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Abstract

We study the impact of a large-scale economic <rag gender equality, using
historical data from Kazakhstan in the latd" 19early 28' century. We focus on sex
ratios (humber of women per man) in Kazakh nomadigulation between 1898 and
1908, in the midst of large-scale Russian in-migrainto Kazakhstan that caused a
sharp exogenous increase in land pressure. Thitimgssevere economic crisis made
the nomadic organization of the Kazakh economy stasuable and forced most
Kazakh households into sedentary agriculture. Uaitayge novel dataset constructed
from Russian colonial expedition materials, we doent a low and worsening sex
ratio (in particular, among poor households) betw#898 and 1908. The theoretical
hypothesis that garners most support is that oesxdemale mortality in poorer
households (especially among adults), driven bydgendiscrimination within
households under the increasing pressure for sé@wderesources.
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1. Introduction

Despite enormous economic growth of per capitanmeover the last two centuries and great
legislative progress towards promoting gender etladiscrimination against women
remains pervasive throughout the world. In recagnibf this fact, improving the well-being
of women constitutes one of the Millennium Develgmn Goals. Beside ethical
considerations, the expectation is that a greatezl lof growth would result from enabling
women to fully exploit their capabilities. Moreoyex host of development outcomes (e.g.
child health, education, fertility decisions) aneiaally linked to the welfare of mothers.
Thus, two key questions for development economasées Does economic growth entall

gender equality? Can economic crises jeopardizpritgress made towards this objective?

The basic measures of gender inequality are gemidsrin mortality rates (excess female
mortality) and the resulting number of “missing wam, i.e. the difference between the
actual number of women in the population and thaokthyetical number of women that would
exist under gender-unbiased birth rates and aciesstal resources. In economics, the
pioneering work by Sen (1990), inspired by his gsial of Indian society, estimated the
number of missing women worldwide as being roudtl® million. Later work (Coale, 1991,
Klasen and Wink, 2002) improved on Sen’s methodpkuyd corrected the estimates as being
around 60 to 90 million. More recently, Andersonl &ay (2010) examined proximate causes
of this phenomenon, by decomposing the number skimy women by age and cause of
death. They found that most missing women in lagid China were among adults and that as
a fraction of total female population, the numbérnassing women was highest in sub-
Saharan Africa. Moreover, the authors argue thaimaparable fraction of female population

was missing in the United States in the early 2@thtury.

Looking at the mechanisms of gender discriminatithe first explanation advanced in
economics is the so-called lifeboat argument (B2igl976; see also Chapter 8 in Ray, 1998).
This argument states that a household might firmpiimal to concentrate a disproportional
amount of its resources on a subset of its memAhsre concentration of resources increases
their return, which may be necessary for the fuswevival of all household members. This

can result in women having less access to vitaluees than their male counterparts. This
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would be the case if, for example, the capacityeuflinking the work capacity of an

individual to his/her vital resources, i.e. foodimcome) were convex in its lower part. This
argument is compatible with a unitary-household eholllore recent theoretical explanations
(see Section 3.2 of Bergstrom, 1997, for a detaigdew) focus on bargaining models of
intra-household resource allocation. In these ngydelower bargaining power of women as
compared to that of men (for example, because s lavorable outside options), is

associated with access to a disproportionatelydoare of household resources. At low levels
of income, the unequal access to vital resourcemi® likely to harm women’s health and to
lead to excess female mortality. In both classesnoflels, a gender-neutral increase in
household income would lead to a relatively laigerease in women’s welfare (as compared

to that of men).

However, empirically the correlation between wonsewelfare and household wealth is less
clear. The studies of the relationship betweenwesoscarcity and gender bias belong to two
broad categories. The first group of papers comatss on the comparative health outcomes
of female vis-a-vis male children. Chapter 4 in Z&reand Sen (1989) discusses numerous
descriptive studies finding that during economiedsaip, poor households in less developed
Asian countries give priority to male over femaleldren for nutritional resources. Detailed
econometric studies using Indian data (BehrmanDawlalikar, 1990; Rose, 1999) find that
price increases (adversely) affect more the natribf girls as compared to that of boys and
that positive weather shocks increase the ratibefprobability of girls’ survival over that of
boys’ survival. Schultz (1985), DeTray (1988), ahlderman and Gertler (1997) find that
investment into health and education of femaledcéil increases more than that of male
children when household income rises. Bhalotra Q2@sstablishes that adverse aggregate
income shocks in India result in substantial inseem (distress) labor supply of mothers in
poor households, which translates into a largeseme in infant mortality of girls (that of boys
remains unaffected). Baird et al. (2011) find sanitesults using a large micro-level dataset
for 59 developing countries. Contrarily, using ditan Indonesia, Levine and Ames (2003)
find that girls did not fare worse than boys duritige economic crisis of 1997-1998.
Similarly, Gertler et al. (2004) find, using Indai@n data from 1994-96, that loss of a parent
(of either gender) does not affect (negativelylsginore than it affects boys.

