be re�ecting the latent impact of microgeographic factors, such as the
degree of variation in terrain and proximity to waterways, if these variables happen to be correlated
with migratory distance from East Africa. There are several conceivable channels through which
such factors could a¤ect a society�s aggregate productivity and thus its population density in the
Malthusian stage of development. For instance, the degree of terrain variation within a region can
directly a¤ect its agricultural productivity by in�uencing the arability of land. Moreover, terrain
ruggedness may also have led to the spatial concentration of economic activity, which has been
linked with increasing returns to scale and higher aggregate productivity through agglomeration
by the new economic geography literature.44 On the other hand, by geographically isolating
population subgroups, a rugged landscape could also have nurtured their ethnic di¤erentiation
over time (Michalopoulos, 2008), and may thus confer an adverse e¤ect on society�s aggregate

44The classic reference on economies of agglomeration is Krugman (1991). A detailed survey of the new economic
geography literature is conducted by Fujita et al. (1999).
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productivity via the increased likelihood of ethnic con�ict. Similarly, while proximity to waterways
can directly a¤ect crop yields by making bene�cial practices such as irrigation possible, it may also
have augmented productivity indirectly by lowering transportation costs and, thereby, fostering
urban development, trade and technology di¤usion.45

To ensure that the signi�cant e¤ects of genetic diversity in the baseline regressions are
not simply re�ecting the latent in�uence of microgeographic factors, the current analysis examines
variants of the baseline speci�cation augmented with controls for terrain quality and proximity to
waterways. In particular, the terrain controls are derived from the G-ECON data set compiled by
Nordhaus (2006) and include mean elevation and a measure of surface roughness, aggregated up
to the country level from grid-level data at a granularity of 1� latitude x 1� longitude. In light
of the possibility that the impact of terrain undulation could be non-monotonic, the speci�cations
examined also control for the squared term of the roughness index. The control variables gauging
access to waterways, obtained from the Gallup et al. (1999) data set, include the expected distance
from any point within a country to the nearest coast or sea-navigable river as well as the percentage
of a country�s land area located within 100 km of a coast or sea-navigable river.46 Foreshadowing
the robustness of the baseline results, mean elevation, roughness and roughness square possess only
moderate correlation coe¢ cients of -0.11, 0.16 and 0.09, respectively, with migratory distance from
East Africa. Moreover, migratory distance is also only moderately correlated with the measures
of proximity to waterways, possessing sample correlations of -0.20 and 0.19 with the distance and
land area variables described above.

The results from estimating augmented regression speci�cations for log population density
in 1500 CE, incorporating controls for either terrain quality or access to waterways, are shown in
Columns 1 and 2 of Table 9. In each case, the coe¢ cients associated with the diversity channel
remain statistically signi�cant and relatively stable, experiencing only a moderate decrease in
magnitude, when compared to the baseline results from Table 3. Interestingly, the control variables
for terrain quality in Column 1 and those gauging access to waterways in Column 2 appear to confer
statistically signi�cant e¤ects on population density in 1500 CE, and mostly in directions consistent
with priors. The results suggest that terrain roughness does indeed have a non-monotonic impact
on aggregate productivity, with the bene�cial e¤ects dominating at relatively lower levels of terrain
roughness and the detrimental e¤ects dominating at higher levels. Further, regions with greater
access to waterways are found to support higher population densities.

The �nal column of Table 9 examines the in�uence of the genetic diversity channel when
subjected to controls for both terrain quality and access to waterways. As anticipated by the
robustness of the results from preceding columns, genetic diversity continues to exert a signi�cant
non-monotonic e¤ect on population density in 1500 CE, without exhibiting any drastic reductions
in the magnitude of its impact. Moreover, the estimate for the optimal level of diversity remains
fully intact in comparison to the baseline estimate from Column 6 in Table 3. The results of
this section therefore suggest that the signi�cant non-monotonic impact of genetic diversity on
population density in 1500 CE is indeed not a spurious relationship arising from the omission of
microgeographic factors in the baseline regression speci�cation.

45 Indeed, a signi�cant positive relationship between proximity to waterways and contemporary population density
has been demonstrated by Gallup et al. (1999).
46For completeness, speci�cations controlling for the squared terms of the other microgeographic factors were also

examined. The results from these additional regressions, however, did not reveal any signi�cant non-linear e¤ects
and are therefore not reported.
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Table 9: Robustness to Microgeographic Factors

(1) (2) (3)

Dependent Variable is
Log Population Density in 1500 CE

Predicted Diversity 160.346** 157.073** 157.059**
(78.958) (79.071) (69.876)

Predicted Diversity Sqr. -118.716** -112.780** -114.994**
(55.345) (55.694) (48.981)

Log Transition Timing 1.131*** 1.211*** 1.215***
(0.225) (0.201) (0.197)

Log % of Arable Land 0.397*** 0.348*** 0.374***
(0.099) (0.099) (0.087)

Log Absolute Latitude -0.358*** -0.354*** -0.352***
(0.124) (0.132) (0.122)

Log Land Suitability 0.188* 0.248*** 0.160**
(0.101) (0.082) (0.081)

Mean Elevation -0.404 0.502*
(0.251) (0.273)

Terrain Roughness 5.938*** 4.076**
(1.870) (1.840)

Terrain Roughness Sqr. -7.332** -7.627***
(2.922) (2.906)

Mean Distance to Nearest -0.437** -0.390**
Waterway (0.178) (0.181)

% of Land within 100 km 0.731** 1.175***
of Waterway (0.310) (0.294)

Optimal Diversity 0.675*** 0.696*** 0.683***
(0.224) (0.188) (0.083)

Continent Dummies Yes Yes Yes
Observations 145 145 145
R-squared 0.72 0.75 0.78
Note : Bootstrapped standard errors, accounting for the use of generated
regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

3.2.7 Robustness to Exogenous Factors in the Diamond Hypothesis

This section demonstrates the robustness of the e¤ects of genetic diversity to additional controls for
the Neolithic transition timing channel. In particular, the analysis is intended to alleviate concerns
that the signi�cant e¤ects of genetic diversity presented in Section 3.2.2, although estimated while
controlling for the timing of the Neolithic Revolution, may still capture some latent in�uence of
this other explanatory channel if spurious correlations exist between migratory distance from East
Africa and exogenous factors governing the timing of the Neolithic transition. The results from
estimating some extended speci�cations, constructed by augmenting equation (4) with controls for
the ultimate determinants in the Diamond hypothesis, for log population density in 1500 CE are
presented in Table 10.

Following the discussion in Section 3.1.3 on the geographic and biogeographic determinants
in the transition timing channel, the additional control variables employed by the current analysis
include: (i) climate, measured as a discrete index with higher integer values assigned to countries
in Köppen-Geiger climatic zones that are increasingly favorable to agriculture; (ii) orientation of
continental axis, measured as the ratio of the longitudinal distance to the latitudinal distance of the
continent or landmass to which a country belongs; (iii) size of continent, measured as the total land
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Table 10: Robustness to Ultimate Determinants in the Diamond Hypothesis

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

Dependent Variable is Log Population Density in 1500 CE

Predicted Diversity 216.847*** 252.076*** 174.414*** 212.123*** 274.916***
(62.764) (71.098) (62.505) (70.247) (73.197)

Predicted Diversity Sqr. -154.750*** -180.650*** -125.137*** -151.579*** -197.120***
(45.680) (52.120) (45.568) (51.463) (53.186)

Log Transition Timing 1.300*** 1.160***
(0.153) (0.298)

Log % of Arable Land 0.437*** 0.431*** 0.441*** 0.411*** 0.365***
(0.116) (0.119) (0.111) (0.116) (0.112)

