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Abstract

This paper establishes a link between natural selection since the Neolithic Revolution

and economic conditions in the pre-colonial era. The ability to digest milk, or to be

lactose tolerant, is conferred by a gene variant, which is unequally distributed across

the Old World. Digesting milk conferred qualitative and quantitative advantages to

early farmers’s diets, which ultimately, led to differences in the carrying capacities of

respective countries. It is shown through a number of specifications that country level

variation in the frequency of the ability to consume milk is positively and significantly

related to population densities in 1500 CE; specifically, a one standard deviation in-

crease in the frequency of lactose tolerant individuals ( 24% points) is associated with

roughly a 60% increase in pre-colonial population densities. This relationship remains

while controlling for agricultural transition dates, other measures of genetic distance,

and a wide array of environmental controls. Additionally, the basis for the relation-

ship between dairying and population density is confirmed with the use of instrumental

variables estimation.
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1 Introduction

The great disparities in productivity that are seen throughout the world today are not new.

As of 500 years ago great variations in technology, state development, and industry were

obvious across states and continents; most notable is the distinction between Europe and

Sub-Saharan Africa. Europe was in the middle of the Renaissance, had complex systems of

state organization, numerous divisions of labor, and was making great strides in seafaring,

while Africa was vastly under populated and relatively under developed. What are the

causes of variations in historic development? It is known that Eurasia contained advantages

in initiating and spreading agriculture, but are there other factors which led to larger pre-

colonial populations? Why did Europe in particular have an advantage over other Eurasian

states? This paper argues the variation in an important food source, milk, is significantly

related to differences in pre-colonial development, or pre-colonial populations.

The Neolithic Revolution radically changed the environment for humans.1 Furthermore,

this change occurred at different times for different peoples; implying, certain groups have

had a longer time to evolve, or adapt, to the new environment. In the words of Clark (2008,

P. 6), “The Darwinian struggle that shaped human nature did not end with the Neolithic

Revolution but continued right up until the Industrial Revolution.” A major adaptation to

the sedentary agricultural lifestyle is the ability to consume milk, or to be lactose tolerant.

Milk was an additional resource that some could consume, while others could not. In

the Malthusian economy of the pre-colonial era, this variation in the consumption of milk

should be associated with variations in the productive capacity of land. Specifically, we seek

to explain the differences in population density for 1500 CE using the fraction of lactose

tolerant individuals within a country.

Lactose tolerance data is available by ethnicity for the second half of the twentieth

century. A central assumption in our paper is that this has not changed much over the

past 500 years ( Section 2 includes a detailed discussion on the validity of this). Since our

hypothesis concerns pre-colonial development, we also need a measure of ethnic composition

for 1500 CE, which is not directly available. We follow two strategies. The first, and primary

1The Neolithic Revolution is the name given to the transition from hunting and gathering to agriculture
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strategy, involves post-multiplying the matrix of current ethnic compositions countries with

the inverse of a matrix that captures human migration from 1500 to 2000 CE (Putterman

and Weil 2010). This, in theory, gives county level ethnic compositions for the year 1500

CE. In order to confirm our results, we also use a cruder strategy of assigning majority

ethnic groups to represent countries in the 1500 CE.2

We show that our constructed measure of lactose tolerance has a positive and significant

effect on population. Specifically, our baseline estimate states that a standard deviation

increase in the fraction of lactose tolerant individuals within a country is associated with a

60% increase in pre-colonial population density. The results are robust to a large number of

geographical and environmental variables. In particular, we show that the effect of lactose

tolerance does not pick up the overarching advantages of earlier transitions into agricultural

societies that have been documented extensively. The results are also robust to other

measures of genetic distances that have been used to explain technological diffusion across

countries, as well as variables that capture other environmental or cultural determinants

of pre-colonial development. In addition to least squares estimation, we also consider an

instrumental variables approach. Lower levels of sunlight result in a defficiency of vitamin D.

A diet that is rich in milk can offset the harmful benefits of vitamin D deficiency through the

addition of absorbable calcium (Flatz and Rotthauwe 1973). Therefore, we use a measure of

solar radiation to instrument country level differences in the frequency of lactose tolerance.

Due to concerns, however, our use of IV estimations are not meant to replace estimates

through OLS; the use of instrumental variables is intended to supplement and confirm the

relationship between dairying and pre-colonial population density.

An interest in the role of history in explaining economic disparities has recently been

renewed. The idea that current development levels are path dependent has established the

search for a more ultimate understanding of the long run causes of growth; knowing the

causes of small differences in past growth rates gives valuable insights into the cross-country

disparities in current economic conditions. According to Nunn (2009, P. 88): “The main

fact . . . is that history matters.” Specifically, a number of papers have established an

2This strategy is pursued in similar research, i.e., Spolaore and Wacziarg (2009).
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empirical link between past and current economic events, where it is shown that variations

in the past have economic repercussions that are felt today (see, e.g., Acemoglu et al. 2001;

Bockstette et al. 2002; Chanda and Putterman 2004; Comin et al. 2007; Engerman and

Sokoloff 1997, 2002; La Porta et al. 1997, 1998; Nunn 2008). The current work seeks to

build upon this research.

One of the most comprehensive works in explaining pre-colonial populations and, there-

fore, pre-colonial development is Jared Diamond’s Guns, Germs, and Steel (1997). Dia-

mond’s main argument is that societies on the Eurasian continent contained a geographical

advantage in both initiating and spreading agriculture. In particular, the geographical ad-

vantages of Eurasia are the number of domesticable species (plants and animals) and the

East-West orientation of the continent, where the former is associated with an ease of initi-

ating agriculture and the latter an ease of agricultural diffusion. These advantages allowed

for an earlier transition to, and a more widespread use of, agricultural practices; which in

turn, allowed for mass populations, the development of cities and states, the specialization

of labor, and, ultimately, a head start in the acquisition of prosperity. Diamond’s hypothesis

is tested by Putterman (2007) and Hibbs and Olsson (2004), who find a positive correla-

tion between agricultural transition dates and wealth levels in 1500 CE. The most tangible

difference between the two papers is in the way agricultural transition dates are calculated:

Putterman uses archeological facts in calculating the dates for particular countries, while

Hibbs and Olsson use biogeographic and geographic conditions in order to estimate the

transition dates for regions. Diamond’s argument, however, does not give reason as to why

variations within Eurasia may develop. This paper seeks to supplement Diamond’s by pro-

viding a possible explanation to within levels of development; particularly, we use the varied

use of milk as an explanation of varied levels of development throughout the Old World.

Instead of archeological evidence or environmental estimates, we use an observed ge-

netic difference between societies as a predictor of past economic development. This genetic

difference is primarily driven by differences in culture; and through the process of natural

selection, this information has been passed through generations of humans until today. Dia-

mond states: “History followed different courses for different peoples because of differences
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among peoples’ environments, not because of biological differences among peoples them-

selves.” A difference in environments, however, is the main cause in divergent evolutionary

paths, according to Darwin: “In the struggle for survival, the fittest win out at the expense

of their rivals because they succeed in adapting themselves best to their environment.”3

Therefore, a difference in environments, including both cultural and geographical differ-

ences, allows for differences in genetic adaptations. Conversely, the use of genetic variation

may be used as an indicator of the usage or availability of a cultural or environmental

advantage conferred to some societies and not others.

The effects environmental changes have on evolution are numerous and well documented.

The most common example involves the peppered moths of England before and after the

industrial revolution (Kettlewell 1956). Before the revolution light colored moths were the

vast majority due to camoflauge provided by light colored trees; however, the industrial

revolution caused dark soot to form on the trees causing lighter colored moths to stand

out. The darkening of the trees allowed for the darker variety of the peppered moth to have

a greater relative probability of survival, thereby increasing the frequency of dark moths

compared to light. Just as the dark colored moths had an advantage after the environmental

shift, those peoples who were able to capitalize the additional resource of milk were able to

increase their numbers relative to those who were unable to digest lactose.

A number of recent papers explore the effect that genetics may have on aggregate eco-

nomic outcomes (see, e.g., Ashraf and Galor 2008; Spolaore and Wacziarg 2009; Michalopolous

2008). In general, these papers use broad genetic variation measures between, and within,

particular countries to explore differing economic outcomes, historic and current. This pa-

per differs in the use of a particular gene variant, not differences in the general genetic

make-up of a population. In particular, the current work uses variation in an expressed

genetic trait which has been naturally selected for since the Neolithic Revolution. To our

knowledge, this is the first paper to explore the effect of a particular gene variant expression

has on aggregate economic conditions.