While the majority of findings in this first groupf studies indicate that economic hardship
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disproportionally affects female children, one aatnoonclude that during economic crises
adult women are affected more severely than their malenteoparts. In fact, the second
group of studies (mainly by economic historian)sistently finds that during famines (even
those not related to violent military actions), meme more likely to die than women (see
studies in Dyson and O Grada, 2002). The main reasems to be physiological: women are
more resistant to starvation than men. This suggésit that more important is the literal
starvation during a famine, more likely it is thhé gender imbalance in excess mortality is
biased against men (Mokyr and O Grada, 2002). @rother hand, in non-famine periods,
the picture seems to be reversed. For instancag ugenealogical data from Germany in
1740-1860, Klasen (1998) finds that women die saggr numbers than men in months of the
year that are associated with highest overall rityrtand the most severe scarcity of vital

resources.

To the best of our knowledge, no studies try tolyaeathe effect of economic hardship on
women ofdifferentage groups in theamepopulation. The main difficulty is related to data
availability. Whereas the studies in the first groely on datasets that have wealth of
information concerning children, they rarely hauffisient information on adults. Contrarily,

most of the historical studies have no or very f@vservations for young children. This

makes it difficult to construct a complete pictufethe facts regarding gender discrimination
and excess female mortality, which, in turn, haragbe attempts to provide a valid theory

that can explain both the cross-country and timeséacts.

The contribution of this paper is threefold. Finsg provide an attempt to fill the gap noted
above, by studying the effect of a long-run ecormuorisis on gender bias in different age
groups, in the context of Kazakhstan under RusSiapire between 1898 and 1908. We do
this by exploiting a unique dataset that we havwestracted from the records of the Russian
Imperial statistical expeditions in Kazakhstan, cueted in two waves (1896-1903 and 1906-
1915), which we supplement with the data from tHeRAissian Imperial Census of 1897.
Using this dataset, we study sex ratios in the Klazzopulation in the period when large-
scale Russian peasant in-migration into Kazakhstarsed a sharp increase in land pressure
and provoked a severe economic crisis among theadienKazakh population. This crisis
made the nomadic organization of the Kazakh econansustainable, and rapidly forced

most Kazakh households into sedentary agricultOrg. main finding is that adult women
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were affected by the crisis more severely than fencaildren. We document a low and
worsening sex ratio (in particular, among pooreudsholds) between 1898 and 1908, with
most of the decline occurring in the group agedr dveyears old. Next, we consider several
theoretical hypotheses to explain these patterns.Hlypothesis that garners most support in
our data and descriptive historical sources is tfatlifferential mortality (biased against

women) in poorer households, caused by gendenmis@tion in access to vital resources.

Second, we contribute to the debate on the cragmeal analyses of gender bias and wealth.
Generally, there has been found no evidence of @otoaic relationship between wealth and
gender bias in mortality. Sen (1990) states thanparing across Indian regions, worse sex
ratios are found in more wealthy Indian statessTéads to a hypothesis that the relationship
is U-shaped, i.e. that the gender bias is highéstha intermediate ranges of wealth
distribution. Contrarily, using Kazakh data, wedfia monotonic relationship: gender bias is
worst at the lower end of the wealth distributiordas consistently better for higher-wealth
households.

Third, we contribute to expanding the geographapscof studies that look at gender bias and
its economic determinants. Until now, most studiese focused on Eastern Asia (India,
China, and Indonesia) and Western Europe. Howeaverpelieve that the geographic and
temporal extent of the set of facts to be explaimg@ theory of gender bias should be much
wider than it is now. Otherwise, there is a riskdaveloping explanations around some
cultural factor(s) specific to a particular regiohthe world. In this concern, our study is
important for two reasons: (i) it covers a parttodé world for which currently there is very
little data; and (ii) it analyzes a society thaditionally was based on nomadic pastoralism —
a social structure that substantially differs froine sedentary cultures of Eastern Asia or

Western Europe.

