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1. General Introduction

“Is there some action a government of India coalektthat would lead the Indian
economy to grow like Indonesia's or Egypt's? Ifwbat exactly? If not, what is it

about the "nature of India" that makes it so? Tévesequences for human welfare
involved in questions like these are simply stagmeronce one starts to think

about them, it is hard to think about anything &lse

Robert Lucas (1988)
1.1 Research Questions

Major events in the Muslim world and the Middle Babave produced ambivalent
attitudes toward the region. Substantial propogiohthe populations of European countries are
concerned about these developments and an overwigehumber of individuals believe that the
upheaval will result in a lasting improvement ire thving conditions of the population (Flash
Euro barometer).

How did the standard of living develop in the Miedtast over the past two centuries?
When did the Western world become clearly bettemoferms of income, health and education?
How did the Biological Standard of Living develaplndonesia during the colonial period? Did
this standard of living increase substantially raftecolonization? Did oil increase the stature of
oil producing countries? How did human capital depein Iran and Iraq in the early 20th

Century? Was there a Quality-Quantity Trade-Off2Séhquestions cannot be easily answered,

! Throughout this thesis, the Middle East correspgdarely to the World Bank’s definition. Accorditgthe World
Bank’s definition, most of the region is classifi@sl middle income countries with the exceptiorhefsmall, oil rich
countries of Kuwait, Qatar and the United Arab Eatés, which are classified as high income, and Yemvkich is
classified as a low income country.



despite the substantially increased interest is tbgion in recent years. But the anthropometric
histories of Islamic countries have received limhitacademic attention. Height studies can
provide insights on socioeconomic conditions irstheountries. Furthermore, comparing Islamic
countries with other regions of the world highligiseveral sources of controversy.

My aim in this dissertation is to investigate peutar aspect of human welfare for several
Islamic countries, focusing on socioeconomic anthrapometric indicators. Moreover, this
thesis attempts to document the long-term developmdrom the late eighteenth century - of
nutritional status in several Islamic countrieghe Middle East and in Indonesia, which has the
largest Muslim population in the world. In sum,dve compiled height information and other
socioeconomic indicators for this region to condaconometric and statistical analysis. The
chapters of this thesis address particular coumnémel reference a variety of sources. The specific
data sources used in this thesis are discussedesmutibed in their respective chapters. The data
are primarily obtained from anthropometric studss;ioeconomic and demographic surveys and
censuses at the regional and country levels.

However, surveying the entire Muslim world or désiag all of its features is not the
aim of this thesis; indeed, such endeavors wouldb® possible. | simply aim to highlight

particular areas that are worthy of investigation.

1.2  Anthropometric history — Stature as a humalfaneindicator

Anthropometric history has generated new insightsecular trends in several regions for
which other economic data are widely available fangegions with limited information. Most of
the studies in the literature focus on the Unitéate€s and Western Europe (Steckel 2009). The
long-term growth of an economy is determined bynbgitional status of the population due to

the increasing ability to participate in the lalmarket. Measuring and tracking progress in the



standard of living is an important undertaking mudifficult given the various dimensions of

human well being. The average height of a poputais influenced by the interactions between
nutrition, disease exposure, work conditions angsjgal environment (Floud et al. 2011). Height
information can be used to reveal important longat@aspects of human welfare, health and
inequality (Baten 1999, 2006, 2009; Baten and S28§l9, Baten and Blum 2012, Floud et al.
2011; Komlos and Baten 1998, Komlos et al. 2008¢l&tl 1995, 2009). Furthermore, several
studies on developing countries have connectedoscanomic conditions such as maternal
education, income, schooling and political oppr@ssvith changes in population height (Steckel
20009).

The term ‘nutritional statuS'or ‘Biological Standard of Living’ which are at the center
of this dissertation — shown by the mean heiglepture the energy intake necessary for growth,
less the energy demands of bodily maintenancestaesie to disease and work (Floud et al. 2011,
Komlos and Baten 1998). Therefore, the primary sypeevidence for nutritional status - height
and weight - are net measures and primarily refleictg conditions during adolescence. In sum,
the nutritional status concept takes its placeiwithe set of possible measures of living standard
(Floud et al. 2011). In comparison, income per tza[@ an output measure that has frequently
been criticized for failing to reflect the contriimns of unpaid employment, the value of leisure
time, improvements in the quality of goods and e and ultimately changes in health and
mortality (Floud 2011, Steckel 1997, Baten1999, kasn1998). Despite these problems,
presenting these two measures of living standasdseang mutually exclusive is misleading as
each represents a different set of characterigtiosvever, depending on the research question,

both indicators can capture relevant aspects ofabeety and economy (Floud et al. 2011).

2 The ,nutritional status” concept takes its pladthim the set of possible measures on living stash@@loud et al.
2011).

® This term was firstly used by Komlos (1985). Tleoept conceived to capture biologically relevamlify of
live, components like nutritional status, healtidl fongevity.
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1.3  Economic development in Middle East and Istacoiuntries

Recent improvements in economic data availabilityehtriggered research that is focused
on geographic patterns, trends and policy quesiiomdiddle Eastern Islamic countries (Issawi
1996, Owen and Pamuk 1998, Pamuk 2006, Bakhtidrieisami, 2010). An historical analysis
of the very different economies that exist in thedim world is hampered by of the dearth of
available data and because changes in the econamgiekfficult to discern (Pamuk 2006). For
example, the gradual acceleration of changes icwdtyre, transportation, finance, consumption
patterns, the household decision-making processekerlying these trends and finally the
political structures require separate examinationsspite widespread research interest, a
comprehensive and overlapping investigation obhthese issues is out of reach; hence, the goal
of this thesis and the next section is limited &tigular economic aspects of the standard of
living.

In the two centuries after 1820, the GDP per caffi@90 PPP dollars) of the Middle
Eastern population grew from $ 611 in 1820 to £3,th 1913 to $ 5,023 in 2000. For the U.S
and Western Europe, GDP per capita grew from $61i24820 to $ 4,172 in 1913 to $ 23,680 in
2000. Comparing these regions from an economi@petive highlights the core issue: long-run
growth in the Middle East was low (Pamuk 2006 Tabfe

However, the Middle East experienced a substaintia¢ase in GDP per capita from 1950
to 1970. This period of economic growth improvedngnaocial indicators over the following

decades. Declining infant mortality rates and iasesl life expectancy are among others,

* The GDP per capita estimates are in 1990 Gearywidhpurchasing power parity international dollassing PPPs
instead of market exchange rates makes it possitdempare the output of economies in real ternmclwvmeans
that differences in the price levels are controllEge differences between the GDP per capita showable 1 and
Pamuk GPD are compounded by the using of the maxattange rates. (Pamuk 2006, The International
Comparison Project http://siteresources.worldbaigklGPEXT/Resources/ICP_2011.html).
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explanations for population growth in the regioheTrate of population growth was greater than
that of OECD countries, with annual growth estirdaé¢ 1.97 percent in 2010 (see Table 1).
Thus, the Middle East had the highest fertilityerat the world until the 1970s (Yousef 2004). A
pronounced decline in fertility in several Muslimountries was observable in the late 1980s.
Improvements in education and health, rising unegmpent and high cost of marriggeeem to
have caused the reduction in fertility (Yousef 208#hgerman and Ibrahim 2001).

Education is a major driver of social changes. Degmpressive economic growth in the
decades following World War Il, full enrolment itementary schools was only achieved near
the end of the twentieth century in many Islamiardaes. For example, Iran’s 1911 Education
Law made elementary education compulsory for aliigns. However, significant improvements
in enrolment rates were only achieved near theoémlde twentieth century. Compulsory primary
education in Iraq was enacted in 1958, but widesprenplementation was not reached until
1970. Turkey passed an education law in 1924 tletensignificant changes to the structure of
the educational system, mainly because of the Bbift the Arabic to the Latin alphabet (Griffin
2006). According to the World Development Indicatdull enrolment in primary education was
achieved in Turkey in 2000.

Another issue that is central to economic modetiumas the distribution of land. From
the 1940s to the 1970s, several Middle Eastern a@uoms implemented agrarian land reform
programs as components of their development pslitiand reform was regarded as a necessary
precondition for diverse economic development endicades after the 1950s (Najmabadi 1987).
For example, to transform Iran from an agricultuiala more diversified economy, the Land
reform Law of 1962 limited the size of land holdénd.and reform programs in Iran and Iraq

played an important role in human capital formatisee section five). Nevertheless, the overall

® The main basic components of the costs are: hgdsimiture, dower and celebration (Singerman 2007)
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effects of these social transformation programsdéfieult to appraise (Yousef 2004). Hence in
particular for the many Middle Eastern countriés éffect of the distribution of land should be
the subject of further research.

In general, countries in the Muslim world have w&sed several cycles of growth and
decay. Many economic aspects received huge atenti last years. But in sum, the

heterogeneous situation in the Muslim world id stilder researched.

1.4  The outline of this dissertation project

Theses projects addresses fundamental questiomntimropometric history and the
discussion of the economic growth and may helpniarge our understanding of standard of
living. The thesis comprises four sections thatiarended for separate publication. Two of these
sections are co-authored. Each of the manuscrggsesents a single chapter. The ultimate
product of this thesis is a series of researchgagescribing the long-run development of height
and relating the economic implications of oil protion to the changes in height. Finally, the
project presents evidence on the Quality-Quantégd-off in Iran and Iraq.

The collection began with an article published he journal Exploration in Economic
History in 2009. This article provides height trenfibr eight Middle Eastern countries from
1850-1910. This section highlights some of theedéhces in height development in the Muslim
world.

The second section of the thesis examines anthrepignaata for Indonesia, which has
the largest Muslim population in the world. We fduihree distinct phases in the long-run trend
in Indonesian mean heights. The first phase inwbklesignificant decline in 1870s, the second
involved a modest increase over the next threeddscand the third phase involved accelerating

height growth after World War II.



The third section of the thesis emphasizes padictédsource related aspects. Natural
resource revenues increase wealth and purchasimgrpbence, an abundance of resources may
be expected to raise an economy’s investment, groates and standard of living. Much of the
debate surrounding the dismal economic positioklididle Eastern countries has focused on oil
production. This chapter devotes particular attentd the oil producing countries of the Middle
East and their height development.

The fifth section of this thesis analyzes humantehformation in Iran and Iraq and the
origins of reduced fertility. Quality-Quantity traebff processes capture important aspects of
human welfare and economic growth. Changes in despbgc patterns imply that parents select
a quantity of children to optimize their quality déker, Tamura and Murphy 1990). To
illuminate the endogenous factors of child quanéibhd quality, an instrumental variable (V)
approach is used in this section.

Section six, the last chapter in this thesis, suriraa the main findings.
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Tables

Table 1: World Development Indicators

Country Name

Middle East & North Africa (all income levels)
Middle East & North Africa (all income levels)
Middle East & North Africa (all income levels)
Middle East & North Africa (all income levels)
Middle East & North Africa (all income levels)
Middle East & North Africa (all income levels)
OECD members

OECD members

OECD members

OECD members

OECD members

OECD members

High income: OECD

High income: OECD

High income: OECD

High income: OECD

High income: OECD

High income: OECD

Indicator Name

Adjusted net enrollment rate, primary (% of primary school age children)
School enrollment, primary (% gross)

GDP per capita, PPP (constant 2005 international $)

Life expectancy at birth, total (years)

Mortality rate, infant (per 1,000 live births)

Fertility rate, total (births per woman)

Adjusted net enrollment rate, primary (% of primary school age children)
School enrollment, primary (% gross)

GDP per capita, PPP (constant 2005 international $)

Life expectancy at birth, total (years)

Mortality rate, infant (per 1,000 live births)

Fertility rate, total (births per woman)

Adjusted net enrollment rate, primary (% of primary school age children)
School enrollment, primary (% gross)

GDP per capita, PPP (constant 2005 international $)

Life expectancy at birth, total (years)

Mortality rate, infant (per 1,000 live births)

Fertility rate, total (births per woman)

1960

46

171

67

56

69

36

1970

60

72

53

129

89

100

69

40

91

100

71

22

1980

73

86

7217

58

84

95

105

18012

72

27

95

102

19411

73

13

1990

82

94

6362

65

51

97

105

22660

75

17

97

103

24920

76

2000

86

98

7605

70

36

98

103

27421

77

11

98

102

30428

78

2010

94

104

9491

72

25

98

105

30036

79

98

103

33448

80

Source: World Development Indicators, 2011
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2. Tall and Shrinking Muslims, Short and Growing
Europeans: The Long-Run Welfare Development of
the Middle East, 1850-1980

Abstract

In this study we examine anthropometric data fghecountries in the Middle East for the period
1850-1910, and we follow those countries until 1880s.The Middle East had a relatively good
position during the mid-1®century, if human stature or real wages are censij but much less
so in terms of GDP per capita. Initially low poptida densities allowed better anthropometric
outcomes. The height advantage was due, among &dbtars, to easier access to animal
products. All indicators suggest that the MiddlestHast ground after the 1870s relative to the
industrializing Countries.

This chapter is based on a paper written jointhwdoerg Baten (University of Tuebingen). It is
published by Explorations in Economic History 4% [fp. 132-148. The concept of the paper was
developed jointly, analyzes and writing equallyrsitia
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2.1 Introduction

Anthropometric history is a well established meth@dheasure biological aspects of the standard
of living. Human stature is determined by the dyabf nutrition, minus claims for disease
environment and workload during childhood, and ¢hagre the major determinants of health
and life expectancy in the poor economies of th&.pgaountries in many continents have been
studied with anthropometric methods, including,dgample, India, China, Argentina, the United
States and certainly many European countries (seekmmlos 1985, Steckel 1995, Steckel and
Floud 1997). However, one world region not studigdnodern anthropometric historians is the
Middle East. A key reason might be that heightsewtgpically not measured by the Ottoman
army or in prisons. However, a number of anthrogisks measured heights in the Middle East
after the late nineteenth century, and althoughsehsources of anthropometric information
provide a number of methodological challenges, we them in the following to reconstruct
human stature levels in the Middle East 1850-1%¥ith those height records, we can study the
countries of Turkey, Iraq, Iran, Egypt, Syria, Laba, Palestine/Israel, and Yerfien

Was the nutritional situation different in the MiddEast, compared to, say, Europe?
Would we expect a different level or other develepis than in Europe? One difference was
certainly the much lower population density in #ight Middle Eastern countries (Table’.1)
Previous anthropometric research found that pojomisitin sparsely populated countries often
enjoyed “advantages of proximity” to animal hushagndas a substantial proportion lived in
regions specialized in this agricultural activithose people were taller than other populations in

a situation in which some protein-rich, but lesghty valued products of animal farming (offal

® We will refer to these countries when we write tidie East” in the following (please note that thalian
Peninsula is not covered, except for Yemen).

" In the Table, population per arable land referhéonumber of people relative to land which camed for
agriculture, i.e. excluding deserts, mountains, ather wasteland.
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and milk, for example) could not be shipped atisightly low cost (Komlos 1996, Baten and
Murray 2000). Based on those previous results, waldvexpect initially taller heights in the
Middle Eastern countries, compared to Europe, mr#uwse Europeans who lived in industrial
cities sometimes had higher purchasing power aflatske goods, but did not have these
proximity advantages. Moreover, the Western urbapufations still suffered from “urban
penalties” of bad disease environment and hygiarthis period (see, for example, Szreter and
Mooney 1998). In the Middle East in contrast, sabsal parts of the population lived as
Bedouins, who might have initially benefited frohose proximity advantages. Low population
densities also allowed a benign disease environmetite Middle East of the mid-nineteenth
century.

The increase in heights in Europe from the latet@@nth century was so impressive as to
suggest a possible reversal of the earlier Midddst&n height advantage. European urban
industrial populations could increasingly buy chgapteins and benefited from improving
disease environments during the twentieth cenBaged on this comparison, the present study
also increases our understanding of European welfi@velopment. We will assess in the
following when the Western industrializing counsristarted to overtake the Middle Eastern
populations, which were lacking sufficient growtidadevelopment (Pamuk 2006, Issawi 1995).
In particular, we will test the hypothesis that soMiddle Eastern populations were taller than
Europeans in the mid-nineteenth century, usingritGerman, Czech, and Italian samples for
comparison, and whether this difference disappeaited the late nineteenth century.

In the final part of this study, we contrast hegghhd purchasing-power oriented welfare
measures. How do our height estimates differ canedly from estimates of real wages and
GDP? The strength of GDP per capita is, of coutsecomprehensive account of purchasing

power and its comparability over time if given irarsdardized monetary units (such as the 1990
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Geary-Khamis dollars). One of the disadvantageSP as a welfare measure is its bias against
subsistence farming and production within the hbakk In general, non-traded goods and
goods produced and consumed within householdsftme underreported. Moreover, other forms
of informal markets, such as black markets, carnofiiot be captured. Finally, the data
requirements for GDP estimates are very largeoirrast, real wages have a better reputation in
terms of data quality for long-run studies, as nmmhiwages and prices were recorded by
contemporaries (whereas GDP relies on estimateiiped by later generations). From studying
real wages, however, we cannot learn about theréddand, capital, or perhaps the return to the
exploitative activities of the rulers. Moreoverpiyal pre-modern subsistence goods or less
standardized goods such as housing are againuliffccinclude in the consumer basket, as those
who created the written sources of the past dideggly not provide sufficiently detailed
information. Finally, both GDP and real wages coricége on purchasing power and do not
include other “biological” living standard compongrsuch as health, longevity, and the quality
of nutrition, which is the strength of anthroponeettechniques (Margo and Steckel 1983).
Height studies have the additional advantage oéxpg many groups of society.

In the next section, we will discuss the main datarces. In section 3, we report regional
differences of height in countries on which we hauéicient information, and present a map for
Turkey (Figure 1). Section 4 gives an overview efght levels in the Middle East and the
economic background, while section 5 discusse®rdifftces between the Middle East and the
industrializing countries between the 1850s and0$9Bubsequently, we compare GDP per

capita, real wages, and height estimates in se6ti@ection 7 concludes the paper.

2.2  Data and Representativeness

15



Samples from military and prison samples have abbwcholars to study the anthropometric
history of numerous countries in the world. Unfodtely, for the Middle East, military records
are not available. Our research in the Ottoman ikecin Istanbul showed that anthropometric
measurements in the Ottoman army were only repagetall”, “middle”, and “short”, without
clear definition of those categories. Another freply used source of height records are prison
measurements, but those were only exceptionallgrded for the Middle East by Western
anthropologists. If available, we included thoseour sample. But overall, most of our height
information on the Middle East stems from anthrogatal studies. During the late nineteenth
and early twentieth century many European and Asaarianthropologists went to the Middle
East in order to study the physical characterisiicthe local population. We could find some of
the resulting measurements of height as indivithegdht data, for example in the archives of the
British Anthropological Collection. Sometimes amtpologists also published their individual
data (for example, Chantre 1895 and Field 1956,Tsdxe 2). However, this (ideal) individual
data accounted only for 1,476 observations in tofalother way presenting data in the
anthropological studies was to organize height @afgregated by 10-year age groups. This
information can also be analyzed without major radthogical problems, as long as the samples
were drawn representatively for the underlying pation, like Inan (1939) did for 28,992
Turkish heights. Finally, the third type is heigtiverages for which we can only reconstruct the
birth decade in which most individuals were borre Will explain in section 4 below how we
incorporated this type of data.

In the following, we will discuss in detail thosases where we can compare the height
development based on individual cases on the aies sind grouped cases on the other, for
example for Egypt and Turkey. Including the groupath, the total number of underlying cases

was 47,797, after discarding height and age exsdimehe following, we will only use ages 20-
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50, with the one exception of Turkey where we alsed the 50-59 year-olds, as this age range
was reported in one aggregated group, see b®loMe concentrate on male heights only in this
study, as the aim will be to compare them to height the industrializing countries in the
nineteenth century, which are almost exclusivelyenfdue to the predominant data generating
institutions being the military, prisons, and sat.

To what degree is our data set representativeh&reconomic sectors represented by
similar shares in our samples as in the overalluasion? The Inan (1939) dataset, which
accounts for 28,992 underlying observations (or eso60 percent of our data), was
representatively drawn from the Turkish populatialso with respect to occupation (Inan 1939,
p. 62). Inan (1939, p. 56-58) describes in gres&idbow he in cooperation with the Turkish
Statistical Office made sure that adequate numbemmeasurements were performed in each
individual district. Without the direct support @éiftatiirk and his influence with the Turkish
authorities, these large-scale measurement adtigdald not have been realized. Hence, for this
part of our dataset, we do not expect strong seigcbiases. For our individual samples, we
have occupations recorded for a smaller subset,elya@45 out of our 1,476 individual
observations, of which 71 percent were engagecéndgricultural sector. For those we can
compare the occupational composition with the di/@@pulation. Given Issawi’s (1982, p.118)
estimate that about four fifths of the Middle Eastpopulation were engaged in occupations
related to agriculture, our best guess is thatsaumple might include a slightly lower share of
rural people relative to the overall populationeTiaral population might have enjoyed a better

nutritional status because of easier access tododdacking market integration, and might thus

8 We excluded extreme heights above 185 and bel@v\Wfhen the measurement year was not reported, we
assumed it to be the publication date of the sumigys three years. This increases the measuresmens — but
concerns only 0.75 percent of our sample. Our rimiess tests suggested that the impact is margideathet the
broad trends are unaffected. We also tested differéeria for the exclusion of outliers and fouhe results
consistent with our findings.
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have been relatively tall on average, but the difiee between “four fifths” and 71 percent is not
a very large difference.

Were there unrepresentative subgroups or regioaled in the dataset? Among the
grouped samples, most of them were drawn randoonlg tertain region of a country, hence we
will need to control for regional composition inethiollowing. Sometimes the anthropologists
were particularly interested in desert tribes athim Jewish part of the population. That is why we
need to look out for those characteristics. Altleé height measurements were taken within the
country of origin. We excluded all migrants, witietone exception of 23 Yemenite Jews, who
were measured in Israel. We included those 23 dasél the gap in the 1888sThose will
deserve special attention in the following and Wwélcontrolled for using a dummy variable, even
if they account only for a negligible 0.05% of aample. Another group with potential social
bias is prisoners. For Egypt, Craig (1911) collddieight data of criminals in Cairo in 1985
He argued that the anthropometric information igresentative for the underlying Egyptian
population because of the relatively broad so@akctum of Egyptian prisoners. He argued that
the elite groups within the Egyptian society, thealthy merchant strata of Alexandria and
similar cities, were not represented in this prisample, but given that most had foreign origins,
he did not consider them a part of the Egyptiarpfeeanyway. We have some doubts about his
arguments. It might well be that the sample waghtly biased towards the lower income groups
of Egypt, compared with the samples taken by aptlogists, who aimed at representative data
collection. However, in the following paragraph wal find that the Egyptian samples were

probably not downward biased in terms of numeradyich would support Craig’s hypothesis.

° Otherwise the 1880s would have been dropped foraazhing the minimum inclusion number of 30 heigh
observations.
9 Our Egyptian data stem from five different sour@ammar (1944), Chantre (1904), Craig (1911), Fidé52a).
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Apart from those social groups, no other specidigsoups were recorded in our data. But we
certainly need to control for regional compositiogligion, age, and migrant status below.

One strategy to assess the representativenesstofital samples is to compare the age
heaping behaviour in the sample and in the undeglylid-Eastern population. The idea of an
age heaping analysis is that people who are net@hhilling to state their exact age often report
an age rounded to multiples of five, and those @ersare typically less educated than people
who report their age exactly (Baten et al. 2008)e Aveaping indices such as the “Whipple
Index” tend to be strongly negatively correlatechwother human capital indicators such as
literacy, and even stronger — in modern times -k wieasures of mathematical skills (as reported
in the PISA survey, see A'Hearn et al. 2006). Ndlyntnose indices require large individual
samples of 500 or more persons reporting their @wgeh we do not have for each birth cohort
and country (Table 3). Nevertheless, on averageWheple index of 309 for our individual
samples is quite similar to corresponding censusegaof 281. The total number of our
individuals with age statements is almost 600; bethis overall value is quite informative.
Even if sample sizes are probably too small, we atsmpared individual countries and birth
cohorts with at least 30 observations for whichahiilg census data could be obtained. In some
cases, the Whipple index is slightly higher for @amples (such as Iraq and Iran), and the
samples of Turkey and Egypt in 1850 and 1870 hawei index values than apparent in the
representative census data. But on average theretiffe is quite modest, especially when
compared to the large differences of Whipple inslicethe world, reported on the bottom of the
table. We should note the possibility that assumangegative correlation between Whipple

indices and heights, our Iraq and Iran estimateghtibe slightly overestimated, and the Egyptian

'We cannot use all our individual observationsyetsfor all countries and birth decades correspumndinsus data
is available
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and Turkish estimates slightly underestimated caigin the individual country differences might
also be influenced by small sample size. We comclidit the average Middle Eastern level
seems quite representative for the underlying paijmu.

To sum up, we find that the dataset is broadly espmntative for the underlying
population'? The large share of the agricultural populatiomeiected in the dataseiVhile a
small number of special subgroups is containeduinsample, these can be controlled for with
dummy variables. Last but not least, the age hgapmalysis suggests that our samples were
overall quite representative in terms of humantepi

Which of the countries have larger numbers of casesall, and for individual and
grouped height figures? With 687 observations hrag the largest number among the individual
samples (Table 4). The case numbers of the indaislamples are relatively small in comparison
with typical military and prison samples that hdeen used for Western anthropometric history.
Among our grouped samples with more than 10 calses[urkish one is by far the largest, being
based on almost 29,000 observations between tr@sE8&1 1910s.

The second-best documented country among the gloc@ees is Egypt, again for the
early cohorts from the 1850s, and the 1870s biottodt is particularly well-documented. The
grouped rates for Egypt concentrate on earliehkdecades. In Iraq we have numbers for the
later cohorts based on both individual and groupeesks. The other countries’ (Iran, Palestine,
Lebanon, Syria, Yemen) grouped samples are coratedtin the 1850s and 1860s, allowing at
least a first impression of the height levels ios countries in the 19th century.

We now study the two best-documented countriesraggg, Turkey and Egypt, in order

to assess the measurement quality of those twoleanp particular, we consider the question as

12 This reflects the efforts of maranthropologists who studied Mid-Eastern populatiang attached great
importance to a representative social mix of tdeia (for example, Craig 1911, p. 67 states thanhdy be
concluded, that the statistics are representafitteeoEgyptian and Nubian races with their locaiatéons.”).
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to whether subsets of the available heights shanilasi height developments.It turns out that
there was very little trend for the grouped Turkssdmple (Figure 2). The 1880s birth cohort
might be slightly underestimated due to shrinkingperhaps by 0.98 cm, as the Sorkin et al.
(1999) analysis showed On the other hand, selective mortality counter#uis bias, as taller
individuals tend to be healthier and hence morelyiko survive up to this age. The youngest
birth cohort might contain some individuals who diat yet reach their final adult height; hence
this value might be underestimated. Given thatrilvaber of cases is quite small, not too much
importance should be attached to the slightly talidividual data points before the 1870s. Only
the 1860s have 63 cases and might allow a substahéight estimate. Moreover, the similar
values of those born in the 1850s and 1870s migphtave the credibility of the 1860s height
level® In conclusion, the level of the small individualfkish height samples (1870s and before)
and the large aggregated samples (1880s and ttezjasds relatively similar.

Egypt is another large country in the region, whighelatively well-documented in our
sample. We can, for example, compare one well-dected individual province with the overall
Egyptian development. This avoids any risk thataetbpment over time might be caused by
adding different regions for different birth coteend then arriving at a misleading impression of
development over time. We did this for best docue@nprovince in Egypt, Shargia (see

appendix Table available from the authors). We ¢ébtimt the trend in this province was very

13 The grouped Turkish heights were recorded in @8V refer to those aged 20-24 (i.e. born 1913thdke aged
25-29, 30-39, 40-49, and 50-59. The latter persagre mostly born in the 1880s, although a smahareswas also
born in the 1870s. We assigned birth decades liygdke onealuring which the majority was born. Henome
drawback that needs to be mentioned is the impoecaf birth cohorts for Turkey.