Log Absolute Latitude -0.212** -0.426*** -0.496*** -0.487*** -0.332**
(0.102) (0.131) (0.154) (0.163) (0.145)

Log Land Suitability 0.288** 0.184 0.297** 0.242* 0.280**
(0.135) (0.143) (0.146) (0.146) (0.122)

Climate 0.622*** 0.419 0.374*
(0.137) (0.268) (0.225)

Orientation of Axis 0.281 0.040 -0.169
(0.332) (0.294) (0.255)

Size of Continent -0.007 -0.005 -0.006
(0.015) (0.013) (0.012)

Domesticable Plants 0.015 -0.005 0.003
(0.019) (0.023) (0.021)

Domesticable Animals 0.154** 0.121 -0.013
(0.063) (0.074) (0.073)

Optimal Diversity 0.701*** 0.698*** 0.697*** 0.700*** 0.697***
(0.021) (0.019) (0.051) (0.078) (0.020)

Observations 96 96 96 96 96
R-squared 0.74 0.70 0.70 0.72 0.78
Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in
parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

area of the country�s continent; (iv) the number of domesticable wild plant species known to have
existed in prehistory in the region to which a country belongs; and (v) the number of domesticable
wild animal species known to have been native to the region in prehistory, as reported in the data
set of Olsson and Hibbs (2005).

To demonstrate the robustness of the baseline e¤ects of genetic diversity across the various
extended speci�cations examined in this section, Column 1 �rst presents the results from estimating
the baseline speci�cation for log population density in 1500 CE using the restricted 96-country
sample of Olsson and Hibbs (2005). Reassuringly, the highly signi�cant coe¢ cients associated with
diversity, as well as the other explanatory channels, remain rather stable in magnitude relative to
their estimates obtained with the unrestricted sample in Column 5 of Table 3, implying that any
sampling bias that may have been introduced inadvertently by the use of the restricted sample in
the current analysis is indeed negligible.47

Columns 2�4 reveal the results from estimating variants of the baseline speci�cation where
the Diamond channel is controlled for not by its proximate determinant but by one or more of

47Note that the speci�cations estimated in the current analysis do not incorporate continental dummies since a
sizeable portion of possible continent-speci�c e¤ects are captured by some of the (bio)geographic variables in the
Diamond channel that are measured at either continental or macro-regional levels. Augmenting the speci�cations
with continental dummies, however, does not signi�cantly alter the results for genetic diversity.
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its ultimate determinants �i.e., either the set of geographical factors or the set of biogeographical
factors or both. The results indicate that the coe¢ cients associated with diversity continue to
remain highly signi�cant and relatively stable in magnitude in comparison to their baseline estimates
of Column 1. Interestingly, when controlling for only the geographical determinants of the Diamond
channel in Column 2, climate alone is signi�cant amongst the additional factors and likewise, when
only the biogeographical determinants are controlled for in Column 3, the number of domesticable
animal species, rather than plants, appears to be important. In addition, none of the ultimate
factors in the Diamond channel appear to possess statistical signi�cance when both geographic and
biogeographic determinants are controlled for in Column 4, a result that possibly re�ects the high
correlations amongst these control variables. Regardless of these tangential issues, however, genetic
diversity, as already mentioned, continues to exert signi�cant in�uence in a manner consistent with
theoretical predictions.

The �nal column in Table 10 establishes the robustness of the e¤ects of genetic diversity on
Malthusian development in 1500 CE to controls for both the proximate and ultimate determinants
in the Diamond channel. Perhaps unsurprisingly, the Neolithic transition timing variable, being the
proximate factor in this channel, captures most of the explanatory power of the ultimate exogenous
determinants of comparative development in the Diamond hypothesis. More importantly, the linear
and quadratic coe¢ cients of the diversity channel maintain relative stability, increasing slightly in
magnitude when compared to their baseline estimates, but remaining highly statistically signi�cant
in their expected directions. Overall, the results in Table 10 suggest that the baseline estimates of
the impact of genetic diversity presented in Section 3.2.2 earlier are indeed not simply re�ecting
some latent e¤ects of the in�uential agricultural transition timing channel.

4 The Contemporary Analysis

4.1 Data and Empirical Strategy

This section discusses the data and empirical strategy employed to examine the impact of genetic
diversity on contemporary comparative development.

4.1.1 The Index of Contemporary National Population Diversity

The construction of the index of genetic diversity for contemporary national populations is partly
based on their ethnic compositions resulting from population �ows amongst countries in the post-
Columbian era. Speci�cally, given the genetic diversity of the ancestral populations of the source
countries, data on post-Columbian population �ows can be used to construct a weighted average
expected heterozygosity measure for the national population of each country in the contemporary
period.48 This measure alone, however, would not capture the full extent of genetic diversity
in contemporary national populations as it would fail to account for the diversity arising from
di¤erences between sub-national ethnic groups.

To additionally incorporate the between-group component of diversity in contemporary
national populations, the index makes use of the concept of Fst genetic distance from �eld of
population genetics. Speci�cally, for any sub-population pair, the Fst genetic distance between the
two sub-populations captures the proportion of their combined genetic diversity that is unexplained

48The data on ethnic compositions are obtained from the World Migration Matrix, 1500�2000 of Putterman and
Weil (2009) who compile, for each country in their data set, the share of the country�s population in 2000 CE that
is descended from the population of every other country in 1500 CE.
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Figure 8: Pairwise Fst Genetic and Migratory Distances in the HGDP-CEPH Sample

by the weighted average of their respective genetic diversities. Consider, for instance, a population
comprised of two ethnic groups or sub-populations, A and B. The Fst genetic distance between A
and B would then be de�ned as:

FABst = 1�
�AH

A
exp + �BH

B
exp

HAB
exp

, (5)

where �A and �B are the shares of groups A and B, respectively, in the combined population; HA
exp

and HB
exp are their respective expected heterozygosities; and H

AB
exp is the expected heterozygosity of

the combined population. Thus, given (i) genetic distance, FABst , (ii) the expected heterozygosities
of the component sub-populations, HA

exp and H
B
exp, and (iii) their respective shares in the overall

population, �A and �B, the overall diversity of the combined population is:

HAB
exp =

�AH
A
exp + �BH

B
exp�

1� FABst
� . (6)

In principle, the methodology described above could be applied recursively to arrive at a
measure of overall diversity for any contemporary national population comprised of an arbitrary
number of ethnic groups, provided su¢ cient data on the expected heterozygosities of all ethnicities
worldwide as well as the genetic distances amongst them are available. In reality, however, the fact
that the HGDP-CEPH sample provides such data for only 53 ethnic groups (or pairs thereof) implies
that a straightforward application of this methodology would necessarily restrict the calculation of
the index of contemporary diversity to a small set of countries. Moreover, unlike the earlier historical
analysis, exploiting the predictive power of migratory distance from East Africa for genetic diversity
would, by itself, be insu¢ cient since, while this would overcome the problem of data limitations
with respect to expected heterozygosities at the ethnic group level, it does not address the problem
associated with limited data on genetic distances.

To surmount this issue, the current analysis appeals to a second prediction of the serial-
founder e¤ect regarding the genetic di¤erentiation of populations through isolation by geographical
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distance. Accordingly, in the process of the initial step-wise di¤usion of the human species from
Africa into the rest of the world, o¤shoot colonies residing at greater geographical distances from
parental ones would also be more genetically di¤erentiated from them. This would arise due to the
larger number intervening migration steps, and a concomitantly larger number of genetic diversity
sub-sampling events, that are associated with o¤shoots residing at locations farther away from
parental colonies. Indeed, this second prediction of the serial-founder e¤ect is bourne out in the
data as well. Based on data from Ramachandran et al. (2005), Figure 8 shows the strong positive
correlation between pairwise migratory distances and pairwise genetic distances across all pairs of
ethnic groups in the HGDP-CEPH sample. Speci�cally, according to the regression, variation in
migratory distance explains 78% of the variation in Fst genetic distance across the 1378 ethnic
group pairs. Moreover, the estimated OLS coe¢ cient is highly statistically signi�cant, possessing
a t-statistic = 53.62, and suggests that predicted Fst genetic distance falls by 0.0617 percentage
points for every 10,000 km increase in pairwise migratory distance. The construction of the index of
diversity for contemporary national populations thus employs Fst genetic distance values predicted
by pairwise migratory distances.