A similar work by Nunn and Qian (forthcoming) explores how the introduction of the

3Emphasis my own.
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potato to the Old World has affected populations in the 18th and 19th centuries. Specifically,

they show that exogenously determined soil conditions, which are favorable for potato

production, account for 25%-26% of the population increase from 1700 to 1900 and 27%-

34% of the increased urbanization rate in the same time period. Both the current work

and that of Nunn and Qian explore how the addition, or varied use, of a particular food

source affects historic populations. A slight difference, however, is found in quantifying the

spread of the respective food sources; Nunn and Quian use soil conditions, whereas we use

the observed differences of an underlying genetic variation.

Galor and Moav (2008) show adaptation since the initiation of agriculture has a statis-

tically significant relationship with contemporary variations in aggregate health measures.

The work of Galor and Moav (2008) implies that differences have developed since the Ne-

olithic Revolution and that these differences may be correlated with differing economic

outcomes. It is this attitude that we seek to capture. Particularly, the variation in the

timing of the Neolithic led to a variation in the genetic ability to consume milk.

1.1 Population Advantages of Milk Consumption

The consumption of milk today ranges from cows in Europe, America, Australia, and Africa

to camels and goats in the Middle East, reindeer in the Arctic, mares and asses in the

Eurasian steppe, and water buffalo in Southeast Asia (WHO 2009). 4 There is considerable

evidence that milk stimulates growth, increases bone density, and provides essential vitamins

and minerals (Hoppe et al. 2006). Milk is an incredibly complex liquid that contains fats,

proteins, vitamins, and minerals; as the popular slogan states (McCann-Erikson 1990):

“Milk: It Does a Body Good!”Along with these qualitative advantages, milking also allowed

early farmers and pastoralists to obtain a greater number of calories from a fixed number

of cattle. Through the qualitative and quantitative attributes of milk, greater populations

could be supported for a fixed quantity of land.

A sugar found in milk, lactose, is responsible for the exclusivity in consumption. The

enzyme required to break down lactose, lactase, is found within the small intestine.5 If this

4For simplicity we reference milk to be from cattle.
5Lactose is found in all milk
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enzyme is not present, the lactose will pass to the colon causing diarrhea or cramping to

occur (Simoons 1969). Like all mammals, humans produce lactase from birth until the end of

weaning in order to digest the numerous nutrients that are passed from mother to offspring.6

Certain populations of humans, however, have developed an allele, or gene variant, that

allows for the production of lactase throughout their adult lives; this is known as lactase

persistence.7 Considering that the vast majority of humans, and all other mammals, are

unable to produce lactase beyond the weaning period, it must be the case that the inability

to drink milk into adulthood is the original state (Simoons 1969). Accordingly, the ability

to digest milk, or to be lactase persistent, is one of the most famous cases for continued

evolution in humans (Ingram et al. 2009).

The quantitative advantages in the ability to digest lactose are apparent. Consider two

farmers (or pastoralists) with identical numbers of cattle (or some other milk producer).

One of the farmers is able to digest milk, while the other is not. The farmer who is able to

digest milk immediately gains an additional resource from his set herd of cattle. Moreover,

the farmer who is able to digest milk can now support a larger family, which in turn has the

effect of increasing the population and increasing the percent of lactase persistence within

the population.

It isn’t necessarily the case that strict specialization in milk production is required to

increase population densities. This paper argues that the supplementation of the additional

resource is enough to improve pre-colonial population levels. Horticulture can supply vastly

more calories per acre than any husbandry technique (Cooper and Spillman 1917). A

homogenous diet of a few grains, however, led to adverse health effects in early farmers

(Cohen and Armelagos 1984). The addition of fats, proteins, vitamins, and minerals found

in milk provided a healthy balance to the early farmer’s diet, which, in turn, allowed for

longer lives and greater populations. According to the World Health Organization (2009, p.

3): “The profile of amino acids in milk complement those in grains and cereals, which is of

considerable benefit in communities where grains and cereals predominate.” Additionally,

6Weaning is the process of an infant taking nourishment other than by suckling.
7As is consistent with the literature, we will use lactase persistence instead of lactose tolerance. Although,

the two terms have equivalent definitions.
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Nunn and Quian state (forthcoming, p. 7): “. . . a single acre of land cultivated with

potatoes and one milk cow was nutritionally sufficient for feeding a large family of six to

eight.”8 Considering two societies with equal resources, the society that is able to digest

milk gains a qualitative dietary advantage that increases health and, therefore, population.

Milk provided both quantitative and qualitative advantages to the early farmer’s diet,

which, respectively, can be seen as a substitute or a complement to a farmer’s diet. Again

consider two identical farmers: one can digest milk while the other cannot. The farmer who

is able to digest milk is able to sustain solely on the caloric output that milk provides—i.e.,

milk is a substitute for other food sources. The farmer is also able to supplement needed

vitamins, minerals, and other essential nutrients, which a staple crop provides an insufficient

amount—i.e., complementing the farmer’s current diet. Both effects would increase pre-

colonial populations.

In addition to the direct effects of consumption, the availability of milk may have in-

creased the fecundity of early sedentary women. Postpartum amenorrhea, or infertility, is

positively related to the length of time an infant weans (Jain et al. 1970). The use of

milk as a substitute for mother’s milk would have reduced weaning time and, therefore, the

postpartum infertility period.9 Implying, a mother who had access to milk would have been

able to give birth to a larger number of children over her life span, which corresponds to

the positive relationship between dairying and populations.

1.2 Selection for Lactase Persistence

The Neolithic Revolution radically changed the environment for humans, and this change

has occurred at different times for different peoples. This implies that certain groups have

had a longer time to evolve, or adapt, to the new environment, and one adaptation is

the continued production of lactase. Burger et al. (2007) have shown that the allele,

or gene variant, that allows for lactase persistence in Europeans is absent, or rare, in

early Neolithic Europeans. Considering that Europeans have the highest levels of lactase

8Potatoes are nutritionally advantageous to other Old World staple crops, which implies the inclusion of
milk is complimetary no matter the nutritional value of the staple crop.

9All infants produce lactase in order to digest mother’s milk.
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persistence in the world, this implies that the ability to digest lactose into adulthood is

a new phenomenon that gives a significant advantage to its possessors. Toward this end,

Bersaglieri et al. (2004) find that the differences in lactase persistence frequencies are due

to a strong positive selection of an allele that allows for milk consumption occurring in the

past 5,000-10,000 years, a time range that is consistent with the domestication of cattle

and other milk producing domesticates. Furthermore, the gene variant that confers lactase

persistence is the “textbook” example of a selective sweep (Nielsen et al. 2005; Ingram et

al. 2009).10

Most gene mutations that occur do not confer any type of advantage. If, however, a

gene mutation gives an advantage, then its possessor is more likely to survive and, in turn,

produce more children. This process continues over time, with a larger and larger portion

of the population containing this mutation, i.e. the allele is being naturally selected. Or in

the words of Darwin:

Owing to this struggle for life, variations, however slight and from whatever

cause proceeding, if they be in any degree profitable to the individuals of a

species, in their infinitely complex relations to other organic beings and to their

physical conditions of life, will tend to the preservation of such individuals, and

will generally be inherited by the offspring. The offspring, also, will thus have a

better chance of surviving, for, of the many individuals of any species which are

periodically born, but a small number can survive. I have called this principle, by

which each slight variation, if useful is preserved, by the term Natural Selection.

Given the fast increase in the frequency of lactase persistence, then it must be the case

that digesting lactose did provide an advantage for the owners of a lactase producing gene

variant. Bersaglieri et al. (2004) find that the ability to continually produce lactase has a

selective advantage between .014 and .15: this implies that a population of 1,000 individuals

that are able to produce lactase throughout their lives will have between 14 and 150 more

offspring per generation compared to individuals without the ability to digest lactose.11

10A selective sweep is defined as, “The process in which a favorable mutation becomes fixed in a population
(Hartl and Clark, P. 184).”

11This is dependent on the availability of milk. If no milk is available; no advantage exists.
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If no cattle were available, and therefore no milk, then there would be no advantage to

producing lactase. This implies further that the availability of milk is a necessary condition

for the rise in frequencies of lactase persistence. This co-evolution of dairying and lactase

persistence is formally known as the “Cultural Historical Hypothesis” and is attributed to

Simoons (1969). According to Simoons:

Such an advantage most likely would occur in groups, not necessarily pastoral,

that not only enjoyed a plentiful milk supply, but that had other foods inade-

quate in amount and quality, and that did not process milk into products low

in lactose. Under these conditions, the lactase aberrant adults would better

multiply, and would more successfully defend their families against others. And

in their numerous descendants, high levels of adult lactase activity would come

to prevail.

The “Cultural Historical Hypothesis” has received considerable attention lately with the

discovery that the origination of lactase persistent alleles have coincided with the proposed

dates of the domestication of cattle (Coelho et al. 2005, Mulcare 2006, Bersaglieri et al.