1 Sorkin et.al. (1999) estimate the effect for Nokthericans in 1980 to be 0.98 cm for the age grsy59.

> The individual cases reflect mostly Erzurum-Kamsvince (with a share of 43 percent), and five pgitevinces
with smaller shares. The map of Turkish heightgferbirth cohorts of the 1880s-1910s shows thatrtfgion
(Erzurum-Kars) had about average heights (Figuréléhce, the height of the first Turkish birth calsaare unlikely
to have a strong regional bias.
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similar to the overall trend, hence suggesting thatmovement of the time series was not caused
by pooling heterogeneous regions.

Now, we could continue and go through all the coast and different samples
individually, but this would take too much spacastead, we consider the average heights
jointly, and turn to consider the raw heights fiffable 5). We find that those raw heights were
relatively similar across Middle-Eastern countrfem example those of the birth decade of the
1850s), except Yemen that had substantially lowerage anthropometric values. The trend over
time of those countries with sufficient data seegiatively stable. However, during the 1880s
there was apparently a temporary decline of heighthe Middle East, which is supported by
data on Egypt, Iran, and Turkey. Before comparihgsé raw results with the results of

regression analyses, we will first consider potmgional differences.

2.3  Regional height differences

Regional differences of living standards were gaibstantial in other countries of the world (on
the U.S., see, for example, Margo and Steckel 1983)rder to ascertain spatial variations in the
levels and trends in physical stature for the Med8hstern countries, we estimate heights at the
regional level. This will also prove useful in tfalowing trend regressions, which will include
control variable for regional differences. A detdilanalysis of the determinants of spatial height

differences remains a subject of future researchgh.

2.3.1 lIraq

Reasonably good regional information is availalde Ifag. The north and northeast of

Irag are mountainous and most inhabitants are Khrdihe regions around Mosul (Ninawa) are
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treeless uplands and highly dependent on irrigdtiom smaller rivers and rivulets. The central
districts of Baghdad, Babil, and Karbala are hatidinhds. Crop cultivation was only possible by
using irrigation systems. At the onset of the esghth century, systematic cultivation was
established and controlled by Ottoman garrisongairticular around Basra, Diyala, Arbil, and
Mosul. The rest of Iraq was inhabited by tribalups @ira'®) who were self-sustaining and only
under limited control by the government in Istanlddaving large areas at their disposal, the
tribesmen made use of shifting cultivation and lstoeeding (Issawi 1966, p. 129f.). The cattle
herding tribesmen consumed relatively large quastiof milk, meat, and offal. In contrast, the
settled inhabitants in the cities and agricultunaas relied more on starches and proteins from
vegetables. Moreover, they eventually suffered friosufficient rainfalls and the devastating
annual flood of the Tigris and Euphrates (Issav@8,9.105). In Iraq, there is a height advantage
for the population living in deserts (Table 6). Sbadesert inhabitants were on average 0.85 cm
taller than the urban dwellers in large cities sastBaghdad or Basra. Desert populations had an
even stronger height advantage over Iraqis fronerothral regions, such as the irrigated land
along the Tigris and Euphrates rivers. Hence, It @ important to pay attention to desert
regions in the following regressions. In a sepaW@teS regression analysis of height we found
that rural inhabitants not living in the desert &et.25 cm shorter than desert inhabitants
(significant at the 0.01 level, see appendix abédldrom the authors) after controlling for birth
periods and other variables, whereas urban dwelNere 0.46 cm shorter, but not statistically
significant. Over time, the share of nomadic Iraigighe total population fell considerably, as
population increased, from 35 percent in 1867 fmefent in 1947 (Issawi 1966, p. 158). This
would support the hypthesis that initially low pdgition densities allowed better anthropometric

levels, and that this height advantage was pauéytd easier access to animal products.

8 Thedira is the area claimed by the tribe (Issawi 199563)1
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2.3.2 Turkey

For Turkey, heights were reported by ten regiongule 1). Unfortunately, Inan (1939)
also included very old Turks born in the 1850s &8s, for whose shrinking bias he did not
adjust in his regional averag¥sTherefore the height levels for the regions anerdeard biased.
Hence we do not consider the regional height levais only the ranking between the regions,
assuming that the share of old people was moreess équal across regions. The shortest
populations were from the Dardanelles in the noestwof Turkey and the Aegeis, whereas the
tallest Turks could be found in central Anatolian #inportant part in the economic life of Turkey
was livestock breeding. This was done mainly by adsnoutside of the cultivated areas. Issawi
(1980, p. 270) analyzed tax returns and reportatiaghimal husbandry was prevalent primarily in
the relatively dry inland while it did not figuresa common occupation in the moist coastal
regions. Stock-breeding was also widespread ifEtlrepean provinces of Turkey, but per capita
values were not as high. Issawi (1980, p. 8) repbtihat the Turkish peasants of the nineteenth
century ate meat very rarely, whereas milk was labk in considerable quantities. While
Turkey did not have as strong a desert advantagea@sa similar pattern emerges for the dry
inland region of central Anatolia, which had higittaopometric values, low population density,

and quite a strong nomadic element.

2.3.3 Egypt

The third of the large countries for which we catwment regional inequality is Egypt.

Because of Egypt’s aridity, most of the populatimed along the Nile valley and delta. For

1t is an average of both adult height and the itai§ persons who had already started to shrink.
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agriculture, irrigation is a necessary preconditiOmly the northern coast has sufficient rainfall,
which might have made life somewhat easier in tggon — heights were greatest in the coastal
regions of Egypt (Table 6). Egypt again had a hegglvantage for its desert population over the
urban population, although the coastal populati@s wven taller than the desert inhabitants in
this case (“other rural” being equal). Some coastad river delta inhabitants might have
benefitted from the strategy that provided a stltstifor drinking water during the inundation
months of the Nile: In Cairo and perhaps otheesibf this region, cow milk was consumed in
quite large quantities, substituting unavailabléevauring this period (Kuhnke 1990, p. 25). In a
similar WLS regression analysis as for Iraq, wduded birth decade, age, religion, and regional
dummy variables (see appendix available from thhaag). The constant refers to the desert
population. Urban dwellers were 1.04 cm shorten tl@sert inhabitants (significant at the 0.01

level) after controlling for birth periods and otheariables.

2.4  Height development in Middle Eastern countti@S0-1910

We will incorporate our findings from the spatiatf@rn analysis into our national trend
analysis. Controlling for age, region, migrationdaeligion in a regression, we pool all height
data and assign dummy variables to each countryptidcohort (Table 7, Col. 1).

When studying height trends, one frequent problegarding anthropological surveys is
the paucity of the information given on birth cofspras many anthropologists of the late
nineteenth and early twentieth century assumechaage in height over time. Hence, we had to
find out when most of the measured individuals wsyen, and we had to accept the fact that a
smaller part of the measured individuals was baforde or after the most strongly represented
birth decade. The time trend which results fronmséhestimated birth cohorts resembles moving

averages insofar as it smoothes the height deveopnior example, if there was a height
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decline in the 1880s but only 70 percent of th@eesve individuals were born in the 1880s and
30 percent in the 1870s, the decline would be shavad. Koepke and Baten (2005, 2008) have
suggested estimating these grouped and individat gintly with Weighted Least Square
Regressions (WLS). They applied this method to fadjmuns for which we otherwise do not have
any way of studying their anthropometric developmeiven the data which are obtainable. For
the Middle-Eastern, this scarcity of data is alkady given. Hence, we will also apply WLS
regression techniques for pooled individual andugeal data here as no large-scale individual
height data from archival records can be expeaeduture research. We follow Dickens (1990)
and weight each observation by the square rods @roup size.

In the following regressions, we included an agenohy for those of age 20, as there
might have been late adolescent growth at this'a@nce the human body is subject to a
shrinking process at advanced ages, we restriactedample to individuals who were not older
than 50 (except for Turkey in the 1880s). We alsgeited a control variable for the Jewish
minority within those mostly Islamic countries. Theason for this could be different religious
food consumption rules, or possibly occupational education differences (and discrimination).
Lastly, we payattention to regional variation. The resulting tiroeefficients are reported in
Table 7 and graphed for each country (Figure 3).

We also checked the distribution of height for nality (Figure 4); the overall height
distribution appears normal, which confirms thadig} of the estimation procedure. Heaping on
round numbers is very mild, which might be causgdhe fact that the height measurements of
our sample were performed by well-qualified antlologists. The first regression controls for
age, regions, migrant and religious characteristita second only for migration and religion

(Table 7, Col. 1 and 2). The third regression adatonly for age (Col. 3). Apparently, those who

18 Additional dummies for ages 21 and 22 were nati§itantly negative and hence they were excludethfthe
regressions.
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reported age 20 were consistently shorter tharr ditig-Easterners. This might be either caused
by the fact that they were still growing at age @0that less educated persons reported a rounded
age and came from lower strata families with shostature (or both). Among the regional
dummies, the desert region variable is positive sigdificant, although the coefficient is not
very large. Coastal and urban dwellers were natifsigntly different from the other rural
population of the whole sample. The results for toeintry-decade dummies are not very
sensitiveto including or omitting the dummy variables fogi@n, migrant and religion. Only the
Iranian decline of the 1880s looks erroneouslydaifgreligion is ignoredmany Iranian Jews
were born during the decade), and the Yemenitethefl880s would appear too tall without
attention to migrant status. We graph the dummyabér coefficients of birth decade and
country reported in Table 7, column 1, in Figurdr3the Middle East, most populations tended
to be fairly tall in the 1850s-1870s by"8entury standards, especially the Turkish, Iragi
Palestine/lsrael population, whereas Yemenites wereh shorter (Figure 3). This confirms the
results we found by studying the raw height dathe Tevelopment over time was mostly
stagnant between the 1850s and 1910s.

What was the background for this stagnation of fiteig most countries? To take one
relatively well-documented example, we will firgstribe the general economic history trends of
Egypt, before comparing it with the anthropometrasults. Under the reform policy of
Muhammad Ali (1805-49) between the 1820s and t®48Egypt's GDP rose (Issawi 1982, p.
104). However, we do not know whether this GDP dlowas also translated into a height
increase, as Ali accepted quite large costs fopti@ulation in pursuing his aims — for example,
he required 12 percent of the population to senvéiced labor institutions, and 3 percent to
serve terms of military conscription. Export adies and the corresponding profits were gained

by a small group of foreigners (Issawi 1966, p.)339owever, Ali slightly improved the
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catastrophic educational situation in Egypt by trganew schools. For example, while less than
5 percent of Egyptians reported their exact agén1820s, this share had slightly risen to 15
percent by the 1860s — a value which was still miaster than that for Turkey with its 45
percent (Crayen and Baten 2008). He also improkedPublic Health system dramatically, by
introducing smallpox vaccination, for example, aogl training former slaves as mid-wives
(Kuhnke 1990, p.14, 123 and 132). Better perenmiaation increased both agricultural
production and cultivation area by a large amobWet. due to the heavy burden of taxation, the
situation of the peasant population did not easggwi (1966, p. 377) reports that the Egyptians
did not consume much meat in this period, whiclo asght indicate a low standard of living.
Nevertheless, GDP growth, Public Health progresd,rmarginal educational development might
have prepared the ground for some welfare incrdaseg the subsequent period of the 1860s
(Figure 3). Between the 1850s and 1860s, Egypteghks increased by 1.34 cm (Table 7).
Moreover, in this period, the conscription burdeclthed and the Crimean war boom is reported
as having had a beneficial effect even for the Egpppeasants (Issawi 1982, p. 104). In the
early 1860s, the cotton boom which resulted frosupply shortage during the American Civil
war provided additional income for the Egyptian gaeds, although it did not last long. Already
in the late 1860s and especially in the 1870s price Egyptian products began to fall, and taxes
rose (Issawi 1982, p. 105). Hence, it is not seipg that heights in Egypt declined in the 1870s.
For Egypt, the decline during the 1880s might hiagen exaggerated due to small sample size,
although the fact of a decline is supported by Isimheight decreases in the other countries
(Figure 3). Iran also experienced a temporary hedgctline during the 1880s, whereas the
decline in Turkey might partially be caused by des of the sample and ageing effect (see

section 2 above).
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What might have caused the 1880s decline? At thremustate of research, not much can
be said about it. One potential candidate is th#ecplague, which wiped out 80-90% of the
cattle in neighboring Ethiopia and Somalia (andseguently one third of the human population)
during the late 1880s before it continued its wautls to Africa (Barrett and Rossiter 1999).
Ethiopia and Somalia are situated just to the SafitNemen, and it is likely that the cattle
plague epidemic moving slowly from Central and EAsta to Africa had reduced Middle
Eastern cattle stocks before coming to Africa, idlléth less severe mortality impact, as the
epidemic had been around in Asia for centuries.

Nevertheless, the evidence on the causes of thisaary decline during the 1880s is not
very conclusive. Cattle plague was always a reditipoorly documented epidemic, as it affected
remote nomadic tribes the most and those typidaftyvery few written records due to their
illiteracy (Barrett and Rossiter 1999). The conitibn of our study is rather to document that
there was not an upward trend after the 1870sarMiddle East, when heights in Europe and the
other industrializing countries started to growttamously and substantially.

Iran also did not show improvements in physicaiusta Gilbar (1986) argues that in Iran,
the increasing cultivation of crops such as grapium, cotton, and fruits implied a structural
development away from animal farming. However, gitee similarity of stagnation tendencies
in other countries, we would argue that the opiumd eash crop trade might not have been the
most important driving force. Moreover, Okazaki §69 found that only a relatively small area
was affected (on the opium trade, see also Hardeh)2

Average anthropometric values were prevalent inaSgnd Lebanon in the 1850s and
1860s. In general, purchasing power was relatived)h in this economic core region of the
Ottoman Empire (Issawi 1982, p. 106-7). Being ohéhe commercial centers of the Middle

East, Lebanon developed a wealthy mercantile seetidy on which demanded high quality food
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from the surrounding countryside and invested i@ $ilk (and later fruit) exports from this
region. This might have been one of the reasonthforelatively tall population in neighboring
Palestine/lsrael.

In contrast, the Yemenite population displayed stad@hically low anthropometric
values. Since antiquity when Yemen was reportegityarkably rich, population density was high
and the economy specialized in spices, coffee,adinelr cash crops. One can speculate whether
Yemen fell into a kind of Malthusian trap in thednto late nineteenth century, as conflicts did
not allow the maintenance of the irrigation systewtsich would have been necessary for
generating sufficient income for such a dense imr. In the years around 1900, Yemen’s
territory was split into many small centers of powed its political situation was very instable
due to tribal attacks against the Ottoman leadelishi872. Those conflicts and other factors led

to severe famines (Dresch 2000, p. 4).

2.5  An overall height trend of the Middle East

We now combine all country estimates into a Middastern trend, weighted by
population size and interpolated wherever necessdhythe growth rate of height of a country
with relatively robust height trend estimates @aling Baten 2006). For the early half of the
period, we used the Egyptian development to intatpp and for the latter half we used the
Turkish development, always using a real measurerognan individual country as a level
benchmark (results in Figure 5). The levels areefloee relatively close to the true values. For
the period after the 1910s, we join the trend estias of Baten (2006) which are mainly based on
the Demographic and Health surveys (DHS) for theldiéi East, as well as a variety of other
sources and studies on the industrializing coust(ighich include North America and the

Asia/Pacific countries of Australia, New Zealanddaapan). We updated this trend estimate for
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the Middle East with recently recorded data on I{danghorbani et al. 2007), again with
appropriate population weights. Finally, we usedir interpolation for the 1920s and 1930s, as
most world region height estimates indicate a raimeooth upward trend for this time period.
The most recent birth cohort in these series isdgmade after 1980, that is, our study covers a
range of individuals from those born in the 1850#hbse living today.

Compared with the industrializing countries, heigalues in the Middle East were quite
favourable until the 1870s. But was this differerazually significant? In order to test the
statistical significance, we compiled anthropontetiata from three different industrializing
European countries and regions (see Table 8), ya@®e&imany, Northern Italy, and the Czech
lands (part of Austria-Hungary at the time), whigk will compare with the United Kingdom
below. We took care not to include the very extrecases of the height distribution of
industrializing countries, such as Sweden, the édhitates or other New World economies on
the one hand (with tall heights), or Japan, Spama, Portugal on the other hand (short heights) in
this particular regression. The Middle Eastern “wiokld” populations were clearly shorter than
the former, but taller than the latter. In contrag took comparable “old world” economies of
Central and Southern Europe, which were closeh¢caterage of the industrializing societies of
the 19" century. We also took heights from different ingtonal backgrounds in order to make
sure that any statistical difference was not cadmedne of those institutional factors: The first
sample was drawn from North Italian soldiers anseders (Meineke 2008). A'Hearn (2003, p.
370) has shown that Northern Italians were not pxaeally short before mid-century (his
sample ends with the 1840s birth cohort). The sgceource of information comes from
Southeast German male convicts of the 1850s an@s188e also compared military conscripts
from Southwest and Southeast Germany (districtSrahkenthal and Brueckenau, respectively,

see Baten 1999). Finally, we included Czech priseight data (Hodinova 2007). All those data
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sets are publicly available on the IEHA data AUBhe Italian data were the only ones which
required a truncated regression estimate, givenrtimémum height requirement of the Italian
army at that time. In contrast, the German conscmgre measured before the minimum height
requirement was applied (hence the lists includisd #e rejected ones). We pooled those
samples with our individual Middle Eastern heiglttad and tested whether a Middle East
dummy variable was statistically significarégressing each birth decade separately (Table 8).
turned out that in almost all cases, the Mid-Easkeaights were significantly larger than those of
European countries during the 1850s and 1860sy- tbel German prisoners in the 1850s were
not statistically different from the Middle Eastgpopulations (Table 8). We can also speak of
economic significance for those decades, as thghhéifferential was always larger than one
centimeter, which is a substantial amount. For e@ptanBaten and Komlos (1998) estimated that
one centimetre of height corresponds to 1.2 yeailgeoexpectancy (as already mentioned in
section 2), which most people would consider talmibstantial addition to biological welfare.
For the UK, Floud et al. (1990) arrive at similaight levels as the Middle Eastern populations,
although there has been some debate about thaubsmlel of height as estimated by different
truncated regression models (see Komlos 1998). ,Atgmart from the Minimum Height
Requirement, the English Army was a volunteer afmeyce it is not clear whether the army had
a positive height selection compared to the cini@pulation.

During the 1870s and 1880s, the difference betwkaidle Eastern and European
populations vanished and there were neither statistor economic differences (Table 8). The
era after the 1870s was characterized by simil#trapometric values for both world regions.
Only from the 1910s did the industrializing Europeauntries overtake the Middle East (Figure

5). The Middle East was probably one of the veny feorld regions which had a height

19 http://www.uni-tuebingen.defiehd http://www.uni-tuebingen.de/uni/wwl/dhheight.htmlaccessed May'9
2008
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advantage in comparison with Central European cmsnduring the mid-nineteenth century

(Baten 2006).

2.6 Comparison of GDP per capita, real wages, amghh

How do those height trend estimates compare witktiag GDP and real wage estimates? In
general, both GDP per capita and heights divergebe course of the twentieth century (Figure
5 and 7). However, the picture for the nineteemthtary is fundamentally different. During the
1850s and 1860s, when the Middle Eastern counsiidishad a height advantage over the
Western world, GDP per capita was already highdénenindustrializing countries. The reason for
this could be hypothesized to be distributionaljre®me inequality was perhaps higher in the
West (Williamson 1998). Given that heights are egensitive to the well-being of the lower
income strata, low inequality might ceteris parilvasult in greater heights. The real wage of
unskilled laborers relative to GDP might give astfirmpression. Allen (2001) calculated real
wage estimates for a number of cities, includinghdan, Amsterdam, Antwerp, Milan, and
Madrid, for almost every decade of thé"I@ntury. Comparing Allen’s estimates with Ozmucur
and Pamuk (2002) for Istanbul, it turns out thaterms of real wages, the West was also ahead
of Istanbul in the 1870s, with real wages for thesférn cities being almost twice as high (Figure
7). However, this applies mainly to London and Aendam. If we consider the Western
countries without those cities, Istanbul had it faceal wage advantage in the early nineteenth
century and wages were more or less equal in thedobetween the 1850s and the 1890s. If we
remember that the UK and the Netherlands accoufaedonly 10.7 percent of Europe’s
population in 1890 (Maddison 2001), we might codeluhat real wages in most of Europe and

the Middle East were not particularly different. @bthis have been a result of the fact that we
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considered until now only wage data for the largg of Istanbul? The answer is probably
negative, as Ozmucur and Pamuk (2002) showed thgesvin Istanbul were in fact quite
representative of Middle Eastern cities, with saities (such as Edirne, Bursa, Damascus, and
Jerusalem) having higher and other cities havimgetcestimated real wages.

Is the result for GDP per capita similar if we exd® the richest decile of Europe? When
comparing Belgium, Italy, and Spain with the Middtast, we found no country composition
effect: those three countries from the poorer pérEurope were still much richer than the
Middle East (Figure 8). Assuming that both real emagnd GDP estimates reflect the purchasing
power of the respective social strata, we thus loolecthat Western Europe must have had much
stronger income inequality. The Middle East had egroximity advantages which made its
population taller during the pre-1880 period. Bsturban lower classes had similar purchasing
power as those in the poorer four fifths of Eurdpecontrast, urban merchants, factory owners,
large land-owners, highly qualified engineers, otlpeofessionals, and similarly well-to-do
persons who might have increased GDP per capitaVastern Europe were probably
substantially poorer in the Middle Eastern regiamselative terms. And what happened after
1950? The Middle East had a substantial increasel per capita particularly from 1950 to
1970, but the economic development in the indU&timg countries was even stronger (Figure

6).

2.7 Conclusion

This study enlarges our understanding of the Midiestern biological standard of living in the
nineteenth and early twentieth centuries by progdianthropometric estimates for eight
countries of this world region. We have to admattthe data might potentially contain more

measurement errors than height studies from inidliging countries, as we had to rely partly on
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anthropological surveys which reported heights mnaggregated way. Unfortunately, for the
Middle East military records are not available. Our researcithe Ottoman archive in Istanbul
showed that heights in the Ottoman military weréyoecorded as “tall-middle-short” without
clear definition of those categories. Heights as@mers were only exceptionally recorded by
Western anthropologists and included in our samidience no large-scale individual height
records from archival records can be expected ftbentypical sources. Here the choice is
between either leaving a large blank spot on thtarapometric history world map or else
undertaking a challenging exploration into thespanant world regions. We clearly suggest the
latter strategy. Moreover, our dataset also hangths, as for example half of the underlying
data comes from a Turkish study which was drawmessmtatively for the whole population.
Robustness tests showed that also the anthropenestimates of the other countries might be
quite reliable, at least for obtaining an ideahs general level of heights. Also, the development
over time was quite similar in the main countriegler study, which again suggests relatively
robust estimates.

In general, Middle Eastern height values were higthan those of industrializing
countries in the mid-nineteenth century. During ¢aely stages of modern economic growth, the
Middle Eastern regions enjoyed some of the wellwkmdadvantages of proximity” to animal
husbandry, as a substantial proportion lived inomeg specialized in this agricultural activity.
Those people were taller than other populatiorssituation in which some protein-rich, but less
highly valued products of animal farming (offal amilk, for example) could not be shipped at
sufficiently low cost. It fits into this picture @ desert inhabitants in Irag were 1.3 cm tallanth
those from other rural regions. Moreover, in Egygsert populations had a 1 cm advantage over
urban dwellers, and for all eight countries theghtiadvantage of desert people was 0.6 cm

(significant at the 0.10 level). The share of noimgople in Iraq declined from 35 percent to 5
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percent, suggesting that the share of people exgayiose “advantages of proximity” declined
between 1867 and 194ssawi 1966, p. 158). This is important for the remmies of the
industrializing countries as well, because inhatgaof industrializing cities sometimes had
higher purchasing power of tradable goods, buihdidhave these proximity advantages (Komlos
1998, Baten 1999, Baten and Murray 2000). In theldi& East, substantial parts of the
population lived as Bedouins, who initially bentftt from those advantages, but after the late
nineteenth century European urban industrial pdjuma could buy cheap proteins and benefitted
from improving disease environments during the tedn century. This was the period when the
Western industrializing countries overtook the Ma&astern populations, especially so, as its
urban populations could not benefit sufficientlygchuse industrial development and income
growth took place much later (Pamuk 2006, IssaW5)9During the late nineteenth century the
industrial countries started to overtake the Mid@last in terms of net nutritional status.
Afterwards, a strong divergence was observabléhitnstudy we have been able for the first time

to identify the point in time when the Middle E&sll back relative to industrializing countries.
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Tables

Table 1: Population densities in selected Europeaand Middle Eastern countries

Population density Population per arable land

1820 1870 2003 1820 1870 2003
Germany 70 110 231 199 314 681
Italy 67 93 192 153 212 698
United Kingdom 87 129 247 295 436 981
Czechoslovakia 97 129 199 236 314 496
Iraq 2 4 56 24 34 448
Yemen 5 5 37 205 225 1,344
Middle East (8 countries) 8 10 99 79 110 996

Note: “Middle East (8 countries)” is weighted with population size. ,Arable land“ refers to 1961 for 1820
and 1870, and to 2003 for 2003. Source: Maddison (2001), World Bank (1995), www.worldbank.org,

accessed May 5th, 2008.
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Table 2: Anthropometric data sources for the birthdecades of the 1850s to 1910s

Country Height sources

Egypt Ammar (1944), Chantre (1904), Craig (1911), Field (1952b), Orensteen (1915)
Iran Weissenberg (1913), Field (1939), Pardini (1975)

Iraq Field (1929, 1931, 1936, 1940, 1951, 1952a, 1956)

Palestine/lsrael
Lebanon

Syria

Turkey

Yemen

Genna (1938), Gloor (1950), Vallois (1964),

Seltzer (1936, 1940), Shanklin (1935,1946)

Seltzer (1940), Shanklin (1936,1938), Weissenberg (1911)

Inan (1939), Chantre (1895), Wagenseil (1925), Crowfoot (1900), Field (1956)

Weissenberg (1909), Cipriani (1938), Thomas (1929, 1931, 1932)
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Table 3: Whipple Indices of our sample in compariso with census data

Country Birth decade Sample Census N (sample)
Iraq 1900 325 237 231
Iraq 1910 300 226 30
Iran 1890 367 228 60
Iran 1900 308 239 99
Iran 1910 228 198 46
Turkey 1850 297 361 37
Turkey 1860 315 315 54
Egypt 1870 330 451 47
Mean 309 282

For comparison:

United Kingdom 1850 115
Poland 1850 149
Dominican Rep. 1910 221
Nigeria 1910 304
India 1910 367
Pakistan 1910 412

Note: Iraq 1910 and Iran 1910 refer to age 20-49 (otherwise observations would be less than 30). Source:
we thank Dorothee Crayen and Joerg Baten for friendly providing the Whipple Indices based on censuses

(males). See also Table 2. Abbreviations: see Table 2.