The rest of the paper is organized as follows. éati®n 2, we describe the historical and

institutional context from which our data and esties come. This should help the reader to
understand better the empirical results presemiegection 3. Section 4 analyzes alternative
theoretical hypotheses in the light of our statadtifindings. Section 5 discusses the broader

implications of our findings and suggests avenoeguture work.



2. Historical Context

2.1. Organization of Kazakh economy and householdsefore Russian in-migration

Before the massive Russian in-migration in the 18 — early 28 centuries, the economic
organization of Kazakh society was mainly determir®y the climatic and geographic
characteristics of the land area that Kazakh tripgsulated. Archeological research shows
that until around 1500-1000 BC, the population wfrent-day Kazakhstan conducted mainly
sedentary agriculture; however, starting from 1B@(and definitely by 1000 BC), the tribes
that switched to nomadic pastoralism became domimatities Kazakh Economy979: 33-
34; Abuseitova et al., 2001: 22-23). The archeaslisghypothesize that long-run natural
desertification processes led to the formation afgé areas in Central and Northern
Kazakhstan that are now arid and semi-arid regidhss, in turn, increased the competitive
advantage of nomadic pastoralism as compared tentmy agriculture. The nomadic
economy thus formed remained basically unchangets ikey characteristics (in particular,
seasonal transhumance during the year) until stettiérd of the 19 century, when the large-
scale Russian peasant migration into Kazakhstatedta

The fundamental characteristic of the nomadic Kazzdonomy was seasonal transhumance,
which consisted in changing physical location @& étonomic unit four times during the year,
i.e. once in each natural season. Livestock (hpstesep, goats, camels in some areas, and —
in later periods — cattle) was both the principséed and the main production input. The
principal economic activity consisted of herdingdaanimal husbandry. Regular back-and-
forth moves from summer to winter pastures (witlatreely shorter stays on autumn and
spring stops) guaranteed the provision of foddeoubhout the year. The steppe summer
pastures provided abundant and high quality fodhleging the warmer months but became
inhabitable during harsh winters (with temperatuiten falling below —35°C, accompanied
by strong winds). Thus, during winters Kazakh nosmadoved to areas with milder
temperatures that were also better protected frandswv This implied that the distances
between the winter and summer pastures were o#gge.l Taizhanova (1995: 29) and

Chermak (1899: 170) report that whereas in Nort&makhstan these distances were around

6



50-70 kilometers, in Central Kazakhstan the nomaitisn traveled up to 1000 kilometers
(one-way) during transhumance. Kazakh nomads titienally adapted to the geography and
the climate of the area, by weighing relative b#gsednd costs of transhumance. On the
benefit side, the scarcity of good winter pastuies areas close to rivers, lakes, and hills)
implied that traveling long distances in summepw#d a nomadic tribe to preserve the
fodder of its winter pasture. On the cost side, ttlatively flat landscape in most of the
Central and Western Kazakhstan made long-distaacstumance easier. Figuta shows
the main transhumance routes on the territory aakhstan (the tip and the start of the arrow
indicate summer and winter pastures, respectiveigurelb shows the positions of different

seasonal pastures along a typical transhumance im@entral Kazakhstan.

Given the harsh climatic conditions and the lackligérsification in production, the nomadic
economy was extremely fragile to external shockg. (&arge variations in temperature,
disease outbreaks among livestock). Tolybekov (1941-542) reports that during the harsh
winter of 1879-1880, in Irghiz and Turgay uezds bfsegions) the loss of livestock
corresponded approximately to 59 per cent of fotastock held by the nomads. Such shocks
occurred regularly: the winters of 1850-51, 1855-B67/9-80 and 1891-92 were those during
which large-scale losses of livestock in Turgayasblwere reported (Tolybekov 1971: 542).
Similarly, for Western Kazakhstan, Larin (1928) adp that in 45 years preceding his study
(i.e. in the period 1882-1927), massive livestadsicaused by poor climatic conditions were
registered in 7 winters (the so-called years). When such shocks hit the nomadic population
and were local, Kazakh families had to count onhigl@ of kinsmen that were geographically
distant.

As Kazakh historians argue (Taizhanova 1995: 10-ddgperation networks were organized
on the basis of kin; thus, the notion of kin istcahfor understanding economic relationships
among Kazakh nomads. The winter stops were orgarareund extended families (the so-
called aul-g’stau, which typically consisted of several nuclear $eholds (usually, closely
related by kin) living together during winter. Ealsbusehold (virtually all households were
monogamous nuclear families) consisted of a mardedple and their young children.
Summer pastures, instead, were organized on the bafarger kin organizations (the so-
calledjazgy aul which broadly corresponds to communes), madewral extended families
(again, mostly related by kin).