In particular, using the hypothetical example of a contemporary population comprised of
two groups whose ancestors originate from countries A and B, the overall diversity of the combined
population would be calculated as:

ĤAB
exp =

�AĤ
A
exp (dA) + �BĤ

B
exp (dB)h

1� F̂ABst (dAB)
i , (7)

where, for i 2 fA;Bg, Ĥ i
exp (di) denotes the expected heterozygosity predicted by the migratory

distance, di, of country i from East Africa (i.e., the predicted genetic diversity of country i in
the historical analysis); and �i is the contribution of country i, as a result of post-Columbian
migrations, to the combined population being considered. Moreover, F̂ABst (dAB) is the genetic
distance predicted by the migratory distance between countries A and B, obtained by applying the
coe¢ cients associated with the regression line depicted in Figure 8. In practice, since contemporary
national populations are typically composed of more than two ethnic groups, the procedure outlined
in equation (7) is applied recursively in order to incorporate a larger number of component ethnic
groups in modern populations.

Reassuringly, the ancestry-adjusted measure of genetic diversity dominates the unadjusted
measure in predicting economic development in the contemporary period. In line with the diversity
hypothesis, Column 1 in Table 11 reveals a signi�cant unconditional hump-shaped relationship
between the adjusted measure of diversity and income per capita in the year 2000 CE. This
relationship is depicted together with a non-parametric local polynomial regression line on the
scatter plot in Figure 9. As in the historical analysis, the estimated quadratic �t falls within the
95% con�dence interval band of the non-parametric relationship.

Column 2 establishes that the unconditional quadratic relationship from Column 1 remains
qualitatively intact when conditioned for the impact of continent �xed e¤ects. As revealed in
Columns 3 and 4, however, while the unadjusted measure also possesses a signi�cant unconditional
hump-shaped relationship with income per capita across countries, the relationship disappears
once the regression is augmented to account for continental dummies. Moreover, examining jointly
the explanatory powers of the ancestry-adjusted and unadjusted measures of genetic diversity for
income per capita, Columns 5 and 6 demonstrate the superior relative performance of the adjusted
measure, regardless of whether continent �xed e¤ects are accounted for by the analysis, lending

39



Table 11: Adjusted versus Unadjusted Diversity

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

Dependent Variable is Log Income Per Capita in 2000 CE

Predicted Diversity 556.439*** 254.906*** 533.983*** 387.314**
(Ancestry Adjusted) (129.697) (88.619) (164.216) (188.300)

Predicted Diversity Sqr. -397.224*** -176.907*** -377.365*** -273.925**
(Ancestry Adjusted) (90.784) (62.730) (117.645) (136.442)

Predicted Diversity 140.903*** 10.152 1.670 -64.226
(Unadjusted) (51.614) (52.732) (69.101) (81.419)

Predicted Diversity Sqr. -107.686*** -7.418 -4.057 51.016
(Unadjusted) (38.133) (38.000) (52.990) (64.295)

Continent Dummies No Yes No Yes No Yes
Observations 143 143 143 143 143 143
R-squared 0.13 0.47 0.08 0.45 0.14 0.48
P-value for:
Joint Sig. of Adjusted Diversity and its Sqr. 0.009 0.038
Joint Sig. of Unadjusted Diversity and its Sqr. 0.399 0.741

Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

further credence ex post to the methodology employed in constructing the index of contemporary
population diversity.49

4.1.2 The Empirical Model

Maintaining symmetry with the earlier historical analysis, a regression speci�cation similar to that
employed for the historical regressions is adopted initially to examine the contemporary impact
of genetic diversity along with the transition timing and land productivity channels. The current
speci�cation, however, is further augmented with controls for institutional, cultural, and additional
geographical factors that have received attention in the literature. This permits the examination
of the direct impact of the diversity channel, as opposed to its overall impact that additionally
captures indirect e¤ects potentially correlated with these other determinants.

Formally, the following speci�cation is adopted as a baseline to examine the direct in�uence
of contemporary population diversity on the modern world income distribution:

ln yi = 
0 + 
1Ĝi + 
2Ĝ
2
i + 
3 lnTi + 


0
4 lnXi + 


0
5 ln�i + 
6 ln �i + �i, (8)

where yi is the income per capita of country i in the year 2000 CE; Ĝi is the index of contemporary
population diversity for country i, as discussed above; Ti and Xi are the Neolithic transition timing
and land productivity controls for country i; �i is a vector of institutional and cultural controls

49Table D.3 in Appendix D establishes that migratory distance from Addis Ababa, adjusted to re�ect the weighted
average of migratory distances of the pre-Columbian ancestral populations of a country today, is the only distance
concept that confers a signi�cant hump-shaped e¤ect on income per capita in 2000 CE. As shown in the table, the
other distance concepts, including (i) the unadjusted measure of migratory distance from Addis Ababa (used in the
historical analysis), (ii) the aerial distance from Addis Ababa, and (iii) the ancestry-adjusted aerial distance from
Addis Ababa, do not confer any systematic non-monotonic e¤ect on income per capita in 2000 CE, given that the
ancestry-adjusted migratory distance measure is accounted for by the regression.
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Figure 9: Adjusted Genetic Diversity and Income Per Capita in 2000 CE �The Unconditional
Relationship

for country i; �i is a vector of additional geographical controls for country i; and, �nally, �i is a
country speci�c disturbance term.50

4.2 Empirical Findings

The empirical �ndings indicate that the highly signi�cant hump-shaped e¤ect of genetic diversity
on macroeconomic outcomes in the pre-industrial period is present in the contemporary period
as well. Furthermore, the persistent hump-shaped impact of genetic diversity on the pattern
of comparative economic development is a direct e¤ect that is not captured by contemporary
geographical, institutional, and cultural factors. Moreover, in line with the theory, the �ndings
suggest that optimal level of diversity has increased in the process of industrialization, as the
bene�cial forces associated with greater diversity have intensi�ed in an environment characterized
by more rapid technological progress.