46



Table 4: Number of height observations by countrypirth decade, and individual versus

grouped data

1850 1860 1870 1880 1890 1900 1910 Total

Egypt 738 109 9447 10294
22 145 28 36 231

Iraq 1733 740 2473
20 78 165 394 30 687

Iran 119 119
30 50 61 99 46 286

Israel/Pal. 381 640 1021
0

Lebanon 1066 415 1481
0

Syria 1581 282 1863
0

Turkey 4402 5098 7014 12478 28992
39 63 37 23 28 2 192

Yemen 38 40 78
22 30 10 18 80

3984 1694 9584 4619 7095 8267 12554 47797

Notes: Grouped data are grey-shaded. Sources: Table 2.
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Table 5: Raw height average by country and birth deade

Country 1850 1860 1870 1880 1890 1900 1910
Egypt 166.44 167.82 166.92 163.55

Iraq 168.55 166.52 168.85 165.73
Iran 165.34 165.82 163.44 165.44 166.83 166.08

Israel/Palestine 168.42 168.63

Lebanon 166.58 167.23

Syria 166.35 168.03

Turkey 168.82 168.94 168.34 167.39 168.41 168.40 167.70
Yemen 162.45 161.30 158.80

Note: Height averages are weighted by the number of observations. Only cases with N>30 shown.
Sources: Table 2.
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Table 6: Height averages by region type and country

Country Coast Desert Other Urban Desert
rural minus urban
Egypt 167.03 166.92 166.99 165.79 1.13
Iraq 168.78 166.71 167.92 0.85
Iran 166.03 164.59
Israel/Palestine 168.06 168.00 168.73
Lebanon 166.76
Syria 167.16 165.93 168.10
Turkey 168.12 167.95
Yemen 161.45

Note: Height averages are weighted by the numbebsérvations. Only cases with N>30 shown. Sourtaiste 2.
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Table 7: Weighted Least Square regressions of heitghin the Middle East

(D) p-value (2) p-value 3) p-value

Coast 0.18 0.66

Desert 0.56* 0.09

Large urban -0.11 0.81

Jews -2.56*** 0.00 -2.47*** 0.00

Age 20 -0.52*** 0.00 -0.52*** 0.00 -0.51*** 0.00
Migrant -0.24 0.63 -0.33 0.29 0.00
Syria 1850 -1.61** 0.01 -1.61*** 0.01 -1.60*** 0.01
Syria 1860 0.03 0.96 0.07 0.88 0.08 0.86
Lebanon 1850 -1.50*** 0.00 -1.38*** 0.00 -1.37%** 0.00
Lebanon 1860  -0.79**  0.03 -0.73***  0.00 -0.72*** 0.00
Iran 1850 -2.62**  0.02 -2.62**  0.02 -2.61**  0.02
Iran 1870 0.31 0.81 0.33 0.80 -2.13* 0.07
Iran 1880 -2.76***  0.00 -2.84*** 0.00 -4.51*** 0.00
Iran 1890 -1.97%* 0.01 -2.03* 0.01 -2.51*** 0.00
Iran 1900 -0.48 0.54 -0.55 0.46 -1.12 0.13
Iran 1910 -0.76 0.38 -0.83 0.32 -1.63**  0.04
Iraq 1870 0.93 0.51 131 0.34 1.32 0.34
Irag 1880 0.42 0.50 0.60 0.32 0.61 0.31
Iraq 1890 -1.35** 0.00 -1.30*** 0.00 -1.43*** 0.00
Irag 1900 0.61 0.12 0.95*+*  0.01 0.96***  0.01
Irag 1910 -1.80 0.11 -1.91* 0.07 -1.91* 0.07
Yemen 1850 -5.69***  0.00 -5.51*** 0.00 -5.50***  0.00
Yemen 1860 -6.83***  0.00 -6.66*** 0.00 -6.65***  0.00
Yemen 1880 -7.18*** 0.00 -7.01*** 0.00 -9.15***  0.00
Yemen 1890 -5.23***  0.00 -5.06** 0.00 -5.05%**  0.00
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Yemen 1900 -5.96*** 0.00 -5.78***  0.00 -5.78*** 0.00

Yemen 1850 0.71 0.41 0.86 0.29 0.87 0.28

Turkey 1860 111 0.14 1.22* 0.08 1.00 0.16
Turkey 1870 2.13** 0.03 2.15%* 0.02 0.49 0.57
Turkey 1880 -0.56***  0.00 -0.56***  0.00 -0.56***  0.00

Turkey 1890 0.46***  0.00 0.46***  0.00 0.46***  0.00
Turkey 1900 0.45**  0.00 0.45**  0.00 0.46***  0.00
Israel/Pal. 1850 1.11***  0.00 1.08**  0.00 0.47 0.22

Israel/Pal. 1860 0.90***  0.01 0.90***  0.00 0.68***  0.00

Egypt 1850 -1.60** 0.01 -1.51*  0.01 -1.50** 0.01
Egypt 1860 -0.26 0.51 -0.14 0.73 -0.13 0.75
Egypt 1870 -1.07*** 0.00 -1.04*** 0.00 -1.03*** 0.00
Egypt 1880 -4.96*** 0.00 -4.41%** 0.00 -4.40*** 0.00
Constant 167.95*** 0.00 167.96*** 0.00 167.95*** 0.00
N (Original) 47797  0.00 47797  0.00 47797  0.00
R-squared 0.32 0.31 0.30

Notes: Robust p-values in parentheses. ***, ** * significant at the 0.01, 0.05 level, 0.10 level respectively.
Intercept represents a 20-50 year old male who was born in Turkey in 1910 (col. 1-3), in a “other” rural
province (col. 1), and who was not migrant or Jewish (col. 1 and 2). N(Original) refers to the underlying,
originally measured persons. The number of different height figures (counting grouped data as 1) is 1,595,

1,476 individual and 119 grouped. Sources: Table 2.
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Table 8: Was the difference between the Middle Easand various European countries

statistically significant?

Comparison Italy Italy Germany-  Germany-  Germany-  Germany-
sample SE (prison) SE (prison) SW (cons.) SW (cons.)
Birth decade 1850s 1860s 1850s 1860s 1850s 1860s
Middle East 2.086*** 3.487%* 1.338 2.279%* 2.742%* 3.627***
(0.81) (0.47) (0.89) (0.66) (0.91) (0.57)
Constant 165.9%** 165.2%+* 166.2%** 166.4%** 164.8%** 165.1%**
(0.11) (0.17) (0.52) (0.47) (0.55) (0.34)
Observations 4241 2157 241 369 182 556
R-squared 0.01 0.03 0.05 0.07
Comparison Germany- Germany- Germany- Czech Czech Czech Czech
sample SW (cons.) SW (cons.) SE (cons.) lands lands lands lands
Birth decade 1870s 1880s 1850s 1850s 1860s 1870s 1880s
Middle East 0.560 -0.178 1.386* 2.906**  3.217**  0.587 -0.683
(0.58) (0.69) (0.80) (1.30) (0.80) (0.82) (1.06)
Constant 165.7*** 165.0%** 166.2*** 164.7***  165.5***  165.6***  165.5***
(0.31) (0.55) (0.35) (1.08) (0.66) (0.66) (0.97)
Observations 562 337 429 98 293 254 262
R-squared 0.00 0.00 0.01 0.05 0.05 0.00 0.00

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1; Notes: the standard deviations of Italy in

the truncated regression model are estimated -- quite plausibly -- as 5.784 (1850) and 6.006 (1860). R-

square for Italy is not reported, as this cannot be calculated for this truncation model. The number of

cases refers to both Middle East and European comparison samples, for the number of cases on the

Middle East, see Table 4. Abbreviation: « cons.”= conscript. Reported is always the coefficient for Middle
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East (ME) in pooled samples of Middle East and European samples. For sources on European heights,

see "http://www.uni-tuebingen.de/uni/wwl/dhheight.html"
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Figures

Figure 1: Regional mean stature of Turkish mal85011910
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Note: due to the inclusion of elderly persons, the height levels are too low. Only the ranking between

regions is informative. Source: processed from Inan (1939).

54



Figure 2: Individual and grouped data for Turkey
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reported. Source and Abbreviations: Table 2.
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Figure 3: Height Development in the Middle Easgioaal, migratory, and religious controls
included)
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Figure 4: Distribution of individual height (males)
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Figure 5: Heights trend in the Middle East and Btdalizing countries (weighted by population
size)
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Figure 6: GDP per capita in 1990 PPP Dollars (weigHby population size)
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Figure 7: Real wages in Istanbul and industriafjzitountries in grams of silver per day
(weighted by population size)
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Sources: Istanbul: S. Ozmucur, S. Pamuk (2002), industrializing countries: Allen (2001)
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Figure 8: GDP per capita (1990 International Geaéngmis dollars)
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3. The Biological Standard of Living and Body Heigh
in Colonial and Post-Colonial Indonesia, 1770-2000

Abstract

How did the Biological Standard of Living develap Indonesia during colonial times? Did it
increase substantially after decolonization? Insiudy, we use four sets of anthropometric data
to construct time series of average human heightesithe 1770s. The paper observes a
significant decline in heights in the 1870s, folenvby only modest recovery during the next
three decades, both of which are related to a seguef disasters. Average heights increased
from the 1900s and accelerated after World WaiThie World Economic Crisis, the Japanese
occupation and the war of independence in the 1880ds1940s constituted a difficult period.
Average height growth thereafter is related to mwpments in food supply and the disease
environment, particularly hygiene and medical care.

Keywords: biological standard of living, human Heg Indonesia, welfare, economic
development

JEL codes: N35, O15, 131

This version: 7 July 2012

This chapter is based on a paper written jointlthviRierre van der Eng (Australian National
University, Australia) and Joerg Baten (Universdl Tuebingen). Journal of Bioeconomics
forthcoming 2013. The concept of the paper was ldpee jointly, analyzes and writing equally
shared.
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3.1 Introduction

How did the Biological Standard of Living develap Indonesia during colonial times? Did it
increase substantially after decolonization? Oliergdast decade, the colonial legacy debate has
stimulated historical research regarding the ardemistion of the long-term effects of colonial
expansion (Acemoglet al. 2001, 2002). This debate followed a much olderyboiliterature

but developed a particular comprehensive demandjdantitative data. One core data source
with great potential is anthropometric evidencehaman stature, which has been developed into
the widely accepted indicator of the Biological r&tard of Living (BSL)*® Indonesia is a
particularly important case for this line of resgmabecause its colonial history can be divided
into three different phases. During the early mgtdhe Dutch colonial power was primarily
interested in trading spices, and it interferedyanbdestly with the life of the population of the
Indonesian islands. During the second phase, thehDeolonial government implemented the
Cultivation System in much of Java during 1830-18Fdis system enhanced the cultivation of
major export crops, such as coffee, sugar canerahdo in Java. Farmers were compelled to
produce such crops on farm land or to contribu&r tlabor to the growing of crops on newly
opened plantations (Van der Eng 2004). Third, theécB colonial government implemented a
number of ‘ethnical’ welfare policies since the 089these policies involved public agencies for
hygiene and health care, agricultural extensiotenreary services, small-scale credit facilities
and similar institutions (Boomgaard 1986; Cribb 3p%ome scholars argued that such policies
had positive consequences for the standard ofgjwvhereas other researchers maintained that
these policies represented mere window dressindratdheraison d’étreof Dutch colonial rule

continued to be the exploitation of Indonesian wveses until Indonesia finally became

20 This term was first coined by Komlos (1985).
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independent in the 1940s. In this study, we widless whether the Cultivation System may have
had a detrimental influence on the nutritionaligadf Indonesians, especially during the second
phase. One could hypothesize that the expansidheoplantation system could have exerted
pressure on the subsistence production of foodh@&gopulation was also substantially growing
in size, the combination of those factors could ehavorsened the nutritional status of
Indonesians. A second hypothesis would be thainitreased international interaction during the
‘First Era of Globalization’ of the late f9century could have contributed to a deterioratién
the disease environment in Indonesia. The meaxfréise third phase, the ‘ethical’ welfare
policy phase, could have been a reaction to hesdihes during the previous phase. We will
assess the effects of these different phases ddShen Indonesia.

Two major studies discussed the long-term developrokliving standards in Indonesia
and found it difficult to balance contrasting ekigt views (Booth 1998: 89-134; Dicét al.
2002: 133-35, 157-58). Nevertheless, these studies echoed the commomarguhat Indonesia
has experienced ‘growth with equity’ since the 19@8 a consequence of the ‘pro-poor growth’
policies that were pursued by its government arad yirelded low rates of income inequality
(e.g, World Bank 2005: 126-127). The argument thatnecasic growth in recent decades
improved living standards equally across the baardot compatible with recent evidence of
significant income inequality (Leigh and Van derge®009). The purpose of this paper is to
contribute to these discussions in the literatur¢he basis of an analysis of long-term changes in

the average heights of men and women in Indonesia.

I Indonesia’s national accounts data are now obreatsle quality, but at least until the methodolagrevisions of
1993, Indonesia’s official national accounts dataaf questionable reliability (Van der Eng 20024¢nce, for the
analysis of long-term changes, alternative indicatd economic growth and changes in the standiiding are
required. A few other indicators of living standsrduch as life expectancy, infant mortality, ediocal attainment
or per capita food supply are available (Van deg E802b), but their reliability is questionable mgiback in time.
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Although the more recent anthropometric situationiidonesia has been studied, the
study of long-term economic change in Indonesialmsdly used anthropometrics, which have
been widely used to assess changes in the BSLsendeveloped countries, such as in Africa
(e.g, Moradi 2009; Austinet al. 2012) and Asiad.g, Batenet al. 2010)?* The lack of
anthropometric studies is even more astonishinguse Indonesia is the fourth largest country
in the world, with a population of 238 million in020. The lack of readily available data
prevented the analysis of anthropometric data ridomesia for the period before 1930This
paper is the first study to analyze such data baseskveral sources for this purpose. To analyze
long-term changes in average heights, we must densi number of determinants of height.
Specifically, changes in nutritional status, theedise environment, hygiene and health care are
relevant.

Multiple datasets are required to examine heiglield@ment in Indonesia. These datasets
are presented in following subsections. Nonetheléss combination of such diverse datasets
creates identification problems that are inherantdupling diverse datasets because we are not

fully able to isolate general patterns from setetbiases, especially in the case of the earlyeslav

22 One exception is Foldvaet al.(2012) for the 28 century. This study finds that regional differentetween Java
and the Outer Islands changed towards the encegiehiod: while the Outer Islands had a nutriticaditantage
early-on, the 1960s saw an overtaking of the chyptiion — Javanese were now taller than those bor@umatra
and the other islands. Unfortunately, the trendrege in this study for the period before the 198Qdifficult to
interpret, because the authors did not includetamylicategory dummies and age dummies in theiessipns: The
first three birth decades consisted of older soddieainly in their 30s and 40s of age. In most asnaif the period,
those age groups represented elite groups sugeeamby trained soldiers, grenadiers, guardsmed,dafficers. In
other army samples, those groups were always thberthe normal (and young) recruits. The fira tyirth
decades represented less than 1 percent of thel&bdset in the 1890s and 1900s, respectivelytlzmd910s cohort
is also much smaller than the young recruits iiir tha&rly 20s. Hence their trend estimates arediiffito interpret.
However, their regional findings seem reliablecémtrast to the dearth of studies of heights dutfiregcolonial era,
there is a number of studies on the recent peRedearch based on household surveys in Indonesia tsie 1990s
has pointed out the short run effect of crisislmmnutritional status for the fourth largest couimrthe world, as
well as the negative effect of child labor on aoffametric values (Blockt al. 2004; Wolffet al. 2008).

23 Van der Eng (1995) focused for that reason or2@ecentury.
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dataset. Therefore, the causal interpretation ¢ticge 3 and the tentative conclusion (section 4)

must be drawn with cauticht

3.2 Data section
3.2.1 Slaves in Batavia, 1770s-1810s

The first dataset that we used consists of a lisslaves in the city of Batavia (now
Indonesia’s capital Jakarta); this list was contpile 1816 for the purpose of collecting tax from
slaveholders. Slavery was a common institution ontBeast Asia and in Batavia under Dutch
colonial rule. During a brief English interregnurorh 1811 to 1816, the new government sought
to undermine the institution with the purpose ofolahing it. In 1812, the government
proclaimed an annual tax on the owners of slavdawa, and slave registers were created for this
purpose (Paulust al. 1917-21, vol.3: 803-4). The reason to include hisign the slave register
remains unclear. The government proclamation requawwners to provide a description of their
slaves, possibly for the purpose of identifyingve during checks of owner households by tax
officials. Many owners recorded the height of tr@aves and other physical features, whereas
other owners recorded only identification markghsas facial scars.

The register recorded the name, age, height andrregf origin of each slave. The
original height evidence was reported in Rhenig;fan our analysis, we use metric measures.
Information pertaining to the slaves was providedthe owners. The place of origin was
typically the port from which a slave had been $ported to Java. Some slaves may have been

unaware of their age; in these cases, their ommergded estimates of their ages. The penalty

24 Eor 1770-1790 and 1810, we construct two benchsa&tom 1850 onwards, there are continuous tiniesser
until 2000.
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for false registration was the emancipation ofslaes; thus, owners had an incentive to register
their slaves with accurate data.

The register enables us to create (1) a subsd(§kves that is characterized by modest
rounding and (2) a full dataset of 1,537 observetid he datasets are drawn from some pages in
the source on which substantial rounding occurretifeom other pages in which rounding was
more modest> We performed regressions with both the full datastich is characterized by
the strong rounding pattern, and the limited sanfimlevhich rounding was less severe. For the
full dataset, the rounding to 4 feet was actuallycmmore common than rounding to 5 feet;
hence, the full dataset yields lower estimates. Wéelld argue that the limited dataset yields
more reliable estimates.

Where did the slaves originate? The number of sldk@m outside of the Indonesian
archipelago was negligible, hence we omitted thssgular cases. However, even within
Indonesia, we could imagine large ethnic differendeortunately, the regions of origin were
relatively widespread, from Aceh in the NorthwestNusa Tenggara in the Southeast of modern
Indonesia. Many of the Indonesian slaves were Basggirfrom Sulawesi in the Northeast. Other
well-represented areas were Bali and Timor (clessifinder Nusa Tenggara in Table 1), and a
sizeable portion was born in Batavia as descendahtslaves. East Indonesia was well
represented in the data because it was customamefiple in this part of the country to enter
slavery through sale by local rulers, debt, punishincapture during war, or piracy and raiding
(Abeyasekere 1983: 291-3). Many slaves were bodawa, but they may have been descendants

of slaves who were transported from elsewhereeratichipelago, as an early ruling of the Dutch

% The original dataset contained 2,479 observatigtisheight, age and gender statement (Abeyasdlgsa: 289).
Reducing the dataset to those aged 20-55 andripiiteight to typical intervals (110 cm —200 cmiluees the
sample to 1,537 observations. The rounding issegptained in detail in an Appendix, which will beade available
on the internet. The register itself does not idgigiender, which was established on the basis@fiames of the
slaves (Abeyasekere 1983: 289, 294).
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East India Company — the Dutch authority priortie establishment of colonial rule in 1796 —
prohibited the enslavement of Javanese.

In Table 1, we show the results of an OLS regoesahalysis of heigf The table does
not distinguish between the three birth decadeshasumber of observations is prohibitively
small. Among the females, Balinese slaves and tliimsa Nusa Tenggara were the tallest,
whereas among the males, only those from Sumatcdudiing Aceh) were significantly shorter
than those from Jakarta. We also report an estiroatthe overall population share of the
different regions in Table 1 and compare this estanwith the sample share of slaves. Slaves
from Jakarta and Bali were clearly oversampled, rehq® the remaining parts of Java and
Sumatra were underrepresented. To ensure thatsborages are representative of Indonesia, we
calculated weighted averages of the various regidhne weighted height average of male adults
who were born during the 1770s through the 1790863 centimeter (cm), and that for females
is 146.0 cm. The height of slaves is close to theekt level that has ever been observed
throughout the entire world for the"i@nd 18' century.

In terms of social height selectivity, we canndeoflefinite statements. The slave sample
may have an upward bias, if especially tall andmgjrpersons were enslaved through war or
raiding. By contrast, a negative social height lmas be expected if poorer people were more
likely to experience debt slavery. We cannot asgemvhether these potential biases might have

balanced one anoth&rEltis (1982) argued that, with regard to Africaaves, the samples were

%67 The age dummies of adolescents are heavily coecklaith the birth decade dummies, and thereforaalo
yield robust results. They are therefore excludephint dummy variable is used as a control for #0e22 age
groups as there are insufficient observationsHerimdividual ages. The results are almost idehifithis age group
is excluded.

27.0n the other hand, around 1800 most of the Indaneschipelago was still relatively sparsely pepedl and —
with the possible exception of occasional famiressed by crop failure and epidemics — the averegarthy have
been sufficient for subsistence. But this assutmaisthe diet of slaves was sufficient as well dretéfore that the
cost to owners of feeding slaves was sufficierdly.|
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probably relatively unbiased compared with the allggropulation. However, he did not possess
direct height evidence of other groups with whigltbmpare. Rather, his arguments relied on the
fact that samples of slaves were normally disteduboth slaves from regions with short slaves
and those with tall slaves. Eltis argued that lif skaves were preferred, then there should have
been a shortfall in the lower half of the slavegheidistribution in ‘short’ regions. Eltis also
argued that price differentials between regionsstodrt and tall slaves were not observable.
Hence, his impression was that height did not plagle in the enslavement process. Whether
those arguments also apply to Indonesian enslavgonecesses cannot be ascertained.

All of the adolescents in the sample were bornrduthe 1800s and 1810s. Previous
studies have found that the years prior to measemehave a substantial influence on the heights
of adolescents compared with the later years pnegediulthood €.g, Baten 2000). Many of the
adolescent slaves may have grown up in relativéfjuemt household§® Therefore, we
attempted to determine whether these adolesceamsskzenefited from living in such households
compared with the adult slaves in the sample. Risrgurpose, we estimated the adult height of
the adolescents in the 1816 slave datdsEar each child, we calculated the height-for-age z
score (HAZ value), which is a device to expresglieindependently of the age of measurement.
A HAZ value of O corresponds to an average chitduse of well-nourished populations in the
late 20" century. An HAZ value of -1 indicates that a cHilas a growth path that is one standard

deviation below this modern averatjdn this case, final height is expected to be &6-cor one

28 Abeyasekere’s (1983: 296) 10% sample suggestabtimatt one-third of the slaves were in respecti&lyopean,
Chinese and other (i.e. Arab, Moor, indigenous)setiolds.

29 Eor the purpose of converting HAZ values into aglbkight equivalents, the HAZ-values are expressiative to
mean heights in the US (in this case 176.8288 any,their standard deviation (6.576107 cm). Ihentpossible to
convert for males using the equation height = 127838+ 6.576107 x HAZ and for females height = 163:6.989
x HAZ

30 The reason to use a US standard, rather than stiibe developing countries is that the US stathdmthe
measure used in the overwhelming majority of raiégtudies. The aim is to make this calculationfoot
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standard deviation — shorter than 176 cm, whidhesaverage US height. A child with an HAZ
value of 0 would achieve an adult height of 176itthe environment were unchanging, and a
child with an HAZ value of -1 would be corresporglinshorter. We find HAZ values of -2.36
standard deviations for male children (N = 69) raftiscarding extreme outliers of + 9 standard
deviations) and -2.93 for female children (N = 72jansformed into adult height, the male
children would be expected to become, on avera®fk31lcm tall later in life and females would
become 146.1 cm tall if the nutrition remainedtasas in the households of the slave owners. In
both cases, the adult adolescents would be taiéar their adult peers in 1816. Their heights are
close to the highest level that was observed latére 19" century (see below). In other words,
adolescents may have benefited from growing upawveshouseholds because their diet may have
been superior to that in the villages in which thgarents grew up or because the BSL in Java

improved as a whole.

3.2.2 Data on migrants from Indonesia to Surind8%0s-1910s

Our second dataset refers to contract labourersmigmated from Indonesia to the Dutch
colony of Surinam in South Ameri¢aThe institution of contract labor has a long higtim the
Indonesian archipelago. For example, the firstngiteby the Dutch colonial government to
regulate the practice dates to 1819. After slawvesg abolished in Surinam in 1863, plantation
owners began to recruit contract workers in Inagid Bndonesia. The Indonesian contract laborers

were almost exclusively recruited in Java from 1888939 to work on plantations in Surinam.

J

subgroup of countries (such as developing natidng)to make it comparable for the whole world.

31 Sources: Historical Database of Suriname, assehitylélaurits Hassankhan (University of Surinamej an
Sandew Hira (Amrit Consultancy), based on the feilifm original sources: National Archives of Suriram

immigration registers: 1.China 1864/1871 no. C16&92. China 1864/1871 no. C967- C1080; 3. Registéna
1880 4. Register Barbados and China 1879 no 386D.
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Data on these workers, including age and heighte wecorded upon arrival in Surinam. Java
was a preferred area for recruitment because isicrggopulation growth and density implied
that Javanese wage rates were relatively low.

Two potential biases in the migrant sample may ledfexted the oldest cohorts because
those over the age of 45 may have begun to shhiekdy, although modern longitudinal studies
find this effect to be relatively modeste(, less than half of a centimeter up to the ageOodrad
less than 1 cm until age 58)Nevertheless, this effect could produce a downvidad among
the earliest cohorts. However, those who survivedages 50 or 55 may have been better-
nourished individuals. Moreover, a small upwardshtauld have been generated by recruitment
if the recruiting agents of the plantations weraengelective in their choice of older recruits than
younger individuals. Although detailed studies mpad that this recruitment bias primarily
concerned chest circumference (Breneaml. 1994a, 1994b), the possibility that this bias also
applied to height cannot be excluded.

All male observations were first included in a jonegression using age dummies for
those aged 18-22. The age dummies were correlatbdseme of the birth decades, and the
results were thus implausible. Therefore, Tablés#rdjuishes between mature adults aged 23-55
and young adults aged 18-22, who were analyzedaepaas a cross-check for the trends in the
23-55 age groups. Migrants from West Java were asdte reference group in the constant and
the 1900s birth decade. The regression analysiBable 2 indicates that regional differences
within Java, where most contract workers were liggniuwere not important. Individuals born in
Jakarta were consistently taller, whereas males fYfogyakarta were sometimes shorter, but the

differences were not always significant. Heightstlwe three regions of rural Java appear

%2 Guntupalli and Baten (2006) also arrived at lo\grées of shrinkage in cross-sectional data in staity of
heights in prewar India.
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relatively homogenous for this group. Table 2 sholeat the young adults (aged 18-22) were
much shorter than the mature adults. A possiblgoress that in periods of poor nutrition, young
males continued to grow for an astonishingly loegga, sometimes even until their mid-20s.
Compared with the male birth decade constant ofl8@¥s, people who were born in the
1850s and 1860s were significantly taller. The Istwealues were reached in the 1910s and the
1870s/1880s. Male and female height developmergatsvsome similarities, such as the low
levels in the 1870-1880 period, as well as somiemifices’ In Figure 1, we observe that the
height development of the series ‘Migrants, adudtsd ‘Migrants, 18-22’ is nearly identical.
However, the levels differ substantially, as growtttil age 22 (which is the constant for young

males) remains substantial.

3.2.3 Anthropological and Medical Surveys Data$850s-1930s

For a similar period as in the previous sub-secttodataset was constructed on the basis
of height data for males that were reported inrgeaof anthropological and medical studies of
people in Indonesi¥ Despite some shortcomings, as discussed belosvdgiaset is a valuable
resource for the purpose of cross-checking possialges in the migrant data. This dataset also
allows this study to extend the analysis of trematd the 1930s.

The primary challenge of this dataset was that solmervations are in the form of
grouped data. In studies of height trends, a freggpeblem regarding anthropological surveys is
the paucity of the information that is given ontlvicohorts, as many anthropologists of the late

19th and early 20th centuries assumed that anthrepiws did not change over time. Hence, the

% Figure 2 reveals the differences. A Figure willlbade available in an internet appendix.