2004, and Tishkoff et al. 2007).

This indicates that the frequency of lactase persistence may just be a proxy for the

origination of animal husbandry; whereby the frequency of lactase persistence is an increas-

ing function of the years since the domestication of a particular mammal. While it is true

that the availability of milk, or cattle, is a necessary condition for the evolution of lactase

persistence, it is not, however, a sufficient condition. Southern Europe, Eastern Europe, the

Near East, and the Middle East have had access to milk for as long, or longer, than Western

Europeans, yet these areas have significantly lower levels of lactase persistence (Simoons

1978). This indicates that differences in dairying also have a cultural significance. For this

reason, the use of lactase persistence frequencies does not measure the initial advantages of

obtaining cattle; it measures the initial advantages of milking.

In summary, the gene variant that allowed its possesors to consume milk did provide

an advantage. One question this work seeks to answer is whether or not this advantage led

to differential economic outcomes. The next section provides a detailed explanation of the

cross-country measure of lactase persistence.
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2 Data

2.1 The Frequency of Lactase Persistence

Milk consumption has independent origins across the Old World, which has resulted in a

number of gene variants, or alleles, responsible for the production of lactase (Ingram et al.

2009; Tishkoff et al. 2006). Further, the frequency of a particular variant is ethnic specific.

In other words, the gene variant that allows for milk consumption in Northern Europeans

is not identical to the allele that allows for milk consumption in Western Africans. It is

for this reason that the observed, or phenotypic, ability to consume milk is the primary

determinant of our measure of lactase persistence.1213

The data for the frequencies of lactase persistence come from Ingram et al. (2009),

in which the authors aggregate data from past studies of lactase persistence frequencies.

The data are given at the ethnic level. The lactase persistence frequencies are obtained

by conducting lactose tolerance tests on samples from an indigenous population. The data

are collected from 1965 to 2007. While the tests do span a relatively large time scale, the

testing methods used remain constant, and the gene frequencies themselves should have also

remained constant over this relatively short period. There are two ways to test for lactase

persistence: blood glucose and breath hydrogen. In both tests individuals are given lactose

after an overnight fast in order to accurately conduct the tests. A description of the two

tests from Ingram et al. (2009):

A baseline measurement of blood glucose or breath hydrogen is taken before in-

gestion of the lactose, and then at various time intervals thereafter. An increase

in blood glucose indicates lactose digestion (glucose produced from the lactose

hydrolysis is absorbed into the bloodstream), and no increase, or a ‘flat line’ is

indicative of a lactose maldigester. . .

12A phenotype is the physical expression of a genotype (Hartl and Clark 2007).
13A measure of the frequency of lactase persistence has been calculated by using the frequency of the

gene that allows for the continued production of lactase in European populations. Substituting this measure
into the estimating equation specified above leads to a positive and signficant coefficient, but the use of the
European gene frequency is sensitive to the inclusion of a number of controls. This is to be expected, due to
the genes positive relationship with milk consumption in Europeans and nonexistent relationship with milk
consumption in all other ethnic populations, which results in a large measurement error on the explanatory
variable of interest and an attenuation of the coefficient.
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An increase in breath hydrogen indicates maldigestion and reflects colonic fer-

mentation of the lactose. . .

The arbitrary cutoff levels in defining digesters and maldigesters, or, respectively, lactase

persistence and non-lactase persistence, imply that measurement errors will be present.

2.1.1 Estimating the Ethnic Composition of Countries in 1500 CE

In creating a country wide measure for lactase persistence frequencies, two problems need

to be overcome. First, we need to aggregate ethnic groups into countries. And secondly, I

will need to scale this measure back 500 years as to measure the effect of lactase persistence

on pre-colonial development.

In order to aggregate ethnic groups into country level measures, data on the ethnic

make-up of countries is used from Alesina et al. (2003). The data from Alesina et al.

(2003) give the ethnic composition of 190 countries from roughly 1990 to 1995. Using

ethno-linguistic classifications, ethnic groups, which have lactase persistence frequencies

from Ingram et al. (2009), have been matched to ethnic groups in Alesina et al. (2003).

For example, “Western Europeans” in Sweden from Alesina et al. (2003; hereafter Alesina)

are assigned the lactase persistence frequency of “Dane” from Ingram et al. (2009; hereafter

Ingram), “Filipinos” in Alesina are assigned to the “Maori” ethnic group in Ingram, and

the “Fon” people from Benin are assigned to “Yoruba” from Nigeria.14 This matching

yields data for 118 Old World countries (i.e., Europe, Asia, and Africa) , of which 51

countries have a direct match between the majority ethnic group given by Alesina and

ethnic data from Ingram. An additional level of measurement error is to be expected from

using ethnolinguistic classification in the matching of ethnic groups. As a result the 51

countries that have exact matches are considered to be more conservative estimates of the

country level lactase persistence frequencies, and separate estimations are performed using

the reduced sample.

The aggregation from ethnic groups to countries gives a cross-country measure of the

14Swedes and Danes belong to the East Scandinavian branch of the Indo-European language group, Fil-
ipinos and Maori belong to Malayo-Polynesian branch of the Austronesian language group, and the Fon and
Yoruba belong to the Volta-Niger branch of the Niger-Congo language group.
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lactase persistence frequency; however, this measure is for the present period and may not

be relevant in the prediction of variables in the pre-colonial period. A cross-country measure

for lactase persistence 500 years in the past is needed. One way around this problem is to

ascribe the largest ethnic group within a country as the country’s sole ethnic group in the

year 1500 CE(Spaloare and Wacziarg 2009). A cross-country lactase persistence frequency

is calculated in this manner with one exception: if an ethnic group does not constitute over

60% of a countries present day composition and another ethnic group constitutes over 30%

of the countries composition, the country’s ethnic composition in 1500 CE is ascribed as 50%

to each group. For example, Belgium’s present ethnic composition from matching ethnic

groups in Ingram to Alesina is given to be 58% German and 30% French, so in calculating

ethnic composition in the year 1500, 50% is ascribed to German and 50% is ascribed to

French. Lactase persistence frequencies for 126 countries are found in this manner with 54

countries having exact ethnic matches.

Our primary way of calculating country level ethnic compositions in 1500 CE involves

using data on migration frequencies over the period 1500 to 2000 (Putterman and Weil

2010). If it is known where a county’s current population has migrated from over the past

500 years, it is possible to effectively remove this fraction of immigrants from the current

population, leaving a rough representation of the population in the year 1500 CE. Consider

an m × n matrix, E1500
m×n, which contains the ethnic composition of countries in the year

1500 with m ethnic groups and n countries. If we take the product of E1500
m×n and the n× n

Putterman and Weil matrix of migration (denoted as M1500−2000
n×n ), this should give a rough

estimate of the ethnic composition today. For example, consider China and Malaysia, which

were respectively composed of the Han and Maori groups in 1500:

E1500
m×n =

Malaysia China
Han 0 1

Maori 1 0

The matrix E1500
m×n states that in 1500 CE the entire population of China is ascribed to the

Han ethnic group and the entire 1500 population of Malaysia is ascribed to the Maori ethnic

12



group. Migration over the last 500 years is given by:

M1500−2000
n×n =

Malaysia China
Malaysia 0.75 0

China 0.25 1

which says that 75% of Malaysia’s population is derived from Malaysia and 25% of Malaysia’s

population has immigrated from China. And given that in 1500 China was entirely com-

posed of the Han ethnic group and Malaysia was entirely composed of the Maori ethnic

group, this implies that Malaysia’s current ethnic composition is 75% Maori and 25% Han.

This is shown by:

A2000
m×n = E1500

m×n ×M1500−2000
n×n =

Malaysia China
Han 0.25 1

Maori 0.75 0

However, we are interested in finding E1500
m×n given A2000

m×n, which is found through methods

described above using data from Alesina et al. (2003), and M1500−2000
n×n , which is given

in Putterman and Weil (2010). In particular, post multiplying A2000
m×n by the inverse of

M1500−2000
n×n gives E1500

m×n. In our example with Malaysia and China:

E1500
m×n = A2000

m×n(M1500−2000
n×n )−1

=

 Malaysia China
Han 0.25 1

Maori 0.75 0

×

 Malaysia China
Malaysia 1.33 0

China −0.33 1



=

 Malaysia China
Han 0 1

Maori 1 0



In theory, post multiplying current country level ethnic compositions by the inverse of

the Putterman and Weil migration matrix should remove all migration that has occurred

over the last 500 years. This process, however, assumes an equality of migration across

ethnic groups. It is improbable that migrations were ethnically equal. This problem is

partly mitigated due to the high correlation between ethnicity and state in 1500 CE; e.g.,

France was entirely composed of French, Zimbabwe was entirely composed of Bantu, etc.
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Comparing lactase persistence frequencies calculated through inverting the migration matrix

to frequencies calculated through majority ethnic groups yields a correlation of roughly 98%.