Using a sample of 143 countries for which data are available for the entire set of control
variables used in the baseline regression for the year 1500 CE, Column 1 of Table 12 reveals a
signi�cant hump-shaped e¤ect of genetic diversity on income per capita in 2000 CE, accounting for
the set of baseline controls employed in the historical analysis �i.e., the logs of the timing of the
Neolithic transition, the percentage of arable land, absolute latitude and the suitability of land for
agriculture, as well as continental �xed e¤ects.51 Further, as predicted by the theory, the optimal

50The data on income per capita are from the Penn World Table, version 6.2. The institutional and cultural
controls include the social infrastructure index of Hall and Jones (1999), the share of the population of European
descent based on the World Migration Matrix, 1500�2000 of Putterman and Weil (2009), legal origin dummies and
the shares of the population a¢ liated with major world religions from the data set of La Porta et al. (1999), as well
as the ethnic fractionalization index of Alesina et al. (2003). The additional geographical controls include the share
of the population at risk of contracting falciparum malaria from Gallup and Sachs (2001), as well as the share of the
population living in Köppen-Geiger tropical zones and distance from the nearest coast or sea-navigable river, both
from the data set of Gallup et al. (1999). See Appendix B for further details.
51Tables E.5�E.6 in Appendix E present the relevant descriptive statistics for this 143-country sample.
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Table 12: Diversity and Economic Development in 2000 CE and 1500 CE

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

Dependent Variable is:
Log Income Per Capita Log Population Density

in 2000 CE in 1500 CE

Predicted Diversity 204.610** 237.238*** 244.960***
(Ancestry Adjusted) (86.385) (85.031) (83.379)

Predicted Diversity Sqr. -143.437** -166.507*** -171.364***
(Ancestry Adjusted) (61.088) (60.474) (59.386)

Predicted Diversity 198.587**
(Unadjusted) (79.225)

Predicted Diversity Sqr. -145.320***
(Unadjusted) (55.438)

Log Transition Timing 0.061 0.002
(Ancestry Adjusted) (0.262) (0.305)

Log Transition Timing -0.151 1.238***
(Unadjusted) (0.186) (0.241)

Log % of Arable Land -0.110 -0.119 -0.137 0.378***
(0.100) (0.107) (0.111) (0.108)

Log Absolute Latitude 0.164 0.172 0.192 -0.423***
(0.125) (0.119) (0.143) (0.122)

Log Land Suitability -0.193** -0.177* -0.189* 0.264***
(0.095) (0.102) (0.102) (0.095)

Log Population Density in 0.047
1500 CE (0.097)

Optimal Diversity 0.713*** 0.712*** 0.715*** 0.683***
(0.100) (0.036) (0.118) (0.095)

Continent Dummies Yes Yes Yes Yes
Observations 143 143 143 143
R-squared 0.57 0.57 0.57 0.68
Note : Bootstrapped standard errors, accounting for the use of generated regressors, are reported in
parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.

level of diversity appears to increase in an environment characterized by more rapid technological
progress. While the estimate for the optimal level in 1500 CE is 0.6833 (Column 4), the estimated
optimum in 2000 CE, under the same speci�cation, is 0.7132.

Interestingly, contrary to Diamond�s (1997) conjecture, the timing of the Neolithic transition
has no explanatory power for comparative development in the contemporary era. Moreover, as
shown in Column 2, while the hump-shaped e¤ect of diversity on income per capita in 2000 CE
remains virtually intact, the impact of the Neolithic transition, adjusted to capture the average
time elapsed since the pre-Columbian ancestral populations of each country today experienced the
transition to agriculture (i.e., traits that are embodied in the country�s population today, rather
than the country�s geographical attributes), remains statistically insigni�cant.

In particular, as established in Column 2, the estimated linear and quadratic coe¢ cients
on genetic diversity are both statistically signi�cant at the 1% level. They imply that increasing
the diversity of the most homogenous country in the sample (Bolivia) by 1 percentage point would
raise its income per capita in 2000 CE by 29.01%, whereas decreasing the diversity of the most
diverse country in the sample (Ethiopia) by 1 percentage point would raise its income per capita
by 20.86%. Further, a 1 percentage point change in diversity (in either direction) at the optimum
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level of 0.7124 would lower income per capita by 1.65%.52

Importantly, the hump-shaped e¤ect of genetic diversity on income per capita in 2000 CE
does not re�ect an inertia originating from its e¤ect on technology and, thus, population density in
1500 CE. As established in Column 4, the results are essentially unchanged if the regression accounts
for the potentially cofounding e¤ect of population density in 1500 CE. Namely, the e¤ect of genetic
diversity on income per capita in 2000 CE does not operate though its impact on population density
in the year 1500 CE.

The �ndings uncovered by the analysis thus far suggest that genetic diversity has a highly
signi�cant hump-shaped e¤ect on income per capita in the year 2000 CE. Moreover, as established
by the analysis to follow, this overall e¤ect comprises a direct impact that does not operate through
institutional, cultural and other geographical factors.

Using a sample of 109 countries for which data are available for the institutional and cultural
controls that are employed in the examination, Column 1 of Table 13 demonstrates that genetic
diversity has a hump-shaped e¤ect on income per capita in the year 2000 CE, accounting for the
set of baseline controls employed in the historical analysis �i.e., the logs of the weighted timing of
the Neolithic transition, the percentage of arable land, and absolute latitude, as well as continental
�xed e¤ects.53 The estimated linear and quadratic coe¢ cients associated with the diversity channel
are both statistically signi�cant at the 1% level and the estimate for the optimal level of diversity
is 0.7134. The regression in Column 2 examines the robustness of the results to the inclusion
of a measure of institutional quality, as captured by the social infrastructure index of Hall and
Jones (1999). The estimated hump-shaped e¤ect of genetic diversity remains highly statistically
signi�cant and rather stable, while the optimal level of diversity increases to 0.7247.54

The regression in Column 3 is designed to examine whether the e¤ect of genetic diversity
operates via ethnic fractionalization. It demonstrates that the e¤ect of genetic diversity is virtually
una¤ected by the potentially confounding impact of ethnic fractionalization.55 While, as established
earlier in the literature, ethnic fractionalization does indeed confer a signi�cant adverse e¤ect on
income per capita in the year 2000 CE, the hump-shaped impact of genetic diversity remains
highly statistically signi�cant. Moreover, the estimate for the optimal level of diversity, 0.7243, is
e¤ectively unchanged in comparison to earlier columns.

Column 4 demonstrates the robustness of the hump-shaped e¤ect of genetic diversity to
the inclusion of additional cultural and institutional controls (i.e., legal origins and the fraction of
the population a¢ liated with major religious). The coe¢ cients associated with genetic diversity
remain highly signi�cant statistically and rather stable in magnitude, while the estimated optimal
level of diversity, 0.7215, remains virtually intact.

52Following the earlier discussion regarding the expected heterozygosity index, these e¤ects are therefore associated
with a 0.01 change in the probability that two randomly selected individuals from a given population are genetically
di¤erent from one another. See Footnote 29 for details on how these e¤ects may be computed based on the estimated
linear and quadratic coe¢ cients associated with genetic diversity.
53The agricultural suitability index was not found to enter signi�cantly in any of the speci�cations examined in

Table 13 and is therefore dropped from the analysis. Tables E.7�E.8 in Appendix E present the relevant descriptive
statistics for the 109-country sample employed in Tables 13�14.
54The inclusion of the Polity IV democracy index as an additional measure of institutional quality does not a¤ect the

results for genetic diversity. Moreover, because the index of democracy enters insigni�cantly once social infrastructure
has been controlled for, it is excluded from the analysis in Table 13.
55Results (not shown) from estimating a similar speci�cation that included ethnic fractionalization square as an

additional explanatory variable did not reveal any discernible non-monotonic impact of ethnic fractionalization on
income per capita in 2000 CE. Importantly, the regression coe¢ cients associated with genetic diversity, as well as the
estimate for the optimal level of diversity, were una¤ected.
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Figure 10: Adjusted Genetic Diversity and Income Per Capita in 2000 CE � Conditional
on Transition Timing, Land Productivity, Institutional and Geographical Determinants, and
Continental Fixed E¤ects

Column 5 establishes the robustness of the results to the inclusion of controls for the health
environment (i.e., percentage of the population at risk of contracting malaria, and percentage of the
population in tropical zones), additional geographical controls gauging access to waterways, and an
OPEC dummy. The results in this column, which re�ects the baseline speci�cation for examining
the impact of diversity on development in the modern world, therefore reveal the direct e¤ect of
genetic diversity, once institutional, cultural, and geographical factors are accounted for. The direct
hump-shaped impact of genetic diversity on log income per capita in 2000 CE, as established in
Column 5, is depicted on the scatter plot in Figure 10.56

The coe¢ cients associated with the diversity channel in Column 5 imply that: (i) increasing
the diversity of the most homogenous country in the sample (Bolivia) by 1 percentage point would
raise its income per capita in the year 2000 CE by 38.63%, (ii) decreasing the diversity of the most
diverse country in the sample (Ethiopia) by 1 percentage point would raise its income per capita by
20.52%, (iii) a 1 percentage point change in genetic diversity (in either direction) at the optimum
level of 0.7208 (that most closely resembles the U.S. diversity level of 0.7206) would lower income
per capita by 1.91%, (iv) increasing the diversity of Bolivia to the level prevalent in the U.S. would
increase Bolivia�s per capita income by a factor of 4.73, closing the income gap between the two
countries from 12:1 to 2.5:1, and (v) decreasing the diversity of Ethiopia to the level prevalent in
the U.S. would increase Ethiopia�s per capita income by a factor of 1.73 and thus close the income
gap between the two countries from 47:1 to 27:1.

