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Introduction

Human stature is now a well-established indicator for the biological standard of living, positively
correlated as it is, along with good health and longevity, with a nutritious diet.! In the 1980s Robert
F. Fogel, Richard Steckel, and John Komlos pioneered its use in the field of economic history, and a
large body of literature in this and other fields has emerged since (Steckel 2009, Komlos and Baten
2004, Harris 1994). Anthropometric studies of individual countries have made a significant
contribution to social-welfare economics over the past several decades, and have in turn served as
the basis for a number of collective analyses, in which several such studies are presented and
compared (e.g., Steckel and Floud 1997, Komlos and Baten 1998). This is the first attempt,
however, to collate the entire body of anthropometric evidence, on a global scale.

In estimating height trends by world regions each of which comprises several nations, we
aim to incorporate the maximum of previously published research. We find that 156 countries can
be taken into account.? Height estimates are organised and analysed on the basis of birth decades
wherever possible. However, continuous series are available for only some of these countries.
Moreover, the series on individual countries, even some of those that are based on a substantial
underlying number of cases, are prone to measurement error, since the the samples' regional and
social composition are difficult to ascertain, and may introduce bias. To account for this potential
bias, all problematic measurement issues are denoted with dummy variables, and their degree of
bias will be carefully analysed.® For the estimation of world-region trends, data for a large number
of countries is collected, with the result that most measurement errors are cancelled out. This
unprecedented compilation project should facilitate further efforts of height analysis, providing as it

does a realistic ground for further comparisons. As a main result, we find that regional height levels

! The term "biological standard of living" was coined by Komlos in 1987.

One of the rare exceptions to the height-longevity correlation is that of the relatively short, because protein-deprived,
Japanese prior to the economic boom of the 1960s; their longevity values were above average thanks to their high
valuation of personal hygiene, the importance of which was underscored by health-related instruction in the schools.

2 We include all countries with more than 400,000 inhabitants for which evidence is available, using 1990 borders, in
order to permit comparison with Maddison’s 2001 GDP estimates.

% The underlying data set will soon be made public as part of the Cliolnfra Project, a cooperative effort coordinated by
Jan Luiten van Zanden and featuring partners in Utrecht, Amsterdam, Tiibingen, and Debrecen. See
www.iisg.nl/news/clio-infra.php



around the world were fairly uniform throughout most of the 19" century, with two exceptions:
above-average levels in Anglo-Saxon settlement regions and below-average levels in Southeast
Asia. After 1880, substantial divergences began to differentiate other regions -- making the world
population taller, but more unequal.

The second major aim of this study is to shed light on one of the most important issues in
anthropometric studies: the determinants of the biological standard of living on a global scale. That
a population's average height is in large part a function of the disease environment and the
availability of high-protein foodstuffs (chiefly meat and dairy products), and that lactose intolerance
could play a role in this regard, is an issue that we consider. The impact of high-quality proteins and
calcium on anthropometric values has been described in terms of a bottleneck (Baten 2010). The
bottleneck concept implies that other food items necessary for a balanced diet, such as fruits,
vegetable or grains, were much more easily available, whereas protein was expensive to produce in
densely populated areas over most of the period under study. The historical record indicates that
humans have always needed large amounts of protein to generate the antibodies needed to fight
infectious disease, and today's underdeveloped countries are no exception. Especially milk helps to
create antibodies (Grigg 1995). Added to this protein effect is that of the disease environment,
which we will measure by means of infant-mortality rates.

We will also compare height trends with national income estimates. Because we consider
GDP per capita to be an alternative indicator of biological well-being -- since it is a measure of
purchasing power not only of high-quality foodstuffs but also, at least since the last century,
medical goods and services -- we exclude it from our set of explanatory variables.

If economists are coming to use height as a valid complement to conventional welfare
indicators, this is because it has some specific advantages. A given income level permits the
purchase of a given quality as well as quantity of food and medical services, and is thereby
correlated with health, which in turn is correlated with height. However, this income-height

correlation is not one-to-one, modified as it is by important inputs not traded in the marketplace but



provided as public goods, such as infant-nutrition programs and public hospitals, which account for
slight deviations between purchasing power-based and height-based measures of biological well-
being. Moreover, income fails to account for discrepancies within households. While it cannot
account for every potential variable in a given population, the anthropometric approach permits
economists and economic historians to capture important aspects of the biological standard of living
(Komlos, 1985; Steckel, 1995), particularly in developing countries, hitherto neglected because
reliable data were lacking. The well-known Maddison data set (2001), for example, provides only
rough estimates for many such countries prior to 1910. While height is not without its deficiencies
as a measure of the standard of living of a given population, it generates insights into global
changes, and is particularly valuable as a countercheck as well as a complement to conventional
indicators, permitting more reliable results than might otherwise be the case.

Life expectancy is among the many health indicators with which height is positively
correlated. The economist Robert F. Fogel - drawing on the research of Waaler (1984), who
measured several thousand Norwegian males and then followed them in a longitudinal study -
reported in his Nobel Prize lecture (1993) that as late as the 1960s and 1970s a 17.5-cm height
deficit meant for a Norwegian male a 71% higher risk of dying in the next period of their life: a
staggering difference, especially when one considers that at the time Norway's nutritional ratings
were unmatched. Having analysed height data for the birth cohorts of 1860, 1900, and 1950, Baten
and Komlos (1998) concluded that every centimetre above and beyond a given population's average
height translates into a life-expectancy increase of 1.2 years.* Thus a mere half-centimetre deviation
from the average is significant, representing as it does six months of life. The correlation between
height and longevity is even closer among children (Billewicz and MacGregor 1982, Martorell
1985).

The question of what role genetics, as well as nutrition, may play in determining a given

population's average height was often raised in the early years of anthropometric research. It turns

4 The third cohort comprises those who have attained adulthood at some point between the 1970s and the present. The
authors found any variation in the coefficient among the three cohorts to be negligible.



out that while genes are a key determinant of an individual's height, when it comes to groups of
individuals genetic deviations from the mean cancel each other out. Moreover, there is considerable
evidence that it is environmental conditions, not genes, which account for today's height gap
between rich and poor populations, including those inhabiting a single nation. Habicht et al. (1974),
for example, found that the height gap between the rich and poor sectors of a less-developed
country (LDC), Nigeria, was even wider than that between an LDC's elite and a reference
population in the United States.® Fiawoo (1979), in his study of Ghana, reached the same conclusion
as Habicht, as did Eksmyr (1970), working with data on several Ethiopian ethnic groups, and
Graitcer and Gentry (1981), when they considered Egypt, Haiti, and Togo. What is more, the
height-distribution percentiles for children from rich families in this last study are in line with those
for a rich country, namely the United States. Of course, not all height differentials are due
exclusively to environmental conditions: African bushmen and pygmies, for example, spring to
mind. While they account for only a small percentage of their respective nations' populations, we
will nonetheless test for the magnitude of the genetics factor on a large scale. When we compare
world-region dummy variables, with and without explanatory variables, we find that the inclusion
of availability of protein availability, disease environment, lactose tolerance, and geography reduces
the unobservable world-region differences in height by more than a half.

The paper is organised as follows. After a review of the literature, we will discuss some core
methodological issues before moving to the first world region height estimates that cover the last
two centuries. Section 4 discusses the height — GDP relationship, and the final section analyzes the

determinants of height.

1. A selective review of the literature on individual countries and regions
We begin with a selective description of the more prominent studies on which our data set is based.