Property rights on land were defined both at thiereed family and at the commune level.
Winter stops were closed-access common properguress of extended families, whereas
summer stops were common property resources of cor@sn These were also generally
closed-access, but the access was less strictlyroexf, given the relative abundance of
summer pastures. Individual households had no pmopeghts on land but had private

property rights on livestock.

Women in Kazakh nomadic families supported a hegarkload, taking part both in herding
activities and in the management of the househdéidgnerous historical sources state that
women’s economic role was extremely important, degpeir relatively low social status (as
compared to that of men). For instance, in a dadahalysis of customary law in the nomadic
Kazakh society, Makoveckii (1886) writes:
“While severely limited, from the point of viewafstomary law, in terms of her
proprietary and social rights, a Kazakh woman comdsa nevertheless an
important role. The fact that her life is restridtéo the boundary of aul [i.e.
nomadic village] implies that all of the domestamromy and property lies in her
hands. Whereas a Kazakh man spends most of theoye#iie horseback, in
continuous moves, taking care of social affairthefkin, volost [i.e. district], and
starshinstvo [i.e. Russian administrative villagb]s wife remains the real head
of the household and manages all of it, thus reaytier husband to the role of
the nominal head” (p. 31).
Zeland (1885) in his ethnographic study of Kazaldhsnore cautious about the domestic
leadership of a woman, but he also acknowledges Kaaakh women played a crucial
economic role in the household:
“The status of men and women among Kazakhs igdar being equal. Clearly,
the conditions of the nomadic life are not such thavife is obliged to stay inside
the house or hide her face, as among other Muskwople; nevertheless, she
plays the role of the husband’s servant... Howewvee, @annot say that there is

maltreatment of women, [because] men need womemiers” (p. 28).



2.2. Russian in-migration: its causes, size, andrgequences for Kazakh economy

The pre-1917 Russian migration into Kazakhstantestain the 17th century and continued
until the October Revolution. It developed in tvasde waves, each of which had a specific
(and temporally different) cause (Demko 1969). Thase of the first wave — the Cossack
military migration and creation of cities and fédations (approximately along the current-
day Northern border of Kazakhstan) — was driventh®y willingness of Russian Czars to
defend the Southern Russian territories from inoaref nomadic tribes. This wave started
with the construction of the city of Ural’sk in 18X&nd ended approximately around 1850s
with the completion of the so-called Defense Limensisting of a chain of military
fortifications from the Caspian Sea to Altai Moung at the Eastern tip of Kazakhstan.
Although this wave resulted in expropriation of iom@ant land areas from the Kazakh
population (Sedelnikov, 1907, notes, for instaribat the Orenburg Cossacks occupied 7.5
million desyatinas, i.e. approximately 8.2 millilectares of land, that belonged to Kazakh
tribes), it was relatively small in terms of in-magjon of population and did not lead to

fundamental structural changes in the Kazakh notrexbnomy.

The second wave started in the 1880s and had asaits cause the abolition of serfdom in
Russia in 1861 (Galiev et al. 2009: 223; Demko 1968). Subsequently, the landless
peasants started to move in large numbers intdEtlrepean part of Russia, thus creating
substantial tensions in and around large citie®e 3dlution that the Czarist administration
adopted was the 1889 law which offered these peasamd “for free”, in the amount of 15
desyatinas (approximately 16.4 ha) per householdhe Asian part of the Russian Empire
(Olcott 1995: 87). Note that from the legal poifitveew, Kazakhstan was a protectorate of
the Russian Empire. In his study of Russian colation of Kazakhstan, Demko (1969) states:
“By 1900, even members of the intelligentsia arftbéntial men in government
considered resettlement in the East to be the sasttion to the peasant land
problem” (p. 57).
This triggered a large-scale peasant migration filoenEuropean part of Russia into Central
Asia, with the bulk of this flow moving into WeskgrNorthern, and — later — Central and
South-Eastern Kazakhstan. According to Russiaroigst lvan Popov, “[Russian] peasants
ran from their beggarly allotments, famines, hungerd social disorder” (cited by Demko
1969: 55).