The regression in Column 6 examines the robustness of the baseline results to the inclusion
of the share of the population of European descent as an additional control variable. The results
indicate that the coe¢ cients associated with genetic diversity remain highly statistically signi�cant

56Similar to Figures 5�7 in the historical analysis, Figure 10 is an �augmented component plus residual�plot. See
Footnote 37 for an explanation of this type of plot. Plots depicting the partial regression lines associated with the
�rst-order and second-order e¤ects of genetic homogeneity on log income per capita in 2000 CE are presented in
Figures C.2(a)�C.2(b) in Appendix C.
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and reassuringly stable in magnitude, while the estimated optimal level of diversity is virtually
una¤ected.57

Moreover, as reported in Column 8, even if one accounts for the contribution of human
capital formation over the time period 1960�2000, the hump-shaped e¤ect of genetic diversity on
income per capita in 2000 CE remains highly statistically signi�cant. Further, the estimate for
the optimal level of diversity drops only moderately from 0.7180 (as presented in Column 7, that
accounts for the smaller sample of 94 countries for which data on education and all other variables
are available) to 0.7148.

Reassuringly, the highly signi�cant and stable hump-shaped e¤ect of genetic diversity on
income per capita in 2000 CE is not an artifact of post-colonial migration towards prosperous
countries and the concomitant increase in ethnic diversity in these economies. Importantly, for the
sample of countries whose national population is largely indigenous to their current geographical
location, the hump-shaped e¤ect of genetic diversity on contemporary income per capita is highly
signi�cant and virtually identical to the one observed in the entire sample. Thus, since genetic
diversity in these populations is the level of diversity predicted by migratory distance from East
Africa, rather than the actual one, the potential concern about endogeneity between genetic
diversity and income per capita in the modern world is alleviated.

In particular, as established in Table 14, the hump-shaped e¤ect of genetic diversity remains
highly signi�cant and the optimal diversity estimate remains virtually intact if the sample is
restricted to (a) non-OECD economies (i.e., economies that were less attractive to migrants)
in Column 2, (b) non Neo-European countries (i.e., excluding USA, Canada, New Zealand and
Australia) in Column 3, (c) non-Latin American countries in Column 4, (d) non Sub-Saharan
African countries in Column 5, and (e) countries whose indigenous population is larger than 97%
of the entire population (i.e., under conditions that virtually eliminate the role of migration in the
creation of diversity over the last 500 years) in Column 6.58

5 Concluding Remarks

This paper argues that deep-rooted factors, determined tens of thousands of years ago, had a
signi�cant e¤ect on the course of economic development from the dawn of human civilization to
the contemporary era. It advances and empirically establishes the hypothesis that, in the course
of the exodus of Homo sapiens out of Africa, variation in migratory distance from the cradle
of humankind to various settlements across the globe a¤ected genetic diversity, and has had a
long-lasting e¤ect on the pattern of comparative economic development that is not captured by
geographical, institutional, and cultural factors.

The level of genetic diversity within a society is found to have a hump-shaped e¤ect on
development outcomes in the pre-colonial era, re�ecting the trade-o¤ between the bene�cial and

57Since the share of the population of European descent is expected to be highly correlated with unobserved
�xed e¤ects associated with European countries as well as the Neo-Europes (i.e., USA, Canada, New Zealand, and
Australia), Table D.4 in Appendix D repeats the analysis from Columns 5�6 in Table 13 on di¤erent cuts of the cross-
country sample, focusing primarily on countries where the share of Europeans in the population is not confoundingly
close to 1. Importantly, the �ndings therein suggest that the baseline results are robust to controlling for the share
of Europeans in the population even when the sample is restricted to non-OECD countries (Columns 3�4), non
Neo-European countries (Columns 5�6), and non-European countries (Columns 7�8).
58This result re�ects the well-known fact from the �eld of population genetics that the overwhelming majority of

genetic diversity in human populations stems from the diversity within groups, as opposed to the diversity between
groups (see, e.g., Lewontin, 1972; Barbujani et al., 1997).
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the detrimental e¤ects of diversity on productivity. Moreover, the level of genetic diversity in each
country today (as determined by the genetic diversities and genetic distances amongst its ancestral
populations), has a similar non-monotonic e¤ect on income per capita in the modern world. While
the intermediate level of genetic diversity prevalent among Asian and European populations has
been conducive for development, the high degree of diversity among African populations and the
low degree of diversity among Native American populations have been a detrimental force in the
development of these regions. Further, the optimal level of diversity appears to have increased
in the process of industrialization, as the bene�cial forces associated with greater diversity have
intensi�ed in an environment characterized by more rapid technological progress.

The direct e¤ect of genetic diversity on contemporary income per capita, once institutional,
cultural, and geographical factors are accounted for, indicates that: (i) increasing the diversity of
the most homogenous country in the sample (Bolivia) by 1 percentage point would raise its income
per capita in the year 2000 CE by 38.63%, (ii) decreasing the diversity of the most diverse country
in the sample (Ethiopia) by 1 percentage point would raise its income per capita by 20.52%, (iii) a
1 percentage point change in genetic diversity (in either direction) at the optimum level of 0.7208
(that most closely resembles the U.S. diversity level of 0.7206) would lower income per capita by
1.91%, (iv) increasing Bolivia�s diversity to the optimum level prevalent in the U.S. would increase
Bolivia�s per capita income by a factor of 4.73, closing the income gap between the U.S. and Bolivia
from 12:1 to 2.5:1, and (v) decreasing Ethiopia�s diversity to the optimum level of the U.S. would
increase Ethiopia�s per capita income by a factor of 1.73 and, thus, close the income gap between
the U.S. and Ethiopia from 47:1 to 27:1.
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A The HGDP-CEPH Sample of 53 Ethnic Groups

Ethnic Group Migratory Distance Country Region
(in km)

Bantu (Kenya) 1,338.94 Kenya Africa
Bantu (Southeast) 4,306.19 South Africa Africa
Bantu (Southwest) 3,946.44 Namibia Africa
Biaka Pygmy 2,384.86 Central African Republic Africa
Mandenka 5,469.91 Senegal Africa
Mbuti Pygmy 1,335.50 Zaire Africa
San 3,872.42 Namibia Africa
Yoruba 3,629.65 Nigeria Africa

Bedouin 2,844.95 Israel Middle East
Druze 2,887.25 Israel Middle East
Mozabite 4,418.17 Algeria Middle East
Palestinian 2,887.25 Israel Middle East

Adygei 4,155.03 Russia Europe
Basque 6,012.26 France Europe
French 5,857.48 France Europe
Italian 5,249.04 Italy Europe
Orcadian 6,636.69 United Kingdom Europe
Russian 5,956.40 Russia Europe
Sardinian 5,305.81 Italy Europe
Tuscan 5,118.37 Italy Europe