Thanks to the existence of a considerable body of scholarly work, long-term time series are

® The following review of the literature is based on Moradi and Baten (2005).



available for a considerable number of countries around the world; however, in other cases the
documentation is limited to one or two benchmark years. The availability varies among world
regions, but it is safe to say that in the past decade there has been an overall increase. Western
Europe and European settlements have been the object of numerous studies, as our long list of
references attests, and other world regions of a few (e.g., Floud 1994, Baten and Komlos 1998,
Steckel and Floud 1997). Costa and Steckel (1997) combined all U.S. studies in a trend estimate
that is based on a number of individual studies. More recently, Southern Europe has been added to
the data set (A’Hearn 2003, Pesacchi 2008, Martinez-Carrion 1994). Garcia and Quintana-Domeque
(2007) and then Hatton and Bray (2010) extended the European data set, and Whitwell, de Souza,
and Nicholas (1997) have documented Australia.

Eastern Europe and Central Asia have been given a thorough anthropometric treatment
by Mironov (1999, 2004) thanks to a combination of archival and contemporary anthropological
data (see also Mironov and A’Hearn 2008). Mironov’s estimates of Russian and various other
Eastern European height trends provide a valuable overview of this world region, even if
Wheatcroft (1999) has offered a different interpretation. As for central Asia, we can draw on the so-
called demographic and health surveys (DHS) conducted from the 1980s onward that allow to cover
birth decades after the 1940s, whereas it is thanks to anthropologists that we have data for the birth
period 1960-89 in Eastern Europe (e.g., Bielicki and Hulanicka 1998, Vignerova and Blaha 1998).
Among Komlos' many studies are several on those regions of southeastern Europe that once
composed the Habsburg Empire (1985, 1989, 2007). Kopczynski has done likewise for Poland
(2006).

For pre-1950 Latin America data on Argentina and Colombia have been provided by
Salvatore (1998, 2004), Salvatore and Baten (1998), Lopez-Alonso and Porras (2003), Meisel and
Vega (20044, 2004b), Carson (2005, 2008), and recently Baten and Carson (2010). Brazil, Peru, and
Argentina have been recently studied by Baten, Pelger, and Twrdek (2009) and Twrdek and Manzel

(2010). In addition, there is scattered information regarding the Indian populations in these and



other countries (Bogin and Keep 1998).

India, Asia, the Middle East, and North Africa are only modestly documented. We have
access to Indian height data not only for the early 20" century (Guntupalli and Baten 2006) but also
for birth cohorts dating as far back as the early 19" century (Brennan, McDonald, and Shlomowitz
19944, 1994b, 1997, 2000). Although the latter studies are based on labour-migrant heights, and
hence not necessarily a representative sample of India, the authors offer persuasive arguments that
these heights were equivalent to those of the population as a whole. For Japan we turn to Mosk
1996, Bassino 2006, Shay 1994, and Honda 1997, and for China to Morgan 2006, 2008; Baten and
Hira 2008; and Baten, Ma, Morgan, and Wang 2010. The latest of several studies of the two Koreas
is one of North Korea by Pak, Schwekendiek, and Kim (2010). As for Southeast Asia, a modest
amount of data on this region is available (Vietnam: Bassino and Coclanis 2005; Indonesia: van der
Eng 1995, Baten, Stegl, and van der Eng 2009; the Philippines: Murray 2002). The Middle East and
North Africa of the late 19th and early 20th centuries have been documented in Stegl and Baten
(2009). Data from the Demographic and Health Surveys (DHS) program allow a trend estimate for
Turkey and Egypt during the period 1950-89, while the 1970s and 1980s have been the object of a
number of anthropological studies.

African height data on freed slaves and military recruits permit a rough estimate for the early
19" century (Eltis 1982; Austin, Baten and van Leeuwen 2010). Eltis (1982) has argued that the
height discrepancy between freed slaves and others was negligible, because height was not an
important pricing criterion; while slave heights varied from region to region, regional prices did not
reflect this variation. Furthermore, any height differences among freed slaves were diminished by
Africa’s own demand demand for the strongest (and thus presumably the tallest) workers available,
because Africa was a labor-scarce world region herself. At the same, there is no evidence that the
slave market established anything like the military's minimum-height requirement. A comparison of
soldiers' and slaves' height data indicates that the latter do not suffer from significant bias (Austin,

Baten, and van Leeuwen 2010). For Africa during the period 1890-1930 a large number of



anthropological studies are available: for example, one of two major Kenyan peoples, the Kikuyu
and the Massai (Orr and Gilks 1931), as well as recent studies (Moradi 2009a, Austin, Baten, and
Moradi 2008). The problem of potential survivor bias in the African DHS data sets, which span the

years 1945-89, has been resolved by Moradi (2005).

2. Methodological issues

How can we estimate the world height trend over a period spanning nearly two centuries? To
compensate for the fact that until the middle of the twentieth century data are scarce for countries
where poverty and illiteracy prevailed, we solicited a large number of recent anthropological
measurements, with the aim of representing 164 countries, but were obliged to exclude eight for
lack of evidence (Table 1).% Needless to say, in some cases only a few birth decades are
documented, and certain height estimates are compromised by measurement errors. But we have
been as accurate as possible under the circumstances, recording height by province whenever
possible, and adjusting our calculations to take into account any modifications of national borders.
Only certain combinations of countries and birth decades are sufficiently well documented to
contribute to our estimates for world regions and half centuries; for instance, no evidence is
available for the Middle East and North Africa in the early 19" century, in large part because of the
absence of precise height measurements in Ottoman Empire military data, the army having
categorized each recruit as small, medium, or large -- and barefaced or bearded. In most other world
regions, however, army data were available for the early 19'" century. The year 1950 marks a
turning-point in that from that moment on population censuses, health surveys, and similar sources
include data on women -- in fact, considerably more than on men -- because institutions other than
the military, particularly those related to the health sciences, begin to take interest in them. The fact

that there is a correlation, if not a simple one, between male and female heights is by now beyond

® Bahrain, Cape Verde, Djibouti, the Palestinian Territory, Qatar, Reunion, the United Arab Emirates, and finally the trio
Mayotte, Saint Helena, and Western Sahara (aggregated as in Maddison 2001).
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dispute (Baten and Murray 1999, Moradi and Guntupalli 2008) and it justifies our substituting one
set for another when need be. Objections to this strategy might be raised by those who accept the
female- resiliency hypothesis, which holds that for biological reasons the average height of a given
female population is more resistant to adverse conditions than is that of their male counterparts.
Some evidence of small pre-historic samples supported this hypothesis. However, drawing on the
largest height sample available to date, Guntupalli (2005) has gone far to disprove this hypothesis
for the last two centuries. Since the vast majority of historical height estimates are for males, we
transform all estimates into male equivalents, estimating specific regression equations for each
world region in order to account for potential differences (Appendix A).

It is reasonable to assume that a teen-age conscript from a malnourished population has yet
to reach his maximal height. In such a case we calculate what it will be by applying the method
presented in Baten and Komlos (1998).” Migrants, evidently not representative of the population
into which they were born, are another potential source of bias; in some cases, the possession of
skills and money motivate a person to migrate; in others, it is the lack of both that obliges such a
move (Stolz and Baten 2010, Humphries and Leunig 2009). Such an ambiguous situation obliged us
to generate reasonable adjustments. For example, if we could determine (thanks to data permitting
us to compare the average height of migrants with the average height of the source population) the
height selectivity of migrants from country A to country B, and if country C was very similar to
country A in terms of development, then we adjusted the migrant height of country C by the same
centimeter differential as country A migrants displayed, compared to the stayers of this country.
However, this adjustment was necessary for only a small fraction of our sample, specifically, a mere

0.7%, out of the 1.5% of our sample observations based on migrant heights. The remaining 0.8%

7 See the notes to Table 1 in the work cited. The authors suggest the following adjustments, derived from Mackeprang’s
19"-century-growth studies, for societies in which males in their teens and twenties have yet to achieve their maximal
height (as a rule, above 170 cm). Those who were 18 years of age were estimated to have 2.4 cm to go; those age 19 1.7
cm, those age 20 0.9 cm, those age 21 0.4, and finally those age 22 only 0.1 cm. Clearly these estimates are not valid for
all populations, since growth in late adolescence is largely a function of the individual's environment, but without such
simplification comparison of heights in this age group would be impossible. Moreover, the results presented in Table
B.1 of the appendix indicate that these estimates are generally valid.
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were removed from all regressions.®

We have taken great care to identify all the biases that may have been generated by the
institutional context -- enlistment in the military, incarceration in prisons, and sale in the slave trade,
chiefly -- in which heights were recorded.® Voluntary soldier samples were included only if
satisfactory statistical methods had been used to eliminate the height bias of truncated samples. As
for other potential biases, one way to estimate their possible effect is to regress stature on a full set
of birth decade and country dummy variables.