Assuming equality in migration appears to be a minor issue.

2.1.2 Monotonicity of Lactase Persistence

Although the ethnic composition of countries is somewhat mitigated due to the inversion of

the migration matrix, it still remains that the frequencies of lactase persistence themselves

are found roughly 500 years after the dependent variable to be explained. The main issue

concerns the monotonicity, or relative relationships, of lactase persistence frequencies over

the last 500 years. In order to create a false, positive relationship, either countries that were

lightly populated in 1500 CE should have had a comparative decline in lactase persistence

over the past 500 years, or relatively rich countries should have had a comparative increase

in the frequency of lactase persistence.

To understand any potential biases that may occur, it is important to understand how

gene frequencies come about. According to population geneticists three main variables

affect how the frequency of a gene evolves: the selective, or survival, advantage conferred

by the gene variant, the initial population containing the gene variant, and time (Hartl and

Clark 2007). Considering all countries in the sample have the same time constraints, any

differences in the frequency of lactase persistence must be attributed to either differences

in the initial population containing the gene variant or the selective advantage conferred by

the allele.

There is no valid reason to suspect variation in the lactase persistent allele prior to the

domestication of milk producing animals. The availability of milk determines whether or

not lactase persistence provides an advantage; if there is no milk, then there is no advantage,

and according to the laws of natural selection: if there is no advantage, then a gene will

not rise in frequency (Hartl and Clark 2007). This principle is shown in the absence of the

lactase persistent allele in Europeans prior to the Neolithic Revolution (Burger et al. 2007).

The possibility does remain, however, that migrations over the past 500 years have distorted

the respective genotype of a country. This potential source of bias is partially corrected
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for by in the methods described above; although, introgression, or the exchange of genes

from interactions in the migrant and native populations, may have altered the respective

native genotype for a particular country. For this to create a bias in my estimation, the

lactase persistent allele would have to be passed only to densely populated countries, which

seems unlikely. Further dimming the possibility of bias estimation is given by the inverse

relationship between the size of a population and the speed at which a gene frequency rises

(Hartl and Clark 2007).

Everything else constant, differences in the selective advantage of lactase persistence

will cause differences in the speed in which the frequency of the population obtains the gene

(Hartl and Clark 2007). Consider again the peppered moths of England. The advantage of

the darker moths was dependent on the level of soot within a particular area: The greater

the soot, the greater the advantage of having a dark complexion. Dark moths had a greater

reproductive advantage relative to light moths in the darker areas, which in turn caused

their numbers, or frequency, to increase at a faster rate in these areas. This same idea

can be applied to the advantage conferred by the ability to digest milk, where differing

areas could confer differing advantages which could cause a non-monotonic relationship to

develop between lactase persistence frequencies today and lactase persistence frequencies in

the year 1500 CE.

One potential source of a differing selective advantage arises from the environment in

which the gene evolved. Flatz and Rotthauwe (1973) theorize that differences in the fre-

quency of lactase persistence are caused by differences in exposure to ultra violet light.

Countries with low levels of sun exposure lack the necessary ultraviolet light to adequately

synthesize Vitamin D. Deficiency in vitamin D is associated with rickets, or a weakening of

bones. The inclusion of milk, which is high in calcium, offset the negative effects of vita-

min D deficiency. This implies a greater advantage for milk in areas with lower sunlight;

therefore, lactase persistence should rise to a greater frequency in these areas. A number

of controls are used to account for this potential source of bias. These include a Western

European dummy and the distance from the equator. In addition to the control variables,

a sample truncation is conducted, in which all Western European states and all countries
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above and below the sample median distance from the equator are excluded. As an exten-

sion of this hypothesis, we consider sunlight to be an exogenous determinant of differences

in the frequency of lactase persistence. With adequate controls to partial out the effect of

sunlight on population density, we use a measure of solar radiation as an instrument for

differences in the distribution of lactase persistence. This is further discussed in Section

3.2.2.

Conversely, it could be the case that moderately populated countries, which contained

high frequencies of lactase persistence in 1500 CE, faced a situation in which the selective

advantage to consuming milk became negative or nonexistent. There is currently no back-

ing for any hypothesis suggesting a negative selective advantage associated with lactase

persistence.15 It is possible, however, that a particular country has lost its milk producing

mammals in the past five hundred years, effectively giving no advantage to the ability of

drinking milk. According to the Hardy-Weinberg principle, if a gene possesses no selective

advantage its relative frequency should remain constant, not decline.16 Indicating that if

a country did lose its cattle stock in the last 500 years, the frequency of lactase persis-

tent individuals within the country should have remained constant; further implying the

improbability of a false relationship between lactase persistence frequencies and 1500 CE

population density.

2.2 Data: Summary and Sources

Using the ethnic compositions given by the inversion of the migration matrix, I am able

to create a lactase persistence measure for the year 1500 CE; this is the primary measure

of lactase persistence to be used. This method yields 118 countries, of which 51 have

exact ethnic matches. Table 1 presents the descriptive statistics for the frequency of lactase

persistence as well as all control and dependent variables. The mean frequency of lactase

15There is a hypothesis that states riboflavin rich milk allows for an increased risk to the contraction of
malaria (Anderson and Vullo 1994), but this hypothesis is unproven (Meloni et al. 1998).

16The Hardy-Weinberg equilibrium states that allele frequencies in a population remain constant, that
is, they are in equilibrium from generation to generation unless specific disturbing influences are intro-
duced. Those disturbing influences include non-random mating, mutations, selection, limited population
size, ”overlapping generations”, random genetic drift and gene flow (Hartl and Clark 2007).
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persistence in the base sample is 41.3%, which is similar to the world mean of 35% given

by Ingram et al. (2009).17 Figure 1 gives a shaded map of Old World lactase persistence

frequencies. As expected lower frequencies of lactase persistence occur in Sub-Saharan

Africa while higher frequencies are reported in Western Europe, Scandinavia in particular,

with a max sample frequency of 96% in Sweden and a min of 2.33% in Zambia. Figure

2 gives historical areas of milking and non-milking. Comparing Fig. 1 and Fig. 2, there

appears to be a relatively tight fit between historically non-milking areas and low levels of

lactase persistence.

The main variable to be explained is population density in 1500 CE. This variable is

from McEvedy and Jones (1978). Thomas Malthus’s seminal work on the relationship be-

tween population and wealth has shown that any wealth increase prior to the Industrial

Revolution was offset by an equivalent increase in population, thereby keeping income per

capita constant. For this reason population densities are a viable proxy for wealth levels in

1500 CE; additionally, 1500 CE population densities are used regularly in similar research;

e.g., Acemoglu et al. 2002, Ashraf and Galor 2008, Chanda and Putterman 2007, Putter-

man 2008. The hypothesis posed by this paper is that milking provided an extra resource

to certain peoples that expanded the carrying capacity of their environment, thereby in-

creasing population densities, or wealth. Figure 3 gives a simple plot with the natural log

of population density on the y-axis and the country level frequency of lactase persistence

on the x-axis.

As previously mentioned, the presence of mammals is a necessary, but not sufficient,

condition for milking. This denotes that the frequency of lactase persistence may be pick-

ing up some of the effects of extended agricultural use. In order to show that milking itself

increased population densities, agricultural transition dates need to be controlled for. As

stated earlier, two different measures for agricultural transition dates have been used pre-

viously: the region specific measures from Hibbs and Olsson and the country specific mea-

sures from Putterman. Although Putterman’s method is measured with greater certainty,

the measure by Hibbs and Olsson may have the effect of capturing unseen technological

17The world lactase persistence frequency calculated by Ingram et al. (2009), however, is based on a
flawed population weighted average.
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similarities between countries assigned to the same region. To conserve space we use the

millennia of agriculture measure given by Putterman (2007). The results have been checked

using millennia of agriculture from Hibbs and Olsson (2004) with little difference in esti-

mation. Ideally, the distribution of livestock within the Old World would also be controlled

for; however, such a measure is unavailable.

In addition to the initiation of agriculture, the yield from agriculture is also extremely

important to food production and, therefore, variations in pre-colonial populations. Con-

trolling for land quality is necessary to the estimation of pre-colonial populations. The land

quality measure used in this paper is the mean suitability of agriculture (Ramankutty et

al. 2002, Michalopoulos 2008). The mean suitability of agriculture is constructed by the

country average of 0.5 degree latitude by longitude grids that give a probability of cultiva-

tion. Additionally, the soil suitability of potatoes, Old World staple crops, and New World

staple crops from Nunn and Qian (forthcoming) are used in the sensitivity analysis.