Balochi 5,842.06 Pakistan Asia
Brahui 5,842.06 Pakistan Asia
Burusho 6,475.60 Pakistan Asia
Cambodian 10,260.55 Cambodia Asia
Dai 9,343.96 China Asia
Daur 10,213.13 China Asia
Han 10,123.19 China Asia
Han (North China) 9,854.75 China Asia
Hazara 6,132.57 Pakistan Asia
Hezhen 10,896.21 China Asia
Japanese 11,762.11 Japan Asia
Kalash 6,253.62 Pakistan Asia
Lahu 9,299.63 China Asia
Makrani 5,705.00 Pakistan Asia
Miao 9,875.32 China Asia
Mongola 9,869.85 China Asia
Naxi 9,131.37 China Asia
Oroqen 10,290.53 China Asia
Pathan 6,178.76 Pakistan Asia
She 10,817.81 China Asia
Sindhi 6,201.70 Pakistan Asia
Tu 8,868.14 China Asia
Tujia 9,832.50 China Asia
Uygur 7,071.97 China Asia
Xibo 7,110.29 China Asia
Yakut 9,919.11 Russia (Siberia) Asia
Yi 9,328.79 China Asia

Melanesian 16,168.51 Papua New Guinea Oceania
Papuan 14,843.12 Papua New Guinea Oceania

Colombian 22,662.78 Colombia Americas
Karitiana 24,177.34 Brazil Americas
Maya 19,825.71 Mexico Americas
Pima 18,015.79 Mexico Americas
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B Variable De�nitions and Sources

Outcome Variables:

Population Density in 1 CE, 1000 CE, and 1500 CE. Population density (in persons per square km)
for given year is calculated as population in that year, as reported by McEvedy and Jones (1978), divided
by total land area, as reported by the World Bank�sWorld Development Indicators. The cross-sectional unit
of observation in McEvedy and Jones�(1978) data set is a region delineated by its international borders in
1975. Historical population estimates are provided for regions corresponding to either individual countries
or, in some cases, to sets comprised of 2�3 neighboring countries (e.g., India, Pakistan and Bangladesh). In
the latter case, a set-speci�c population density �gure is calculated based on total land area and the �gure
is then assigned to each of the component countries in the set. The same methodology is also employed to
obtain population density for countries that exist today but were part of a larger political unit (e.g., the
former Yugoslavia) in 1975. The data reported by the authors are based on a wide variety of country and
region-speci�c historical sources, the enumeration of which would be impractical for this appendix. The
interested reader is therefore referred to McEvedy and Jones (1978) for more details on the original data
sources cited therein.

Income Per Capita in 2000 CE. Real GDP per capita, in constant 2000 international dollars, as reported
by the Penn World Table, version 6.2.

Genetic Diversity Variables:

Observed Genetic Diversity in the Limited Historical Sample. The average expected heterozygosity
across ethnic groups from the Human Genome Diversity Cell Line Panel that are located within a given
country. The expected heterozygosities of the ethnic groups are from Ramachandran et al. (2005).

Predicted Genetic Diversity in the Extended Historical Sample. The expected heterozygosity
(genetic diversity) of a given country as predicted by (the extended sample de�nition of) migratory distance
from Addis Ababa (Ethiopia). This measure is calculated by applying the regression coe¢ cients obtained
from regressing expected heterozygosity on migratory distance at the ethnic group level, using the worldwide
sample of 53 ethnic groups from the Human Genome Diversity Cell Line Panel. The expected heterozygosities
and geographical coordinates of the ethnic groups are from Ramachandran et al. (2005).

Predicted Genetic Diversity (Ancestry Adjusted). The expected heterozygosity (genetic diversity) of
a country�s population, predicted by migratory distances from Addis Ababa (Ethiopia) to the year 1500 CE
locations of the ancestral populations of the country�s component ethnic groups in 2000 CE, as well as by
pairwise migratory distances between these ancestral populations. The source countries of the year 1500 CE
ancestral populations are identi�ed from the World Migration Matrix, 1500�2000, discussed in Putterman
and Weil (2009), and the modern capital cities of these countries are used to compute the aforementioned
migratory distances. The measure of genetic diversity is then calculated by applying (i) the regression
coe¢ cients obtained from regressing expected heterozygosity on migratory distance from Addis Ababa at
the ethnic group level, using the worldwide sample of 53 ethnic groups from the Human Genome Diversity
Cell Line Panel, (ii) the regression coe¢ cients obtained from regressing pairwise F-st genetic distances on
pairwise migratory distances between these ethnic groups, and (iii) the ancestry weights representing the
fractions of the year 2000 CE population (of the country for which the measure is being computed) that
can trace their ancestral origins to di¤erent source countries in the year 1500 CE. The construction of this
measure is discussed in detail in Section 4.1.1. The expected heterozygosities, geographical coordinates, and

50



pairwise F-st genetic distances of the 53 ethnic groups are from Ramachandran et al. (2005). The ancestry
weights are from the World Migration Matrix, 1500�2000.

Distance Variables:

Migratory Distance from Addis Ababa in the Limited Historical Sample. The average migratory
distance across ethnic groups from the Human Genome Diversity Cell Line Panel that are located within
a given country. The migratory distance of an ethnic group is the great circle distance from Addis Ababa
(Ethiopia) to the location of the group, along a land-restricted path forced through one or more of �ve
intercontinental waypoints, including Cairo (Egypt), Istanbul (Turkey), Phnom Penh (Cambodia), Anadyr
(Russia) and Prince Rupert (Canada). Distances are calculated using the Haversine formula and are
measured in units of 1,000 km. The geographical coordinates of the ethnic groups and the intercontinental
waypoints are from Ramachandran et al. (2005).

Migratory Distance from Addis Ababa in the Extended Historical Sample. The great circle
distance from Addis Ababa (Ethiopia) to the country�s modern capital city, along a land-restricted path
forced through one or more of �ve aforementioned intercontinental waypoints. Distances are calculated
using the Haversine formula and are measured in units of 1,000 km. The geographical coordinates of the
intercontinental waypoints are from Ramachandran et al. (2005), while those of the modern capital cities
are from the CIA�s World Factbook.

Migratory Distance from Addis Ababa (Ancestry Adjusted). The cross-country weighted average
of (the extended sample de�nition of) migratory distance from Addis Ababa (Ethiopia), where the weight
associated with a given country in the calculation represents the fraction of the year 2000 CE population (of
the country for which the measure is being computed) that can trace its ancestral origins to the given country
in the year 1500 CE. The ancestry weights are obtained from the World Migration Matrix, 1500�2000 of
Putterman and Weil (2009).

Migratory Distance from a �Placebo� Point of Origin. The great circle distance from a �placebo�
location (i.e., other than Addis Ababa, Ethiopia) to the country�s modern capital city, along a land-restricted
path forced through one or more of �ve aforementioned intercontinental waypoints. Distances are calculated
using the Haversine formula and are measured in units of 1,000 km. The geographical coordinates of the
intercontinental waypoints are from Ramachandran et al. (2005), while those of the modern capital cities are
from the CIA�s World Factbook. The �placebo�locations for which results are presented in the text include
London (UK), Tokyo (Japan), and Mexico City (Mexico).

Aerial Distance from Addis Ababa. The great circle distance �as the crow �ies� from Addis Ababa
(Ethiopia) to the country�s modern capital city. Distances are calculated using the Haversine formula and
are measured in units of 1,000 km. The geographical coordinates of capital cities are from the CIA�s World
Factbook.