As for those institutional contexts that are specific to certain world regions and time periods,
we have included them in a series of bias-analysis regressions, each designed to expose a potential
bias typical of a given region or time period. For example, we had to rely on prison samples for
Latin America and North America in the 19" century (Table 3), whereas for most European
countries we could obtain conscript samples, which as a rule entail a broader portion of the social
spectrum; and anthropological samples were virtually our sole source for certain world regions.°

Self-reported heights are particularly prevalent in industrial countries in the later 20™
century. Since, according to a number of studies, male respondents tend to overestimate their own
height, we have adopted the corrective recently proposed by Hatton and Bray (2010), and will test
its accuracy.

When it comes to data sources for the study of height trends in the Middle East and Africa,
there is a drawback of early anthropological surveys -- in that the importance of identifying
individuals by birth cohort was not yet understood, because it was assumed that the physical
measurements of a given population did not evolve from one decade to the next. The result is that,
when dependent on anthropological data, we have been obliged to approximate birth decades, and

accept the possibility that a small proportion of those individuals identified as belonging to a given

8 We also attempted to derive adult-height estimates from those of children but excluded these results, too, on account of
their unreliability.

° We also did our best to rid our data set of social, ethnic, and regional biases.

10 The cutoff criterion for including a world region and a half century was 10% with one notable exception: that of
“aggregated ages,”for which we had to estimate the birth decade in which the majority of measured individuals were
born; in this case we raised the level to 30%.
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cohort in fact belonged in one of the two adjacent ones. Koepke and Baten (2005, 2008) and Stegl
and Baten (2009) succeeded in estimating average heights in such cases by using a large number of
studies that reflect in sum the changes over time. It should be noted though that time trends that
result from such estimations resemble moving averages in that they smooth out the evolution of
height averages. For example, if there was a height decline among a given population during the
1880s but only 70% of the individuals in the data set upon which we draw in order to analyse this
decline in fact belonged to the 1880s cohort (the remaining 30% having been born in the previous
one), the decline would appear to be smoother than, in fact, it was.

When we regress human stature on a full set of country and birth-decade dummies and on
those potential-bias variables, the coefficients of the latter turn out to be insignificant (Table 4). The
coefficients are also small in most cases, with the exception of the slave coefficient. But not only is
the negative coefficient for slaves (our slave data being limited to early-19""-century Africa)
statistically insignificant; the only comparison group consists of military recruits. Thus it may very
well be in this special case of slaves that an insufficient amount of data, for the purposes of
comparisons, accounts for the large coefficient. For other anthropometric studies, it is a very
important result that prisoners and voluntary soldiers did not differ significantly from other height
sources, because this had been an issue in many earlier studies.

In the interest of accuracy we also assessed the possible biases of aggregate age, late-
adolescent growth, self-reported heights, and migrants with and without adjustment (Appendix,
Table B.1). We found these potential biases to be insignificant, with the possible exception of
positive coefficients for migrants, underlining the need not only to exclude unadjusted heights but

also, by means of dummy variables, to control for any and all other potential biases.*!

11 We also created dummy variables for the rare cases that we encountered of significant regional, ethnic, and social
selectivity (e.g., workers in South Africa), and include those dummies in our regressions below. By "significant" we
mean evidence (derived from more or less contemporary studies) of a one-centimetre (or greater) deviation from the
national mean.
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3. Estimates of height trends

Our estimates of world-region trends for the entire 1810-1989 period are based on the population-
weighted averages of 156 countries, without interpolations (Figure 1). We used the standard world-
region classifications with one exception: we aggregated the group comprising of North America,
Australia, and New Zealand, because of certain demographic similarities (chiefly populations
featuring European settlers and high cattle-per-capita values). We observe that this group at first had
very high values but that toward the end of the 19" century they declined somewhat, converging
with some of the other groups, but resuming their upward trend at the start of the next century. The
first wave of globalisation, at the end of the 19" century, was not a boom for the populations of
New World food-exporting regions. The shift of high-quality foodstuffs from local to export
markets may not have been the only factor; immigration into these regions no doubt caused higher
population pressure and changes in agricultural practices which in turn led to a decline in protein
consumption per capita. Western Europe came close to their level during the 1950s and 1960s,
which hence came to be known as its Golden Age of Western Europe. Eastern Europe and the
socialist part of central Asia lagged somewhat behind Western Europe, whereas East Asia did quite
well during the early 19" century, only to decline to the level of a middle group, composed of Latin
America, Sub-Saharan Africa, and the Middle East. African heights were the only ones to decline
during the period 1960-89 (cf. Moradi 2009b). The shortest heights worldwide were to be found in
Southeast and South Asia.

However, the world-region estimates using only recorded measurements may be biased if
samples are not random for the region in question: that is, if there were variations in the amount of
reliable data available for each country in that region. To compensate for any such missing values,
we applied the best possible interpolation strategy: whereever possible, we identified a benchmark
level estimate for each country that allows obtaining levels that are close to true height values for
the country to be interpolated. We then used the variation over time of other, nearby countries with

similar characteristics. Linear interpolation was to be avoided, because of the risk that it might
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obscure certain fluctuations: for instance, declines that occurred in certain countries during the
second half of the 19" century. Instead, we opted for backward- and forward-projection techniques,
using the country-specific benchmark years and obtaining the changes between benchmark and
estimated decades from a similar and neighboring country. For example, the change from the 1870s
to the 1880s in Iraq is more similar to the change in Iran over the same period, than one would
conclude from the results of a linear interpolation in Iraq between 1870 and 1890. Keeping the
height level with the 1870 Iraq benchmark guarantees its accuracy. (The interpolated values are
represented by the white cells in Table A.1 of the appendix, with the exception of the Middle East
1810-49 and South Asia 1810-29, for which no reasonable interpolation was possible.) The
correlation between world-region trends based exclusively on real-height values and the series that
include interpolations is quite close (Figure 2).
We can distinguish several groups of world regions.

(1) The Anglo-Saxon settlements had very high anthropometric values for much of the period

under study, not converging with lower ones until the late 19" century, and then only

moderately.

(2) Both Western Europe and those countries in Eastern Europe and central Asia that had ever

experienced socialist rule recorded a strong upward trend after the 1880s. However, once the

U.S.S.R. came into being the differential between these two regions increased (Komlos 1999,

Mironov 2006; it is the latter's estimates that we apply). In contrast, levels in Latin America, the

Middle East, and North Africa were at relatively high levels in the 19" century but during the
20" century experienced only modest increases (Salvatore 2004).

(3) East Asia and Sub Saharan Africa remained throughout the entire period near the global
average except East Asia during the late 19" century (Figures 1 and 2). Africa is the only world
region in which the average height has steadily declined over the last two decades (Moradi
2005).