Table 1 illustrates the size of Russian in-migratielative to the size of Kazakh population of
the four regions in the West and the North of Ké&ss&n. The growth of Kazakh population
in the period 1897-1916 was relatively low in detfour regions, whereas that of Russians
was massive. For instance, in Turgay oblast, thijation of Russians increased from 35000
people in 1897 to over 300 000 in 1916. The chavag also huge in terms of the fraction of
the total population. For example, whereas Russraage about one-third of the total
population in Akmolinsk oblast in 1897, by 1916 ythegere already making almost 60 per

cent of the total population.

Russian intelligentsia of the colonial period h&dthe positive “white-man’s-burden” view
on the effect of Russian migration on Kazakh pojpaha In their writings, the change in
lifestyle and economic organization is described bagng fundamentally beneficial for
Kazakhs. For instance, Lobysevich (1871) states:
“Kirghiz! [Kazakh] steppe — given its correct exploitatiofis-the richest source
for the State; however, for this, two conditiong arecessary: full guarantee of
the well-being of the Kirghiz [Kazakh] people and Russification... It is
absolutely fundamental to introduce [among Kazakhs]various concepts about
sedentary lifestyle, agriculture, and the livinghditions of a Russian person... It
is advised to require and induce Kirghizs [Kazakttsfedentarize” (p. 273-274).
Some thirty years later, Vladimirskii (1902) writes
“The essence of evolution of Kirghiz [Kazakh] ecarylies in the continuous
intensification and assimilation to the forms ofdeetary lifestyle... Russian
colonization ... speeds up the natural process olugaton of pastures [of
Kazakhs]... It creates [for Kazakhs] new sources eWenue and new
occupations, encourages the processes of excharthe Steppe, transforming its
in-kind form into the cash economy” (p. 22-24).

Despite some positive impact that Russian migraboought to Kazakhstan (agricultural
technology transfer for crop cultivation, moderniaa of education and health facilities), our

guantitative findings in Section 3 indicate thag #ibove rosy view ignores the fact that the

! In Russian documents before 1917, the native pgipal of Kazakhstan and Kyrgyzstan is denoted wittier
the same name of “Kirghizs”.
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reduction of pastures triggered a struggle forisahand conservation of nomadic life among
Kazakhs — a struggle that eventually failed. Thesluction also had profound negative
consequences on the Kazakh society.

2.3. Crisis in Kazakh nomadic economy and the forcesedentarization

The fundamental reason why the second wave of Russigration caused a crisis of the
Kazakh nomadic economy was the increased pressutand. Russian migrants occupied
land that was considered “free” (or unoccupied)Russian administration — as typical of a
sedentary bureaucracy towards the territories ofiaus — and this considerably limited the
grazing land available for the pastoralist Kazakhsubstantial fraction of the occupied land
was the most scarce winter stops, on which kintlpueperty rights were carefully regulated
among Kazakhs. Moreover, the occupied land oftereraal the transhumance routes between
winter and summer pastures, thus obligating the agsnto change their long-established
routes and lengthening (sometimes substantiallyithe devoted to transhumance. Figure 2
shows the variation in the territory covered by &ais peasant settlements. From these
figures, one sees clearly how the peasant settisnpeogressed from North towards South in

barely fifteen years.

The detailed account how this crisis evolved isgiwn the 1907 book by T. Sedelnikov, a
Russian political thinker who lived in Kazakhstarthe period of sedentarization. In his book
entitled The fight for land in the Kazakh steppe (Bor'bazamlu v kazahskoi stépihe
describes that given a massive increase in lansispre, the only alternative that Kazakh
nomads faced was to switch to sedentary agricultdeenrites:

“Reduction in pastures led to increasing death igéstock in winter, and this

forced weaker and poorer tribes to re-consider ithieiture: given that the

previous form of the economy could not providertsabsistence, they had to

look for another one, that better corresponds te tiew situation... And now

these tribes sedentarize in the north to live tHerdghe entire year ...” (p. 23).

Virtually all the tribes (and households) triednmld on to the nomadic lifestyle as far as they
could. Under increasing pressure on land, this mima stronger and more numerous tribes

tried first to occupy the land of weaker ones. Tbenads of the weaker tribes thus suffered a
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double pressure: from Russian peasants and fronsttbager Kazakh tribes. Thus, these

weaker tribes were the first ones to switch to sy agriculture.