Aerial Distance from Addis Ababa (Ancestry Adjusted). The cross-country weighted average of
aerial distance from Addis Ababa, where the weight associated with a given country in the calculation
represents the fraction of the year 2000 CE population (of the country for which the measure is being
computed) that can trace its ancestral origins to the given country in the year 1500 CE. The ancestry
weights are from the World Migration Matrix, 1500�2000 of Putterman and Weil (2009).

Distance to Frontier in 1 CE, 1000 CE, and 1500 CE. The great circle distance from a country�s capital
city to the closest regional technological frontier for a given year. The year-speci�c set of regional frontiers
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comprises the two most populous cities, reported for that year and belonging to di¤erent civilizations or
sociopolitical entities, from each of Africa, Europe, Asia, and the Americas. Distances are calculated using
the Haversine formula and are measured in km. The historical urban population data, used to identify
the frontiers, are obtained from Chandler (1987) and Modelski (2003), and the geographical coordinates of
ancient urban centers are obtained using Wikipedia.

Human Mobility Index. The average migratory distance across ethnic groups from the Human Genome
Diversity Cell Line Panel that are located within a given country. The migratory distance of an ethnic group
is the distance from Addis Ababa (Ethiopia) to the location of the group, along an �optimal�land-restricted
path that minimizes the time cost of travelling on the surface of the Earth. The optimality of a path is
determined by incorporating information on natural impediments to human spatial mobility such as the
meteorological and topographical conditions prevalent along the path, as well as information on the time
cost of travelling under such conditions. Distances are measured in units of 1,000 km. The geographical
coordinates of the ethnic groups are from Ramachandran et al. (2005). The methodology underlying the
construction of this index is discussed in greater detail by Ashraf et al. (2010).

Transition Timing Variables:

Neolithic Transition Timing. The number of thousand years elapsed, until the year 2000, since the
majority of the population residing within a country�s modern national borders began practicing sedentary
agriculture as the primary mode of subsistence. This measure, reported by Putterman (2008), is compiled
using a wide variety of both regional and country-speci�c archaeological studies as well as more general
encyclopedic works on the transition from hunting and gathering to agriculture during the Neolithic. The
reader is referred to the author�s web site for a detailed description of the primary and secondary data sources
employed by the author in the construction of this variable.

Neolithic Transition Timing (Ancestry Adjusted). The cross-country weighted average of Neolithic
transition timing, where the weight associated with a given country in the calculation represents the fraction
of the year 2000 CE population (of the country for which the measure is being computed) that can trace
its ancestral origins to the given country in the year 1500 CE. The ancestry weights are obtained from the
World Migration Matrix, 1500�2000 of Putterman and Weil (2009).

Geographical Variables:

Percentage of Arable Land. The fraction of a country�s total land area that is arable, as reported by the
World Bank�s World Development Indicators.

Absolute Latitude. The absolute value of the latitude of a country�s approximate geodesic centroid, as
reported by the CIA�s World Factbook.

Land Suitability for Agriculture. An index of the suitability of land for agriculture, based on geospatial
soil pH and temperature data, reported at a half-degree resolution by Ramankutty et al. (2002) and
aggregated to the country level by Michalopoulos (2008).

Mean Elevation. The mean elevation of a country in km above sea level, calculated using geospatial
elevation data reported by the G-ECON project (Nordhaus, 2006) at a 1-degree resolution. The measure
is thus the average elevation across the grid cells within a country. The interested reader is referred to the
G-ECON project web site for additional details.
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Terrain Roughness. The degree of terrain roughness of a country, calculated using geospatial surface
undulation data reported by the G-ECON project (Nordhaus, 2006) at a 1-degree resolution. The measure
is thus the average degree of terrain roughness across the grid cells within a country. The reader is referred
to the G-ECON project web site for additional details.

Mean Distance to Nearest Waterway. The distance, in thousands of km, from a GIS grid cell to the
nearest ice-free coastline or sea-navigable river, averaged across the grid cells of a country. This variable was
originally constructed by Gallup et al. (1999) and is part of Harvard University�s CID Research Datasets on
General Measures of Geography.

Percentage of Land within 100 km of Waterway. The percentage of a country�s total land area that is
located within 100 km of an ice-free coastline or sea-navigable river. This variable was originally constructed
by Gallup et al. (1999) and is part of Harvard University�s CID Research Datasets on General Measures of
Geography.

Percentage of Population Living in Tropical Zones. The percentage of a country�s population in 1995
that resided in areas classi�ed as tropical by the Köppen-Geiger climate classi�cation system. This variable
was originally constructed by Gallup et al. (1999) and is part of Harvard University�s CID Research Datasets
on General Measures of Geography.

Percentage of Population at Risk of Contracting Malaria. The percentage of a country�s population
in 1994 residing in regions of high malaria risk, multiplied by the proportion of national cases involving the
fatal species of the malaria pathogen, P. falciparum (as opposed to other largely non-fatal species). This
variable was originally constructed by Gallup and Sachs (2001) and is part of Columbia University�s Earth
Institute data set on malaria.

Climate. An index of climatic suitability for agriculture, based on the Köppen-Geiger climate classi�cation
system. This variable is obtained from the data set of Olsson and Hibbs (2005).

Orientation of Continental Axis. The orientation of a continent (or landmass) along a North-South or
East-West axis. This measure, reported in the data set of Olsson and Hibbs (2005), is calculated as the
ratio of the largest longitudinal (East-West) distance to the largest latitudinal (North-South) distance of the
continent (or landmass).

Size of Continent. The total land area of a continent (or landmass) as reported in the data set of Olsson
and Hibbs (2005).

Domesticable Plants. The number of annual and perennial wild grass species, with a mean kernel weight
exceeding 10 mg, that were prehistorically native to the region to which a country belongs. This variable is
obtained from the data set of Olsson and Hibbs (2005).

Domesticable Animals. The number of domesticable large mammalian species, weighing in excess of 45
kg, that were prehistorically native to the region to which a country belongs. This variable is obtained from
the data set of Olsson and Hibbs (2005).

Institutional, Cultural, and Human Capital Variables:

Social Infrastructure. An index, calculated by Hall and Jones (1999), that quanti�es the wedge between
private and social returns to productive activities. To elaborate, this measure is computed as the average of

53



two separate indices. The �rst is a government anti-diversion policy (GADP) index, based on data from the
International Country Risk Guide, that represents the average across �ve categories, each measured as the
mean over the 1986�1995 time period: (i) law and order, (ii) bureaucratic quality, (iii) corruption, (iv) risk
of expropriation, and (v) government repudiation of contracts. The second is an index of openness, based
on Sachs and Warner (1995), that represents the fraction of years in the time period 1950�1994 that the
economy was open to trade with other countries, where the criteria for being open in a given year includes:
(i) non-tari¤ barriers cover less than 40% of trade, (ii) average tari¤ rates are less than 40%, (iii) any black
market premium was less than 20% during the 1970s and 80s, (iv) the country is not socialist, and (v) the
government does not monopolize over major exports.

Democracy. The 1960�2000 mean of an index that quanti�es the extent of institutionalized democracy, as
reported in the Polity IV data set. The Polity IV democracy index for a given year is an 11-point categorical
variable (from 0 to 10) that is additively derived from Polity IV codings on the (i) competitiveness of political
participation, (ii) openness of executive recruitment, (iii) competitiveness of executive recruitment, and (iv)
constraints on the chief executive.

Legal Origins. A set of dummy variables, reported by La Porta et al. (1999), that identi�es the legal origin
of the Company Law or Commercial Code of a country. The �ve legal origin possibilities are: (i) English
Common Law, (ii) French Commercial Code, (iii) German Commercial Code, (iv) Scandinavian Commercial
Code, and (v) Socialist or Communist Laws.