(4) Finally, both South and Southeast Asia remained at a low level throughout the period under
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study. While no upward trend of any significance occurred in South Asia since the end of the
19" century, Southeast Asia experienced a slight upward trend, but at the start its heights were
even lower level than were those of its neighbour (Brennan/McDonald/Shlomowitz 1994a,
1994b, 1997, 2000; Guntupalli and Baten 2006; Baten, Stegl and van der Eng 2010). In sum, we

find that after the 1880s global heights increased on average, but also became more unequal.

4. Height and GDP

Height and GDP are complementary measures of the standard of living. GDP per capita is a
measure of a nation's purchasing power, whereas height is more closely correlated with nutrition,
health care, and inequality. Their interdependence has initially been stressed in the literature (Fogel
et al. 1982), but over the past two decades evidence has emerged indicating that they should be
regarded as independent indicators. Significant deviations have been found not only between height
and GDP but also between height and real wages for unskilled labour (Margo and Steckel 1983,
Komlos 1996). However, these findings are based largely on U.K. and U.S. data, and the correlation
between real wages and heights was actually much closer elsewhere (Baten 2000).

A simple scattergram indicates some positive correlation between real GDP per capita and
height (the correlation coefficient is 0.64, the p-value 0.00; Figure 3). The bulk of observations is
between 160 and 180 cm, indicating that height averages are located in this range throughout the
period under study. There being only a few cases at the low end of the scale, between 155 and 160
cm (mostly in Central America and Southeast Asia), and above 180 cm at the high end. Japanese
values are exceptional in that they are marked by lower height than expected from GDP. But within
Japanese observations there is a positive correlation over time between GDP and height. Deviations
on the lower right include three countries of the African Sahel zone (Chad, Burkina Faso, Mali).
Deaton (2007) suggests that selective survival of children may account for this deviation, whereas
Steckel (2009) argues that the subsistence-level existence of a portion of the population and black-

market activity should not be discounted, since they skew national income estimates. Moradi and
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Baten (2005) argue that local protein consumption was the most likely cause, since poor families
unable to sell their protein-rich produce, for lack of a market, end up consuming it themselves. In
fact, Chad, Burkina Faso, and Mali are paradigmatic cases of high protein production per capita and
low market integration: short on purchasing power, they are nonetheless, thanks to their high-
protein diet, relatively tall.

The relatively close overall correspondence between height and GDP — apart from the
deviation above which can be explained by local protein consumption patterns -- also serves here as

a plausibility-check that the new height estimates are reasonable.

5. Determinants of height

In the following analysis, we have chosen to focus on what we term "proximate” determinants:
protein availability, the disease environment, lactose tolerance, and altitude. In contrast, factors such
as productivity, institutional design, income, education, trade, religion and similar variables would
be more underlying causes which might determine the proximate ones of disease environment, the
consumption of high quality foodstuffs and the lactose tolerance. We did not include the underlying,
but the proximate determinants in our analysis. Only civil war and demography were included as
more indirect determinants, because we wanted to control for the exceptional situation of civil war,
and for the potential inequality effects of political autocracy.

We use panel data comprising exclusively genuine observations (i.e., no interpolations),
checking for the existence of unit problems by considering the residuals of our regression by means
of the Fisher test (Maddala and Wu 1999), which results in a chi2(112) value 268.63, p-value 0.00.
As the null hypothesis of the Fisher test is formulated in such a way that the series are non-
stationary, we conclude that there is no unit-root problem.

We include a range of variables to control for the availability of animal protein per capita,
always a bottleneck factor when it comes to human nutrition, because a protein calorie requires a

larger input than does a grain calorie (Baten 1999, 2010; for the sources, see Appendix D). Ina
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bivariate graphical analysis of the cross-section of the 1900 birth decade, cattle per capita suggests a
positive correlation (Figure 4) -- with three modest deviations to the lower right: Argentina, and to a
lesser extent Cuba and Madagascar. Argentina's population may have been deprived of protein
because the country exported most of its cattle products, and Cuba and Madagascar displayed
similar mechanism during the early 20" century at least.*2

The per capita availability of livestock is a useful protein-related indicator, since cattle is a
valuable supplier of both meat and milk (Table 5). The effect of cattle per capita is positive and
significant, the standard-deviation effect accounting for a significant height difference, of roughly
half a centimeter (Table 6).

This protein indicator is available for a large number of observations, but because it does not
account for productivity per head of cattle we developed a second model that replaces cattle per
capita by the annual output of meat per capita, and a third model that permits us to estimate the
amount of milk per capita. As a result, we were able to determine that animal-protein availability
had a positive impact on height; the coefficient's level is consistently significant. The standard-
deviation effect of the milk variable is some 50% higher than those of the cattle and meat variables
(Table 6).

We include the infant mortality rates to control for disease environment (Appendix D). The
results confirm our expectations: a problematic disease environment is associated with lower
heights, the standard-deviation effect being about twice the size of the protein effect.

Democracy was included to assess the possible effect of political institutions on the
distribution of nutrition and health resources: could it be that, say, the biological standard of living
in oil-producing countries run by non-democratic governments tends to be lower than in similarly
wealthy countries? The coefficient is positive but to an insignificant degree, so the answer would
seem to be no. The same conclusion holds for civil war (at least when all of the other variables were

included).

12 We experimented with cattle trade share data that might have helped to clarify this issue, but since the data were
scanty the results were not decisive, and so they are not presented here.



18

A variable whose direct effect has been hypothesised in anthropological studies is the share of
mountainous areas in a given region, but a consensus has yet to be reached. For example, Harrison
and Schmidt (1989) argued that humans who live at high altitudes (such as Peruvians in the Andes)
tend to be relatively short, contradicting previous studies of the Alps, the Scottish Highlands, and
the French Jura. If Harrison and Schmidt do not prevail, it could be in part because the disease
environment in such regions benefits from underpopulation; in addition, high-altitude Europeans in
particular would have benefited from their proximity to protein production (Baten 1999). Having
controlled for protein proximity and disease effect, we side with Harrison and Schmidt, although the
effect is only slight. Since mountain dwellers in LDCs are relatively poor and mountains reduce
agricultural productivity and raise infrastructure costs, economic variables no doubt also contribute
to this pattern.

Both protein and the disease environment turned out to be significant, and with the expected
signs, when included alone (Table 5, Columns 4 and 5). These two columns also include our
estimation of fixed effects, reputed to be a particularly rigourous test of statistical relationships.
Moreover, fixed effects control for national cultural differences and other forms of unobservable
heterogeneity, with the result that the coefficients of protein availability and disease environment
are even larger than in the random-effects regressions.'® The R-squares are somewhat larger in the

case of the regression in which the only variable is the disease environment.

Autocorrelation structure
Since there is a risk of autocorrelation (despite the fact that unit roots are not a problem) we

estimated by means of a panel-data model using feasible GLS, with an AR(1) autocorrelation

13 However, the larger number of observations available for those regressions with only one explanatory variable may
indicate that countries and time periods other than those in Table 5, Columns 1-3, should be included as well.

A joint test of infant mortality and cattle per capita is not possible -- the sample size would be too small to permit
accurate estimates of fixed effects, since they emphasise changes over time as opposed to cross-sectional differences.
(Moreover, in all macroeconomic regressions changes over time feature a relatively high measurement-error rate; see
Durlauf 2004.)
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structure (Table 7); the coefficients of the protein-availability indicators proved to be even greater
than were those in the models estimated in Table 5. The disease environment registers as
insignificant on one occasion, in Column 3, on account of the relatively small number of cases for

which milk-production estimates were available, but otherwise the results are robust.