The Russian colonial administration calculatedam®unt of land considered as sufficient for
Kazakhs. Anything above this bureaucratically deteed need was considered “excess
land,” which could then be confiscated and passeith¢oming peasants for agricultural

development (Olcott 1995: 87-88). However, the amad land that Russian land surveyors
considered necessary to feed 24 domestic animaillkofwt consideration of soil quality or

water access) was clearly insufficient for a Kazbhkhisehold’s subsistence. As a result, ever
increasing quantities of traditionally nomadic pastand migration land was set aside for
peasant settlement. In 1909, the final bulwark resggdand confiscation was removed, when a
new law ruled that: “Previously designated [Kazaldtjuctures for household needs or

temporary shelter do not serve as barriers to seiz(Martin 2001: 73).

Since, in a nomadic economy, given the natural lsh¢especially in winter), the 24 heads of
cattle was clearly insufficient for survival as naas — the only alternative was to adopt
sedentary lifestyle. Thus, Martin (2001) notes,
“By the end of the nineteenth and beginning oftthentieth centuries, observers
noted increased tension between rich and poor ¢her mutual land claims.
Competition over land pitted Kazakh against Kazaldmad against semi-nomad
or settled Kazakh, in a struggle for survival theds more intense than in any
previous era. But these struggles over land rigikse waged within a colonial
system that provided nomads and former nomads pip@rtunity to find new
ways to ensure their subsistence, even as it clthtiggr lives in fundamental
ways.” (pp. 65-66)
The calculation by Olcott (1995: 98) shows thatobefRussian in-migration, an average
Kazakh household needed about 150 heads of liestbich required 150 desyatinas of land
under pastoralism and at least 30 desyatinas amivale stalled all winter. Obviously, the
comparison with the above numbers shows that shangkeasing land pressure left the
Kazakhs with the only option: to convert to sedgntagriculture. We now turn to the

evolution of sex ratios among Kazakhs in this poba deep economic and social crisis.
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3. Missing Kazakh women: statistical evidence

3.1. The data

Our main data source is the unique statistical naseof two waves of Russian colonial
expeditions (Shcherbina 1903a,b; Khvosortanskij2l¥hvosortanskij 1914). In order to
regulate the peasant migration flows, Russian ¢aloadministration financed a first
expedition in summer of 1896. A prominent Russiatigician, F.A. Shcherbina, headed this
expedition. It covered 12 uezds (second-largestiradtrative units, or sub-regions) in 3
oblasts (the largest administrative units, or reg)oin Western, Northern, and Central
Kazakhstan, and overall took seven years to comiee last of the 12 uezds was studied in
1903). The outcome of this expedition was very itlxtadatasets at the level of extended
families. De facto it was an extremely detailed agricultural censue. (virtually all
households existing on the territory of these 12dgewere covered). The main aim of this
expedition was to calculate how much land coul@éx@opriated from the Kazakh population

if it were converted from nomadic to sedentary whife.

Despite the conclusion that several millions oftaees could be “freed” as the result of
sedentarization, the Czarist administration fouhts ffigure still unsatisfactory, and the
second wave of expeditions was financed, startiognf1907 (and finishing in 1915). This
second wave covered 21 uezds, including the ofidifauezds covered by the first-wave
expedition.

Given the political motivation behind these studi@se could question the reliability of the
data collected during the expeditions. Fortunatelyeral sources confirm — using both
gualitative and quantitative arguments — the attentdevoted by the expedition
administration and data collectors to data accumoy the resulting high quality of the
dataset. First of all, two prominent Russian dfatens — Rumyantsev (1910) and Kaufman
(1907) — critically assessed the data collectedShgherbina expedition. The first author
stated that the classification of households besigck wealth was partially incorrect,
whereas the second questioned the potential ureddardtion of livestock wealth by Kazakhs
and pointed out occasional mistakes in the calicuabf agricultural land use by Kazakhs.

However, both conclude that, overall, the dataeoddld by the expeditions was of very high
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quality and correctly reflected the socio-econorsituation of the area covered by the
expeditions. Second, prominent Kazakh historiang. (&hahmatov (1964), Tolybekov

(1971)) note that the Shcherbina expedition mdseaee in line with the qualitative evidence

on principal socio-economic characteristics of Kdstian in the period under study. Finally,
Volkova (1982, 1983) conducted a full-fledged qitatitve analysis in which she studied the
correlation of ten principal variables from the Bébina expedition data (at the uezd level)
with the same variables coming from administrateeords (registered in 1893). She found
that the correlation between variables from the tlatasets was very high, which confirms

guantitatively the high quality of the Shcherbirsatet.