An additional genetic control comes from Spolaore and Wacziarg (2009) in which the

authors measure the genetic distance, or variation, from the world’s technological frontier.

Using the genetic distance from the U.K. in the year 1500 CE gives a viable control for other

alleles that may be highly correlated with lactase persistence. In other words, the frequency

of lactase persistence may be accounting for a broad, underlying genetic capital possessed

by Western Europeans; therefore, it is useful to see the effect of lactase persistence while

controlling for other possible genetic variations.

When conducting sensitivity analyses for omitted variables, additional terrain, water

access, environmental, cultural, and genetic controls are used.18 The distance from the

equator is intended to control for geographical variation that lactase persistence may be

picking up; this variable is from Rodrik et al. (2002). Terrain and water access controls

come from the Center of International Development. These include average elevation, av-

erage distance to the coast or navigable river, and the percent of land that is within 100

kilometers of the coast or navigable river. Terrain ruggedness and land within the tropics

or deserts are from Nunn and Puga (forthcoming); to account for disease environments the

18Table 1 gives the source of all variables.
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stability of malaria transmission is used from Kiszewski et al. (2004); and whether or not

a particular country belonged to the Roman Empire is also used from Acemoglu, Johnson,

and Robinson (2005).

3 Results

The main hypothesis presented in this paper, a higher frequency of lactase persistence

is associated with greater population densities in the pre-colonial era, is tested with the

following estimating equation:

ln(Population Density)1500i = α+ β(Frequency of Lactase Persistence)i + Φ′Xi + εi (1)

where i is a country index, β is the coefficient of interest throughout the paper, and Xi is a

vector of country specific relevant controls. Equation (1) is estimated by OLS with robust

standard errors. Robustness exercises use varied samples and variations in Xi.

3.1 Baseline Estimation

The baseline estimations of Equation (1) are given in Table 2. Table 2 establishes the em-

pirical relationship between the frequency of lactase persistence calculated by inversing the

Putterman and Weil migration matrix within a country and the log of the 1500 population

density for that particular country while controlling for relevant variables.

Column (1) displays the simple bivariate regression of 1500 population density on the

frequency of lactase persistence within a particular country. The explanatory variable has

a positive coefficient that is significant at the 1% level and explains roughly 20% of the

variance in the log of 1500 population density. To be more precise, column (1) reveals that

a one standard deviation increase in the frequency of lactase persistence is associated with

roughly a 63% increase in the number of people per kilometer. For the median country

in the sample, the Sudan, this corresponds to a rough increase of two people per square

kilometer. In column (2) a bivariate regression is run to show the impact of the millennia

of agriculture within a country (Putterman 2008) on population densities; this is a direct

test of the hypothesis proposed by Diamond. The coefficient is positive and significant at
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the 1% level with the explanatory variable accounting for roughly 14% of the variation in

the dependent variable. Column (3) shows the effects of environmental variables, measured

by the mean suitability of agriculture, distance from the equator, and dummies for Western

Europe and Sub-Saharan Africa, on pre-colonial levels of development. The coefficient of

our measure for the suitability of agriculture is positive and significant at the 1% level, which

indicates improved land quality led to greater agricultural yields and larger populations.

Column (3) also shows that a larger distance from the equator is associated with less dense

populations in 1500 CE.19 As expected, Western European countries had greater population

densities, or wealth, relative to other countries, while Sub-Saharan African countries were

relatively worse off.

Column (4) exhibits that when controlling for the millennia of agriculture, the coefficient

of the frequency of lactase persistence remains significant at the 1% level, which further in-

dicates that the frequency of lactase persistence is accounting for an additional advantage

to a longer presence of agriculture. Column (5) shows the results of including the frequency

of lactase persistence while controlling for environmental variables. The coefficient of the

frequency of lactase persistence remains significant at the 1% level while also leading to

a 10% increase in the explained variation of population densities in 1500. Col. (6) intro-

duces millennia of agriculture while controlling for environmental variables; all signs are as

expected, although the significance of the Sub-Saharan African dummy dissipates.

The baseline result is given by columns (7) and (8). As stated previously, the availability

of cattle is a necessary condition for the development of a gene that allows for digesting

lactose; this implies the frequency of lactase persistence may be only capturing the effects

of the millennia of agriculture within a particular country. Column (7) shows that when

controlling for the country specific measures of millennia of agriculture, as well as environ-

mental controls, the coefficient on lactase persistence remains both positive and significant

at the 1% level. Also, comparing columns (6) and (7), the addition of the lactase persis-

tence frequency increases the explained variation of population density in 1500 by roughly

8%. The coefficient of interest in column (7) is consistent with the bivariate estimation of

19The coefficient of the distance to the equator is influenced by the use of only Old World countries.
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column (1): an increase of one standard deviation in the ability of a population to digest

lactose is associated with roughly a 60% increase in the population density in 1500. This

suggests that the consumption of milk did indeed have a positive effect on the population

density, or pre-colonial living standards, within a particular country.

Column (8) repeats the regression given by column (7); however, the sample is reduced

to the countries in which the majority ethnic group is directly matched between Ingram

et al. (2009) and Alesina et al. (2003). The coefficient of lactase persistence in Col. (8)

is significantly larger than that in Col. (7); this is to be expected given the reduction in

measurement error from using the more conservative sample. Also as expected the use of

the smaller sample results in a larger standard error. In particular, a one standard deviation

increase when using the coefficient in Col. (8) is associated with roughly a 87% increase in

1500 population density.

Table 3 performs the same estimations as Table 2, but instead uses the frequency of

lactase persistence calculated by taking the majority ethnic groups within a country. The

results, both magnitude and significance, are similar to those found in Table 2. For the

baseline estimate of Col. (7), a one standard deviation increase in the frequency of lactase

persistence corresponds to a 54% increase in 1500 population density; if we consider the

conservative sample given in Col. (8), a one standard deviation increase in the frequency of

lactase persistence corresponds to an increase in population density of 82%. Given the high

correlation and the similarity of coefficients between the two lactase persistence measures,

hereafter we will use the measure calculated with the inverse of the migration matrix.

Tables 2 and 3 corroborate our main hypothesis. Those societies who consumed milk

had the advantage of an additional resource; this additional resource, in turn, allowed for

the development of greater pre-colonial populations. This relationship remains stable and

significant while controlling for agricultural transition dates, agricultural suitability, and

other relevant geographic determinants of pre-colonial wealth.

Whether or not the relationship between the frequency of lactase persistence and pre-

colonial population density is causitive, depends upon the source of the cross-country dif-

ferences in lactase persistence. In some sense, lactase persistence is analogous to the land
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suitability of potatoes found in Nunn and Qian (forthcoming); in which, the frequency of

lactase persistence can be seen as an exogenous suitability of consumption (rather than

production) for a common good. Lactase persistence, however, has arisen in part due to

cultural variation. The cultural cause of differences in lactase persistence creates an am-

biguity in the exogeneity of our measure. In other words, did those cultures that adopted

dairying have other unseen population advantages? The next section will attempt to al-

leviate the ambiguity in causation through sample adjustments, the inclusion of possible

omitted variables, and instrumental variables estimation.

3.2 Sensitivity Analysis and Identification

The relationship between the frequency of lactase persistence and pre-colonial populations is

established in Table 2; however, the nature of this relationship is unclear. The endogeneity

of lactase persistence seems plausible: cultures which adopted dairying may have contained

additional advantages that allowed for greater levels of pre-colonial development, geographic

conditions that permitted dairying may have also permitted larger populations, etc. This

suggests that OLS is unlikely to confirm a causative relationship between dairying and

population densities. This section attempts to strengthen perceptions of the relationship

between the frequency of lactase persistence and 1500 CE population densities. Firstly,

we perform truncations and include possible omitted variables to control for a potential

spurious relationship. Secondly, we use the average solar radiation a country receives as an

exogenous determinant of cross-country differences in the frequency of lactase persistence in

order to determine causation. In all specifications the coefficient on the frequency of lactase

persistence remains positive, significant, and, for the most part, is consistent in magnitude

to the baseline estimate.