Lactose tolerance or protein effect?
We use three proxy indicators for the availability of high-quality protein: cattle per capita, meat
consumption, and milk consumption, which is in part a function of lactose tolerance (defined as the
ability of those over the age of seven to consume considerable quantities of milk without
experiencing digestive problems). In his bold attempt to explain the evolution of capitalism in terms
of cattle-raising patterns, Crotty (2001) argued that a largely lactose-intolerant population could not
make sufficient use of dairy cattle, since lactose-intolerant adults tend to exclude milk from their
children's diets. East Asians (east of Tibet and Rajasthan), American Indians, and certain Africans
are prone to lactose intolerance. The situation in southern Europe is ambiguous; one study named
Spain among those countries with the lowest intolerance levels (30% or less), another categorised
Greece among those countries where the intolerance level is moderate (30-70%), and Italy and
Turkey were rated among those with the highest levels (Mace et al. 2003). However, even lactose-
intolerant people can digest fermented milk products such as kefir and lassi. Moreover, a lactose-
intolerant individual's intestinal bacteria can be gradually modified until they are able to digest a
maximum of one cup of milk a day -- more than most economies have been able to provide. In
South Korea, where lactose intolerance has long prevailed, milk consumption has increased through
such deliberate modification, to the point that it has become a status symbol.*

There is a systematic correlation between lactose tolerance today and height around 1880
(Figure 5). Papua New Guinea, Vietnam, Indonesia, Congo, and Japan had low height values,

whereas in Sweden, Niger, New Zealand, and Denmark both lactose tolerance and average-height

14 We thank Barry Bogin of the University of Michigan and S. Pak of Seoul National University, for their observations
on this issue.
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levels were at the other end of the scale. The explanation for those countries -- Morocco, Cyprus,
Nigeria, and Ethiopia -- where the people tend to be tall but lactose intolerant (and where, not
coincidentally, the protein-per-capita rate is quite high) may be that lactose-intolerant adults provide
their children with adequate protein from sources other than milk, and perhaps with modest
amounts of milk as well. On the other hand, the populations of Yemen, Colombia, and Spain tend to
be lactose tolerant but short, perhaps on account of a low overall protein-consumption rate; low
cattle-per-capita values during the 19" century help to account for this discrepancy in Yemen and
Spain, if not Colombia (Stegl and Baten 2009).

It is relatively easy to determine whether lactose tolerance and protein availability are more
influential, since they can be tested directly in a horse-race. In fact, we find that these two variables
have historically exerted an influence on heights (Table 8, Column 1). While their coefficients are
of roughly similar size, the standard-deviation of lactose tolerance is only one third of the cattle-per-
capita variable (Table 6). But we also need to take into account potential interaction effects. It
seems reasonable to assume that the significance of the cattle-per-capita rate in a given population
is greater if the parents are lactose tolerant than if they are not. While an interaction effect between
the two turns negative when the two variables are included, the coefficient is small, if statistically
significant. In separate regressions that include only one of the two explanatory variables, they

retain their significance (Tables 3, Columns 2 and 3).

Endogeneity

Because lactose tolerance is genetic and hence was generally exogenous during the period under
study, the lactose-tolerance variable also allows us to conduct an endogeneity test of the protein-
availability variable. Over the long term this variable may be to some degree endogenous, too, since
in cattle-producing countries the survival rate of the children of lactose-tolerant individuals would
have been relatively high, and hence their genetic makeup would have been passed down through

the generations.
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Instrumenting cattle per capita with lactose tolerance, we obtain a significantly positive
coefficient even larger than the aforementioned cattle coefficients (Table 9), indicating that the
protein-availability indicator is probably an exogenous variable. The first stage results documented
in the notes below the table indicate that lactose tolerance could be a valid instrument for the
potentially endogenous variable cattle per capita.

Between 1870 and 1949 the coefficient is significant. In the period 1950-89, the p-value is
0.12, just short of statistical significance, although it must be cautioned that this calculation is based
on only 124 observations.

The disease environment is insignificant in those regressions. One could imagine that the
disease environment rate may be endogenous as well. However, since the infant-mortality rate is
considered to be the most exogenous among all of the disease-environment indicators, and because
good instruments for the disease environment in SO0 many countries are not easily available, we do

not instrument it here.

Early and late developments

Thanks to a sufficient number of observations, we could distinguish a middle (1870-1950) and a
late (1950-89) period (Table 10).1°> We would expect to find a decline in the importance of local
protein production and health advantages during the late period, thanks to the development of
refrigeration and other storage methods that would permit an expansion of the international market
in both foodstuffs and medical materials.

We find that in the period 1870-1950 both the country-specific output of protein and our
disease proxy had a fairly large coefficient, indicating that the effect of 1% change was greater than
during the period 1950-89, when, in fact, the coefficients for both diminished (Table 10, Column 3).
However, if we confine our analysis to those countries included in our data for both periods, the

apparent effect proves to be nothing more than a statistical artifact due to the selection process,

15 As for the early period, 1810-70, there was an insufficient number of countries providing all of the explanatory
variables to permit accurate analysis.
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permitting us to conclude that both variables had a long-term effect.

A lower-bound estimate of the effects of genetic potential, food behaviour, intergenerational
effects, culture, and other currently unobservable factors

We also included a full set of birth-decade and world-region dummies in most of the
aforementioned regressions. The comparison of the latter in regressions with and without
explanatory variables permits us to estimate the size of various unobservable characteristics. While
the early generations of anthropologists firmly believed in the existence of races (a term later
replaced by "genetic potential) today there is a consensus among the leaders in the field that height
potential is primarily a function of environmental factors (Bogin 1988).

Secondly, human preferences and behaviour related to food might play a role. Especially in
rich industrial societies, the consumption of red meat and other protein-rich foodstuffs seems to
stagnate or decline. There are a number of stories about food taboos in poor countries as well,
which supposedly caused some ethnicities and religious groups to consume less protein than they
could have done. Two of the most famous religious taboos are the Hinduist ban on beef, and the
Muslim ban on pork. However, the question is whether those taboos would have a strong effect
given that substitution of other protein sources might be possible.

The third possible factor is that of intergenerational size limits. Cole (2003) has argued that
Japanese height levels could not quickly catch up with Western ones because of a biological check
mechanism on the size of a baby relative to that of the mother. The body prevents the foetus from
growing too large, if the birth channel of the mother is not as large. Another intergenerational factor
might be dietary habits. For example, dietary habits of migrants may persist in a second generation,
even after moving to a new environment with different relative prices; the offspring of migrants
from low-protein to high-protein regions may continue to eat the low-protein dishes favoured by
their parents.

A final word of caution: just as average income is only a rough indicator of a population's
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well-being, cattle per capita is only a rough indicator of protein availability, since, thanks to the
pressure of the export market, little meat may, in fact, end up in local markets. Perhaps even more
important, the output of protein per animal varies.

Those and some other potential unobservable factors should be reflected in world region
dummy variables in regressions, after the effect of observable explanatory variables has been
removed by including those. We therefore compare two such sets of regressions, that is, one with
and the other without explanatory variables. Western Europe is the constant. Among the other world
regions, there is a sharp decline in the coefficients if the explanatory variables are included. For
example, when differences in cattle per capita, lactose intolerance, and similar factors are not
controlled for, East Asians' heights are lower by 8.2 cm, but when they are the difference is only 4
cm. We should note that, because measurement error produces a downward bias to coefficient size,
the shrinkage of the coefficient may yield a lower-bound estimate of the effect of explanatory
variables. Similarly, the coefficients of Latin America, South Asia, and Africa diminished by about
50%, that of Southeast Asia somewhat less. When explanatory variables were controlled for, the
Middle East and Eastern European coefficients diminished to the point of insignificance. The region
comprising North America, Australia, and New Zealand was characterised by a positive coefficient
relative to Western Europe. These results indicate that the explanatory variables proposed in this
study reduce the size of world-region coefficients and thereby enlarge our understanding of the

causes of global height differences to the same, considerable, degree.