Our secondary data source is the All-Russian NatiQensuses of Population, conducted in
1897 and 1926Hirst General Censysl905;All-Union Census1928). These censuses cover
a larger geographic area, but essentially contaiy the demographic information (i.e. all the

information on economic behavior and social orgatnin of households is absent).

Statistical materials of the expeditions were m#d as books in Russia between 1897 and
1916 in several volumes. For these publicationg, hiousehold level information was
aggregated at different levels (extended familyncwne, group of households...). These
publications now are considered as rare books. \&fe able to access four volumes (two for
the first wave, and two for the second), availail¢he Slavonic Library of the University of

Helsinki, and have the data inserted in spreadshmebur research assistants.

The data that we use for this paper comes fromNwdh-Western uezds (Aktyubinsk and
Kustanay), in particular from the so-called combinga tables (Tables C in the original
publications). In these tables, cumulative numlaees given, at each volost (administrative
units below uezd, i.e. district) level, for houskhanits separated according to wealth
(measured in livestock wealth) and principal ecoitoactivity category. In other words, an
observation in the original dataset is an aggregatbouseholds that belong to a given
category. In the first expedition a category isimed by the volost to which a household
belongs and the number of horses it owns (0, 1,&H, ..., more than 100). In the second
expedition, categories are finer as householdalacegrouped according to their participation
in the labor market. The four main labor marketegaties are: “Households that have

members hired out in agriculture”, “Households thave members working as craftsmen”,
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“Households that are labor-autarchic” (i.e. neithgmng in nor hiring out), and “Households

that hire in agricultural labor”.
3.2. Kazakh population and sex ratios by age categes in 1898 and 1908

The twouezdsunder scrutiny exhibit low population growth andtty biased sex ratios both
in 1898 and in 1908. Table 2 reports, for the eriazakh population in thesezdsand for
three different age categories (over 14, belowah?, below 1 year old): population size, the
sex ratiosensu strictdwe use the ratio women to men) and the propoxiiomales, together
with the 95% confidence interval.

The total Kazakh population in the twezdsincreased from 214 690 individuals in 1898 to
228 214 individuals in 1908. This corresponds tcasarage annual growth rate of 0.6 per
cent. Compared to the average growth rate of Ir@¢m in the European part of the Russian
Empire, this figure is very low. Kazakh demograghettribute such a low rate to a
combination of high infant mortality rate and aliigbiased sex ratio (in favor of men) in the

fertile age group (Asylbekov and Zharkenova, 2@)1:

The sex ratio in the total population is 0.8725 rfvem per one man) in 1898. This ratio
declines further to 0.8573 in 1968We use the Model Stable Populations Tables coctst
by Coale et al. (1983) that uses demographic data Europe in the late f9and early 26
centuries. The authors group the countries fromclidata are available into four areas

ZWe prefer using the proportion of males for stiiés analysis, because — contrary to sex ratiasisstricto - it
is symmetrical (a decrease of 10 in the numberayhan will increase the proportion by the same arhthat
an increase of 10 in the number of women wouldetesz it) and it follows a well-behaved distribution
Assuming that the sex of an individual is a randbaw from a Bernoulli distribution, the proportiohmales
(or females) follows a binomial distribution tharcbe approximated by a normal distribution if shenple size
is large enough. Hardy (2002) discusses the prabletated to the use of the sex ratios sensucstrict
statistical analysis.

%In order to verify whether these low and declingex ratios are dramatic but geographically conesedr
episodes (i.e. in some parts of the area undeystudvhether we are looking at large-scale chamogesirring
everywhere in the Kazakh society, we constructedtei 3. It reports the sex ratios in 1908 for eaalbst in the
two uezds as a function of the corresponding seéasrin 1898. All but one volost lie below the 4Bfe: the sex
ratios have declined basically everywhere acrospéniod 1898-1908. Therefore, the overall droghinsex

ratio is relatively evenly geographically distribdt
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(West, North, East and South). For each area, tbdeMStable Populations Tables provide
the age distribution in a stable population forfedé#nt level of mortality and gross
reproduction rates (or population growfhilasen (1998) discusses the mortality patterns in
these tables in the context of high mortality eoninents and argues that the four regions
exhibit excess female mortality, with the problemingy generally less acute in the North
table. We thus choose the North table to computdis benchmark sex ratigsAs a second
benchmark and for robustness checks, we use the t&lsles as it corresponds to the

geographical area closest to Kazakhstan.