Major Religion Shares. A set of variables, from La Porta et al. (1999), that identi�es the percentage
of a country�s population belonging to the three most widely spread religions of the world. The religions
identi�ed are: (i) Roman Catholic, (ii) Protestant, and (iii) Muslim.

Ethnic Fractionalization. A fractionalization index, constructed by Alesina et al. (2003), that captures
the probability that two individuals, selected at random from a country�s population, will belong to di¤erent
ethnic groups.

Percentage of Population of European Descent. The fraction of the year 2000 CE population (of
the country for which the measure is being computed) that can trace its ancestral origins to the European
continent due to migrations occurring as early as the year 1500 CE. This variable is constructed using data
from the World Migration Matrix, 1500�2000 of Putterman and Weil (2009).

Average Years of Schooling. The mean, over the 1960�2000 time period, of the 5-yearly �gure, reported
by Barro and Lee (2001), on average years of schooling amongst the population aged 25 and over.
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C Supplementary Figures

(a) The First-Order E¤ect

(b) The Second-Order E¤ect

Figure C.1: The First- and Second-Order Partial E¤ects of Predicted Diversity on Population
Density in 1500 CE �Conditional on Transition Timing, Land Productivity, and Continental Fixed
E¤ects
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(a) The First-Order E¤ect

(b) The Second-Order E¤ect

Figure C.2: The First- and Second-Order Partial E¤ects of Adjusted Diversity on Income Per
Capita in 2000 CE � Conditional on Transition Timing, Land Productivity, Institutional and
Geographical Determinants, and Continental Fixed E¤ects
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(a) Migratory Distance and Average Skin Re�ectance

(b) Migratory Distance and Average Height

(c) Migratory Distance and Average Weight

Figure C.3: Migratory Distance and Some Average Physiological Characteristics of Populations

57



D Supplementary Results

Table D.1: Results of Table 1 with Correction for Spatial Dependence in Errors

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

Dependent Variable is Log Population Density in 1500 CE

Observed Diversity 413.504*** 225.440*** 203.814***
[85.389] [55.428] [65.681]

Observed Diversity Sqr. -302.647*** -161.158*** -145.717***
[64.267] [42.211] [53.562]

Log Transition Timing 2.396*** 1.214*** 1.135***
[0.249] [0.271] [0.367]

Log % of Arable Land 0.730*** 0.516*** 0.545***
[0.263] [0.132] [0.178]

Log Absolute Latitude 0.145 -0.162* -0.129
[0.180] [0.084] [0.101]

Log Land Suitability 0.734* 0.571** 0.587**
[0.376] [0.240] [0.233]

Continent Dummies No No No No Yes
Observations 21 21 21 21 21
R-squared 0.42 0.54 0.57 0.89 0.90
Notes : Standard errors corrected for spatial autocorrelation, following Conley (1999), are reported
in brackets. To perform this correction, the spatial distribution of observations was speci�ed on the
Euclidean plane using aerial distances between all pairs in the sample, and the autocorrelation was
modelled as declining linearly away from each location upto a threshold of 5,000 km. This threshold
excludes spatial interactions between the Old World and the New World, which is appropriate given
the historical period being considered.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.
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Table D.2: Results of Table 2 with Correction for Spatial Dependence in Errors

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

OLS OLS OLS OLS GMM GMM

Dependent Variable is Log Population Density in 1500 CE

Observed Diversity 255.219*** 361.420*** 242.190*** 203.164***
[77.933] [108.692] [76.047] [67.420]

Observed Diversity Sqr. -209.808*** -268.514*** -173.830*** -147.461***
[58.315] [77.740] [57.614] [53.983]

Migratory Distance 0.505*** 0.070
[0.110] [0.138]

Migratory Distance Sqr. -0.023*** -0.014*
[0.004] [0.008]

Mobility Index 0.353*** 0.051
[0.108] [0.125]

Mobility Index Sqr. -0.012*** -0.003
[0.003] [0.005]

Log Transition Timing 1.128*** 1.027***
[0.234] [0.366]

Log % of Arable Land 0.513*** 0.570***
[0.179] [0.219]

Log Absolute Latitude -0.127 -0.130*
[0.097] [0.077]

Log Land Suitability 0.578*** 0.591***
[0.188] [0.207]

Continent Dummies No No No No No Yes
Observations 21 21 18 18 21 21
R-squared 0.34 0.46 0.30 0.43 � �

Overid. Restrictions Test (P-value) 0.775 0.547
Notes : Standard errors corrected for spatial autocorrelation, following Conley (1999), are reported in brackets. To
perform this correction, the spatial distribution of observations was speci�ed on the Euclidean plane using aerial
distances between all pairs in the sample, and the autocorrelation was modelled as declining linearly away from
each location upto a threshold of 5,000 km. This threshold e¤ectively excludes spatial interactions between the Old
World and the New World, which is appropriate given the historical period being considered. Columns 5�6 present
the results from estimating the corresponding 2SLS speci�cations in Table 2 using Conley�s (1999) spatial GMM
estimation procedure.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.
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Table D.3: Adjusted Migratory Distance vs. Alternative Distances

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

Dependent Variable is
Log Income Per Capita in 2000 CE

Migratory Distance 0.601*** 0.499*** 0.532*** 0.564**
(Ancestry Adjusted) (0.073) (0.124) (0.160) (0.235)

Migratory Distance Sqr. -0.030*** -0.026*** -0.027*** -0.029***
(Ancestry Adjusted) (0.004) (0.006) (0.008) (0.010)

Migratory Distance 0.078
(Unadjusted) (0.084)

Migratory Distance Sqr. -0.002
(Unadjusted) (0.003)

Aerial Distance 0.064
(Unadjusted) (0.201)

Aerial Distance Sqr. -0.002
(Unadjusted) (0.011)

Aerial Distance 0.043
(Ancestry Adjusted) (0.330)

Aerial Distance Sqr. -0.001
(Ancestry Adjusted) (0.018)

Observations 109 109 109 109
R-squared 0.28 0.29 0.29 0.29
Note : Heteroskedasticity robust standard errors are reported in parentheses.
*** Signi�cant at 1%, ** Signi�cant at 5%, * Signi�cant at 10%.
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E Descriptive Statistics

Table E.1: Summary Statistics for the 21-Country Historical Sample
Obs. Mean S.D. Min. Max.

Log Population Density in 1500 CE 21 1.169 1.756 -2.135 3.842
Observed Genetic Diversity 21 0.713 0.056 0.552 0.770
Migratory Distance from Addis Ababa 21 8.238 6.735 1.335 24.177
Human Mobility Index 18 10.965 8.124 2.405 31.360
Log Neolithic Transition Timing 21 8.342 0.539 7.131 9.259
Log % of Arable Land 21 2.141 1.168 -0.799 3.512
Log Absolute Latitude 21 2.739 1.178 0.000 4.094
Log Land Suitability for Agriculture 21 -1.391 0.895 -3.219 -0.288

Table E.2: Pairwise Correlations for the 21-Country Historical Sample
(1) (2) (3) (4) (5) (6) (7)

(1) Log Population Density in 1500 CE 1.000
(2) Observed Genetic Diversity 0.244 1.000
(3) Migratory Distance from Addis Ababa -0.226 -0.968 1.000
(4) Human Mobility Index -0.273 -0.955 0.987 1.000
(5) Log Neolithic Transition Timing 0.735 -0.117 0.024 0.011 1.000
(6) Log % of Arable Land 0.670 0.172 -0.183 -0.032 0.521 1.000
(7) Log Absolute Latitude 0.336 0.055 -0.012 0.044 0.392 0.453 1.000
(8) Log Land Suitability for Agriculture 0.561 -0.218 0.282 0.245 0.299 0.376 0.049
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