Conclusion

Drawing on anthropometric information from 156 countries spanning the period 1810-1989, we
find that regional height levels around the world were fairly uniform throughout most of the 19"
century, with two exceptions: above-average levels in Anglo-Saxon settlement regions and below-
average levels in Southeast Asia. After 1880, substantial divergences began to differentiate other

regions. We find that most of the anthropometric divergence between today’s industrial and
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developing nations took place after this period. While the impressive height level that the region
comprising the Middle East and North Africa had enjoyed prior to that point fell back in relative
terms, South and Southeast Asia remained from the outset at the back of the pack. Africa performed
surprisingly well during the period 1900-65 but has struggled since. In short, after 1880 the world
population became taller on average, but more unequal.

If height trends are any indication (and by now it is beyond doubt that they are), the first
wave of globalisation, at the end of the 19" century, was not a boom for the populations of New
World food-exporting regions. The shift of high-quality foodstuffs from local to export markets may
not have been the only factor; immigration into these regions no doubt caused higher population
pressure and changes in agricultural practices which in turn led to a decline in protein consumption
per capita.

This study introduced a new data set on heights in 156 countries, which was used to estimate
height trends by world region and which will be made publicly available. We found that the major
determinants of biological well-being, and hence height, are the quality of nutrition, the rate of
lactose tolerance, and the disease environment, whereas geography is a minor one. In addition, we
discovered that lactose intolerance and protein availability -- issues not previously addressed in the
literature -- had effects independent of one another, and we found solid evidence that sets in doubt
earlier notions, promulgated by the first generation of anthropologists, that fundamental food-
related behaviour is a function of genetic constraints. This study thus makes possible for the first
time the application of anthropometric estimates to patterns of biological well-being on a global

scale. Our results thus constitute a conclusion, but a beginning as well.
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Figure 1: Height development by world region (no interpolations, weighted by population size)
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Figure 2: Height development by world region (using interpolations, weighted by population size)
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Note: Migrant heights are included; see Table 1.
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Figure 3: Correlation between (log) income per capita and height. Sources GDP: Maddison (2001);
Heights: see Data Appendix
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Figure 4: Correlation between (log) cattle per capita and height in 1900

To)
l\ —
—
®se
®no ®au
on|
o ®ch @ dk
: _ ¢ ®za ®us @ca
® Uk gdeomu
@0
® 7w ® be .ﬁ.|S ®ar
0cg ® ke ®ia o
"y oit cu
m -
— ®tw ®ecs
®pt ® mx
o mg
o
(_o —
— oid
®jp :

To)
Lr) —
« T T T T

-4 -2 0 2

Incattle



33

Figure 5: Lactose tolerance today and average height around 1880
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Table 1: Number of birth decades documented by country

34

Country N |Country N [Country N

Afghanistan Germany 18Norway 18
Albania Ghana 130man 0
Algeria Greece 10Pakistan 8
Angola Guatemala Palestinian Territory 0
Argentina 15/Guinea 10|Panama 1
Armenia Guinea-Bissau Papua New Guinea 5
Australia 10|Guyana Paraguay 2
Austria 14Haiti Peru 14
Azerbaijan Honduras Philippines 8
Bahrain Hong Kong Poland 12
Bangladesh Hungary 11Portugal 18
Belarus India 14lPuerto Rico 5
Belgium 10jindonesia 16|Qatar 0
Benin Iran 11jReunion 0
Bolivia Iraq Romania 7
Bosnia and Herzegovina Ireland 14Russian Federation 18
Botswana Israel Rwanda 7
Brazil 18jitaly 18 Saudi Arabia 4
Bulgaria Jamaica Senegal 13
Burkina Faso 16{Japan 11Serbia and Montenegro 5
Burundi Jordan Sierra Leone 8
Cambodia 14Kazakhstan 11Singapore 1
Cameroon 13|Kenya Slovakia 7
Canada 18|Korea (North) 9|SIovenia 4
Cape Verde 0|Korea (South) 9|Soma|ia 6
Central African Republic Kuwait 0|South Africa 10
Chad 10|Kyrgyzstan 9|Spain 16
Chile Laos 1]]Sri Lanka 3
China 18|Latvia 5|Sudan 7
Colombia 12|Lebanon 5|SWaziIand 5
Comoros 3|Lesotho 5|Sweden 16
Congo 10|Liberia 7|SWitzerIand 9
Costa Rica 2|Libya 2|Syria 5
Cote D'lvoire (lvory Coast) 13|Lithuania 2|Taiwan 13
Croatia (Hrvatska) 12|Macedonia 4|Tajikistan 6
Cuba 7|Madagascar 8|Tanzania 11
Cyprus 4|Ma|awi 8|Thai|and 8
Czech Republic 16|Ma|aysia 6|Togo 7
Democratic Republic of the Congo 1]]Ma|i 12|Trinidad and Tobago 1
Denmark 16|Mauritania 4|Tunisia 2
Djibouti O|Mauritius O|Turkey 13
Dominican Republic 4|Mayotte, Saint Helena, West Sahara O|Turkmenistan 3
East Timor Mexico 17|Uganda 10
Ecuador Moldova Ukraine 6
Egypt 12|Mongolia United Arab Emirates 0
El Salvador Morocco United Kingdom 18
Equatorial Guinea Mozambique 10United States 17
Eritrea Myanmar Uruguay 2
Estonia Namibia Uzbekistan 8
Ethiopia 10|Nepal Venezuela 6
Finland 13Netherlands 18Viet Nam 12
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France 18New Zealand (Aotearoa) 5Yemen 6
Gabon Nicaragua AZambia 5
Gambia Niger 11Zimbabwe 6
Georgia Nigeria 12

Note: Migrant heights (unadjusted) were included on the following countries in this Table, but not in the following Tables
and Figures, except where noted (in parentheses the number of birth decades: Algeria (2), Armenia(1), Bangladesh (4),
Croatia (Hrvatska) (1), Czech Republic (1), India (6), Israel (1), Korea (North) (6), Malawi (1), Mozambique (1), Pakistan
(1), Poland (2), Romania (1). Sources: see Data Appendix
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Table 2: Share of possible birth-decade and coutnry observations covered by real data

1810-1849 1850-1899 1900-1949 1950-1989

East Asia 0.89 0.94 0.98 0.99
East. Eur./Cntr. Asia 0.62 0.76 0.61 0.59
Latin America/Car. 0.61 0.66 0.79 0.74
Mid. East/N. Afr. 0.00 0.60 0.55 0.61
North America/Au/Nz 0.74 1.00 0.97 0.96
South Asia 0.24 0.95 0.71 0.87
Southeast Asia 0.30 0.94 0.84 0.54
Sub-Saharan Africa 0.19 0.40 0.77 0.86
Western Eur. 0.91 0.96 0.97 0.95

Sources: see Data Appendix. Migrant heights were included in this Table.