%4 Data from across the Indonesian archipelago weed for this purpose, with the exception of Newr@aior
West Papua. A list of the publications from whibkege data were obtained is available from the asitho
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birth decades of the measured individuals needdx tapproximated, and it had to be accepted
that a smaller proportion of the measured indivisuaas born before or after the most

prominently represented birth decade. In a waytithe trend that results from these estimated
birth cohorts resembles moving averages insoférsasoothens the height development. Koepke
and Baten (2005, 2008) and Stegl and Baten (2CiBha&ted these grouped and individual data
jointly with weighted least square regressions (WtdSestimate average heights for populations
for which the study of anthropometric developmentid not otherwise be possible. This part of
the paper uses the same methodology and followlseD#c(1990) by weighting each observation
by the square root of its group size.

Table 3 shows the results of two regression mometsipture trends in heights. The data
yield a low point for the birth decade of the 18{@dative to the constant that refers to the
1900s) and low heights for the 1880s and 18908diatih the 1880s coefficient is not statistically
significant). Table 3 confirms the taller birth asts of the 1850s and 1860s that were found for
the migrant evidence and the recovery of averagghhafter the 1890s. If we assume some lags,
then the low values of the 1870s and 1880s in imehmigrant and anthropological datasets
could provide an initial indicator that the Cultian System may have had adverse effects on
human stature.

For the 1920s and 1930s, some height data areableaifor young Indonesian male
adults. In this case, the underlying sample sidarge (N = 2,020), but most of these data are
grouped®® The coefficient of the 1930s is not significantjfferent from the constant that

represents the 1920s.

% The dummy variable for age group 20-21 yieldedlampible values, partly because age rounding ictetzere
with age structure, as the observations includ#iidaals whose age was rounded to 20. In Figurasdl2 we
therefore use the average height, not the constant.
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3.2.4 Indonesian Family Life Survey Datasets, 192030s

We used data from three rounds of the represeatdtitonesian Family Life Survey
(IFLS), which comprises large-scale socio-econoand health surveys that were conducted
throughout Indonesia in 1993, 2000 and 2007. Algionot all regions were covered, the IFLS
was organized with great care to ensure thatasigepresentative as possible. In Table 4, we find
a more substantial increase in average heightsseetthe 1940s and the 1980s.

Finally, we estimated adult heights for the 19964 2000s on the basis of the heights of
children from the IFLS. We applied the method tdineste adult height from child-related
evidence. Hence, to project adult height, we u$edheights of 3,031 female and 2,893 male
children aged 8 to 17 born during the 1990s as ag8,324 female and 3,416 male children aged
4 to 7 born during the 2000s. The average aduffhteiof males who were born in the 1990s and
2000s were estimated at 165.9 and 167.7 cm, ars® tbbfemales were 153.8 and 156.0 cm,
respectively. In other words, economic developmemdonesia from 1990 to 2007 had positive
effects on the stature of children who were borminduthese years, despite the 1997-1998
economic crisis. If those relatively favorable amtstances continue, then children in this area

are likely to acquire higher adult stature thanrtparents.

3.3 Long-Term Trends in Heights in Indonesia

Figures 1 and 2 combine the evidence from Sectian®present long-term trends in the

average heights of adult males and females in lesiarduring a period spanning more than two

centuries. These trend estimates were obtained eftetrolling for differences in the four
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samples in terms of age and region of origin. Far 1810s, 1990s and 2000s, the data are
estimated on the basis of the heights of childfen.

In Figure 2, we reveal broadly similar trends gigihg to the average heights of males
and females. The gap between the two sexes ditha@ase because there were no substantial
changes in the status of women in Indon&sMale slave children in the 1810s were projected to
be taller than adults later in thetﬁﬁentury. This result may suggest that male heiglase
overestimated, especially in the 1810s. As we sstitle continuous information regarding
height for the years prior to the second half & 11850s, the trend in that period is ambiguous.
Another key feature in Figures 1 and 2 is the deswein average heights of especially adult
males in the birth cohorts of the 1870s, the slesovery during the 1880s-1900s and the
decrease in the heights of females in the birthodshof the 1870s and 1880s. The decrease in
female heights in the 1910s birth cohort may bateel to a low number of observations.
However, we seek to determine how the decline duhie 1850s-1880s can be explained.

Most anthropologists agree that modest or sevelautngion — particularly in infancy
and childhood — in interaction with a disadvantagedisease environment is a major cause of
stunted growth in developing countries today (Bap@8). It is difficult to be specific regarding
the influence of individual events, but Indonesid suffer the consequences of four calamities
during these decades, particularly the core iskaindiava. First, a series of droughts during the
1870s-1900s, particularly 1875, 1877-1878, 1885518888-1889, 1891, 1896-1897 and 1902-

1903 (Van Bemmelen 1916; Paulas al. 1918-21, vol.2: 339), had a negative effect on the

% There is also evidence on 54-55-year adults bothé 1930s, but their height is probably affedigdld-age
shrinking, which has been estimated to be aroucw &t this age. Adding 1 cm to their age, actuiiythe estimate
based on the 18-22 year-olds quite well (the hedjthhose aged 54-55 is still one centimeter lowet,the gap to
those aged 18-22 is smaller). Hence we added dijustanent for old-age shrinking in Figure 1.

37 Block et al. (2004) identified that reduction of micronutridabd intake during the crisis of 1997-1998 ességtia

affected the nutritional status of women and math@hese findings are consistent with the hypostibsit mothers
buffer children’s caloric intake.
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production of rice, which was the main staple drofhe core island of Java at a time when new
technologies to advance rice production were atiléast 20 years away (Van der Eng 1996).

Second, the 1883 eruption of the Krakatau volcdhthe coast of West Java was one of
the largest volcanic disasters in human historye &tuption and the subsequent tsunami claimed
an estimated 36,147 lives (Tangetyal. 1998: 139) and affected rice production in Jacaastal
regions. The enormous quantities of ash that welemased by the eruption and the subsequent
showers of ash pouring down also affected cropymtion across the Indonesian archipelago.

Third, the 4' (1864-75) and '8 (1883-96) global cholera pandemics were brought to
Indonesia by Muslim pilgrims returning from the aahHajj to Mecca. At that time, cholera was
endemic in Indonesia and contributed to significacteases in mortality rates, such as during
the 1874-1875 and 1881-1884 periods (Boomgaard :1987 Gardiner and Oei 1987: 71),
although other diseases, such as dysentery, masaniallpox and measles, also contributed to
these rates.

Fourth, a massive outbreak of cattle plague ocdufmem 1879 to 1883, and the only
solution at the time was the wholesale slaughteinf#fcted and suspected animals (Spinage
2003: 487). In total, the stock of buffaloes indakeclined by 17% relative to 1878, particularly
in West Java. This decline is likely to have negdyi affected the food supply because buffaloes
were crucial to the preparation of fields for rm®duction and as a source of protein. The cattle
plague problem arose again during the 1889-18931808@-1899 periods (Paules al. 1917-21,

vol. 4: 522) until it was finally eradicated in 103

% Was animal protein consumption influenced by ielig taboos? Early 30century assessments of food
consumption practices across Indonesia suggestdiigibus or cultural customs did not impose magstrictions
on the use of animal proteins. Pauvdtisl. (1917-21, vol.4: 597-604) notes that most Muslhmeaild not strictly
observe the religious bans on the consumption i pomeat that was naialal. Unlike India, the Hindu faith in
some regions ofndonesia, particularly in Bali, did not inhibitdltonsumption of beef, which is still the case yoda
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During this period, per capita food supply was ohj§00 to 1,750 Kcal per day in Java,
which was scarcely sufficient for subsistence ahgsal labor on small farms (Van der Eng
2000: 596-7). However, such disasters occasiomdbgructed the production of the main staple
crop, rice, and affected the delicate balance batwmpulation growth and the growth of food
production in Java. Markets for food products imaJaere still poorly integrated by 1880 (Van
Zanden 2004: 1040); thus, insufficient food frompsus areas reached deficit areas in Java. Poor
market integration contributed to food shortages @malnutrition, particularly during the months
immediately before each rice harvest. In turn, mmation contributed to stunted human
growth®

The Cultivation System that was promoted by themial government may have exerted
additional pressure on nutritional status, but fhetors mentioned above were primarily
exogenous to this system. Nevertheless, the sppsédtiman and cattle disease was likely
promoted by the intensified global integration midnesia.

Such occurrences assist us in understanding thectred in average height during the
1870s and the absence of recovery during the 1&8@s€ndemic malnutrition and diseases also
assist in accounting for the low average human hteign Indonesia according to modern
standards over a long period. Today’'s developedhicies were in the past also affected by a
combination of malnutrition and a disease environintleat stunted human growth. For example,
the Dutch were among the shorter populations in-18d century Europe because rapid
urbanization had rendered the provision of foogeemlly fresh milk, costly (Drukker and

Tassenaar 1997). At that time, regional populattbas had easy access to substantial amounts of

39 With the exception of the 1940s (see below), camipla episodes of reduced food supply and maliariridid not
re-occur in Indonesia during the"26entury, despite occasional massive volcano emptand droughts.
Effectively, the increasingly advanced integratidmarkets for food crops allowed the Indonesiamneeny to
absorb the consequences of such events.
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animal protein (such as the American Indians oresofithe white American farmer populations)
were particularly tall, whereas a low populatiomsigy created a beneficial disease environment
(Steckel and Prince 2001; Komlos 2003). By the 18t century, these populations were closely
followed by Australians of European origin, who hanhilarly protein-rich diets. Improvements
in the protein and calcium content of the averag are likely to be an important factor in
explaining average height gains, ande versa(Baten 2009). As the final stature of humans is
largely determined during the early years of lifeg availability of those nutrients to children was
crucial for the purpose of maximising adult stat{Begin 1988).

Although not conclusive, Figure 3 suggests a ctmseelation between per capita protein
supply and average male heights, particularly dutine colonial years until the 1940s. However,
most of the protein that was consumed was of véf@etarigin, despite the growth of the
consumption of animal products, particularly in eret decades. Indonesia does not have a
tradition of dairy farming. Until recently, the mhaction of milk and dairy products for human
consumption was marginal and provided primarilythe non-indigenous population in the
country (Den Hartog 1986: 64-102). Buffaloes andsavere employed as domestic animals but
were largely used as draught animals for agricaltor transport purposes and for fertilizer.
Approximately 10% of these animals was slaughteesg@ry year, and per capita beef
consumption was only 2 to 2.5 kilograms per peraoa year, or 6 to 6.5 grams per day in the
late 19" century (Van der Eng 2000: 596-7). The consumptibeggs, poultry, goat meat and
mutton may have been more relevant at the timethaue are no data to confirm this possibility.
The consumption of dairy products has increasedifgigntly only since the 1970s, primarily in
urban areas. Until then, the main sources of prateithe average diet in Indonesia were rice,
maize and soybeans; fish and meat were luxuriethoAgh the consumption of protein was

quantitatively sufficient, the fact that this priotevas primarily of vegetable origin may have
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caused the Indonesian population to miss out onctmsumption of important calcium and
vitamins in dairy products (Baten 1999) as wellamgibodies that allowed dairy-consuming
populations to withstand the effects of an advelisease environment (Bogin 1988: 132-33).
Nevertheless, the imperfect correlation in Figursuggests that other factors must have been
relevant.

One relevant factor is that Indonesia’s economgedrnced gradual growth in Gross
Domestic Product (GDP) per capita after 1900, d&m&l growth may indicate a broader array of
gradual changes that both directly and indirectiected the BSL (Van der Eng 2002a). An
example is a gradual increase in public spendinghenservices of government agencies that
fostered welfare (Boomgaard 1986; Cribb 1993). ddion, physical infrastructure improved,
and the economy diversified and created a growamge of new income opportunities across the
country. Public facilities for health care and remgg gradually improved, and the negative effects
of common diseases and pests on popular healtughaddecreased, as demonstrated, for
example, by the successful case of plague eraoiicgdHull 1987; Hugoet al. 1987: 108-9).
Nevertheless, infant mortality in urban areas rewihigh in the 1930s (Van der Eng 2002b),
which implies that the influence of improved healdlte and hygiene facilities was gradual.

The opening of new land for farming and new foodduoiction technologies also
contributed to significant improvements in the aggr diet, particularly from 1905 to 1920 and
later since the 1960s (Van der Eng 2000). Theree wecasional setbacks in terms of regional
food shortages that caused local famines, such &efnarang from 1900 to 1902 (Van der Eng
2004b), and epidemics, particularly the Spanishefiidemic that affected Indonesia in 1918
(Brown 1987). The economic crisis of the early 1938duced income opportunities and may
have represented a setback for human growth (VarEdg 2000; Boomgaard 2000: 44-45).

Figures 1 and 2 show that the 1930s and 1940s dnttbrt experienced a relatively low level of
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height. During these decades, Indonesia experiemaiednly the World Economic Crisis but also
the Japanese occupation and the war of independéhisetime frame was a difficult period of
economic contraction and a major famine that catlsedeath of an estimated 2.4 million people
in Java from 1944 to 1945 (Van der Eng 2000: 60%ATer the 1940s, sustained improvements
in health care and hygiene caused mortality rateketrease and population growth to accelerate
(Hugoet al. 1987: 107-35). These changes are likely to hasteaed the incidence of infectious
diseases in infancy and may have thus benefitecahigrowth.

Another important change was the improvement ofgaguita food supply since the late
1960s. Until then, population growth and the growthdomestic food production had been
delicately balanced, particularly in densely popedalava, with some improvements in per capita
food supply during the 1920s and 1940-1941 but tdexeels in the 1950s and 1960s. Underlying
the growth of food production after the 1960s wees ‘Green Revolution’ in rice agriculture, the
development and integration of domestic marketddod products that enhanced the growth of
the marketable surplus and the diversification afdf production, and greater flows of food
products from surplus areas to deficit areas (Van Bng 2000: 605-7). Assisting these
improvements was the accelerating rate of econgnawth since the 1970s, which facilitated a
significant increase in public and private investti@ physical and health-related infrastructure.
Infant mortality rates decreased further (Van derg E2002a) and thus yielded further
improvements in health care and hygiene, whicluin encouraged human growth in Indonesia.
According to Frankenbergt al. (2005: 6), midwife activity was particularly natiable in

Indonesia. The effects of improvements in healthe cand hygiene were provided by the
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introduction of village-midwife programs in 1989hiwh had large positive effects on the height-

for-age values®

34 Conclusion

In this paper, for the first time, we presentedadah long-term trends in the average
heights of adults in Indonesia since the birth decaf the 1770s. The data were obtained from
four different sources, and they were closely scisgd for the purpose of ensuring their
comparability.

We were primarily interested in the question of hive BSL developed during colonial
times. Did it increase substantially after decatation? We established that human stature
declined during the second phase of the colonidbgewhen the Dutch colonial government
implemented the Cultivation System in much of Jaftar the 1830s. This system may have
enhanced the cultivation of major export cropshsag coffee, sugar cane and indigo, in Java at
the expense of food production for local subsisgend may have had a detrimental effect on
the nutritional status of Indonesians, given thatkats were imperfect.

A second hypothesis was that the increased irttenad interaction during the ‘First Era
of Globalization’ of the late I®century could have contributed to a deterioratibthe disease
environment in Indonesia. We demonstrated that1ig0s and 1880s constituted a difficult
period for Indonesia. Specifically, we attribute theight decline to four disasters: a sequence of

droughts, the massive eruption of the Krakatau araicin 1883, cholera epidemics and cattle

40 Maccini and Yang (2009) studied weather varratiad documented that higher early-life precipitatias large
positive effects on the adult heights, health ahd@sehold asset index for women, but not for ni&e. positive
impacts are the results of the effect of rainfallobop output, impacting especially on the nutntaf infant girls
(Maccini and Yang 2009: 11).
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plague. The effects of the latter two disastersheights may have been compounded by a
situation of weakened antibodies resulting frons Ipsotein-rich nutrition of both humans and
cattle.

Beginning in the 1890s, the Dutch colonial governmmplemented a number of welfare
policies that involved agencies for hygiene andltheeare, agricultural extension, veterinary
services, small-scale credit facilities and similastitutions. Nevertheless, the recovery of
average heights during this period was slow, eafigan international comparison (Baten and
Blum 2012).

After decolonization, there was a gradual incraaseverage heights that was related to a
gradual improvement in the general economic sitmaéind, more specifically, to improvements
in nutrition and the disease environment. Both dexctenhanced human growth, particularly
during the crucial period of infancy. Although tkesxplanations are plausible, the relative
importance of each of these factors remains uripestad should thus be the subject of further

research.
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Tables

Table 1: Regressions of Heights of Indonesian Slavéged 20-55 by Region of Origin, Reported in Bataa

(Jakarta) 1816

1) 2 3) (4)
Rounding Only modest Only modest All All
Gender Males Females Males Females
Bali -0.56 5.04** -1.49 1.15
Java (excl. Jakarta) 0.58 4.13 -3.91 1.11
Nusa Tenggara 0.96 5.26* -2.67 2.47
Sulawesi 0.68 1.31 -0.93 -2.36
Sumatra -6.10** -1.75 -6.58%** -3.51*
Age 20-22 -0.76 -1.63 -0.56 -2.14
Constant 157.39%* 144.11%*  157.53%* 145 3%+
Observations 202 308 758 779
R-squared 0.02 0.03 0.01 0.02
Weighted average 156.3 146.0 153.9 144.5

Pop share (=weight)

Sample share

Bali 0.002 0.140
Jakarta 0.032 0.192
Java (excl. Jakarta) 0.343 0.067
Nusatenggara 0.120 0.116
Sulawesi,

Kalimantan, Maluku 0.240 0.400
Sumatra 0.263 0.087

Notes:All explanatory variables are included in the esmion as dummy variables. The constant refelates
born in Batavia (Jakarta).

*** n<0.01, ** p<0.05, * p<0.1

SourcesOn the slave data set, see Abeyasekere (1983)&Riop figures are mainly from Reid (1987), hepe46
and 47.
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Table 2: Regressions of Heights of Migrants to Suniam

1) (2) 3) (4)
Adult males  Males, Adult females Females,
(23-55) aged 18-22 (23-55) aged 18-22

Bdec1850 1.82**
Bdec1860 0.88*** 0.47 -1.6
Bdec1870 -0.1 -0.58* -0.31 -0.28
Bdec1880 -0.47** -1.20%** -1.27%* -1.31%**
Bdec1890 0.39** -0.38 0.16 -0.41*
Bdec1910 -0.73 -1.12%** -1.60*** -1.13%**
Jakarta 1.08*** 1.14 1.33** 1.79**
Central Java -0.29 -0.51 -0.16 0.4
East Java 0.17 0.52 0.1 0.87*
Yogyakarta -1.10%** -0.56 -0.42 0.21
ageb1+ -1.35 1.19
agels8 -2.77%* -2.80%**
agel9 -2.03*** -1.79%**
age20 -1.55%** -1.14%**
age21 -0.35 -1.01%**
Constant 159.32***  158.10*** 149.21** 147.90***
Observations 11,650 3776 6349 3501
R-squared 0.01 0.05 0.01 0.04

Notes:All explanatory variables were included in theresgion as dummy variables. The constant refesl in
models to a person born in West Java during th@ bath decade. *** p<0.01, ** p<0.05, * p<0.1
Source:See Figure 1.
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Table 3: Regressions of Heights of Males from Antlapological and Medical Surveys

1) (2)

Male Male

adult age 18-22
bdec1850 1.42*
bdec1860 2.06%**
bdec1870 -1.65%**
bdec1880 -0.29
bdec1890 -0.77***
bdec1910 0.95%**
bdec1920 2.33%x
bdec1930 0.21
Central Java -0.22 4 .40*
Bali 2.29%*
Central Kalimantan -0.34
Nusa Tenggara -1.78***
North Sulawesi -0.55
North Sumatra 2.69*** 3.49
West Nusa Tenggara 1.39%**
West Sumatra -0.42
Yogyakarta 2.81 %
agel819 -2.38*
age2021 -4.24**
Constant 158.60*** 159.10***
N(underlying) 12,195 2,020

Notes:All explanatory variables are included in the espion as dummy variables. The constant of thesegm of
adult height refers those born in 1900s in WesaJ&he constant of the regression of adults age2Rli@fers those
born in the 1920s in West Java, aged 22. N(unaweg)yiefers to the underlying, originally measuredspns. For
example, due to the nature of grouped data, therlyidg number of measurements are 12,195 in teedolumn,
but there are grouped into 2,155 groups for thétadlhe 2,020 underlying height measurementshferypung
group (age 18-22) are grouped data into only téeréint groups. The R-squares would be misleaderg hnd are
hence not reported.

SourcesOn the anthropological and medical studies in iedia, see a list of references available fromatitbors.
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Table 4: Regressions of Heights from the IFLS Datats for 1993, 2000 and 2007

(1) (2)

Male Female

Adults Adults
Bdec1930 -3.87** -2.66***
Bdec1940 -2.70%** -2.09***
Bdec1950 -1.46%** -0.73***
Bdec1960 -0.70%** -0.40**
Bdec1980 0.92** 0.81**
North Sumatra 0.18 -0.11
West Sumatra -0.83** -0.66**
Bali 1.03%** 2.25%**
Central Java -1.33%** -0.50**
East Timor -0.46* -0.35
Jakarta 0.33 0.27
Lampung -1.21%** -0.79**
Riau 4.27** 0.73
South Kalimantan -1.72%** -1.40%**
South Sulawesi 0.05 0.56*
South Sumatra -1.03** -0.15
West Nusa Tenggara -1.21%** -0.62*
Yogyakarta -0.17 0.63*
Constant 163.10*** 150.97***
Observations 6,359 7,191
R-squared 0.04 0.03

Notes:The explanatory variables were included in theesgjon as dummy variables. The constant of thessipn
of adult height refers those born in 1970 in Westa) *** p<0.01, ** p<0.05, * p<0.1. We also estited using the
sample weight variable. The differences were vargls But as we control for regional compositiofeefs anyway
in Table 4, we only report the unweighted estimat®.

Sourcesindonesian Family Life Survey 1993, 2000 and 2007.
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Figures

Figure 1: Average Male Height in Indonesia by Baitid Measurement* Decade, 1770s-2000s
(centimetres)
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Notes: Measurement decade is used for children measurbe ih810s, 1990s and 2000s. Birth decade 1786ssref
to 1770s-1790s. For males aged 54-55 (birth det@des) in the IFLS dataset, 1 cm was added to atdouold-

age shrinking. For the adolescents in anthropoddgiarveys (anth_agel8-22), we included their ayemastead the
regression results.

SourcesOn the slave data set, see Abeyasekere (1983)ce30for migrant heights: Historical Database of
Suriname, assembled by Maurits Hassankhan (UniyeytBuriname) and Sandew Hira (Amrit Consultanbgsed
on the following original source: National ArchiveESuriname, immigration registers. On the antbtogical and
medical studies in Indonesia, see a list of refeesravailable from the authors. On the post-wapgemdonesian
Family Life Survey 1993, 2000 and 2007.
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Figure 2: Female and Male Height in Indonesia hyhBand Measurement* Decade, 1770s-
2000s (centimetres)
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Note:*Measurement decade is used for children measuar#tei1810s, 1990s and 2000s. Birth decade 1788sre
to 1770s-1790s. “Female average” refers to theviollg series: between 1780 and 1810 female sldetaeen
1860 and 1910 to female migrants (adults) and betvi®30 and 1980 to IFLS female adults.

SourcesSee Figure 1.
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Figure 3: Average Male Heights and Per Capita SuppProtein, 1880s-2000s
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SourcesFigure 1 and Van der Eng 2000.
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Figure 4: Heights of Adult Males and GDP per Capitindonesia (right panel) and other
Southeast Asian countries (left panel)
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Notes: Heights by birth decade.

Abbreviations: left panel -- mm-Burma/Myanmar, khf@bodia, th-Thailand, ph-Phillippines,
vn-Vietnam, my-Malaysia. Right panel: id-Indonesia.

Source: Compilation of global height by Baten atanB (2012), thanks to Matthias Blum and
Jorg Baten for providing the data. Decade averafjesle heights calculated from Figure 1
(Indonesia); Decade averages of GDP per capita Mawidison (2006), extended for Indonesia
to 2008 based on Van der Eng (2010).
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4. Nutritional Status and Oil Production 1925-1995

Abstract:

Middle Eastern countries with oil abundance tendrtowv slowly in terms of GDP per capita and
in terms of the average heights of their countrieitizens in comparison to the other oil-
producing countries. We run regressions on a saofp®® oil-producing countries over the last
75 years and address the difficulties raised by dhdogeneity. The database allows us to
distinguish between Middle Eastern countries aherobil-producing countries. The results show
clearly that an increase of petroleum productiad$eto an increase in Biological Standard of
Living. The vast oil revenues may increase income @urchasing power and health and

education infrastructure of the underlying popwalatand thereby lead to growing mean heights.

Keywords: biological standard of living, human Hegy welfare, economic development, oil
abundance
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4.1 Introduction

The standard of living of a country is determinedits economic output, its distribution of
income and its wealth inheritance from past germrat(Allen 2004). In terms of nutritional
status or Biological Standard of Living, one disaabaged world region over the last several
decades is the Middle E&stDuring the late 19 century, the population of Western industrial
countries overtook the Middle Eastern regions imteof Biological Standard of Living. Thus, a
strong divergence in human stature is observabknwihe height of Middle Eastern populations
is compared with that of industrial countries (Batnd Stegl 2009). This feature is surprising
given that oil revenues have culminated in an exoé$4 trillion over the past 25 years (Askari
2006).

Lower mean heighté may be attributed to nutritional, economic or atdt factors (Floud
et al. 2011, Steckel 1995). Biological StandardLofing can decrease even as income and
consumption increase if the disease environmenseva immensely or labor efforts are highly
strenuous (Floud et al. 2011, Komlos et al. 199&eB, 2000). Therefore, the improvement in
hygiene and medical care since the 1950s in seuetaltries may raise the expectation that the
relationship between height and income will riserotime in a country that receives large oil
revenues. The theory of international trade ass#rés every country has a comparative
advantage and a free trade policy can enhance eworngrowth (Ricardo 1817). The basic
expectation is that an increase in internatiorady particularly in oil exports, is accompanied by
a massive public investment in infrastructure, tieand education. Because natural resource

revenues may increase wealth and purchasing poessurce abundance may be expected to

“! Throughout this article, the term Middle East$ed to refer to the countries of Algeria, Egypanirirag, Kuwait,
Qatar, Syria, Tunisia and Turkey.

42 Genetic is a important determinant for the indixitiheight, but across averages of population iffierences are
cancel out (Steckel 1995). The consideration ofJdmanese-American and Italian-American populdtidghe
United States have shown clearly that height hatdaen constrained by any genetic factors (Flawd. 011).
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raise an economy’s output and growth rates anelilydead to growing mean heights. However,
for countries with an abundance of natural res@jraa inverse relationship between economic
growth and natural capital has been found (Gylfa&abi, Sachs and Warner 2001).

According to Issawi (1995, p. 93), the onset offilst era of globalization coincides with
foreign trade expansion in many Middle Eastern toes Oil production is a major item on the
revenue side of government budgets, and oil temée tcontrolled by governments (Cremer et al.
1989). The following question arises at this poirg: there a relationship between the
development of oil production and Biological Stardaf Living? In the case of the Middle East,
oil production is an inevitable factor.

From 1960 to 1985, the GDP per capita growth inMigddle Eastern and North African regions
was 3.7 percent per year. This figure lags 4.3qwerbehind the GDP per capita growth of the
East Asian and Pacific regions, whereas the LatileAcan and Caribbean regions had a 1.6
percent higher annual increase in per capita GDRpeoed with the Middle East and North
African regions (Yousef 2004, Askari 2006). Desptie large oil exports from the region, the
share of exports plus imports to GDP has declimecesthe mid-1970s and stagnated since the
mid-1980s. Excluding oil, trade declined from 53gaeait of GDP in the early 1980s to 43 percent
in 2000 (Askari 2006, p.14). The Middle East hasdoee one of the least integrated regions in
the global economy while also being engaged inrarsually large number of conflicts over the
past four decades (Sarli et al. 2005).