3.2.1 Sensitivity Analysis

Table 4 restricts the baseline estimation to each of the three continents that makeup the Old

World.20 The purpose of this is to show that Europe is not responsible for the significance of

the coefficient in the baseline estimate, and that the positive relationship between a greater

20The Western European and Sub-Saharan African dummies are excluded.
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frequency of lactase persistence and pre-colonial population densities is seen within other

continents. Column (1) performs the baseline estimation for countries contained only within

Europe. The coefficient of lactase persistence in column (1) is positive, significant at the

1% level, and roughly double the magnitude of the baseline estimate given by column (7) of

Table 2. This result implies the effects of milk consumption on population density are more

pronounced within Europe; this is to be expected, since Europe has a greater history of

milk consumption and, therefore, a greater exposure to the population advantages of milk

(Simoons 1971). Column (2) constricts the sample to countries within Africa alone. The

coefficient of interest is significant at the 10% level and the magnitude of the coefficient is

lower than that given by the baseline estimate. The estimates of column (2), however, do

show that milk consumption did have a positive effect on population density. The results are

similar to those of column (3), which restricts the sample to only Asian countries. Within

Asia, a greater frequency of lactase persistence is associated with a greater population

density; this effect is significant at the 10% level and differs slightly in magnitude from

the baseline estimate. Column’s (2) and (3) provide support that it is lactase persistence

itself that led to larger populations and not an externality associated with Europe. This

result is further confirmed in column (4), in which only Asian and African countries are

considered. In column (4), the coefficient of the frequency of lactase persistence is once

again significant at the 1% level and the magnitude only differs slightly from that given

in the baseline estimate. Table 4 provides substantial evidence that the effect of lactase

persistence is not being driven by a European externality, narrowing the possibility of a

spurious correlation and providing a better understanding of the role of lactase persistence

in explaining variations in pre-colonial population density.

Table 5 conducts column specified sample truncations. Columns (1) and (2) of Table

5 give the results of the baseline regression (Col. (7) of Table 2) while omitting Western

European countries from the sample.21 The purpose of the omission of Western European

countries is in the fact that Western European countries have both the highest population

21The baseline regression does include a Western European dummy, but the omission of Western European
countries should further show that Western Europe is not the driving factor of the results given in the baseline
case.
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densities and the highest levels of lactase persistence. Additionally, Columns (3) and (4)

drop Sub-Saharan African countries from the sample. The reasoning for the omission of Sub-

Saharan African countries is due to the fact that these countries contain on average lower

frequencies of lactase persistence and lower population densities; the opposite of Western

Europe. Column (5) omits both Western Europe and Sub-Saharan Africa, in effect dropping

the highest and lowest frequencies of lactase persistence and the highest and lowest regional

averages of population density in 1500 CE. In all cases the significance of the coefficient

on the frequency of lactase persistence remains at the 1% level, and all point estimates are

similar to the baseline case.

Columns (6) and (7) estimate the baseline regression while considering countries that

are respectively above and below the median distance from the equator. The median ab-

solute latitude of our sample is 33 degrees. This corresponds to an area just above the

tropics or roughly equal to the Levant and slightly above North African states, India, and

Southeast Asia. The truncation is done to control for any biases that may occur due to

the relationships between milk consumption, vitamin D, and the availability of sun light.22

After the respective truncations, the point estimates of the coefficient on lactase persistence

remains significant at the 1% level and is similar in magnitude to the base line estimation.

From the truncations, a selection bias seems improbable.

Our method for approximating ethnic compositions in 1500 CE is prone to measurement

error. This is due to disparities in the current ethnic composition and country compositions

in the migration matrix (Putterman and Weil 2010). Further, this error is larger in countries

that have experienced large immigrations between 1500 and 2000 CE. To account for this

potential error Table 6 truncates the base sample by the fraction of the current population

that is derived from the 1500 CE population. Column (1), for example, excludes all countries

which have less than 50% of the current population originating from the within country 1500

CE population. This results in the exclusion of only two countries from our baseline sample;

as a result, the significance and magnitude of the coefficient of interest are analogous to

those in column (7) of Table 2. Column (2) excludes countries in which less than 75% of

22This idea is further explored with the inclusion of a solar radiation variable into our baseline estimation.
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the contemporary population is derived from the 1500 CE population. This results in the

exclusion of 10 countries that are included in the baseline sample. The coefficient of the

frequency of lactase persistence remains consistent in magnitude and significance. Column

(3) performs the same truncation as columns (1) and (2) but sets the threshold of within

country population to 85%; again, the estimates are similar to the baseline case. Column

(4) excludes countries in which 95% of the current population is derived from 1500 CE

populations. This results in excluding 50 countries from the baseline sample. The estimate

of the coefficient of interest, however, remains roughly equivalent to the baseline estimate.

As a further check, column (5) replaces the frequency of lactase persistence derived by

post-multiplying by the inverse of the migration matrix with the measure calculated by

assuming the majority ethnic group. Again, the coefficient of lactase persistence is positive,

significant at the 1% level, and similar in magnitude to estimations with the full sample.

The measurement error that results in our approximation of 1500 CE ethnic compositions

does not appear to affect our results. This gives further credence to the relationship between

milk consumption, measured by the frequency of lactase persistence, and population density

posed in this paper.

Tables 7, 8, 9, 10, 11, and 12 explore whether additional controls can make the effects of

lactase persistence frequencies disappear. Table 7 includes an additional genetic measure.

Table 8 replaces the mean suitability of agriculture in the baseline estimation (Michalopolous

2008; Ramankutty 2002) with soil suitability measures from Nunn and Qian (2011); these

include the suitability for potatoes, New World staples, and Old World staples. Table

9 includes additional environmental controls: elevation, ruggedness, whether a country is

within the tropics or desert, a measure of malarial intensity, and whether or not a country

belonged to the Roman Empire . Water access variables are included in Table 10. Table 12

includes biogeographic variables from Hibbs and Olsson (2004), while Table 13 includes all

additional variables specified in the previous tables.

As noted earlier lactase persistence is a function of the genotype of a respective individ-

ual. It may be the case that a genotype that allows for lactase persistence may also allow

for other growth promoting attributes, or, in other words, there may be some underlying
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genetic capital which is beneficial to development. Table 7 introduces the genetic distance

from the technological frontier, Britain, in the year 1500 CE to the baseline model (Spo-

laore and Wacziarg 2009). Spolaore and Wacziarg argue that a smaller genetic distance

(i.e. similar genotypes) allowed for an easier diffusion of technology. This is seen in the

bivariate regression of Col. (2) in Table 7, where a greater genetic distance from Britain in

1500 CE is associated with lower population densities. The significance of genetic distance

remains while controlling for the frequency of lactase persistence (Col. (3)); however, the

inclusion of relevant agricultural and geographic controls makes the coefficient of Spolaore

and Wacziarg’s genetic distance statistically insignificant (Col. (4)). The additional genetic

control does not alter the significance or magnitude of lactase persistence. Lactase persis-

tence is of importance, not because it is part of some larger genetic package, but because

lactase persistence allowed for the consumption of an additional resource. This singular

genetic adaptation gave an advantage, which in turn, allowed for the development of larger

historic populations.

Column (1) of Table 8 includes the average country-level soil suitability for potatoes

while excluding the baseline soil suitability measure. The introduction of the potato in

between the 18th and 19th centuries is associated with a large increase in population over

this time period (Nunn and Qian forthcoming). The inclusion of this suitability measure

is intended to capture any additional effects that this measure may be accounting for in

regards to population variation. As seen in Col. (1) the potato suitability measure is

positive and significant, indicating an additional relationship between the soil suitability and

population density. The inclusion of this variable, however, does not affect the significance

or magnitude of the coefficient of the frequency of lactase persistence. Columns (2), (3),

and (4) respectively introduce the suitability for Old World staple crops, New World staple

crops, and jointly controls for both measures of soil suitability. Again, the significance and

magnitude of the coefficient of lactase persistence remain similar to the baseline estimation.

Col. (5) replaces the measure for New World staple crops with that for potatoes; the role

of lactase persistence is unaffected, while the suitability of both potatoes and Old World

staples are positive and significantly related to pre-colonial population densities. Table 8
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again confirms that dairying did have a strong association with historic population densities.

This relationship is not the by product of soil suitability; rather, dairying was an important

determinant to pre-colonial populations.

Columns (1), (2), and (3) of Table 9 introduce elevation (in km), ruggedness, and

ruggedness squared into the estimation. Ruggedness is roughly the variation in elevation of

particular cells within a country, which are then averaged to the country level (Nunn and

Puga 2010). For our concerns, ruggedness and elevation may account for land variations

that make farming difficult; and, therefore, may promote the use of animal husbandry, which

increases the likelihood of milk consumption. The addition of these additional geographic

controls should alleviate any potential biases that may occur due to land conditions that

lead to an increased use of pastoralism. Col. (1) includes elevation into the estimation;

results remain significant and similar to the baseline estimates. The inclusion of ruggedness

and its square in column (2) produce trivial differences in the estimates of the coefficient of

interest.