Table 3: Share of sample measurements taken in prison by world region and half century

1810-49 1850-99 1900-49 1950-89

East Asia 0 0 0 0
East. Eur./Cntr. Asia 0 0 0 0
Latin America/Car. 0.813 0.375 0.039 0
Mid. East/N. Afr. n.a. 0 0 0
North America/Au/Nz 0 0.263 0 0
South Asia 0 0 0 0
Southeast Asia 0 0 0 0
Sub-Saharan Africa 0 0 0 0
Western Eur. 0.020 0 0.014 0

Sources: see Data Appendix
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Table 4: Potential biases caused by the institutional context of measurement

1) 2) (3) 4
Voluntary soldiers  -0.31

(0.28)
Women 0.31
(0.47)
Prisoners 0.82
(0.22)
Slaves -2.45

(0.44)
Time-fixed effects YES YES YES YES
Country-fixed effects YES YES YES YES

Constant 166.63*** 165.04*** 163.03*** 162.95***
©) ©) ©) (0.000010)

N 91 401 416 67

R-square 0.79 0.83 0.90 0.96

Note: Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. The cutoff criterion for
including a world region and half century was usually 10%. Only in the case of “aggregated ages,” for which we had to
estimate the birth decade in which the majority of measured indivduals were born, we resorted to a 30% criterion. The
other constant refers to all other observations in which the potential bias does not appear. Sources: see Data Appendix
D.



38

Table 5: Determinants of height (panel models)

1) 2) (3) (4) (©)
Which protein indicator Cattle Meat Milk Cattle None
Cattle (log p.c.) 0.44* 0.63**

(0.078) (0.013)
Meat (log p.c.) 0.41*

(0.067)
Milk (log p.c.) 0.37***
(0.007)

Infant mortality -1.63%* -1.33%*  -1.36%** -1.66%**

(0.000) (0.000)  (0.000) (0.000)
Democracy 0.03

(0.85)
Mountains -0.03** -0.05%**  -0.07***

(0.034) (0.009) (0.002)
Civil War 0.26

(0.470)
Time-fixed effects YES YES YES YES YES
World region-fixed effects YES YES NO YES, FE YES, FE
Constant 171.56*** 179.29*** 178.90*** 162.61*** 173.64***

(0.000) (0.000) (0.000) (0.000) (0.000)
Observations 414 219 200 604 551
Number of countries 76 58 53 103 106
R-squared (within) 0.92 0.88 0.90 0.83 0.91
R-squared (overall) 0.73 0.79 0.60 0.23 0.38

Note: Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10 percent. Estimates in column

1-3 are random effects panel estimates, column 4 and 5 feature fixed effects. Sources: see Data Appendix D.
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Table 6: Descriptive statistics (cases included as in Model 1 of Table 5, except milk and meat)

Variable Obs Mean Std. Dev. Min  Max
Height 414 169.49 4.60 156.00 182.30
Cattle (log) 414 -1.03 1.08 -493 214
Infant mortality (log) 414  4.54 0.75 176 5.76
Democracy 414 6.21 3.84 0.00 10.00
Mountain share 414 17.45 19.14 0.00 82.20
Civil war 414  0.04 0.20 0 1
Meat (log) 219 -10.69 1.03 -14.05 -8.15
Milk (log) 200 -8.98 1.62 -1558 -5.87

Lactose tolerance 293 0.59 0.31 0 1
Eastern Eur./C Asia 414  0.06 0.24 0 1
Latin America/Car. 414  0.17 0.37 0 1
Middle East/N Afr. 414 0.04 0.19 0 1
North America/Au/Nz 414  0.08 0.27 0 1
Sub-Saharan Africa 414  0.18 0.39 0 1
East Asia 414  0.05 0.21 0 1
South Asia 414  0.00 0.05 0 1
Southeast Asia 414  0.02 0.15 0 1

Sources: see Data Appendix D.
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Table 7: Determinants of height. Panel data model using feasible GLS, with an AR(1) autocorrelation

structure

1) 2) (3)
Which protein indicator Cattle Meat Milk
Cattle (log p.c.) 0.82***

(0.000)
Meat (log p.c.) 2.99**

(0.046)
Milk (log p.c.) 0.64***
(0.005)

Infant mortality -1.73%* -1.58%+* -0.53

(0.000) (0.000) (0.270)
Mountains -0.04*** -0.06*** -0.05%**

(0.000) (0.000) (0.000)
Civil War -0.04

(0.900)
Time-fixed effects YES YES YES
World region-fixed effects YES YES YES
Constant 182.84*** 192.55**  185.01***

(0.000) (0.000) (0.000)
Observations 411 213 192
Number of countries 71 52 45
Wald Chi-sq 1052 858 703
p-val. Chi-sq 0.00 0.00 0.00

Note: Standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. Sources: see Data Appendix D.
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Table 8: Horse race: is there a direct protein effect, lactose intolerance, or an interaction?

1) (2) 3)
Cattle 1.29%** 0.57*+*
(0.0034) (0.0059)
Lactose tolerance 1.50*** 0.66***
(0.000085) (0.0000021)
Cattle*lactose tolerance -0.23***
(0.0074)
Infant mortality -2.46*** -2.66%**  -2.24%**
(0) (0) (0)
Time fixed effects YES YES YES
Constant 167.93***  174.91** 172.56%**
(0) (0) (0)
N 296 417 357
R-square 0.89 0.88 0.89

Note: Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10 percent. Sources: see Data

Appendix D.
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Table 9: Cattle instrumented with lactose intolerance

1) 2) 3)
Period 1810-1989 1870-1949 1950-1989
Cattle 3.91%*+* 2.37* 6.42
(0.00033) (0.014) (0.19)
Infant mortality 0.37 -1.06 2.59
(0.56) (0.38) (0.25)
Mountainous -0.04*+* -0.03** -0.06*
(0.00012) (0.038) (0.070)
Time-fixed effects YES YES YES
Region-fixed effects YES YES YES
Constant 149.70**  169.90*** 152.39***
) ) )
N 296 133 124
R-square 0.69 0.72 0.39

Note: Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. Sources: see Data Appendix

The First-stage regression summary statistics are as follows:

Regr.model Adj. R-sq. Robust F(1,251) Prob>F
Q) 0.6381 11.754 0.001
)] 0.7470 28.227 0.000
3 0.6327 1.189 0.278
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Table 10: Determinants of height, early and late periods (panel data model using feasible GLS, with an

AR(1) autocorrelation structure)

1) 2) (3) 4)
Which protein indicator Overall Early Late Late (cases early
Cattle (log p.c.) 0.81*** 1.61%+* 0.50* 3.78***
(0.000) (0.000) (0.064) (0.000)
Infant mortality =171 -3.79%* -0.88 -1.56**
(0.000) (0.000) (0.120) (0.024)
Mountains -0.04*** 0.00 -0.05*** 0.02
(0.000) (0.950) (0.000) (0.370)
Time-fixed effects YES YES YES YES
World region-fixed effects YES YES YES YES
Constant 175.86*** 190.03*** 181.30*** 186.59***
(0.000) (0.000) (0.000) (0.000)
Observations 411 167 186 72
Number of cono 71 37 60 24
Wald Chi-sq 1033 348 568 764
p-val. Chi-sq. 0.00 0.00 0.00 0.00

Note: Standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. Sources: see Data Appendix
D.
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Table 11: Lower-bound estimates of the effects of genetic potentials, food behaviour, intergenerational

effects, culture, and other unobservable factors

Effects of genetics etc. (regr. with
explan. var.)

Overall region effect (without expl. var.)

East Asia

East. Eur./Cntr. Asia

Latin America/Car.

Mid. East/N. Afr.

North America/Au/Nz

South Asia

Southeast Asia

Sub-Saharan Africa

Western Eur.