Scholars have offered a wide range of explanationshe dismal economic situation in
the Middle East. These explanations include strat®conomic imbalances, the so-called “curse
of natural-resources”, deficient political systemsnditions of war and conflict and even cultural
and religious factors (Yousef 2004). The existimgp@ical literature underlines rent-seeking

behavior and poor political governance to expldie turse of natural resources in Middle
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Eastern countries (Collier et al. 1996). Furthemmail revenues are used to finance military
buildup to consolidate their funding for internakarity (Ross 2001 p. 335). These expenditures
and the concurrent conflicts and wars have devowadable resources from productive
economies over the last three decades (Askari 26@8)arding the issue of conflict and war, the
Middle East is the most militarized region in thend (Sarli et al. 2005). Several empirical
studies have emphasized that oil production isifscgmtly related to the onset of conflicts
(Fearon et al. 2003). As a consequence, oil weadili impede the formation of human capital
and social institutions. In turn, improvements iolBgical Standard of Living will be hindered.

The negative connection between resource affluamce GDP growth is based on the
post-war dataset (Sachs et al. 1995, 1997, Gelld,188lfason 2001 and Kronenberg 2004).
These studies have argued that the curse of nagsalirces is an empirical fact. These findings
are robust to the introduction of several contialiables, such as initial per capita income, trade
policy, government efficiency and investment ratdgyh resource intensity tends to correlate
with slow growth (Sachs et al. 2001).

Mean height can be used to measure changes irodgial Standard of Living
respectively nutritional status. This measuremeastoants for the development of nutrition,
health, and longevity. Nutritional status is a meeasure and is based on the concept of
capability, which tends to reflect a population®ewf resources over the long term (Floud et al.
2011, Baten 1999). Moreover, as an indicator, nfeaght represents a proxy for human capital
and the current consumption of social resourcetU& 2005). Changes in mean height are
driven by multiple causes, though only a portion tbé variations may be explained by
socioeconomic variables (Floud et al. 2011).

This paper focuses on determining whether the cofseatural resources remains if

human height is used as another indicator. Was hureght been significantly affected by oil
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production and exports? The connection between reht and oil production will be the main
topic of this paper.

The paper is organized as follows. The secondoseot this study describes the results of
a wide range of quantitative studies. It discussmae of the theories that explain the curse of
natural resources. The third section highlightsdhaset and section four examines the empirical

analysis. Section five summarizes the results.

4.2  Oil production and a brief overview of theated literature

In the trade literature, authors consider the tp@sistatistical correlation between trade
and growth in real incomeAccording to theoretical conclusions, opening upirternational
trade benefits a country’s economic developmendllmwing the country to use its comparative
advantages. Countries that move from autarky te fiade realize gains (Ricardo 1817,
Samuelson 1962). However, in the case of oil-ricintries, other mechanisms are tightly
entangled with the oil trade. The next sectionflyriexplores additional aspects of the resource
curse to understand the conceptual framework arghamesms in the literature.

First, because the manufacturing sector in manydMig&astern countries is not strongly
developed and unable to compete in the global engn@wen et al. 1999), the implication is
that the growth contribution of the manufacturimgter is small. Baldwin et al. (2004) and Seers
(1964) assert that the manufacturing sector caatera more differentiated division within the
economy and a complex labor market. The positivaltweshocks from the export of natural
resources raise the demand for non-tradable predard draw skilled workers and physical
capital from other sectors. These crowding-outatéfeand the inflow of oil revenues tend to
increase the price of non-tradable goods, suchoasiig and services, relative to the price of

tradable goods (Gylfason et al., 1999). As a resalinufacturing activity declines, and non-
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export economic growth is relatively slow. The b@omm the natural resource sector pull
resources in and out of the non-traded sector rthace a de-industrialization. Accordingly, this
process is the first channel summarized under yporiym ‘Dutch disease’ in several studies
(Frankel et al. 1999, Sachs et al. 2001).

Oil-producing countries seem to reveal symptomtefDutch disease, which are mostly
induced by policy (Auty 2001). In particular, nesasy economic and political reforms are
delayed, and rent-seeking behavior in the govertraed the elite produce distortions in the
factor and labor markets. In many Middle Eastermntoes, huge wage differentials exist
because of the predominant role played by the govent as an employer (Assad 1997, Askari
2006). Thus, the allocation of labor may exacerliaee situation for the private sector. In
addition, interventionist-redistributive governmemreate significant distortions in product and
factor markets. These externalities are closelyneoted to high corruption and rent-seeking
behavior. Furthermore, weak institutional structurand a lack of political reform have
handicapped renewal processes (Auty et al. 200y, 2Q01, Fidrmuc 2003).

Gylfason (2001) presents empirical evidence ferrthgative connection between natural
resources and growth because of the low investimehuman capital and education. In the
empirical examinations, low levels of public expgads on education are correlated with
natural resource abundance. The absence of govetalmeconomic policies and institutions
induces structural unemployment and hinders econdmielopment. Furthermore, the quality of
education and healthcare is weak. As a result thieoa concludes, that only more effective
institutions can improve the allocation of educat@and health care, and both are necessary
conditions for a proper labor force market.

Countries with abundant natural resources are rikety to suffer from unpredictable

and disruptive shocks in global commodity pricedegkev et al. 2009). Additionally, their
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growth rates are quite volatile because of thghldependence on oil revenues. For example, the
real GDP per capita growth rate in oil-exportingictries has been twice as volatile as that of

non-oil exporting countries. In many countries, tpobive policies and subsidies are commonly

used to offset the volatile foodstuff and servicegs (Alexeev et al. 2009).

For many of these countries, even approximate Glatstcs became available for the
first half of the twentieth century. Therefore, R&n{2006) estimated the economic growth rates
of Middle Eastern countries since 1820 based omowsardata sources. In this study, one of the
determinants of per capita income was oil.

Several empirical studies drop the oil-rich Middtast states from their examinations
because of the dearth of informatfarBy using height data, the aim is to develop ampigoal
model that integrates nutritional status compoeutt oil abundance with economic development

over the last 75 years.

4.3  Data Discussion

A new and comprehensive source of anthropometiig lkas become available for many
world regions, and a comprehensive descriptiorhefestimated mean height is provided in the
Baten and Blum (2012) study. The mean heights éveal countries are empirically derived
based on anthropometric souf€eg\ccording to this study, after the 1880s, a djeett process
can be observed throughout the different worldaegi The main determinants of height are
protein availability; disease environment, lactt@derance, and geography (see Baten and Blum
2012 and the sources cited therein). The mean hefla given population indicates the

availability of medical, nutritional and economicakources.

43 See Przewosrki et al. (1997) and Przeworski €1.806).
4 For a more detailed description of the dependariaible height, see Baten (2006), Baten and S20§l9), Baten
and Blum (2012): see Data Appendix D.
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In this paper the hypotheses is, whether increag8gqutoduction and petroleum revenues
lead to a reduction or an enhancement in nutritistetus while simultaneously controlling for
the main determinants of human height. We aim ®ths height data and introduce crude oil
production data from Mitchell (1980, 1982 and 1983By using petroleum production data as
the main explanatory variable, this study focusely on the supply of oil while excluding the
effects of oil prices. Oil supply shocks and deteant of real oil prices have been studied
extensively by Hamilton 2003 and Kilian 2008, 2008e results suggest that production plans
are changed only infrequently and slowly. Crude snipply does not respond to the demand
shocks, because of the slow cost adjustment abitiroducing countries (Kilian 2009). Supply
shocks tend to be mainly determined by the cunpbgsical availability of the crude oil. While
variation of the historical oil prices seem to mused by global aggregated demand shocks,
precautionary demand shocks and exogenous shetitfiatirude oil production (Kilian 2009). In
this situation oil supply/ production accuratelfleet the contemporaneous technology adoption.

Although real oil prices are not used for the eimplrexaminations, it is noteworthy that
real oil prices increased from an index of 1.0 973 to 5.83 in 1981 before declining to 2.42 in
1989 (Askari 2006). These immense changes in adeprhave had a huge impact on the
exporting economies because oil trade has beemandot factor in the economic development
of Middle Eastern countries (Pamuk 2006).

More important for this study are the oil produntiigures. The movements in oil

production were large if we consider the developnigncountry (Figure 1). These Figures helps

4> To confirm the oil production source, we use datanf International Energy Outlook (IEQ) 2010, wharie
available online ("http://www.worldenergyoutlookgst \t *_parent"]l http://www.worldenergyoutlook.org/).Fo
every country in the world from 1970 to 2008, IE@vides the crude oil production data per capiter€ are
differences between these two datasets, but in therestimated crude oil production from IEO alnmostches the
estimates of Mitchell B. R. (1980, 1982 and 19&8)the overlapping country years (see Table 1).
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to place the development in a broader internatiopatext. In four cases — Iran, Saudi Arabia,
United States and Venezuela the increase of odymtion is substantial.

We classified the oil-producing countries into twategories. Table 1 shows the
countries that are used to build up the groupsh@éeto restrict the sample of countries because
of the availability of information for both the demdent and independent variables. The oil-
producing Middle Eastern countries are consideegghiately because they are producing, per
capita, large amounts of the oil in the world.

Consequently, the panel is composed of 25 countres the time span covers the period
from 1925 to 1995. Figures 2 and 3 shows scattas mf height and crude oil production. The
regression lines indicate that an increase of tgmtage point is associated with an increase in
mean height of 1.0 cm for our benchmark countryugr@~igure 2). A similar pattern is observed
for the Middle Eastern countries. If only the caiéproducing Middle Eastern countries are
considered separately, the relationship remainsséimee. An increase of 1 percentage point is
associated with an increase in mean height of f.4Fégure 3).

Although the per capita oil values of Egypt, Syarad Tunisia are not as high as those of
the core oil-producing countries, we include thdgee countries in the Middle Eastern group
because these governments earn large rents froetin@pcrossings, transit fees and worker
remittances (Ross 2001 p. 329). One might imagdiat increased oil production affects major
producers with high oil endowments much more thamomproducers. If the dataset is split into
industrial countries with major oil production, thesitive relationship remains (Figure 4).

OPEC began to set quotas after 1982. Before 1982ECOdid not exhibit the
characteristics of an effective cartel. Rathewas primarily a contentious political organization
(Askari 2006). Nevertheless, the exclusion of tineetperiod (1980 to 2000) with significant

output quotas changed the coefficient in the bedetimation.
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The data for each of the variables are summariaetiable 2. The dependent variable
mean height ranges from 156.86 to 183.4 cm, witaadard deviation of 4.63. The mean height
for the Middle Eastern countries is 1.12 cm lessitthat of the benchmark group countries (see
Table 2). The height data support the view thatkBechmark countries enjoyed a relatively
favorable situation throughout the™6entury. The independent variable crude oil prédad(in
log) ranges from -6.67 to 5.43. Crude oil producti® used as a measure of resource abundance
because the measurement errors of this statistidygically smaller than those of oil trade
statistics. Only four countries are above the mead are extremely resource rithTo
summarize the available evidence on crude oil prbon summary statistics have been listed in
ascending order in Table 3. Although mean valuesnat directly comparable with each other
for the course of the period, because of the sobatgpopulation growth rate differences. One
way of illustrating the effects is by looking atastges between 1925-1945 and 1950-1995 (see
Appendix A Tables 2 and 3). To sum up the majootythe countries began to experience a
significant population growth and crude oil prodactper capita during the second half of the
twentieth century.

By using the Polity IV dataset, we introduce thareleteristics of states and governments
in the following empirical framework. In particulathe presence of institutions and regime
changes can have massive distortion effects odelkielopment of height. Public accountability
is important for the level of political institutisnin a country. The degree to which free,
transparent and fair political participation existgneasured through the variable Institutionalized
democracy. Ross (2001) examines oil abundance emdbatatization for a pooled cross-section
of 113 states from 1971 to 1977. His main quesisowhether oil actually has antidemocratic

prosperities. The author finds that the harmfuleef of resource abundance are not only

¢ The four countries are Venezuela, Saudi Arabigaend Kuwait (see Table 3).
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restricted to the Middle Eastern countries. Morephe finds that other non-fuel minerals also
impede democratization.

In this study, the basic model includes democragyich is an indicator on an 11 point
scale. If democracy has a score of +10, it meaasfthl democracy has been established. The
introduction of democracy is necessary to contool the political dimensions. However, the
variable institutionalized democracy provides dittfariation for the Middle Eastern countries.
Many countries were classified as authoritarianonatin the Polity IV project. In the Middle
East region, only Turkey appears to be democratie. scores of democracy in the Middle East
are significantly lower than the overall averageour dataset (see Table 2). Despite the small

variation, the relative importance of the variat@dmains.

4.4  Estimating the effect of oil production — mbded result

As a baseline model, we follow Beck et al. (199B) dirst estimate using the panel-
corrected standard error techniqieshat account for panel-level heteroskedasticityd an
contemporaneous spatial correlation. Furthermaréhis study, an interactive modféis used to
capture the interaction between oil production sagional effects (Friedrich 1982).

Regarding the disappointing performance of ressalmndant economies, many
economic and political factors are important. Iis thaper, some basic hypotheses are tested on
the basis of cross-country data. Crude oil productis determined by the technological

capacities of nations and develops in responskadundamental conditions in a country (Ding

47\f T is not significantly higher than N, as is tbase in our dataset, the resulting standard emnitirbe too small
and therefore lead to overconfident results. Paoglected standard errors are better in termstefbekedasticity
and contemporaneous correlation of the errors.rébelts of the Hausman test suggest that unobserved
heterogeneity across countries played a minorantethat a random effect model may capture théioakhip
between height and oil production (see Appendix).

“8In an additive model, the effect of each indepandariable on the exogenous variable is constant,the level
of the other dependent variable is not considefregdrich 1982 p. 804).
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et al. 2005). The main assumption for using pradads that only a country that can use current
technologies to produce oil can transform resourealth into economic and social development.
Hence, production data are dependent on contemgauartechnology diffusion and are highly
endogenous. Crude oil production is a function hef adoption of new technologies and the
ability to cope with this condition. Hence, thefd#fion of new technologiésmay play a role in
the production of oil. One of the potential diffitas in assessing the effect of oil on heighhis t
endogeneity and the choice of instrumental vargable

In this study, the exogenous stock of crude oiemes in each countt§ is used as an
instrument for crude oil production. This instrurh&kes a part of the variation in oil production
and is not determined simultaneously with our depeh variable mean height. The main
strategy in this study is to regress oil productionheight. Indeed, a large number of hypotheses
can be tested, but in the following, we concenttaia the baseline model with multiplicative

terms, which served as a starting point for oudagbion:

Y, =a, + fcoilpg + S,ME, + S, MEoail, +S,(logf,) + 5 (logp,) + £,(logm,) + 5,Demog + &,

y, is the human height levéls which is defined by country i and yeardoilpc is the
logarithm of crude oil production. The independeatiable ME, is a dummy variable that takes

the value of 1 if the country is a Middle Easteikpooducing country and O otherwise (see
Tables 1 and 2)MEoil is the interaction between oil production and ragloeffects for the

Middle Eastern countriesf,is the logarithm of GDP per capita growth rr’é,tepit is the

logarithm of population densitym, is the logarithm milk production per capita, the

9 Perkins et al. (2011) suggest that the adoptiohugiake of new telecommunication technologiesh sisc
telegrams, telephones, and the internet, are celatthe development of income, education and togeaness.
*0 Information on stock of proved reserves is obtifiem the world Factbook:
https://lwww.cia.gov/library/publications/the-worfdetbook/rankorder/2178rank.html

®1 By using the logarithm of the height, the resiitained the same qualitative validity.

®2 The natural log of the GDP per capita indicatardgrected for purchasing power parity (PPP) arspéxified in
the international dollar.
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Democvariable denotes the different scale for institadilized democracy and, is the i.i.d.
error term.

According to the Baten and Blum (2012), proximity grotein may strongly influence
Biological Standard of Living. Mean height are detmed by the consumption of milk and
lactose tolerance of the underlying population’sie Tinclusion of milk per capita as an
explanatory variable highlights the role of proteroximity. We expect a positive influence on
height.

The role of real GDP per capita is considered aagl have a beneficial effect on human
stature. Per capita income is mostly correlatech vdemocracy. In this model, the simple
correlation between the democracy scale and petaceggome is -0.08 for the Middle Eastern
countries and 0.27 for the benchmark country group.

To understand the coefficient in the above modehvmultiplicative terms, we must
convert the general statement to a conditionaéstant. These OLS results can be interpreted by
comparing the estimated marginal height effect dach of the country categories (Middle
Eastern and benchmark group countries).

1. Benchmark country group:
y, =a +pfcoilpc +...+¢, 1)
2. Middle Eastern countries — core oil-producingraoes:
y, =a, + Bcoilpc, + B,ME, + S, MEoil +...+¢,
y, =a, + Bcoilpc, + B, (1) + B, (Dcoilpc, +...+¢€, )
Y. =(@ +pB,)+ (B +p,)coilpC +...+ &,

The OLS regression results appear in Table 4. €geession coefficient suggests that a
one percentage point increase in oil producticecompanied by an increase of 1.0 cm in height
(Table 4 column I). For the Middle Eastern coumstrithe assessment of the expected effect on

height requires the computation of its marginatet conditional on the specific values\i, .
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The marginal effects with p-values are shown inl@a&bl. For the Middle Eastern countries, the
estimated effect on the percentage of oil prodacso0.86 cm (see Table 4.1 column I). For the
benchmark country group, oil production has a gregbsitive effect (1.00 cm see Table 4
column I).

The corresponding relationship in a model with tiduanmies is virtually the same (see
Table 4 column II), and all coefficients are stataly significant. Across both country
categories, oil production varies positively witkight. However, oil abundance seems to be less
beneficial to the Middle Eastern countries thathe other countries. In terms of coefficient size,
oil production clearly has a greater effect on harhaight in the benchmark country group.

Milk per capita is positively correlated with hetgrand in all models, it is highly
significant. Proximity to protein yields increasesmean height. Thus, the milk production per
capita has an impact on the variations in heigtie Tmpact of population densifyis
significantly positive in all specifications, anket logarithm of GDP per capita is positive and
significant. The impact of different categoriesdeimocracy, which uses an eleven-point scale (0O-
10), are changing and sometimes significant. Thecebf the quality of legal and government
institutions is large?

It should be mentioned that oil production is Babgenous, especially for the OPEC
members, because of the cartel output quotas. BBuwe iexclude this period with significant
output quotas (1980 — 1995), oil production hase@indively higher positive effect on both

country groups. From the results in Tables 4 afigda@he could deduce that oil production quotas

%3 Higher population density may have a negativecefi@ height, because of the contagion of the disea
environment. But the connection depends on the piend and the stage of economical developmeighéfi
population density can increase agricultural outhug to the improvement of technology.

>4 To consider the robustness, we added other spatifiis to the regression. In Tables 4 and 5 irfipendix A,
the first column contains a replication of the ora regression with a newly added variable. Thefuction of a
new independent variable indicates that the caefits are quite robust. All of the introduced vhlés are of the
expected sign, and the variables are statistisaiyificant.
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appear to be significant. The regression coefficieiggests that a one percentage point increase
in oil production is accompanied by an increaseld® cm in height and 1.34 cm for the
benchmark countries (Table 4 column IIl).

The examinations of the residuals from the prelanyrregression suggest the presence of
first-order autocorrelation. The assumption is thatdisturbances share an AR (1) process, while
the unit roots do not present a probfaifsee Appendix A, Table 6). A GLS regression with a
AR(1) is estimated, and the results are reported {&bles 5 and 5.1.). The coefficients of the
independent variables shift to some degree, bytdbenot alter the sign or the conclusion about
the relationship. The overall impact of crude aibguction on height is positive and significant
in all model specifications. For the benchmark d¢ougroup, the estimated effect of oil proved
to be less than the effect for those in the OLSifipation. A 1 percent increase in the crude oll
production implies an increase in height of 0.58fonour benchmark group (Table 5 column ).
For the Middle Eastern countries, the estimatedcefof a 1 percentage point increase in oil
production is 0.50 cm (see Table 5.1). If significautput quotas are accounted for and excluded
from consideration, these figures do not changkifeos Il of Tables 5 and 5.1).

To address the concern that oil production is eadogs, using an instrumental variable
strategy, where the log of stock of proved reseofesude oil per capita serves as an instrument
are presented in (Tables 6 and 6°1These estimators are two-stage least-squaresajjention

(2SLS) of panel data estimators. The stock of pitovi reserves are assumed to influence the

% The xtfisher Stata command is used to compute igteeFtest. The xtfisher test in Stata is appraefiar
calculating the ADF test for unit root if unbaladgeanel data are used. The null hypothesis inctise is that all
series are non-stationary, and the alternativieasthere is at least one series that follows airoot. For each of the
six variables, the test was conducted with a tiraed included. Mean height, oil production per tapinilk
production per capita, and GDP per capita seriee Wweluded because they clearly have an upwand toger time,
and an intercept was included because the varidble®t have a zero mean. The results reportegpeAdix Table
6 suggest that we have statistically significariderce to reject the null hypothesis that all & series follow a unit
root.

%8 The estimation of a two-stage least squares meidela Stata iv regress command.

112



crude oil production per capita without influencingean heights through other channel. The
effect of crude oil production on mean height isggé in the 2SLS model than in the OLS
estimation. The OLS and 2SLS estimates of coeffisi@are significantly different, as shown by
the hausman tests and 2SLS instrumental variabileat®on is efficient (Table 7 Appendix A).

According to the reduced form, crude oil producti®mpositively related to the stock of crude oil
reserves (Table 6 column ). The instrumented lbgrade oil production coefficient is now

about twice as large for the other benchmark c@sitn comparison to the GLS with an AR(1)

model (i.e. 1.04 cm instead 0.58cm) and about #meessize in comparison to the OLS model
(i.,e. 1.04 cm instead 1.01 cm or 1.34 cm). Inittetrumental variable estimation a 1 percent
change of oil production will lead to a 0.89 cm e in the Middle Eastern countries (Table
6.1). The results of the IV-regression strongly foam the positive relationship between height
and crude oil production. Regardless of the estonanethods, crude oil production per capita is

positively associated with mean height.

4.5  Conclusion

This paper proposes an empirical analysis of theeraction between petroleum
production per capita and the development of meaghh As a result, increasing oil production
leads to enhanced human growth for both countrggoaites. But the Middle Eastern countries
grow more slowly with each additional unit of oilopluction per capita. This statement holds if
the periods of output quotas are not consideredh ¥ie exclusion of the output quotas, height
differences between citizens of Middle Eastern toes and those of other countries increase.
An instrumental variable model allowed us to rulg the most obvious source of endogeneity in
the crude oil production data. Oil production ighty and significantly affected by the stock of

proved oil reserves. The result of this specifmatsuggests that crude oil production played a
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much greater role in the benchmark country growgmtim the Middle East in terms of mean
height. The list of the additional variables in tmedels supports the general idea that protein
proximity, population density, the quality of gomerent institutions, political stability and
economic growth are key determinants of human heigh

On a broader note, whereas most of the empirtcalies on growth and development
have excluded the oil-producing countries from gsialbecause standard economic variables in
these countries are less accessible, this stutlyded these countries. Thus, this study focuses on
these neglected countries. Although the contrilmstiof oil production in the Middle East were
considerable, the results of all estimations cleahlow that an increase in petroleum production

leads to a lower growth rate in terms of mean heigMiddle Eastern countries.
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Tables

Table 1: The examined countries and number of @hiens

Middle East  Oil-producing
oil-producing benchmark countries

countries
Algeria Argentina
Egypt Australia
Iran Brazil
Iraq Canada
Kuwait Chile
Qatar China
Saudi Arabia Indonesia
Syria Mexico
Tunisia Netherlands
Turkey Nigeria
Norway
Peru
Poland
United States
Venezuela
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Table 2: Summary statistics

Qil-producing benchmark countries
Obs. Mean Std. Dev. Min Max
Mean height (in cm) 121 171.36 5.85 156.86 183.40
Oil production per capita (in log) 129 -0.87 1.72 6.76 2.93
Milk production per capita (in log) 92 -2.10 1.27 567 -0.38

Population density (in log) 129 2.72 1.36 0.25 6.00
GDP per capita (in log) 129 8.40 0.94 6.41 10.06
Institutionalized Democracy 129 2.67 14.69 -88.000.00

Qil-producing Middle Eastern countries
Obs. Mean Std. Dev. Min Max
Mean height (in cm) 90 170.08 1.86 165.30 174.89
Oil production per capita (in log) 91 0.79 2.25 63. 5.43
Milk production per capita (in log) 52 -2.94 042 361 -2.06

Population density (in log) 91 3.01 1.02 0.56 4.79
GDP per capita (in log) 73 8.42 0.85 6.80 10.56
Institutionalized Democracy 91 0.87 11.80 -88.00 009.
All countries
Obs. Mean Std. Dev. Min Max
Mean height (in cm) 211 170.81 4.63 156.86 183.40

Oil production per capita (in log) 220 -0.18 212 6.76 5.43
Milk production per capita (in log) 144 -2.40 1.12 -5.67 -0.38

Population density (in log) 220 2.84 1.24 0.25 6.00
GDP per capita (in log) 202 8.41 0.91 6.41 10.56
Institutionalized Democracy 220 1.21 13.66 -88.000.00

Sources: Crude Oil production: Mitchell B. R. (198082 and 1983) Heights: Baten (2006, 2009 an@ 2@# Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedri2eracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.
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Table 3: Crude oil production per capita by coundt®25-1995 (ascending order)

Obs Mean Std. Dev. Min Max

Poland 3 0.024 0.005 0.018 0.028
Turkey 7 0.059 0.021 0.027 0.084
China 9 0.060 0.051 0.001 0.119
Brazil 7 0.089 0.054 0.258 0.188
Chile 7 0.131 0.041 0.085 0.186
Netherlands 5 0.136 0.042 0.078 0.180
Indonesia 11 0.276 0.167 0.047 0.533
Peru 14 0.292 0.080 0.169 0.474
Egypt 11 0.354 0.285 0.067 0.760
Argentina 14 0.414 0.303 0.055 0.821
Mexico 5 0.540 0.496 0.235 1.410
Tunisia 6 0.648 0.091 0.552 0.749
Norway 2 0.650 0.036 0.624 0.675
Nigeria 7 0.894 0.522 0.128 1.615
Australia 6 1.154 0.455 0.235 1.451
United States 14 1.603 0.466 0.764 2.254
Canada 11 1.615 1.208 0.059 3.295
Algeria 8 1.825 0.956 0.190 2.967
Syria 6 1.968 2.681 0.421 7.410
Iran 15 2.317 2.249 0.258 8.035
Iraq 13 4.249 3.290 0.225 9.980
Venezuela 14 10.002 5.979 0.346 18.749
Saudi Arabia 11 19.738 14.888 0.308 46.502
Qatar 6 83.716 52.535 31.586 145.289
Kuwait 8 115.758 82.340 30.536 228.519
Total 220 9.01 30.35 0.00 228.52

Sources: Crude Oil production: Mitchell B. R. (198082 and 1983).
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Table 4: The effect of oil production per capitabmrmman heights with multiplicative terms (panel

models)

Oil production per capita in log

Middle Eastern countries (ME)

ME x Qil production

Milk production per capita in log
Population density in log

GDP per capita in log

Institutionalized Democracy Scale = -88
Institutionalized Democracy Scale =0
Institutionalized Democracy Scale = 1
Institutionalized Democracy Scale = 2
Institutionalized Democracy Scale = 3
Institutionalized Democracy Scale = 4
Institutionalized Democracy Scale =5
Institutionalized Democracy Scale = 6
Institutionalized Democracy Scale =7
Institutionalized Democracy Scale = 8
Institutionalized Democracy Scale =9
Constant

Observations

R-sq: within

R-sq: between

R-sq: overall
Time-fixed effects

(1)

1.00%
[3.83]
-2 76
[-4.68]
-0.43
[-1.22]
2,56+
[5.76]
1.0
[6.16]
-0.49
[-0.75]
-4.28%
[-2.56]
-2.26%
[-2.31]
-2.78
[-1.30]
-1.23
[-0.93]
-2.82wk
[-5.70]
5. g7k
[-2.70]
-3.01
[-1.34]
-2.38*
[-1.93]
-3.00%
[-2.19]
-1.51
[-1.20]
-2.63%
[-3.48]

182.09*+
[28.67]

132
0.26

0.84
0.75

NO

(In

1.01%
[3.78]
-3.07%+
[-4.88]
-0.44
[-1.20]
2.7 2%k
[5.32]
1.00%
[5.16]
-0.74
[-1.00]
7B
[-2.52]
-2:07
[-1.95]
-2.98
[-1.23]
-1.21
[-0.83]
-3
[-5.36]
66"
[-3.03]
-3.57
[-1.42]
262+
[-1.99]
-295
[-1.96]
-1.43
[-1.03]
A
[-3.03]

184.86***

[24.62]
132
0.27
0.86
0.76
YES

(Il

34***
[4.05]
_go***
[-4.71]
-0.59
[-1.54]
33***
[3.57]
1,11k
[5.29]
-0.98
[-0.88]
-3.90%
[-2.44]
-1.96
[-1.59]
545+
[-2.13]
0.66
[-0.43]
-3 57
[-5.03]
-5.84+
[-2.57]
3.69
[-1.37]
-2.53*
[-1.87]
-4.26*
[-1.65]
1.76
[-0.93]
-3.24w
[-3.37]
186.92%+
[16.61]
99
0.39
0.87
0.80
YES

Robust z statistics in brackets; the constant sefed 995. *** p<0.01, ** p<0.05, * p<0.1.
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Sources: Crude Qil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2@e¢ Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedhiaeracy:

Marshall et al. (2008) Polity IV Project datasetswast accessed in 2010. Institutionalized Demgciman eleven-
point scale (0-10). Full Democracy is achieved atare of 10 on the scale. The indicator is derivenh the Polity

IV project dataset. However, three more scales, (-BB,-88) are included in both variables. If amioy is occupied
by a foreign power and re-established, the demgcradicator is -66-type encoded. If the indicater-v7-type

encoded, there was an internal war, and the cemitaical authority completely collapsed. Finali38 indicates a
transition period in which new institutions werammhed. In total, in these three scales, seven Gesi@and eight time
periods are included. The constant refers to thth Hecade 1995 and an Institutionalized Democsaoye of 10. In
column 1ll, the time period with significant oil @duction quotas is excluded.