An argument has been put forward that extreme environments may contribute to vari-

ations in lactase persistence (Cook and al-Torki 1975). The idea being that extreme en-

vironments have fewer resources in which to support populations; therefore, the ability to

drink milk becomes essential to surviving and will rise to a greater frequency within the

population. Columns (3) and (4) of Table 9 control for environmental differences by includ-

ing, respectively, the percent of land within the tropics and the percent of land which is

desert. The percent of land within the tropics, for our purposes, represents an environment

in which resources are rich; consequently, there should be little need for dairying. At the

other extreme, deserts are poor in resources, implying a greater need for dairying. This

is verified by the coefficients on the respective environments. Deserts have a negative and

significant effect on pre-colonial population density, while the tropics have a positive but

insignificant effect. Neither variable alters the effect of the frequency of lactase persistence.

The coefficient of lactase persistence remains positive, significant, and similar in magnitude

to the baseline estimate; this is true while including the environmental variables separately

(Col.’s (3) and (4)) or jointly (Col. (5)).
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An additional environmental effect that may act on the number of cattle (and, in turn,

the number of milk drinkers) and population density is the disease environment. Cattle

and other milk producers are extremely sensitive to the tsetse fly, while people are subject

to malaria and other tropical disease from similar environments. Looking at Figures 1 and

2, areas with a low frequency of lactase persistence are similar to areas with historic levels

of malaria. This indicates that the relationship between lactase persistence and historic

populations may be driven by the disease environment. Column (6) controls for the disease

environment by including the stability of malarial transmission within a particular country,

which can also be seen as a proxy for the tsetse fly (Kiszewski et al. 2004). While this is a

contemporary measure, we have little evidence to believe it is an ineffective control variable.

The inclusion of the disease proxy does not affect the coefficient of lactase persistence. The

estimated coefficient of the frequency of lactase persistence is unaffected by the inclusion of

the malaria ecology index. Particularly, the coefficient remains significant at the 1% level

and is of a consistent magnitude to the baseline estimate.

Column (7) of Table 9 includes a dummy for whether or not a country was part of the

Roman Empire. Using historical evidence Acemoglu, Johnson, and Robinson (2005) argue

that being included in the Roman Empire may have contributed to the advanced growth

of Western Europe. This is a cultural variable that may be included with the diffusion

of technology, development levels in the pre-colonial era, and, ultimately, the practice of

dairying. Col. (7) shows that being a part of the Roman Empire did have a significant effect

on population densities in 1500; however, this effect is not coming at the expense of lactase

persistence. The inclusion of the Roman Empire dummy causes no meaningful difference

in the magnitude or statistical significance in the coefficient of lactase persistence.

Column (8) in Table 9 introduces all environmental, disease, and cultural controls.

Again, the significance and magnitude of the coefficient on lactase persistence are unal-

tered. The relationship between dairying and historic populations is not the result of a

simultaneous correlation with an environmental or cultural variable.

Table 10 includes a number of water access controls. These include the distance from an

ice free coast, the distance from a navigable river, the distance to either an ice free coast or a
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navigable river, the percent of land within 100 kilometers of an ice free coast, and the percent

of land within 100 kilometers of an ice free coast or a navigable river. Neither individually

nor jointly introducing water access controls affects the significance or magnitude of the

coefficient on lactase persistence. Specifically, column (6) gives the baseline estimation

while including both the distance from a coast or a river and the percent of land within 100

kilometers of a coast or river; the coefficient of lactase persistence is significant at the 1%

level and resembles the baseline estimate.

Domesticable animals were a necessary condition for the development of lactase persis-

tence. But domesticable animals also provide population benefits, e.g., meat, labor, etc.

Table 11 uses the number of potential domesticate animals as a proxy for the additional

benefits conferred by domesticate animals, as well as other biogeographic controls from Hi-

bbs and Olsson (2004). Column (1) gives the baseline estimates with the sample reduction;

results are similar to the larger sample in column (7) of Table 2. Column (2) includes the

number of domesticable animals into the baseline estimation. The inclusion of this vari-

able has a negligent effect on the coefficient of lactase persistence. This supports our main

hypothesis that a greater level of milk consumption led to denser populations in the pre-

colonial era. Columns (3) and (4) include a measure for the number of domesticable crops

and a measure for the East-West orientation of a country respectively. The coefficient of

interest remains roughly equivalent to the baseline estimate. Column (5) includes both the

number of domesticable plants and animals, while column (6) includes all variables from

Hibbs and Olsson into the baseline estimation. The inclusion of biogeographic controls does

not influence the estimated relationship between the frequency of lactase persistence and

population density in 1500 CE.

Table 12 simultaneously introduces the potential omitted variables discussed in Tables

7, 9, 10, and 11. 23 The inclusion of all additional variables does not affect the coefficient

of lactase persistence; this is shown in column (5). Column (6) reproduces the estimate of

23The only soil suitability measure considered in Table 13 is the baseline measure from Michalopolous
(2011). Inclusion of differing suitability measures has an insubstantial effect on the coefficient of the frequency
of lactase persistence.
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column (4), while only considering our conservative sample.24 Again, neither the magnitude

or significance of the coefficient are meaningfully affected. The effect of lactase persistence

is robust to the inclusion of a large and theoretically important set of additional controls.

Omitted variable bias seems to be insubstantial.

In summary, the coefficient on lactase persistence remains relatively constant throughout

the numerous empirical specifications performed. Throughout the sensitivity analysis, the

coefficient of the frequency of lactase persistence remains significant at the 1% level and is

rarely different in magnitude from the bivariate or baseline estimations (Columns (1) and

(7) of Table 2). This robustness is shown through differing samples and the inclusion of

theoretically relevant variables, which should, in the least, mitigate a potential selection or

simultaneity bias. A strong association exists between milk consumption and population

densities in 1500 CE. This implies that the intensity of milk consumption did play some role

in the development of larger pre-colonial societies. Those who were able, and did, consume

milk gained both qualitative and quantitative advantages which led to larger populations;

larger populations in turn led to greater armies, technological gains, and eventually a head

start to prosperity differences seen today.

This works primary goal is to explore the role milk consumption, measured through the

ability to digest lactose, had in the accumulation of pre-colonial populations. The coevo-

lution of the ability to consume milk with the cultural adaptation of dairying, however,

prevents the genetically given lactase persistence measure to be truly exogenous. The omit-

ted reason as to why some cultures initiated dairying while others did not may also be

correlated with the accumulation of pre-colonial populations, implying a potential simul-

taneity bias. Without the use of an exogenous instrument, causality cannot be established.

The next section will attempt to alleviate the lack of causation with the use of an exogenous

instrument.

24Biogeographic controls are omitted due to sample considerations.
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3.2.2 Identification

In order to establish causation we consider the proposed relationship between lactase per-

sistence and low sunlight areas (Flatz and Rotthauwe 1973). In adequate sunlight, the body

is able to synthesize vitamin D; however, if sunlight is low, individuals may be deficient in

vitamin D. A major disease associated with deficieny in vitamin D is rickets, which results

in the softening of bones. A diet heavy in milk would increase calcium absorption, thereby

partially offsetting the harmful effects of Vitamin D deficiency (Flatz and Rotthauwe 1973;

Gueguen and Pointillart 2000).25 Therefore, those societies in low sunlight countries, i.e.

Western Europe, gained an additional benefit from the consumption of milk. With this

understanding, we use a 22 year average of solar radiation as an exogenous determinant of

the frequency of lactase persistence.

The measure of solar radiation comes from the Atmospheric Science Data Center of

NASA (NASA Surface Meteorology and Solar Energy 2011). With the use of country

latitude and longitude from the CIA World Factbook, we calculate the 22 year average of

solar radiation of a horizontal surface, given in the kilowatts per hour of a squared meter,

for all countries in our sample. Figure 5 plots the relationship between this measure of solar

radiation and our measure of the frequency of lactase persistence. The relationship appears

to be nonlinear. At low levels of sunlight, lactase persistence is widespread; however, as

sunlight increases beyond an adequate amount, the frequency of lactase persistence becomes

more varied. We therefore use solar radiation and its square in order to instrument the

frequency of lactase persistence.

While the relationship between solar radiation and the frequency of lactase persistence

is strong in our sample, the use of solar radiation as an instrument is problematic. First, so-

lar radiation may correlate with factors that influence population density. This is partially

alleviated by the inclusion of relevant controls, i.e. the mean suitability of agriculture, dis-

tance from the equator, and a Western European dummy, but the relationship between solar

radiation and population density may not be fully accounted for.26 Second, the proposed

25Milk also contains small amounts of vitamin D.
26After including relevant controls, neither solar radiation or its square are insignificant from zero at the

10% level. However, they are jointly significant.
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relationship between sunlight and lactase persistence has come under recent criticism. Itan

et al. (2009) simulate the evolution and spread of the gene associated with lactase persis-

tence in Europeans. When controlling for relevant factors, they find that the low sunlight

areas of Northern Europe do not correlate with a higher frequency of lactase persistence.