-3.97***
(0.0011)

0.15

(0.78)

-4 445
(0.00000024)
-0.98

(0.23)
1.84%**
(0.00015)
-3.83***
(0.00000019)
-7 .54%%*

©)

-2.20**
(0.010)
Reference

-8.22%**
(0)

-0.98*
(0.051)
-8.33%

(0)

-5.98%*

(0)

2714
(0.00000044)
7164+

(0)

-13.11%%

(0)

-5.60%*

(0)

Reference

Note: Included explanatory variables are cattle, infant mortality, mountain,
civil war, lactose, birth decade. OLS estimation. Standard errors in brackets. *, **, *** refer to significance levels of 1,
5, and 10%. Sources: see Data Appendix D.
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Appendix A.1: How to estimate male heights on the basis of female height by world region (this

and the following appendixes can be placed in the internet if necessary)

Americas Asia (exc. SE) Europe SE Asia/Pacific Sub-Sah Africa

Female 1.05%*  (0.94** 0.97*** 1.02*** 1.11%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Constant 3.63 20.53 16.53* 6.59 -6.72
(0.740) (0.370) (0.061) (0.370) (0.120)
Observations 45 13 22 36 38
R-squared  0.88 0.87 0.88 0.92 0.97

Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10 percent. Sources: see Data Appendix

Those regressions are based on the data provided in Gustafson and Lindenfors’ (2004), a data set on
male and female height, which is currently the standard anthropological data set for this kind of

question. For Africa, we relied on the estimates of Moradi (2009b).

Appendix B.1: Other potential biases caused by the institutional context of measurement

1) (2) (3) (4) (©) (6) () (8)
Aggregated age  0.13

(0.61)
Age 18 0.84
(0.16)
Age 19 -0.64
(0.26)
Age 20 -0.84
(0.13)
Age 21 -0.08
(0.92)
Self-reported 0.52
(0.19)
Migrant (unadj.) 2.13
(0.15)
Migrant (ad;j.) 1.23
(0.21)
Time fixed effects YES YES YES YES YES YES YES YES
Country fixed
effects YES YES YES YES YES YES YES YES
Constant 161.86*** 168.60*** 164.92*** 175.32*** 167.49*** 165.70*** 177.25*** 166.10***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
N 1401 396 121 127 121 63 66 66
R-square 0.81 0.89 0.78 0.94 0.79 0.83 0.96 0.94

Standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10% . Sources: see Data Appendix
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Appendix C: How to estimate GDP on the basis of the height data set

The original idea of anthropometric research during the 1980s was to find a proxy indicator for
GDP per capita. However, since some prominent countries displayed deviations between height and
GDP development, this approach was not actively pursued in the literature afterwards. The
correlation coefficients in our global dataset turn out, in fact, to be quite high, encouraging us to use
height to estimate GDP (“HtGDP") If GDP estimates for a given country are unavailable, those
HtGDPs might provide an indication of the standard of living. Moreover, given the strong demand
for instrumental variables, our data set provided may allow for the application of models in which
GDP but not HtGDP may be endogenous.

We regressed our height estimates on Maddison’s (2001) estimates of log GDP per capita
first for all birth decades with sufficient observations (Table C.1). We note larger coefficients after
1950. Hence, we used two panels for the periods 1870-1949 and 1950-89. There were two
problematic countries, requiring us to exclude them from some of the following calculations: Japan,
where the influence of genetic height potentials or intergenerational effects is probably greatest; and
Guatemala, because our early height data refer to Indios only. In fact, however, whether or not they
are excluded has little if any effect (Table C.2, Columns 2 and 3). Similarly, fixed-effects estimation
and OLS yield similar results. A marginal, one-centimeter, height increase is somewhat more
prevalent in the period 1950-89 than in earlier ones; however, it should be noted that the constant
has a lower value.

The fixed-effects regression (Table C.2, Column 3) prompts us to recommend the following
conversion for the period 1870-1949:

(1)  Ln(GDP) = -10.094 + 0.105 * Height

For the period after 1950, the formula in Column 4 might be applied; for the period before 1870,

formula (3) is our recommendation.
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Table C.1: Height regressed on GDP per capita, for individual birth decades

Birth dec. Coeff. p-val. N R-sq
1870 0.10*** (0.000) 38 0.38
1880 0.11*** (0.000) 20 0.51
1890 0.12*** (0.000) 25 0.44
1900 0.13*** (0.000) 30 0.48
1910 0.14*** (0.000) 38 0.57
1920 0.11*** (0.000) 28 0.56
1930 0.09*** (0.000) 32 0.46
1940 0.10*** (0.000) 31 0.61
1950 0.12*** (0.000) 75 0.33
1960 0.13*** (0.000) 74 0.44
1970 0.15*** (0.000) 78 0.46
1980 0.15*** (0.000) 79 0.52

Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. Sources: see Data Appendix

Table C.2: Regressions of log GDP on height

1) (2) 3) (4)
Period 1870-1949 1870-1949 1870-1949 1950-1989
Estimation OLS FE FE OLS
Countries excl. JP/GT JP/GT None JP/GT
Height 0.119***  0.102***  0.105***  (0.143***

(0) (0) (0) (0)
Constant -12.384*** -9.615*** -10.094*** -16.717***

(0) (9.20e-10) (1.84e-10) (0)
Observations 242 242 251 306
R-squared 0.53 0.46 0.47 0.44

Robust standard errors in brackets. *, **, *** refer to significance levels of 1, 5, and 10%. Sources: see Data Appendix
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Appendix D: Data Appendix

References for explanatory variables:

Democracy:
Marshall, Monty G., and Jaggers, K.(2008): Polity IV Project: data set. last accessed March 31%, 2010.

Civil War:

data is from the Correlates of War Project, see Singer, J. David and Melvin Small (1972): The Wages of War, 1816-
1965: A Statistical Handbook. New York. Or see http://www.correlatesofwar.org last accessed March 31%,
2010.http://www.systemicpeace.org/polity/polity4.htm#top

Mountainous terrain
indicates the percentage of a country’s land area coveredby mountains. Source: Collier, Paul and Anke Hoeffler (2004):
Greed and grievance in civil war. Oxford Economic Papers. 56(4): 563-595

Infant Mortality and Cattle per Capita:

Mitchell, B.R. International Historical Statistics: The Americas and Australasia. London: Macmillan, 1983

Mitchell, B.R. International Historical Statistics: European Historical Statistics 1750-1975. London: MacMillan, 1980
Mitchell, B.R. International Historical Statistics: Africa and Asia. London: Macmillan, 1982

World Bank Development Indicators, Washington, DC: Bank, 1994-1995

Infant Mortality:

Chesnais, J-C. La Transition Demographique. PUF, Paris 1986.

Collver, O. Andrew: Birth Rates in Latin America: New Estimates of Historical Trends and Fluctuations. Berkeley,
Calif. : Univ. of Calif., Inst. of Internat. Studies, 1965

Cattle per Capita, Milk and Meat:

Federico, Giovanni: Feeding the world: an economic history of agriculture, 1800-2000. Princeton University Press,
2005

Hiibner’s geographisch-statistische Tabellen aller Lander dieser Erde. Wien: Seidel (several years)

Lactose intolerance:

Flatz, Gebhard : The Genetic Polymophism of Intestinal Lactase Activity in Adult Humans; in: Scriver, C.R. et al.
(eds.): The Metabolic and Molecular Bases of Inherited Desease, Seventh Edition, Mc Graw-Hill, New York.
1995

Ingram, C.J.E. et al. (2009): Lactose digestion and the evolutionary genetics of lactase persistence, Hum Genetics
124:579-591


http://www.correlatesofwar.org/
http://www.systemicpeace.org/polity/polity4.htm#top
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Table D.1: World regions, individual countries, and birth decades: coverage of the data set (yellow
indicates that real data was available and was accepted)

Note: Migrant heights (unadjusted), with the number of birth decades in parentheses, in the following countries: Algeria (2),
Armenia(1), Bangladesh (4), Croatia (Hrvatska) (1), Czech Republic (1), India (6), Israel (1), Korea (North) (6), Malawi (1),
Mozambique (1), Pakistan (1), Poland (2), Romania (1). Sources: see Data Appendix
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