Table 4.1: Marginal effect of oil production in auhiplicative interaction model for Middle

Eastern countries (panel models)

(1 (1 (1)
Coef. 0.86*** 0.86*** 1.19%**
[4.55] [4.46] [4.17]
95% Conf. interval lower bounds 0.49 0.48 0.63
95% Conf. interval upper bounds 1.23 1.24 1.75

The first derivatives of height with respect to tbg of crude oil production and Middle East Dummstatistics are
in brackets. In Model 111, the time periods withysificant oil production quotas are excluded.

Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2@t Data

Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedhiaeracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.
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Table 5: The effect of oil production per capitabmrmman heights with multiplicative terms (panel

data model using GLS with an AR(1) autocorrelation)

Q) (1)
Oil production per capita in log 0.58** 0.58***
[2.50] [2.86]
Middle Eastern countries (ME) -2.22* -2.93%**
[-1.89] [-2.79]
ME x Qil production -0.25 -0.33
[-0.77] [-0.96]
Milk production per capita in log 1.46%** 0.89*
[2.82] [1.84]
Population density in log 0.97** 1.10%**
[2.51] [3.22]
GDP per capita in log 0.36 0.84
[0.61] [1.09]
Institutionalized Democracy Scale = -88 -4.25%* e
[-2.53] [-2.74]
Institutionalized Democracy Scale =0 -4, 45%** -4
[-2.76] [-3.04]
Institutionalized Democracy Scale = 1 -2.81* -4 77*
[-1.68] [-2.82]
Institutionalized Democracy Scale = 2 -3.59** =377
[-2.12] [-2.42]
Institutionalized Democracy Scale = 3 -4,64%** -B*6*
[-2.59] [-2.86]
Institutionalized Democracy Scale = 4 -3.87* -4°38
[-2.14] [-2.64]
Institutionalized Democracy Scale =5 -4,38*** -48
[-2.59] [-3.16]
Institutionalized Democracy Scale = 6 -4,31%** 25
[-2.62] [-3.00]
Institutionalized Democracy Scale =7 -3.64** -4:86
[-2.26] [-3.09]
Institutionalized Democracy Scale = 8 -3.19* -473
[-1.98] [-2.74]
Institutionalized Democracy Scale =9 -3.76** -4
[-2.29] [-3.15]
Constant 173.59**  168.21***
[27.54] [21.32]
Observations 132 99
R-sq: within 0.44 0.61
R-sq: between 0.80 0.80
R-sq: overall 0.72 0.74
Time-fixed effects YES YES

Robust z statistics in brackets; constant refef985b. *** p<0.01, ** p<0.05, * p<0.1.

In column Il, the time periods with significant gitoduction quotas are excluded.

Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2@t Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedri2eracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.
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Table 5.1: Marginal effect of oil production in auliplicative interaction model for Middle

Eastern countries (panel data model using GLS aitAR(1) autocorrelation)

() (I
Coef. 0.50%** 0.50%**
Z [2.57] [2.53]
95% Conf. interval lower bounds 0.12 0.11
95% Conf. interval upper bounds 0.88 0.88

Robust z statistics in brackets; constant refefi985. *** p<0.01, ** p<0.05, * p<0.1.

Sources: Crude QOil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2e¢ Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedhiaeracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.
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Table 6: The effect of oil production per capita orhuman heights with multiplicative terms

(panel data model using stock of proved oil resergeas an instrument)

VARIABLES

Stock of proved oil reserves in barrels per capifag

Middle East countries (ME)

ME x Qil production

Milk production per capita in log
Population density in log

GDP per capita in log

Institutionalized Democracy Scale = -88
Institutionalized Democracy Scale =0
Institutionalized Democracy Scale = 1
Institutionalized Democracy Scale = 2
Institutionalized Democracy Scale = 3
Institutionalized Democracy Scale = 4
Institutionalized Democracy Scale =5
Institutionalized Democracy Scale = 6
Institutionalized Democracy Scale =7
Institutionalized Democracy Scale = 8
Institutionalized Democracy Scale =9
Oil production per capita in log
Constant

Observations

Overall R-squared

F test
Time-fixed effects

IV first stage

Oil production per capita in log

028+
[5.53]
1.09%
[4.66]
0.41%%
[4.06]
-1.10%+
[-5.59]
0.05
[0.67]
1.71%
[6.18]
-0.53
[-1.25]
-0.88*
[-2.38]
-0.61
[-1.25]
-1.87w
[-4.51]
0.08
[0.23]
-0.72
[-0.84]
-0.8
[-1.49]
-0.90*
[-1.69]
-0.39
[-1.03]
-0.79*
[-1.67]
-0.46
[-1.35]

-20.88%*
[-7.94]
136
0.77
27.3
YES

IV second
stage
Height

-3, 12wk
[-3.57]
-0.46
[-1.19]

2.76%+
[4.04]
1.0+
[4.15]
-0.79
[-0.83]
-367
[-1.99]
-2:02
[-1.77]
-2.94*
[-1.79]
5.1
[-0.62]
-3.52*
[-1.82]
-5.60*
[-2.74]
-3.52*
[-1.84]
-2.56*
[-1.82]
-2.93%
[-2.30]
-1.39
[-1.03]
24T
[-2.05]
1.04%
[3.16]
185.44%+
[19.06]
132
0.76

YES




Robust z statistics in brackets; constant referd385. *** p<0.01, ** p<0.05, * p<0.1. Sources: Cla Oil
production: Mitchell B. R. (1980, 1982 and 1983)iges: Baten (2006, 2009 and 2012 see Data AppeDitix
GDP: Maddison 2001; Milk: Baten et al. (2012). $=#a Appendix D. Institutionalized Democracy: Mel et al.
(2008) Polity IV Project dataset was last acces&®d2010. Stock of proved oil reserves in barrels:
https://lwww.cia.gov/library/publications/the-worfdetbook/rankorder/2178rank.html.

Table 6.1: Marginal effect of oil production in auliplicative interaction model for Middle

Eastern countries (panel data model using stogkafed oil reserves as an instrument)

("
Coef. 0.89***
z 3.39
95% Conf. interval lower bounds 0.37
95% Conf. interval upper bounds 1.40

Robust z statistics in brackets; constant refef985b. *** p<0.01, ** p<0.05, * p<0.1.

Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2@t Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizedhiaeracy:

Marshall et al. (2008) Polity 1V Project datasetswast accessed in 2010. Stock of proved oil reseiv barrels:
https://lwww.cia.gov/library/publications/the-worfdetbook/rankorder/2178rank.html.
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Figures

Figure 1: Oil production by country
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Figure 2: Oil production per capita and human hieighoil-producing benchmark countries
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Figure 3: Oil production per capita and human hieighMiddle Eastern countries
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Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006), Baten dadl $2009),
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Figure 4: Oil production per capita and human hieighindustrial countries
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Appendix A:

Table A.1: Comparing crude oil production sources

Variable Obs. Mean  Std. Dev. Min Max
Difference
Algeria 6 0.02 0.17 -0.17 0.31
Argentina 5 -0.05 0.09 -0.18 0.04
Australia 6 -0.23 0.34 -0.86 0.08
Brazil 5 -0.02 0.03 -0.07 0.00
Canada 5 -0.10 0.34 -0.68 0.20
Chile 5 0.01 0.03 -0.04 0.03
China 6 -0.01 0.01 -0.03 0.00
Egypt 6 -0.09 0.08 -0.17 0.01
Indonesia 6 -0.02 0.05 -0.11 0.02
Iran 6 -0.06 1.91 -2.64 3.31
Iraq 6 -0.72 1.03 -2.33 0.53
Kuwait 6 2.50 541 -5.56 8.76
Netherlands 2 0.02 0.02 0.01 0.04
Nigeria 6 -0.22 0.38 -0.98 0.08
Norway 2 -0.51 1.51 -1.58 0.55
Peru 5 -0.02 0.09 -0.17 0.08
Qatar 6 -0.12 9.10 -11.97 14.29
Saudi Arabia 6 -1.21 5.37 -5.48 8.53
Syria 6 0.66 2.27 -0.52 5.27
Tunisia 6 -0.08 0.13 -0.26 0.07
Turkey 6 0.00 0.01 -0.01 0.01
United States 5 0.02 0.20 -0.15 0.29
Venezuela 5 0.17 1.37 -1.13 2.45
Sources: Mitchell, B.R. (1980, 1982 and 1983) andternational Energy Outlook 2010
( ). Mean difference is defined as the estimate afleroil production from

Mitchell minus the data from International Energyt©ok 2010 for the 1970-1995 period.
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Table A.2: Crude oil production per capita by coyrii925-1945

Obs. Mean Std. Dev. Min Max
Poland 3 0.024 0.005 0.018 0.028
Canada 1 0.059 . 0.059 0.059
Argentina 4 0.122 0.053 0.055 0.178
Peru 4 0.271 0.070 0.169 0.322
Iran 4 0.433 0.153 0.258 0.619
Iraq 2 0.516 0.412 0.225 0.808
Mexico 4 0.616 0.538 0.272 1.410
Total 30 0.931 1.656 0.018 7.091
United States 4 0.992 0.207 0.764 1.266
Venezuela 4 4,260 2.864 0.346 7.091
Total 30 0.931 1.656 0.018 7.091

Sources: Crude Oil production: Mitchell B. R. (198082 and 1983).
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Table A.3: Crude oil production per capita by coyrii950-1995

Obs. Mean Std. Dev. Min Max

Turkey 7 0.059 0.021 0.027 0.084
China 9 0.060 0.051 0.001 0.119
Brazil 7 0.089 0.054 0.026 0.188
Chile 7 0.131 0.041 0.085 0.186
Netherlands 5 0.136 0.042 0.078 0.180
Indonesia 10 0.298 0.158 0.047 0.533
Peru 9 0.305 0.090 0.226 0.474
Egypt 10 0.382 0.283 0.089 0.760
Argentina 9 0.566 0.273 0.187 0.821
Tunisia 6 0.648 0.091 0.552 0.749
Norway 2 0.650 0.036 0.624 0.675
Nigeria 7 0.894 0.522 0.128 1.615
Australia 6 1.154 0.455 0.235 1.451
Algeria 8 1.825 0.956 0.190 2.967
United States 9 1.904 0.198 1.673 2.254
Canada 9 1.956 1.052 0.148 3.295
Syria 6 1.968 2.681 0.421 7.410
Iran 10 3.231 2.251 0.417 8.035
Iraq 10 5.354 2.922 0.909 9.980
Total 179 10.857 33.379 0.001 228.519
Venezuela 9 12.791 5.403 5.026 18.749
Saudi Arabia 10 21.682 14.147 4.634 46.502
Qatar 6 83.716 52.535 31.586 145.289
Kuwait 8 115.758 82.340 30.536 228.519

Sources: Crude Oil production: Mitchell B. R. (198082 and 1983).
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Table A.4: Interactive model

Oil production per capita in log 0.55*** 1.27%* 14+ 0.98*** 1.00%**
[3.81] [6.89] [6.18] [4.85] [3.83]
Middle Eastern countries (ME) -2.56 -2.64 -2.84* 53+ -2.76%+*
[-1.25] [-1.64] [-1.82] [-2.35] [-4.68]
ME x Oil production -0.18 -0.97*** -0.94%** -1.15%* -0.43
[-0.98] [-3.63] [-3.42] [-3.95] [-1.22]
Milk production per capita in log 2.26%** 2.27%* 2.15%** 2.56%**
[4.51] [4.49] [4.46] [5.76]
Population density in log 0.44 0.67** 1.08***
[1.38] [2.21] [6.16]
GDP per capita in log 0.46 -0.49
[1.01] [-0.75]
Institutionalized Democracy Scale = -88 -4.28**
[-2.56]
Institutionalized Democracy Scale = 0 -2.26**
[-2.31]
Institutionalized Democracy Scale = 1 -2.78
[-1.30]
Institutionalized Democracy Scale = 2 -1.23
[-0.93]
Institutionalized Democracy Scale = 3 -2.82%*x
[-5.70]
Institutionalized Democracy Scale = 4 -5.97%xx
[-2.70]
Institutionalized Democracy Scale = 5 -3.01
[-1.34]
Institutionalized Democracy Scale = 6 -2.38*
[-1.93]
Institutionalized Democracy Scale = 7 -3.00**
[-2.19]
Institutionalized Democracy Scale = 8 -151
[-1.20]
Institutionalized Democracy Scale = 9 -2.63%**
[-3.48]
Constant 172.60**  179.12**  177.87**  172.89**  18.09***
[139.34] [154.67] [129.66] [44.29] [28.67]
Observations 211 140 140 132 132
R-squared 0.0745 0.5357 0.5715 0.6449 0.7505
Time dummies No No No No No

Robust z statistics in brackets. *** p<0.01, ** p€6, * p<0.1

Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2e& Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizechideracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.

136



Table A.5: Interactive model with time dummies

M1 M1 M1
Oil production per capita in log 0.30* 0.97*** 1.7
[1.90] [4.20] [4.48]
Middle Eastern countries (ME) -2.47 -2.40** -2.74**
[-1.54] [-2.30] [-2.10]
ME x Oil production -0.15 -0.72** -0.83**
[-0.90] [-2.24] [-2.44]
Milk production per capita in log 2.36** 2.33%+*
[5.12] [4.65]
Population density in log 0.59
[1.45]
GDP per capita in log
Institutionalized Democracy Scale = -88
Institutionalized Democracy Scale = 0
Institutionalized Democracy Scale = 1
Institutionalized Democracy Scale = 2
Institutionalized Democracy Scale = 3
Institutionalized Democracy Scale = 4
Institutionalized Democracy Scale = 5
Institutionalized Democracy Scale = 6
Institutionalized Democracy Scale = 7
Institutionalized Democracy Scale = 8
Institutionalized Democracy Scale = 9
Constant 172.77*** 179.33*** 177.58***
Observations 211 140 140
R-squared 0.0614 0.5657 0.5930
Time dummies Yes Yes Yes

M1

1 .25***
[5.42]
_3.81***
[-6.34]
-0.52%*
[-2.09]
3.76***
[7.69]
1 .27***
[6.44]
-1.35*
[-1.90]

190.66***
132
0.7213
Yes

M1

1.01%%
[3.78]
-3.07%
[-4.88]
0.44
[-1.20]
2.72%%
[5.32]
1.00%+
[5.16]
-0.74
[-1.00]
-3.71%
[-2.52]
2.07*
[-1.95]
-2.98
[-1.23]
-1.21
[-0.83]
-3.53%*
[-5.36]
-5.66***
[-3.03]
357
[-1.42]
-2.62%*
[-1.99]
-2.95%
[-1.96]
-1.43
[-1.03]
247+
[-3.03]
18.86*+
132
0.7636
yes

Robust z statistics in brackets. *** p<0.01, ** pé6, * p<0.1

Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2e& Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizechideracy:

Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.
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Table A.6: Testing for unit roots: augmented Dickayler test

chi2(32) p value

Mean height (in cm) 70.75 0.01
Oil production per capita (in log) 81.34 0.00
Milk production per capita (in log) 207.57 0.00
Population density (in log) 89.84 0.00
GDP per capita (in log) 108.27 0.00
Institutionalized Democracy 29.51 0.97

Notes: Tests were conducted with one lag of thedéent variable, and a trend for time was included.
Sources: Crude Oil production: Mitchell B. R. (198982 and 1983) Heights: Baten (2006, 2009 an@ 2e& Data
Appendix D); GDP: Maddison 2001; Milk: Baten et @012). See Data Appendix D. Institutionalizechideracy:
Marshall et al. (2008) Polity IV Project datasetsviast accessed in 2010.

Fixed effects versus random effects — Hausmann test
Country-fixed effects control for characteristibat are specific to one country and do not
change across time. To address time invariantbl@sawe use the Hausman test Stata command
in the following.

Prob>chi2 =  0.808B05 ( Random Effect

138



Table A.7: Hausman test comparing IV with OLS regren

v oIS Difference
(b) (B) (b-B) sqrt(diag(V
_b-V_B))
S.E.
Oil production per capita (in log) 1.04 1.01 0.03 10
Middle East countries (ME) -3.12 -3.07 -0.05 0.29
ME x Qil production -0.46 -0.44 -0.02 0.14
Milk production per capita in log 2.76 2.72 0.04 29.
Population density in log 1.01 1.00 0.01 0.04
GDP per capita in log -0.79 -0.74 -0.06 0.32
Institutionalized Democracy Scale = -88 -3.67 -3.71 0.04 0.23
Institutionalized Democracy Scale =0 -2.02 -2.07 .050 0.26
Institutionalized Democracy Scale = 1 -2.94 -2.98 .040 0.23
Institutionalized Democracy Scale = 2 -1.15 -1.21 .070 0.39
Institutionalized Democracy Scale = 3 -3.52 -3.53 .020 0.11
Institutionalized Democracy Scale = 4 -5.60 -5.66 .060 0.34
Institutionalized Democracy Scale = 4 -3.52 -3.57 .060 0.33
Institutionalized Democracy Scale =5 -2.56 -2.62 .060 0.33
Institutionalized Democracy Scale = 6 -2.93 -2.95 .020 0.13
Institutionalized Democracy Scale =7 -1.39 -1.43 .040 0.23
Institutionalized Democracy Scale = 8 -2.47 -2.47 .000 0.02
bdec1925 0.72 0.72 -0.01 0.05
bdec1930 -2.22 -2.19 -0.02 0.12
bdec1935 -0.90 -0.87 -0.03 0.17
bdec1940 -0.79 -0.78 -0.01 0.05
bdec1945 -1.59 -1.57 -0.01 0.08
bdec1950 -0.06 -0.03 -0.03 0.17
bdec1955 0.16 0.18 -0.02 0.13
bdec1960 0.68 0.69 -0.01 0.07
bdec1965 0.32 0.33 -0.01 0.06
bdec1970 -0.06 -0.05 0.00 0.03
bdec1975 0.07 0.07 0.00 0.01
bdec1985 -0.26 -0.27 0.01 0.04
bdec1990 -0.25 -0.25 0.01 0.05
bdec1995 0.82 0.81 0.01 0.05

b = consistent under Ho and Ha; obtaiinem xtivreg
B = inconsistent under Ha, efficientlanHo; obtained from xtreg

Test: Ho: difference in coefficients not gyetitic Prob>chi2 = 1.0000 >0.05 ( xtivreg
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5. Human Capital Development in Iran and Iraq in the
20" Century: Was There a Quality-Quantity Trade-

Off?

Abstract

As is the case for most developing countries, &ad Iraq offer little reliable socio-demographic
data that are disaggregated at the district |&vgk study’s objective is to estimate the trade-off
between child quality and quantity in Iran and Ir&ta from the Iranian national census in
1956, 1966 and 1976 and the Iragi census in 196%sed to examine the association between
child quantity and quality. To illuminate the enéogus factors of child quantity and quality, an
instrumental variable (IV) approach is used in théper. A clear inverse relationship between
fertility rates and school enrolment rates is emntder Iran but not for Irag. A trade-off between
child quantity and quality has clearly occurredlian since the 1960s, and the country has

experienced a major fertility decline in recentrgea
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Keywords: Child Quantity-Quality Trade-Off, Demoghac Transition, Human-capital

Development

141



5.1 Introduction

The quality-quantity model implies that there israde-off between child outcome and the
number of children per family (Becker 1960, Beck®&i73, Becker 1976). In several empirical
studies, a negative correlation between family aiz@ child quality has been found (Knodel et al.
1991, Ahn et al. 1998, Becker et al. 2010, Montggnet al. 2000, Schultz 1994) It has been
shown that higher quality and lower quantity offegrare necessary for long-term economic
growth (Becker, Murphy and Tamura 1990, Lucas 20@®rents will limit the number of
offspring and invest in their children’s developrhédrthe parents are sufficiently educated and
the expected returns to human capital are highk@edAurphy and Tamura 1990).

Becker (1960) explained that increases in educapiarallel fertility reduction, thus
creating a quality-quantity substitution. Technatad progress, along with an increase in per
capita income, triggered an accumulation of humapital in the form of literacy rates and
schooling. Additionally, a qualitative change ire thconomic environment increased the demand
for human capital and encouraged households tsinnehe education of their offspring. Hence,
demographic transitions can enhance a nation’saumngrowth (Galor 2005).

The two countries covered in this study, Iran arad),| have often been in the political
news. Conflicts, riots and wars have occurred thhout these countries’ histories. There are
some circumstances that link both countries byrtpests, but both countries are culturally
diverse, comprising numerous religious and ethniiconties (Aghajanian 1995, Abbasi et al.
2007). High rates of marital fertility and decligirmortality rates caused rapid population
increases in both countries, but their subsequetredses in population growth vary from one to

the other.

%" Most of these models’ estimations are based owithaal examination units. Only Becker et al. usadjé aggregates such as
Prussian districts. When using aggregated datanmsé make many tenuous assumptions
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Iran’s population growth rate has decreased rapgiihce the 1980s, whereas Iraq’s
decline in population growth has been slower. Dyiihe 1970s, the fertility rate of Iranian
women was 6.5 children. Today, the fertility ratelian is even lower than in Europe (the 2010
rate in Iran was 1.7 children). This sharp decreadertility in Iran since the 1980s was most
pronounced after the Islamic Revolution. Althouglere were policy-induced family planning
programmes in the 1980s, those yielded negligifiects; the rapid decrease in fertility in Iran
has been attributed to improved mass educatioftjgablupheaval and war (Aghajanian 1995,
Abbasi et al. 2002).

The relevant decades for the investigation of thlationship between education and
fertility are the 1950s through the 1980s. Feytitime series (see Figure 1) reveal that neither
country was experiencing a fertility decline befdine 1980s. A downward trend is observable
from the 1980s onward. Explorations of the presit@on period provide some insight into the
connection between Child Quality-Quantity trade-¢@@-Q trade-off). Because of improving
health conditions and declining child mortalityasit fertility had begun to decline in many other
developing countries in the 1950s (Reher 2004uréi@ reveals the trajectory of crude birth and
death rates in Irag and Iran from the period of 1880s through the 2000s. Iragi birth rates
decreased gradually and steadily after the 19@spared with a more rapid decline in Iran. The
death rates began at the same level in the 195Ddenreased in both countries until the 1980s.
After the 1980s, the Iraqi death rate increased.

The findings presented in this study show thatran, there exists a significant negative
relationship between fertility and education in theriod after the 1960s; in contrast, in Iraq,
there exists a positive relationship. Looney (1988j}ibuted the apparent decline in human
development in Iraq to an insufficient investmemthuman capital compared with Iran, which

had increased its human capital accumulation dweisame period. Additionally, the number of
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years of education required in Iran is 12 yearserne&s in Iraq, only 6 years of education are
required (World Bank Human Development Report Méddhst and North Africa 1999).

The major empirical challenge of studying quantjtiglity trade-offs is that both
variables are endogenous. This paper will attem@stimate the existence and size of the child
quality-quantity trade-off by diminishing the endwogity problem. Using the natural occurrence
of twins as an instrumental variable (IV), Rosenpwand Wolpin (1980) find a negative
correlation between family size and children’s extion (child quality) in a sample for India. In
Norway, Black et al. (2005), using the same IV dp=stion, find a negative correlation between
family size and educational attainment. Most of ¢mepirical studies of the trade-off between
fertility and education are based on micro-leveladanly, although Becker et al. (2010) used
district-level data for Prussia in the nineteerghtary and found evidence of a quantity-quality
trade-off.

The National Census&wf Population and Housing conducted for Iran i56,91966 and
1976 and for Iraq in 1965 offer detailed insightsl &ey indicators that reveal the connection
between fertility and education. The micro-regiodatasets of IraniarShahrestansand Iraqi
(Qadhg districts allow the incorporation of educatiorddertility data for the period prior to the
demographic transition. The use of census wavdisiadisaggregate level makes it possible to
investigate cross-country variations among feytéibhd education rates.

The geographic pattern of educational and fertidlgvelopment in both countries has
been examined at the provincial level. The focuthisf study is to provide a possible explanation
for the timing of the onset of the quantity-qualitsgde-off. We should keep in mind the theory of
path dependence, which suggests that fertilityaichecountry will follow its own path, a direct

comparison of both countries fertility path can iased because of the patchy data sources

%8 Both states have collected population informatibmtervals of approximately 10 years.
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(Bulatao et al. 2001 p.7). Nevertheless, the a@ogliindicators in this study may operationalise
the relationship between fertility rates and edocat attainment in Iran and Iraq.

The remainder of the paper is organised as folldBection 2 discusses briefly the
economic history of Iran and Irag and highlightpeads such as land tenure, education, fertility,
urbanisation and child-mortality rates. For theesak brevity, this overview examines regional
differences only at the provincial level. Sectione8amines the evidence and the general

empirical strategy and presents the primary engdiresults. Section 4 concludes.