Gerbault et al. (2009), however, find evidence supporting the relationship between solar

radiation and lactase persistence. In short, the relationship between the frequency of lactase

persistence and sunlight is still in question. Given the problems of our proposed instrument,

we use IV estimation as a supplement to the estimates given by least squares. 27

The baseline IV estimates are given in Table 13. Column (1) displays the bivariate

regression of 1500 population densities on the frequency of lactase persistence. Solar radi-

ation and its square have a strongly correlated with the frequency of lactase persistence;

this is shown by the first stage F statistic of 113.39. The IV estimated coefficient of the

frequency of lactase persistence is positive and significant at the 1% level. Additionally, the

magnitude of the coefficient is similar to the bivariate, OLS estimate of Table 2.

In the bivariate case, however, the IV estimates may be bias. This is due to the agri-

cultural benefits of sunlight. Therefore, columns (2) and (3) respectively add in millennia

of agriculture and the suitability of agriculture, as well as other geographic variables. The

inclusion of the additional controls does weaken the strength of our proposed instruments,

but the instruments remain strong. The IV estimated coefficient of the frequency of lac-

tase persistence is positive and significant while including the millennia of agriculture in

column (2); however, the coefficient becomes insignificant in column (3), which includes the

suitability of agriculture and other relevant geographic controls.

Column (4) gives the baseline IV estimate. Solar radiation and its square are highly

related to the frequency of lactase persistence. The first stage F statistic of column (4) is

31.13, which satisfies the maximum Stock-Yogo criteria. The IV estimated coefficient of the

frequency of lactase persistence is positive, significant at the 1% level, and roughy identical

27Given the shortcomings of solar radiation, we have also used the number of potential domesticate animals
from Hibbs and Olsson (2004). While correlated with the frequency of lactase persistence, the number of
potential domesticate animals is a weak instrument. This is especially true when including additional
controls.
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to the OLS estimate.28 Column (5) reduces the sample to the conservative estimates, leading

to a slight reduction in instrument strength and a larger estimated coefficient of interest.

Again, the estimated coefficient is similar to that given by least squares estimation. As

stated before, the use of IV estimates is meant to supplement the estimations by least

squares. The consistency of the IV coefficient in magnitude and significance to the OLS

estimates provided further evidence that the relationship between dairying and population

density is substantial.

Table 14 performs IV estimations while including the additional controls of Tables 7,

9, 10, and 11. Column (1) includes genetic distance from the U.K. into the baseline IV

estimation of column (4) of Table 13. The instruments remain strong, and the estimated

coefficient is similar to the baseline IV estimate, as well as the baseline least squares estimate.

All environmental variables of Table 9 are included in column (2). Again the coefficient

remains similar to the baseline estimates. Column (3) includes water access controls given by

column (6) of Table 10. This results in a reduction in magnitude in the coefficient of lactase

persistence, which leads to the coefficient being insignificant at the 10% level. Column (4)

includes biogeographic controls of Hibbs and Olsson (2004) into the baseline estimation.

The coefficient of interest is significant at the 5% level and is similar to previous estimates

in magnitude. Column (5) includes all additional controls. The coefficient remains similar

in magnitude to previous estimates with statistical significance dropping to the 10% level.

29 Aside from the lack of significance in column (3), IV estimates of the coefficient of the

frequency of lactase persistence remain similar in magnitude and statistical significance to

the baseline IV estimates, as well as the baseline OLS estimates.

The use of solar radiation is potentially problematic. However, IV estimations provide

further evidence for the relationship between dairying and population densities posed in this

paper. Furthermore, given the uniformity in magnitude and significance of the IV and OLS

estimates, we have no reason to suspect a potential spurious relationship. Milk consumption

aided the diet of early farmers; these benefits appear to have resulted in denser populations.

28The OLS estimated coefficient is 2.34, while the IV estimated coefficient is 2.24.
29Due to the sample adjustment of the Hibbs and Olsson data, we exclude biogeographic controls from

column (5); however, when these variables are included, no significant change is seen.

33



4 Conclusion

Diamond has stated that, “History followed different courses for different peoples because

of differences among peoples’ environments, not because of biological differences among

peoples themselves.” This paper does not intend to dispel this argument; rather this paper

merely alters this view. Diamond is correct that the environment is the ultimate causal

factor in the differing fates of humanity, but to assume the environment has not caused

differences in people undermines one of the basic laws of evolution. The use of genetic

frequencies above is merely an indicator for differing environments.

Toward this end, our work establishes an empirical relationship between milk consump-

tion and pre-colonial development. Milk had the ability to improve both the quality and

quantity of calories for Neolithic farmers and pastoralists. Both effects had the outcome

of increasing populations. This relationship holds through a number of specifications and

estimations, and gives important insights into the numerous advantages contained within

Eurasian continent and Europe in particular.
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5 Figures

Note: Darker areas represent a greater frequency of lactase persistence. Dotted areas represent countries

not in the data set. Western European countries are shown to have high levels of lactase persistence, while

Sub-Saharan Africa and Southeast Asia have low levels of lactase persistence. This corresponds to the

historical levels of milking from Simoons (shown in Fig. 2)

Figure 1
Distribution of Lactase Persistence
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Note: Darker areas represent historically non-milking areas. There appears to be a high level of overlap of

the historically non-milking areas and areas with low frequencies of lactase persistence shown in Fig. 1.

Figure 2
Historical Milk Consumption (Simoons 1969)
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Figure 3
The Freq. of Lactase Persistence and the ln of Pop. Density in 1500 CE
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Figure 4
Residuals With and Without the Frequency of Lactase Persistence
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Figure 5
Solar Radiation and the Freq. of Lactase Persistence
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6 Tables

Table 1
Summary Statistics

Variable: N Mean Std. Dev. Min Max

Lactase Persistence Frequency (Inverse of Migration Matrix) 118 0.4133 0.2389 0.0233 0.96
Conservative Lactase Persistence Freq. (Inverse of Migration Matrix) 51 0.4324 0.2556 0.0486 0.96
Lactase Persistence Frequency (Majority Ethnic Group) 126 0.4069 0.256 0 0.96
Conservative Lactase Persistence Freq. (Majority Ethnic Group) 54 0.422 0.273 0 0.96
ln of Population Density in 1500 CE 126 1.3166 1.3173 -1.9459 4.1477
Millennia of Agriculture 119 5.4496 2.3616 1 10.5
Mean Suitability of Agriculture 122 0.4214 0.257 0.0029 0.9557
Distance from the Equator 124 28.9194 17.4079 0 64
Sub-Saharan Africa (Dummy) 126 0.3016 0.4608 0 1
Western Europe (Dummy) 126 0.1349 0.343 0 1
Genetic Distance from the U.K. in 1500 CE 124 0.869 0.7617 0 2.288
Mean Crop Suitability for Potatoes 113 1.7154 4.623 0.001 35.9686
Mean Crop Suitability for Old World Crops 113 6.4939 10.2131 .001 64.6213
Mean Crop Suitability for New World Crops 113 7.0571 15.3045 .001 116.2154
Solar Radiation (kWh/m2/day) 126 4.5856 1.1135 2.0025 6.670
Elevation (Country Average in km) 118 0.6413 0.5844 0.0092 3.1859
Ruggedness (Country Average) 122 1.1413 1.3149 0.016 6.202
Mean Distance from Coast or River ( in km) 118 0.3426 0.441 0.011 2.2917
% of Land within 100 KM of Coast or River 118 0.4536 0.3794 0 1
% of Land within the Tropics 121 24.974 39.0662 0 100
% of Land within a Desert 121 4.232 11.7341 0 77.28
Mean of Malarial Ecology Index 113 3.929 6.7954 0 31.639

Notes: Lactase Persistence Measures calculated from Ingram et al. (2009), Alesina et al. (2003), and
Putterman and Weil (2010). Population Density data are given by persons per km2 and are from McEvedy
and Jones (1978). Mean suitability of agriculture is from Michalopolous (2010) and Ramankutty et al.
(2002). Distance from the Equator comes from Rodrik et al. (2002). Genetic distance is from Spolaore and
Wacziarg (2009). Mean crop suitability for potatoes, New World staples, and Old World staples come from
Nunn and Qian (2011). Solar Radiation data come from the Atmospheric Science Data Center at NASA.
Elevation, mean distance to a coast or river, % of land within 100 km of a coast or river, and other water
access controls are from Gallup et al. (1999). Ruggedness is from Nunn and Puga (2011). The malarial
ecology index is from Kiszewski et al. (2004). Genetic distance, crop suitability data from Nunn and Qian,
distance to a coast or river, and elevation have all been scaled by 1/1000.
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