5.2  Data and Regional Characteristics
5.2.1 Iran’s economic development

Iranian economic development throughout the nimgte@and twentieth centuries was
quite different from similar countries, partly besa Iran was never formally colonised by any
major power. The first oil concession was granted910, and since then, economic interest in
Iran has focused on oil (Najmabadi 1987). Recertg, decline in fertility rates in Iran has
attracted international attention (Aghajanian 19hermeyer 1994, Ladier-Fouldi 1997, Abbasi-
Shavazi et al. 2006, Abbasi-Shavazi et al. 200ha&bShavazi et al. 2008). Iranian births per
woman were between 6 and 7 from the 1960s to tlggnbieg of the 1980s and fell to
approximately 1.8 in 2008 (Figure 1). This tramsiti from having one of the world’s highest
fertility rates to being at replacement lev&lss remarkable for Iran compared with other Middle
Eastern countries. In Egypt, Iraq and Turkey, teelides in fertility rates were gradual, whereas
the decline in fertility in Iran was substantial.

(Figure 1 about here)

%9 According to the Princeton rule, transition candssumed to be under way if fertility declineslbypercent.
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In Table 1, a brief overview of the literature fban about schooling and fertility
connection is shown. In almost all of the survekie, data demonstrate that an improvement in
education is associated with the fertility declibat none of the studies specifically addresses the
onset of the Q-Q trade-off at the disaggregatedriclislevel for the pre-transition period.
Furthermore, none of the surveys presents a validisn for the endogeneity problem that arises
when using schooling and fertility data. In otheards, in this study, both issues are considered.
First, a new dataset for the pre-transitional geigpresented. Second, an instrumental variable
approach will most likely predict the relationstoptween child quality and child quantity in an
adequate way. To our knowledge, no econometricareBefocusing on Q-Q trade-off for Iran
and Irag has been performed.

Despite internal migratioff, Iran’s population is divided geographically by dferent
ethnic and linguistic groups (Mohtadi 1990, Agh&an1983). Many Kurdish communities are
situated in the west and northwest, with Baluchishie east, Turks and Aseris in the north and
northwest, and Arab groups in the south. Almosballhe communities in the central areas are
ethnically Persian (Aghajanian 1983). Because afi’'tr modernisation and integration into the
world economy over the course of the twentieth wantthe gaps in educational attainment
among ethnic groups may have been even wider, ast moconomic development was
concentrated in the central area (Aghajanian 1983).

Figures 3a-3c provide an overview of the spatiatritiutiorf* of school enrolment rates
for each census wave. The central provingeskazi, Qom andsemnandisplayed quite good
values compared with the north and southeast, wtiigplayed a low value. The demonstrated

figures contained provinces with missing values—ashe 1966 census—but the bulk of the

0 ran’s migration process was a massive movement fhe periphery to the core geographic regions (af988 p. 333).
1 The maps of the province levels are included tsitate the educational and residential environrakeach province, as
relates to the discussion of the provinces’ vaygtages of economic development. They allow feritispection of the
geographical distribution of the used variablese $tatistical analyses, however, are based onatlivel information.
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observations covers nearly 83 percent of the pdpualain summary, there is an upward trend in
school enrolment across all provinces, but theiregskof the regions do not change significantly

over the three census waves.

(Figures 3a-3c about here)

The Law of Education, approved by the Iranian Barént in 1911, contained in Article 3
the stipulation that elementary education was cdsagoy for all Iranians. However, full
enrolment in elementary schools was achieved amwatds the end of the ®@entury. In the
first comprehensive census of 1956, only 29.4 peroéthe total population ages 10 and older
were literate. School enrolment rates ranged fraim &4 percent across Iranian districts in 1956.
The minimum and maximum rates for the 1966 cenSugefcent and 91 percent) indicate an
improvement in enrolment for children of 7 yearsdamlder; in 1976, the minimum and
maximum enrolment rates were 23 percent and 9Gpgrmespectively (columns 3 and 4, Table
2). These decades also withessed enormous improvemesducational quality.

Improvements in female mass education and risim@ppnity costs are preconditions for
a sustainable fertility decline (Mason 1984). Theréase in school enrolment rates among
Iranian females in urban areas accelerated attine pace as the rates for males in the 1950s and
1960s. However, the enrolment rates of femaleauial rareas began to increase substantially
after 1966. Furthermore, greater educational attait for women meant a delay in marriage and
childbearing in many other countries, but not ianirwhere the pressure to marry is intense.
Additionally, job opportunities for women are nejftile in Iran (Darabi 1976). From province to
province, the percentage of working women variedifil to 47 percent of Iran’s total population

in 1956 (1percent to 43 percent in 1966 and 1 peitoed5 percent in 1976).
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The child-woman ratio (CWR), defined as the numtfechildren aged 0 to 5 years per
woman of child-bearing age (aged 15 to 45 yeal®Wwa us to reconstruct fertility behaviour in
Iran. Our measure for fertility comprises only suing children, and therefore it is possible that
infant mortality may bias our distribution of féitty. We do not have data on child mortality at
the district level; however, we do have such dathe province level. The results of the related
research suggest that infant mortality varies widehong provinces. Furthermore, differences in
child mortality rates across provinces may refteeteconomic status of the household that exist
in Iran (Hosseinpoor, et al. 2065)

The distributions of CWRs for each census yearshvn in Figure 4. There is a clear
shift to the left in the distribution for 1956 aid®76. Because we compare CWRS in cross
sections at three points in time and the used ahibdtality in this study remains constant for
each census year, the error caused by the variatiomortality will cancel out. By using the
natural logs of the CWRs in 1966, we narrow theyeaof the dependent variable.

(Figure 4 about here)

Provinces in the west, presumalifhuzestan, Lorestan and llarhad higher child-
woman ratios compared with the eastern and ceptoalinces. In Iran, the largest variation in
child-woman ratios is between the provinces andwititin the same province. Table 2 provides
descriptive statistics of the variables. The mimimand maximum CWRs are similar in 1956
(0.64 and 1.10, respectively), 1966 (0.69 and 1ré8pectively) and 1976 (0.58 and 1.10,
respectively).

(Figures 5a — 5¢ about here)

%2 |n this study the economic status of the housetvals the most important determinant of inequalftinéant
mortality. The index of economic status was corséd by using the following variables: number afnms per
capita, having a car, having a fridge, having a fBléphone and kind of heating devices.
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Another important claim for understanding fertilitg the employment structure of
women. The employment structure of women has beesidered to obtain information about
the stage of the emancipation and the role of wonmethe economic development. The
mechanisms that promote change in Iran are naahee as in other Asian and Islamic countries.
Delayed childbirth is not a major factor becauserehis strong cultural pressure on Iranian
women to marry at a young age. Although in 1974allechanges had raised the minimum
marriage agé® these changes had no effect on the number of ezalyiages (Ladier-Fouladi
1997 pp.198-200). These observations also helpxpam Iranian women’s low levels of
participation in the labour force.

Iran had previously offered a family planning prampme that had only a negligible
effect, particularly in rural areas. In an empitipaediction, Salehi-Isfahni et al. (2010) stated
that initial literacy and educational institutiomsght have played a larger role in the fertilityera
decline in the conservative Islamic state of It@antthe family planning programme.

Finally the distribution of land, highlight some dey themes, which are worth
mentioning by linking schooling and fertility figes. The history of Iran’'s 1962 land reform
deserves a separate, detailed consideration. Laretehip inequality is one of the explanatory
variables that has in many setting a strong negaffect on human capital accumulation (Galor
et al. 2009). The first comprehensive agricult@eisus of Iran in 1960 provided information on
landholdings. It also contained information aboatious types of tenuf& but not about the

concentration and distribution of landownership.eTland reform law limited the size of

®3 Article 23 of the Family Protection Law increaske minimum age to 18 for females and 20 for maleslier-Fouladi 1997).

64 Forms of landed property have previously coexigtddan: common peasant lands, state lands, camditiand rights such as
Igta ortoyul (circumstances in which revenues from agricultlamatl were given to local governors or militaryiogis),
unconditional land rights such ssyurgal(circumstances in which revenues from agricultlesatl were bestowed as a reward for
previous services rendered to the state), Crowdslgorivate lands, aravqgaf(religious endowments and tribal pastures).
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landholdings of individuals to the equivalent otiagle village. Landholdings above this limit
had to be sold to the government. In turn, the gowent sold these holdings to peasants, who
then had to pay for the holdings in installmentsrox fifteen-year period. Over the next decade,
two-thirds of Iranian peasants became beneficiasfespproximately half of the total available
agricultural land. Land reform was seen as a nacgsgrecondition for diverse economic
development in the decades after the 1950s (Najnadls&7 p. 68

Despite limited and inconclusive data, the re§file$ the 1962 land reform show that
landowner inequality did not decreaSeveral sources give inconclusive estimates of st
distribution. All studies indicated highly conceatrd landownership, which is typical of many
Middle Eastern countrighlajmabadi 1987 pp. 100-103).

Given the dearth of data on land inequality—predugave are lacking district-level
information—we used data on the type and constrnaif tenure to calculate a Gini-Index. This
index provides the grade of concentration of haysianstruction across Iranian districts. For
each district, we have information about the distiion of materials used to build housing units.
For example, in th®anavanddistrict in the census year 1956, 59 percent ok units were
constructed with sun-dried bricks, and 33 perceatewconstructed with mud. The remaining
units were constructed with stone, wood and othetenals.

The primary assumption when using type and construcof tenure to determine
landownership inequality is that the quality of bimg material corresponds to landownership.
Allocations of land, housing and housing constauctmaterial are determined by the social

stratification in Iran. People with higher socimaomic background have higher opportunity of

65 The land reform programmes of third world coigstafter WWII aimed to transform the internal s@tionomic order of
society: “Unsatisfactory forms of agrarian struetand in particular systems of land tenure, teralvariety of ways to impede
economic development in third world.” (UN 1951 &)6

66 The number of small holdings—less than 1 heetamereased by 19 percent between 1960 and 1974hamtimber of very
large holdings—more than 100 hectares—increaseiB8ypercent. Information on medium-sized holdirsysat available.
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homeownership and vice versa of landownership. gusonditions have improved in last 50
years in general, but in rural areas the accepgptr water and central heating was modernized
more slowly than the urban regions. The predomihansing material across Iran districts is sun
dried bricks, probably displaying the low conditioh the people with lower socioeconomic
background. These are some reason which reinfdtegdan unequal distribution of housing
material reflects an inequality in land tenure.

The spatial distributions of the Gini-Index are whoin Figures 6a-6¢. The inequality
measure was highest in 1956 kast Azarbayjan, Zanjan Esfahan, Kermamd Sistan
Baluchestanin the 1966 census, we can observe material aligun Esfahan, Hamadaand
Sistan Baluchestarrinally, inequality was more prevalent in theteas provinces in 1976. The

minimum and maximum values of our Gini-Index vangely (see Table 2).

(Figures 6a — 6¢ about here)

If these patterns do, in fact, reflect landowngrshiequality, the calculated indices may

help to establish the relationship between chilid@me and child quantity.

5.2.2 Economic and social change in Iraq

Irag was ruled by the Ottoman Empire until the Eneigicollapse in 1918. As a modern
state, Iraq was constructed from the rudimentamiaitrative structures of three Ottoman
provinces. Iragi independence occurred in 1932.iMguthe period from 1958 to 1968, Iraq
underwent four violent and bloody changes in pmditpower. The Ba'th party had taken control
once in 1963, but military conflicts with the IraGommunist Party allowed the Ba’th party to

return to power after the revolution in July 1968aghimi et al. 1961 pp. 55-70). After the
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formation of the Republic of Iraq in 1958, a newa@n reform law was introduced. This
reform capped the size of individuals’ property déstablish a more equitable system of
ownership. The maximum landholding was limited @®Adonum&’ (618 acres) of irrigated land
or 2000donumsof non-irrigated land (Hashimi et al. 1961 p. 78).Iraq, this reform led to a
disruption of the tribal system. The majority oktlraqgi population is Arab (77 percent), with
Kurds comprising a large minority group (20 pergentostly located in cities such &srkuk,
SulaymaniyalandArbil.

Large-scale landholdings, which were tribal in orjgvere an important feature of Irag’s

landownership system. Landownership built up titgatdirah®®

, and private property emerged
as a result of land appropriation by tribal sheikkiter pump irrigation systems were
implemented in the 1920s. In her study, Warrin€6)) used the agricultural census of 1952,
which counts and classifies agricultural holdingssize.

Notably, the land system in the northern regionfa differs markedly from that in the
south. In particular, the tradition of inheritanicenorthern Iraq was regulated by t¢toman
Land Code In that region, equal division between heirs \aiswed, whereas in the southern
regions, theSharia lawbestowed the inheritance privilege on the eldest ($@arriner 1962 p.
138). As described in the literature mentioned jonesly, large-scale landholding was prevalent
in the irrigation zone between the two rivers. U suggests that the provinces with the

greatest concentration of landholding and the geentribal authority ar&aysanand Thi-Qar

in the south. The Statistical Abstract of 1965 jtes a classification of the sequestered land.

(Figure 7 about here)

" The unit of area used in Iraq is thenum which is equal to 618 acres or 0.25 hectare
%8 Customary right
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There is also considerable evidence that the exptam of land took place
predominantly in northern Iraq, where the averagding was smaller (Warriner 1962 p.145). In
summary, expropriation efforts seem to have beefitigadly motivated, presumably to
disadvantage ethnic groups in northern Iraqg.

Iraq instated a compulsory primary education lawl@b8, almost 50 years after Iran;
however, widespread implementation of the law aditlatcur until the 1970s. Although district-
level statistics from Iraq are scarce, educatioia daem likely to be accurate. The educational
system in Iraq comprises four parts: a pre-schtages a compulsory six-year primary education
stage, a secondary stage and tertiary stage. TUwmtahal system was adopted from the British
and Soviet method and was characterised by a bigh of discipline (Delwin 1993 p. 185).

For purposes of comparison, we mapped the educd#dtmon the provincial level. The
details of the descriptive statistics for Iraq glhewn in Table 2. Of particular interest are the lo
levels of school enrolment in the north and inithigation zone between the two rivers, which is
the agricultural region of Iraq. Onlgaghdad, Nadschaf and Al-Basrahow high enrolment
rates. Meanwhile, the northern regions with agtigal industries Duhok Arbil and As-

Sulymaniyyahshow comparatively high fertility rates.

(Figures 8 and 9 about here)

What do these figures imply about the relationsbgiween child-woman ratios and
school enrolment rates? The map of child-womamsahows clear regional differences: fertility
is high in the northern provinces, low in the seuthareas and moderate in the western region of
Irag. The population of the northern regions, whisdre Kurdish minorities at the time, clearly

had inferior access to education.
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The available data from the 1965 census reveatdnee traditional marriage pattern in
Irag as in many other Arab and Muslim countriesth@ Iraqi districts measured, 83 percent of
the women were married. Tabutin et al. (2005) shwat mean age at first marriage has changed
over the last thirty years. The mean age of maerfag Iragi women was 20.8 years in 1975, and

it increased to 22.3 years in 1998 (Tabutin e2@05, Table A4, p. 596).

5.3  Estimation strategy and results

The last section has emphasised the variablesctratplay a substantial role in the
relationship between fertility and education. Instisection, we perform OLS and 2SLS
regressions to test whether school enrolment chitéd(quality) has an effect on fertility (child-
woman ratio) in Iran and Iraq for each census waveempirical exploration at the disaggregate
level, at which the units of analysis are districtsn help us to identify determinants of the Q-Q

trade-off.

5.3.1 Quantity-quality trade-off in Iran and Ird@tL.S regression

Simple scatter plots are used to examine each semaue (Figure 10a-10c). A visual
inspection across districts confirms a negativeo@asion in Iran. In the bivariate regressions
(Column 1, Table 3a-3c), education and child-wonratios are significantly negatively
correlated across Iranian districts in all censeary. In the subsequent columns, we introduce
additional control variable¥. In all three census years, we found that the toifidetween
education and fertility may have existed beforeftrélity decline in the 1980s. Adding further
control variables increases the negative relatipnsts observed for census year 1956 (Table 3a).

The results reported in Tables 3b and 3c—for th&61#nd 1976 census waves—generally show

% For Iraq, the following independent variables moé available: percentage of working women, non-en@and
population density.
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the negative effects of schooling on the fertiligte. The size of the estimated coefficient
decreases with the introduction of additional c@atas, although the negative relationship still
exists. It is noteworthy that the enrolment rated 956 are not directly comparable to enrolment
rates in later census waves. Only information alo&tenrolment rate of children aged 10 to 14
years is available from 1956; therefore, a sligitlishe in the proportion of this age group could
cause measurement errors for the first census wave.

The marital status of women is significantly andgipeely correlated with fertility for the
census years 1966 and 1976 (s.e. = 0.76 and @sf&atively) but not for the first Iranian census
in 1956. The marriage effect seems to generateghgitde effect on fertility (see column 4,
Table 3a) in 1956. One of the primary problems weihluating the impact of the marriage effect
on fertility in Iran is the underreporting of earyarriage; if these marriages were included in the
data, one might expect to find stronger evidenca oélationship between child-woman ratios
and marital status.

Women’s participation in the labour market can dase the time available for
childbearing, especially in the case of rising wagies. Furthermore, women’s participation in
the labour market can weaken traditional patertialésructures (Mason 1984, Aghajanian 1995).
Married women without many opportunities to papate in labour markets—as was the case in
Iran—are likely to have little knowledge of conteption’® and tend to have higher birth rates.
Not surprisingly, the effect of women’s particiatiin the labour market on fertility is negative
in 1956 (Columns 6 and 7, Table 3a). The corresipgneffects for subsequent census year are

negative but not statistically significant (Colunthand 7, Tables 3b, 3c).

"0 An increase in contraceptive knowledge could iaseethe quality of children as well as decreasirt kates.
Contraceptive knowledge diffused greatly in Irarthie 1970s, but it is not possible to estimateptteeise effects
(Aghajanian A, 1995).
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A final result of note is the percentage of theamlpopulation. The OLS estimates
suggest that child-woman ratios in Iran are neegéticorrelated with the percentage of the
urban-dwelling population. Only in the 1976 cenatessthese findings statistically significant.

In contrast, OLS estimates for Iraq show a posigffect of fertility rate on schooling.
After adding almost alf of the same control variables, the positive retathip increased (Tables
A.1 and A.2). The coefficients for the percentagehe population that is Moslem indicate a
negative relationship. Higher infant mortality iiEnd urbanisation decrease fertility rates across
Iraqi districts. By introducing the percentage dfan population variable, the explanatory power
of the model and the positive coefficient of the@a enrolment rate increased (Column 4, Table
4).

These results have important implications for tebale regarding the timing of the Q-Q
trade-off. They suggest that the increasing enrotmmate in Iran may have had a significant
effect on the rapid decline in fertility rates befdhe 1980s, and it is likely that in Irag these
mechanisms did not occur. The coefficient signhef ¢stimations may indicate whether such a
trade-off existed. In light of these argumentss iimportant to consider that the estimated results

are valid only if endogeneity does not create a.bia

5.3.2 Determining quantity-quality trade-off: ingtnental variable estimation

Next, we turn to the possibility of an endogenditys in our estimates. Fertility rates may
influence human-capital formation, and human capitay influence fertility rates. OLS may
overestimate this effect, and it cannot deliveratesive evidence given the possibility of reverse

causality. We avoid this potential bias by usingrestrumental variable (IV) approach. To use an

" To allow for an accurate comparison between thmties, we estimate the same specifications, ledesults do
not change (see Appendix A, Table A.1, A.2).
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IV'? approach, we need convincing instruments. A cain@ instrument should be highly
correlated with quality in children but should ribtectly affect child-woman ratios, except via

schooling.

5.3.3 Identifying Instruments

For our empirical model, each district’s distanodtte capital (Tehran and Baghdad), its
percentage of land and its building ownership ity are used as instrumenté&long with
others, Galor et al. (2009) note that landownershgquality has a negative effect on the
development of human-capital accumulation. Largdestandowners normally do not support
tax-financed schooling; hence, this socioeconomatig would not support the implementation
of human-capital-generating institutions (Galoakt2009 p. 144). Large-scale landownership
was a widespread practice in both countries, and taforms in the 1960s, enacted to limit the
size of properties, produced inconclusive resuittdight of these factors, the calculated Gini-
Index is used as an instrument for Iran. For Irdeg instrument is the distributions of
expropriated land obtained from the census of 1965.

The districts’ distances from the country’s capdalld be used as an instrument because
of the exogenous character of the variable. Inrathedies, distance variables have proven to be
controversial but theoretically valid instrumeritsour case, a district’s distance to the Iranian o
Iragi capital has a curvilinear relationship to @ghenrolment rates (Figures 11a-11d). With the
addition of the quadratic term of our distance atle, the functional form is properly defined.
For example, in 1956 Iran, the relationship betwsemooling and distance from the capital is

negative up to 1500 km, and then the relationskigpines positive. The curvilinear relationship

2 Below the IV estimation, we report the F-test #mel Sargan/Hansen test for over-identifying retnc The first-
stage statistics confirm that our excluded instmimare highly connected with the endogenous viexidine F-
statistics from the first stage are mostly highe Thull hypothesis of the over-identifying restrictiis rejected,
suggesting the validity of the instruments.
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may reflect the centralised systems of governmerdoth countries. Provincial administrations
were responsible for implementing the central gorents’ laws. Enforcement of schooling
varied across districts, as revealed in Table Zuimmary, geographic proximity to the capital
correlates with higher school enrolment rates,aip tertain distance. In our empirical analysis,
the F-statistic values for the distance variablegyest no signs of weak instruments. As a result,
the distance to Tehran and Baghdad seems to Helansirument.

As the preceding discussion has shown, landownershitheoretical important, and
finding an economic coherent suitable instrumerthésaim in this specification. However, the
lower F-statistic in our specification may be daetlte fact that data about landowner inequality
in Irag were available at the provincial level. Aman, our second instrument seems not to be
truly exogenous. To maintain consistency with dwgoretical arguments, the results of the IV
estimation using our inequality proxy are presenitedlables B1 and B2 in appendix B.
However, a set of robustness checks implies thagusoth instruments together will not deliver

accurate results.

5.3.4 Interpretation of the IV results - distanceapital as instrument

Table 5 and Table 6 provide the results of thérumsental variable estimations for Iran
and Iraq, respectively. It is notable that schoofoknent rates for all census waves are
instrumented by districts’ distance to the capifidie first three columns show the first-stage
results. The estimated results suggest that distemthe capital is significantly associated with
school enrolment rate. The results indicate thstbdce to the capital could be a valid instrument
for the potentially endogenous variable of childramn ratio.

The basis associations between the variables efesit are obvious. A 1 percent rise in

educational enrolment was associated with decreasekild-woman ratios of 0.22, 0.40 and
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0.90 in 1956, 1966 and 1976, respectively. Thesegltseare significant for the census years 1966
and 1976 but not for the first Iranian census (owla 4, 5 and 6, Table 5). A 1 percent rise in
enrolment accounts for approximately 9 fewer cleifdper 100 women in 1976. This is a strong
effect, considering that the mean value is apprexgty 87 children per 100 women (2 fewer
children were born per 100 women in 1956, and 4efeshildren were born per 100 women in
1966). Nevertheless, it should be mentioned th& ttalculation is based on only 112
observations in 1956, 58 observations in 1966 a28l dbservations in 1976. However, the
estimated effects of rising enrolment rates shaat the expansion of mass education in Iran had
led to fewer childbirths.

Another important implication is indicated by therpentage of married women, which is
positively connected with child-woman ratios. Itasident that in an Islamic country such as
Iran, children are most often born in wedlock. Ms&hite child-woman ratios are negatively
connected with the percentage of working women. ddedficient is statistically significant but
only for the census of 1956.

In contrast, for Irag, we observe a positive arghificant relationship between child-
woman ratios and school enrolment rates (colummable 6). The coefficient for the school
enrolment rate is positively significant at the guegcent level, suggesting that fertility rates in
Iraq increased with higher school enrolment rat&ste that the instrument Distance to Baghdad
is highly statistically significant, with a t-static near three. Distance from Baghdad is assatiate
with lower enrolment rates up to 350 km, beyondohhihe relationship increased. The IV
coefficient for Iraq in Table 6 shows that an irage in the enrolment rate by one percent causes
an increase in the child-woman ratios by 3 childpen 100 women. The average child-woman

ratio in Iraq was approximately 111 children peMomen in 1965. As noted in our OLS
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estimation, the coefficient for urbanisation ististecally significant, which means that the Q-Q

trade-off in urban counties was more pronounced.

For both countries, it could be concluded that ¢ésémated coefficient confirms our
primary finding in the OLS estimates. The 2SLSreate shows a larger effect of education on
fertility compared with the OLS estimate. The OLBda2SLS estimates of the schooling
coefficient are not significantly different, as sho by the endogeneity tests. Hence, we can
conclude that school enrolment rates are negatiasdpciated with child-woman ratios in Iran

and positively associated in Iraq.

5.4  Conclusion

In this paper, we test the theory of quantity-qyalirade-off for children using
representative census datasets. The primary godstithis study is whether the fertility decline
starting in the 1980s can be attributed to highéss of school enrolment in both countries. The
evidence reported by our OLS estimations suggdstt the quantity-quality trade-off in a
Becker-Lewis setup is present in Iran but not aglrThe consistency of the results across the
census years may indeed be an argument that “e@ogéschooling decreased fertility rates in
Iran. A quantity-quality trade-off is less obvioyslpparent in Iraq in 1956.
The effects are robust to various specificationsjuiding those that control for urbanisation
patterns and religious characteristics. We thenrungentalise school enrolment rates with
districts’ distances to the capital to examine dhasal link between fertility rates and children’s
education, and we find evidence supporting thik. lithere may be alternative explanations for
Iran’s sharply declining fertility rate in the miB80s, but the pre-1980s data used in the analyses
reveal a consistent negative connection betweditferand school enrolment rates, which

means that a quality-quantity trade-off was alreadgurring in Iran. The fertility transitions in
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Irag and Iran have been the topics of several esudiut empirical surveys that account for the

quantity-quality trade-off are not available.
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Tables

Table 1: Overview of the literature

Author, year Data Method Result
Abbasi-Shavazi, M. J., McDonald, P. (2006) Censata for 1986 and 1996 Descriptive analysis Rate of female educationaimthent has
and Iran Demographic and Health increased substantially

Survey, 2000

Abbasi-Shavazi, M. J., Lutz, Census data for 1966 Decomposition estimate Cadtieal of education

W., Hosseini-Chavoshi, M. (2008) and childbearing behaviour

Aghajanian, A. (1991) Census data for 1966, 199861 Descriptive analysis Structural and social geattecreased fertility
Darabi, K. F. (1976) Micro level: 338 women Deptiie analysis Literacy is unrelated to fertility
Ladier-Fouladi, M. (1997) Census data for 1996,619P86, 1991  Log-linear modelling Social and aatprogress

has been the keystone for fertility
development

Obermeyer, C. M. (1994) World Bank 1992, 1991 Dipsizre analysis Socioeconomic changes
contributed to the onset of a fertility decline

Raftery, A. E, Leweis S. M, Micro level: IFS 1977, 4,932 women Discrete eamdlysis Mass education caused fertility decline
Aghajanian A. (1995)

Salehi-Isfahani D., Abbasi M. J., Hosseini- District level: census 1986, 1996, 2006  Differemcdifference estimation Initial literacy playedaager role in fertility
Chavoshi, M. (2010). decline than other socioeconomic changes
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Table 2: Summary statistics

Iraq 1965

Child-women ratio

School enrolment
Percentage Moslem

Infant mortality

Percentage urban population
Percentage married women
Distance to Baghdad
Expropriated land

Iran 1956

Child-woman ratio

School enrolment
Percentage Moslem

Infant mortality

Percentage urban population
Percentage married women

Percentage of working women (% of total pop)
Percentage of working women (% of total occupiep)po 0.10
Percent for whom place of birth is the same distric

Distance to Tehran

Gini-Index proxy for landownership inequality

Iran 1966

Child-woman ratio

School enrolment
Percentage Moslem

Infant mortality

Percentage urban population
Percentage married women

Percentage of working women (% of total pop)
Percentage of working women (% of total occupiep)po 0.15
Percentage for whom place of birth is the sameidist

Distance to Tehran

Gini-Index proxy for landownership inequality

Iran 1976

Child-woman ratio

School enrolment
Percentage Moslem

Infant mortality

Percentage urban population
Percentage married women

Percentage of working women (% of total pop)
Percentage of working women (% of total occupiep)po 0.14

198274216302

0.07 .080

0.73 0.09

0.10 .100

0.76 0.06

0.08 .080

max
141
0.33
1.00
11951
0.97
0.97
638

582627

1.10
0.64
99.90
4.07
84.12
4.39
0.53
0.47
99.80
3419
0.91

1.70
0.91
99.90
4.07
96.80
0.88
0.50
0.43
98.80
1287
0.87

1.10
0.96
100.00
4.07
84.20
0.88
0.36
0.45




Percentage for whom place of birth is the sameicist 90.44 8.21 57.40 99.00
Distance to Tehran 733 427 66 3419
Gini-Index proxy for landownership inequality 0.76 0.07 0.55 0.91

School enrolment rate is the percentage of childgad 7 to 14 enrolled in primary schools for
the census years 1966 and 1976. In the first Inacéamsus data, only children aged 10 to 14 are
considered. The child-woman ratio is the numbeshiifiren aged 0 to 5 divided by the number
of women aged 15 to 45.

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the
second Iranian Census (1966) covering 89 percethieaiotal population; Data for 129 districts
from the third Iranian Census (1976). To consteu@ini coefficient as a proxy of landownership
inequality, we use the type of construction by temaf the housing units.
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The relationship between education and fertility indifferent Iranian censuses

Table 3 (a) The relationship between education anirtility — Iran, 1956

Dependent variable

1)

&) 3 (4) (5) (6)

Child-woman ratio

(7)

School enrolment -0.14 -0.14 -0.14 -0.15 -0.15  20.2 -0.25*
[-1.27] [-1.34] [-1.34] [-1.58] [-1.65] [1.92] R.22]
Percentage Moslem 0 0 0 0 0 -0.01
[0.01] [0.01] [-0.00] [0.05] [-0.27] [-0.56]
Infant mortality 0 0 0 -0.02 -0.03
[0.02] [0.02] [0.03] [-0.38] [-0.52]
Percentage urban population 0 0 0 0
[0.10] [0.04] [0.07] [-0.18]
Percentage married women -0.02 -0.02 -0.02
[-0.48] [-0.98] [-1.07]
Percentage of working women -0.03** -0.03**
[-2.40] [-2.35]
Non-mover 0.02**  0.02**
[2.44] [2.38]
Population density 0.02
[1.69]
Constant 0.92%** 0.92** 0.92** (0.91** (.91** 0.81** 0.80***
[30.92] [33.24] [18.13] [11.14] [11.04] [9.07]  [B6]
Observations 112 112 112 112 112 112 112
R-squared 0.02 0.02 0.02 0.02 0.03 0.21 0.25

OLS regression: Child-woman ratio is the numbectoldren aged 0 to 5 divided by the number
of women aged 15 to 45. School enrolment ratedgptdrcentage of children aged 10 to 14 who
were enrolled in public primary school. *** p<0.0%,p<0.05, * p<0.1 t-statistics in brackets

Source: Data for 113 districts from the first ll@miCensus (1956)
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Table 3 (b): The relationship between education antertility — Iran, 1966

0.33

1) (2) (3) 4) (5) (6) (7)
Dependent variable Child-woman ratio
School enrolment -0.31** -0.30**  -0.33** -0.29**  .Q4* -0.21 -0.20*
[-2.79] [-2.63] [-2.32] [-2.29] [-2.05] [-1.73] [L.77]
Percentage Moslem -0.01 -0.02 -0.01 -0.02 -0.01 -0.02
[(1.29] [-1.20] [-1.28] [1.57] [1.41] [-1.72]
Infant mortality 0.11 0.1 0.11 0.11 0.11
[0.93] [0.90] [0.87] [1.13] [1.02]
Percentage urban population -0.02 -0.02 -0.02 -0.03
[-0.78] [-0.86] [-0.73] [-1.00]
Percentage married women 0.56 0.65 0.76*
[1.39] [1.46] [1.87]
Percentage of working women -0.03 -0.03
[(1.37] [-1.23]
Non-mover -0.01 -0.01
[-0.74] [-1.05]
Population density 0.02
[1.52]
Constant 1.17% 1.09%** 1.00*** 1.05%* 1.18** 1.12%* 1.11%*
[18.78] [17.93] [12.95] [19.66] [15.23] [14.26] 3125]
Observations 59 58 58 58 58 58 58
R-squared 0.16 0.17 0.21 0.22 0.26 0.31

OLS regression: Child-woman ratio is the numbectoldren aged 0 to 5 divided by the number
of women aged 15 to 45. School enrolment ratedgptrcentage of children aged 6 to 14 for

census years 1966 and 1976 who were enrolled ilicquimary schools. *** p<0.01, **

p<0.05, * p<0.1 t-statistics in brackets.

Source: Data for 58 districts from the first Irami@ensus (1966).
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Table 3 (c): The relationship between education antertility — Iran, 1976

(1) &) ©) 4 (5) (6) ()

Dependent Variable Child-woman ratio
School enrolment -0.41%*  -.0.37** -0.37*** -0.30** -0.05 -0.04 -0.04
[-6.19] [-5.32] [-5.33] [-4.45] [-0.72] [-0.56] p.53]
Percentage Moslem -0.02%*  -0.02*** -0.01 -0.01 -0.01 -0.01
[-3.14] [-2.89] [-1.53] [-0.98] [-1.44] [-1.47]
Infant mortality -0.05* -0.04 -0.02 -0.02 -0.02
[-1.73] [-1.37] [-0.65] [-0.64] [-0.60]
Percentage urban population -0.05***  -0.04***  -0.05** -0.05***
[-3.18] [-3.87] [-4.45] [-4.77]
Percentage married women 0.73**  0.73%*  0.73**
[6.42] [6.06] [5.76]
Percentage of working women 0 0
[0.29] [0.30]
Non-mover 0.01 0.01
[1.37] [1.33]
Population density 0
[-0.16]
Constant 1.14%*  1.08%* 1. 14*** 1.26%**  1.31**  1.30%* 1.30***
[24.82] [22.19] [19.37] [17.07] [17.40] [19.37] 9147]
Observations 128 128 128 128 128 128 128
R-squared 0.32 0.37 0.39 0.43 0.54 0.55 0.55

OLS regression: Child-woman ratio is the numbectolidren aged 0 to 5 divided by the number
of women aged 15 to 45. School enrolment ratedgptrcentage of children aged 6 to 14 for
census years 1966 and 1976 who were enrolled ilicquimary schools. *** p<0.01, **

p<0.05, * p<0.1 t-statistics in brackets.

Source: Data for 128 districts from the first l@amiCensus (1976).
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Table 4: The association between education and fdity in Iraq

Dependent variable

School enrolment
Percentage Moslem

Infant mortality

Percentage urban population
Percentage married women
Constant

Observations
R-squared

1) 2) 3) (4)
Child-woman ratio
0.03 0.03 0.03 0.09%***
[1.34] [1.44] [1.42] [3.44]
-0.17* -0.15* -0.17**
[-1.84] [-1.74] [-2.04]
-0.04** -0.03*
[-2.13] [-1.97]
-0.08***
[-3.36]
0.16*** 0.16***  0.43***  0.44***
[3.25] [3.25] [3.06] [3.34]
76 76 71 71
0.02 0.07 0.13 0.26

()

0.09%
[3.41]
-0.17*
[-2.02]
-0.03*
[-1.95]
-0.08%**
[-3.33]
0
[0.02]
0.44%*
[3.31]
71
0.26

OLS-regression. Dependent variable: child-womeio.r&t* p<0.01, ** p<0.05, * p<0.1 Child-
women ratio is the number of children aged 0-5 ekemumber of women aged 15-45. School
enrolment rate is the percentage of children agéd &ceiving elementary-level schooling.
Source: District-level data from Iraq Census 13& main text and appendix for details.
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Table 5: Instrumental Variable Estimation for Iran

Dependent variable

Percentage Moslem

Infant mortality

1)
1956

0.02*
[2.08]
0
[0.01]

Percentage urban population 0.09***

Percentage married women

[4.74]
-0.02*
[-1.88]

Percentage of working women 0.01

Non-mover

Population density

Distance to Tehran

(Distance to Tehran)"2

School enrolment
Constant

Observations
R-squared
F-statistic 1st stage
p-value

[1.32]
0.03*+*
[4.57]
0
[-0.05]
-0.01%*
[-2.53]
0
[1.69]

0.02

[0.37]
112
0.59

16.55

0.24

)
1966

0
[-0.15]
0.03*
[1.92]
0.12%%*
[5.33]
-0.62
[-1.67]
0
[0.05]
0.04*+*
[3.59]
-0.02
[-0.55]
_0.06***
[-3.79]
0.00%*
[2.77]

IV first stage

-0.04

[-0.40]
58

0.62
14.40

0.05

®3)
1976

School enrolment

0
[-0.10]
-0.03*
[-2.42]
0.06**
[2.59]
_1 . 23***
[-9.29]
0.02**
[2.10]
0
[-0.10]
0
[0.32]
-0.02%
[-2.27]
0.00%*
[2.26]

0.26*

[1.93]
128
0.64

10.25

0.05

IV second stage

(4)
1956

Child-woman ratio

-0.01
[-0.36]
-0.01
[-0.41]
0
[-0.07]
0.04**
[2.14]
-0.03*
[-1.70]
0.02
[1.39]
0.02**
[2.06]

-0.26
[-0.50]
0.84%*
[10.06]
112
0.26

()
1966

-0.01
[-1.39]
0.05
[1.44]

0
[0.06]
0.75*
[1.79]
-0.02
[-1.19]

0
[0.30]

0.02

[1.36]

-0.47%+*

[-2.96]
0.29
[0.75]
58

0.28

()
1976

-0.01
[-0.86]
-0.03*
[-1.82]
0
[-0.05]
0.53
[0.66]
0.01
[1.06]
0.01
[0.51]
0.01
[0.36]

-0.92**

[-2.20]

1.96**
[2.43]
128

2SLS regression. The results of second-stage dssmge in columns (4), (5), and (6). The
corresponding first-stage results are in columfs(®), and (3). Wu-Hausman F-test. Robust t-
statistics in brackets *** p<0.01, ** p<0.05, * p<0

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the

second Iranian Census (1966) covering 89 perceahiedtal population; Data for 129 districts
from the third Iranian Census (1976).
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Table 6: The effect of education on fertility in Iraq in 1965

IV first stage IV second stage
1 2
Dependent variable School enrolment Child-woman ratio
Percentage Moslem 0.314 -0.200%**
[1.386] [-3.619]
Infant mortality -0.053 -0.027
[-0.603] [-1.044]
Percentage urban population 0.592*+* -0.177**
[4.804] [-2.383]
Percentage married women -0.129 0.013
[-1.414] [0.269]
Distance to Baghdad -0.348***
[-3.482]
(Distance to Baghdad)"2 0.058***
[3.241]
School enrolment 0.239**
[2.399]
Constant -0.903 0.645***
[-1.228] [2.590]
Observations 71 71
R-squared 0.538
Partial F-statistic 1st stage 12.76

2SLS regression. The results of second-stage deSmge in columns (2). The corresponding
first-stage results are in columns (1). Wu-Hausidest. Robust t-statistics in brackets ***
p<0.01, ** p<0.05, * p<0.1.

Source: Central Population Census, Baghdad (1965).
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Figures

Figure 1: Decline of fertility in Egypt, Iran, Iraapnd Turkey
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Source: World Bank Development Indicators (2008)
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Figure 2: Crude birth and death rates (per thoysand
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Figure 3a: School enrolment rate, 1956 census
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Sources: National Censuses of Population and Hgu$ghran (1956). The grey stripped
lengthways provinces are not included as detaidgd dre missing.
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Figure 3b: School enrolment rate, 1966 census
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Sources: National Censuses of Population and Hgu$ehran (1966). The grey stripped
lengthways provinces are not included as detaidgd dre missing.
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Figure 3c: School enrolment rate, 1976 census
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Figure 4: Distribution of child-woman ratios in trand Iraq
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For Iraq: Central Population Census of 1965 Baghdad
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Figure 5a: Child-woman ratios, 1956 census
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lengthways provinces are not included as detaiégd dre missing.
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Figure 5b: Child-woman ratios, 1966 census
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Figure 5c: Child-woman ratios, 1976 census
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Figure 6a: Gini-Index, 1956 census

rdebil
jan
llllll‘
jlan North
azvin azandaran
Kordest Semnan
ermanshah
Lorestan
lla
Yazd
Chal khtiyari
Khuzestan
h B.-Ahmal
Fars
BR{sheh

Flachenfarben:

U

<65 65- 69- 71- 74- >79
6 71 74 7¢<

an

Khorasan

Sources: National Censuses of Population and Hgu$ghran (1956). The grey stripped
lengthways provinces are not included as detaidgd dre missing.
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Figure 6b: Gini-Index, 1966 census

rdebil

East Azarb&ygian

. llllll‘
es) Azarbayejan )
ilan North an
]
i azandaran
Kordest Marka
n
ermanshah Qom -
Khorasan
Lorestan
11a
azd
Chal i
/
Khuzestan N
I..
h B.-Ahmal
Fars an
B I
o
Flachenfarben:

NNy 1§ ' "W\

<74 74- T75- T7- 79- >81
771 7¢ 81

r
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Figure 6c: Gini-Index, 1976 census
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Sources: National Censuses of Population and Hgu$ehran (1976). The grey stripped
lengthways provinces are not included as detaidgd dre missing.
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Figure 7: Percentage of sequestered land (of &oéa)
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Figure 8: School enrolment rate, 1965 census
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Figure 9: Child-woman ratios, 1965 census
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FigurelOa: Relationship between child-woman ratid school enrolment rate, 1956 census
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FigurelOb: Relationship between child-woman ratid school enrolment rate, 1966 census
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FigurelOc: Relationship between child-woman ratid achool enrolment rate, 1976 census
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Figure 11a: Non-linear relationship between scleooblment and distance to Tehran, 1956
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Figure 11b: Non-linear relationship between sclemwblment and distance to Tehran, 1966
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Figure 11c: Non-linear relationship between sctewblment and distance to Tehran, 1976
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Figure 11d: Non-linear relationship between sclerwblment and distance to Baghdad
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Appendix A
Table Al: The association between education

same variable as for the Iraq

and fdity in Iran - Estimation with the

1) (2) 3)
1956 1966 1976
Dependent variable Child women ratio
School enrolment rate -0.15 -0.24** -0.04
[-1.72] [-2.13] [-0.64]
Share Moslem 0 -0.02 -0.01
[0.04] [-1.62] [-0.97]
Infant mortality 0 0.05 -0.01
[0.19] [1.05] [-0.40]
Share urban population 0 -0.02 -0.05%**
[0.05] [-0.83] [-3.86]
Share married women -0.02 0.56 0.74***
[-0.50] [1.36] [6.60]
Constant 0.90*** 1.15%** 1.3 %**
[10.20] [15.77] [16.82]
Observations 112 58 128
R-squared 0.03 0.28 0.54

OLS regression. Child women ratio is the numbestiidren aged 0-5 over the number of

women aged 15-45. School enrolment rate is theesbfachildren aged 6-14 for census year 1966
and 1976 and enrolled in public primary schools.demsus 1956 the School enrolment rate is

the share of children aged 10-14 enrolled in pyirimary school. *** p<0.01, ** p<0.05, *

p<0.1 t statistics in brackets.

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the
second Iranian Census (1966) covering 89 percethieaiotal population; Data for 129 districts

from the third Iranian Census (1976).
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Table A2 The association between education and fdity in Iran - Estimation with the same

variable as for the Iraq

IV first stage IV second stage
(1) (2) (3) (4) (5) (6)
1956 1966 1976 1956 1966 1976
Dependent variable School enrolment rate Child emomatio
Share Moslem 0.03** 0 0 -0.01 -0.01 -0.01
[2.15] [-0.24] [-0.30] [-0.33] [-1.36] [-0.93]
Infant mortality 0 0.04** -0.03* 0 0.06 -0.03*
[-0.03] [2.38] [-2.00] [0.19] [1.33] [-1.85]
Share urban population 0.10%** 0.13*** 0.06*** -020 0.01 0
[6.41] [6.35] [3.32] [-0.27] [0.40] [-0.10]
Share married women -0.02* -0.51 -1.28%** -0.01 04 -0.18
[-1.85] [-1.54] [-8.33] [-0.39] [1.20] [-0.38]
Distance to Tehran -0.02**  -0.07**  -0.02**
[-2.16] [-3.88] [-2.26]
(Distance to Tehran)"2 0 0.00*** 0.00*
[1.46] [3.33] [2.01]
School enrolment rate 0.06 -0.50%**  -0.74**
[0.09] [-2.94] [-2.36]
Constant -0.02 -0.04 0.19 0.92%**  1.09***  1.37***
[-0.36] [-0.27] [1.47] [7.49] [14.72] [15.22]
Observations 112 58 128 112 58 128
R-squared 0.54 0.58 0.63
F test
p value

2 SLS regression. Second-stage estimates reselis eolumns (4), (5), and (6). The
corresponding first-stages results are in the cobuf), (2), and (3). Wu-Hausman F-test.
Robust t statistics in brackets *** p<0.01, ** p€8, * p<0.1.

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the
second Iranian Census (1966) covering 89 percehiedtal population; Data for 129 districts

from the third Iranian Census (1976).
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Appendix B

Table B1: Instrumental Variable Estimation for Iran with two instruments

1) 2) 3) (4) 5) (6)
1956 1966 1976 1956 1966 1976
IV first stage IV second stage
Dependent Variable School enrolment Child woman ratio
Share Moslem 0.02* 0 0 -0.01 -0.02* -0.01
[1.95] [-0.01] [-0.18] [-0.49] [-1.82] [-0.88]
Infant mortality 0 0.03* -0.03** -0.01 0.06 -0.03*
[0.12] [1.79] [-2.40] [-0.41] [1.49] [-1.91]
Share urban population 0.09***  0.13*** 0.06** -0.01 -0.01 -0.01
[4.86] [6.17] [2.40] [-0.15] [-0.45] [-0.27]
Share married women -0.02** -0.78 -1.23%x* 0.04** 1.12%*= 0.47
[-2.28] [-1.69] [-8.56] [2.31] [2.66] [0.62]
Share of working women 0.01 -0.01 0.02 -0.03* -0.01 0.01
[1.25] [-0.29] [1.70] [-1.83] [-0.75] [0.99]
Non-mover 0.03*** 0.03** 0 0.02 0.01 0.01
[4.34] [2.66] [0.34] [1.57] [0.43] [0.82]
Population density 0 -0.02 0 0.02* 0.02* 0.01
[-0.11] [-0.59] [0.37] [1.87] [1.65] [0.45]
Distance to Tehran -0.02**  -0.07**  -0.02**
[-2.52] [-3.63] [-2.21]
(Distance to Tehran)"2 0.00* 0.00** 0.00**
[1.86] [2.68] [2.14]
Proxy Landownership inequality 1.22 -7.01 -1.5
[1.36] [-1.30] [-0.88]
(Proxy Landownership inequality)"2 -0.87 4.68 1.03
[-1.27] [1.29] [0.89] -0.22 -0.40%*  -0.90**
School enrolment [-0.50] [-2.73] [-2.26]
Constant -0.4 2.5 0.79 0.84*** -0.03 1.92**
[-1.61] [1.26] [1.24] [10.08] [-0.06] [2.51]
Observations 112 57 125 112 57 125
R-squared 0.6 0.64 0.64
Partial F-statistic 1st stage 7.5 6.84 8.65
Sargan Hansen p-value 0.11 0.13 0.08

2 SLS regression. Second-stage estimates reselis eolumns (4), (5), and (6). The
corresponding first-stages results are in the cobuf), (2), and (3). Wu-Hausman F-test.
Robust t statistics in brackets *** p<0.01, ** p€8, * p<0.1.

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the

second Iranian Census (1966) covering 89 percethieaiotal population; Data for 129 districts
from the third Iranian Census (1976).
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Table B2: The effect of education on fertility in Faq with two instruments

(1) (2)
IV first stage IV second stage
Dependent Variable School enrolment Child woman ratio
Share Moslem 0.371* -0.213***
[1.904] [-3.929]
Infant mortality -0.063 -0.025
[-0.719] [-0.841]
Share urban population 0.587*** -0.218**
[4.593] [-2.386]
Share married women -0.088 0.018
[-0.881] [0.359]
Distance to Baghdad -0.310**
[-2.955]
(Distance to Baghdad)”2 0.052**
[2.803]
Share of expropriated land 0
[-0.882]
School enrolment 0.303***
[2.720]
Constant -0.815 0.734***
[-1.125] [2.803]
Observations 71 71
Sargan Hansen p-value 0.09
R-squared 0.544
Partial F-statistic 1st stage 16.73

Robust t statistics in brackets
*** n<0.01, ** p<0.05, * p<0.1

2 SLS regression. t statistics in brackets *** @30 ** p<0.05, * p<0.1
Source: District-level data from Iraq Census 1966 main text and appendix for details.

Sources: Data for 113 districts from the first llanCensus (1956); Data for 59 districts from the

second Iranian Census (1966) covering 89 percethieaiotal population; Data for 129 districts
from the third Iranian Census (1976).
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6. Concluding remarks

This thesis employed height trends in several Iglaoountries as a proxy for the
development of standards of living. The first seictimproves our understanding of the Middle
Eastern biological standard of living in the nireetth and early twentieth centuries.
Anthropometric data on approximately 48, 000 obstons were used in the first section of the
thesis to analyze eight countries in the MiddletEasthe period from 1850-1910. The data were
extracted from a variety of previously publisheddsts by anthropologists and provide estimates
of anthropometric trends in the Middle East. Th&gadmay contain more measurement errors
than height studies from industrializing countrias,we had to rely in part on anthropological
surveys that reported aggregated height data. Usiege estimates, regional differences are
identified within the Middle East and between theltle East and industrialized nations. This
section also examines how these differences chaoged time and compares the findings
obtained from these data with previous estimatesltefnative measures for standard of living
such as wages and per capita GDP.

In general, Middle Eastern height values were higthen those of industrializing
countries in the mid-nineteenth century. Duringsth@eriods, Middle Eastern regions enjoyed
some of the well-known “advantages of proximity”aoimal husbandry. Substantial numbers of
the population lived as Bedouins, who initially béted from such advantages. However, after
the late nineteenth century, European populatiorenetited from improvements in
epidemiological and nutritional conditions. Themefo in the late nineteenth century, the
industrialized countries began to surpass the Midehst in terms of net nutritional status. In
subsequent years, a strong divergence was observdbs is the first study to identify the point
in time when the Middle East fell behind the indiadized countries with regard to net

nutritional status.
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In the second section, four anthropometric data ast used to construct time series of
average human height in Indonesia since the 17IA@s.research question in this section was
primarily how the Biological Standard of Living dgeped during colonial times. Our earliest
data set provided the greatest challenges. Thee glegister was compiled in 1816 for tax
collection purposes. The second data set contaiftsmation on contracted laborers who
migrated from Indonesia to the Dutch colony of 8am in South America. The third data set
was constructed using of height data reported thrapological and medical studies. This data
set served primarily as a robustness check fonmtiggant data. Finally, we used three waves of
the Indonesian Family and Life survey, 1993, 200@ £007, to asses the mean height
development for the birth decades in the twentoethtury. The paper finds a significant decline
in average heights in the 1870s, followed by a mmbdecovery during the next three decades.
These changes in height are related to a sequdndisasters. Specifically, we attribute the
decline to four disasters: droughts, massive evapdi the Krakatau volcano, cholera and cattle
plague. Average heights increased in the 1900slexeting after World War Il. The Great
Depression, Japanese occupation and the War opéndence in the 1930s and 1940s had
negative effects on height. After Indonesia becantependent in the 1940s, the continued
increases in average height were related to a grashyprovement in economic conditions and
more specifically to improvements in nutrition, tigidemiological environment and hygiene and
medical care.

The third section addressed the critical reviewtatlies by Sachs et al. 1995, 1997, Gelb
1988 and Gylfason 2001 on the curse of naturaluress. These studies argued that the negative
effects of natural resources on income growth amgirécal facts. High resource intensity tends to
correlate with a low rate of per capita income dgroiBachs et al. 2001). This section aims to

establish a link between mean height (as a medsutbe biological standard of living) and oll
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production data for several countries from acrdes world. We classified the oil producing
countries into two categories. The oil producingdte Eastern countries are considered
separately because they produce, per capita, stilbstamounts of oil relative to other producers
in the world. In this section, oil production dagad height information for 24 oil producing
countries from 1925-1995 are used to run pooledsesectional regressions; combined with data
for fifteen time periods for each country, thes¢éadamounted to 211 observations. Based on a
review of the literature on the curse of naturabreces, we hypothesize that height development
in the Muslim world is affected by oil productioempcapita, income levels, milk production per
capita, population density and the level of demiixaton.

In sum, increased oil production leads to highetrithonal statuses for both country
categories. The Middle Eastern countries grow nsdosvly with each additional unit of oil
production per capita. This statement holds if gusiwith output quotas are not considered.
Moreover, an instrumental variable model allowedtasule out the most obvious source of
endogeneity in the crude oil production data. Nehnedess, the general finding remains in the IV-
estimation. In sum, although the contributions df groduction in the Middle East were
considerable, the results clearly show that anege in petroleum production leads to a lower
growth rate in mean height in Middle Eastern caestr

The fourth section of our analysis discusses hurapital development in Iran and Iraq in
the early 20th century and argues that an invesksionship between fertility rates and school
enrolment rates is evident for Iran but not forglr®ata from the Iranian national censuses of
1956, 1966 and 1976 and the 1965 Iragi census s&e 1o examine the relationship between
child quantity and quality. Using the micro-regibdata sets of Iranian (Shahrestans) and Iraqi

(Qadha) districts, education and fertility data evebtained. Only by using census waves at this
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disaggregated level is it possible to investigatess-country variations among fertility and
education rates.

Educational level is represented by the primarystlenrolment rate among individuals
aged 7 and 14. To construct a Gini coefficient ggaxy for landownership inequality, we use
the distribution of construction types of the hawgsunits for Iran. For Iraq, the distributions of
expropriated land obtained from the census of 18&5used as a proxy for land inequality. The
composition of the samples was primarily dictatgdthe availability of data for the model
variables. A complete data set was obtained forcdlihties for 1956, 58 counties for 1966 and
128 counties for 1976 for Iran. For Iraq, the cdegbidata set yielded 71 observations.

The sharp decline in fertility in Iran since 198@svremarkable, particularly after the
Islamic Revolution. In particular after the Revadut family planning policies were not enacted.
Quite the contrary was the case. The Iranian gorent implemented a number of increasing
population policies during the Iran Iraq war. Heribe changes in fertility can partly be
attributed to improvements in the educational attarsstics of the population. A key issue is that
a trade-off between child quantity and quality niighve been operative in Iran since the 1960s,
and the country has experienced a major decliferiitity in recent years.

To sum up, in general the contributions of themis the long term development for
several Muslim countries and the combination ofiemmonomic and anthropometric data
sources, which has been compiled for the first tiléhough some explanations are evident,

particular areas and questions should be the dulifjéarther research.
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