To compute benchmark sex ratios, we then needrtadpwn three parameters: a level of
mortality, a gross reproduction rate and a sex ratibirth. We follow Klasen’s (1998) study
of Germany for the slightly earlier period and ce@@ high mortality environment with a life
expectancy at birth of 30 years for women (leveh5he Model Tables). For the gross
reproduction rate, we choose a level of 2.5, whiohresponds to a growth rate for the
population of about 5%. We performed sensitivitalgsis and computed sex ratios and the
implied numbers of missing women for a very widega of gross reproduction rate (from 2 —
a rate that implies a negative population growtie rato 4 which is a rate that implies a
population growth rate of more than 17%). The aponding change in the total number of
missing women is small, i.e. our analysis is notsgeve to the assumption about the gross
reproduction rate. Finally, the choice of an appaip biological sex ratio at birth is more
delicate and has greater consequences on oursteduie difficulty is that unbiased sex ratios
at birth vary substantially by ethnicity. Data frahe United States show that there are around
1.03 male births for one female birth among Afri¢gemerican compared to 1.07 for Chinese
(Anderson and Ray, 2010). As we have no precismats for Kazakh people, we decide to
use two different sex ratios at birth for our congpons: the first is the median sex ratio at

birth for all ethnic groups (1.059 male per femiailkeh or a sex ratio of 0.944) and the second

* The gross reproduction rate is defined as thesmeenumber of daughters that would be born to aamoifrshe
survived at least to the age of 29.

®> While the North table have the lowest overall levfeexcess female mortality, this is not true tioe youngest
age category. We discuss this point when compahagumber of missing women obtained with the two
benchmarks.

® Data for the North tables stem from Norway, Swedled Iceland and for the East tables from Germany,

Austria, Czechoslovakia and Northern lItaly.
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is the sex ratio at birth for Chinese (0.935). Tdter implies very conservative estimates of

the number of missing women.

Table 3 reports the benchmark sex ratios obtaioedhe overall population and for the
under-12 years old and above-14 years old catexfoAecomparison of the proportions of
men by age category in the Kazakh data (Table &) the benchmark proportions reveal that
for all age categories, all benchmark proportioresautside the 95% confidence intervals of
the proportion of male in the Kazakh populationughthe Kazakh sex ratios are abnormally
biased against women. Moreover, the confidencevale in 1898 and 1908 do not overlap.
This implies that the proportion of men signifidgnhcreased over the 1898-1908 period. In
other words, the already biased sex ratio worseastbis period.

Looking across age categories, in both years, éxeratios in the Kazakh population are

monotonically decreasing in age. In the youngest@gup, the sex ratios in 1898 and 1908
are 0.947 and 1.059, respectively. The sex ratogHildren under 12 are worse (0.941 and
0.924), whereas the worst ratios are for the pajmaged 14 and above, with less than 830
women per 1000 men in both years. This worsenirggafratios over age is in stark contrast
with the age profile of benchmark sex ratios presgim Table 3. In fact, Coale (1991) notes
that in all European populations since the mitl @8ntury, male mortality at all age has been
greater than female mortality: while “biologicallglightly more boys are born than girls, sex

ratios are improving with age.

Based on the benchmark sex ratio, we have computegstimate of the number of missing
women in the Kazakh population. Table 4 reports ribenber of missing women by age
category and year of census, as the number of wahatrshould be added to the population
in order to reach the benchmark — holding constaaetnumber of men. The number of
missing women depends on the benchmark used, aefipegiterms of the choice of sex ratio

at birth. When we use a conservative estimate isf gharameter, the overall percentage of
missing women in the female population decreases f18.9% to 17.6% in 1898 (Model

North). The difference resulting from relying oretkast instead of the North Model Stable

" For the below 12 sex ratio we actually use thewel0 sex ratio readily computable from the tafflee below
15 sex ratio, also readily computable is similaB$B), we are thus confident that the below 12 ddod very

similar to the below 10.
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Population Table is less substantial overall, bateypronounced for the below 12 age group
(for 1898, the North and East benchmarks suggesieotively 6% and 9% of missing
women). Demographers recognize the relatively pigiportion of men among the young age
groups in Northern Europe in the™®entury and explain it by the presence of a tublesis
epidemic that lead to higher mortality rates amginlg than among boys (Coale et. al, 1983) .
This gender contrast is usually explained by lolggels of nutrition among young girls. As
we have no evidence for the presence of this tygpidemic in Kazakhstan over our period,
we rely on the East benchmark for the rest of ikeussion (and choose the median sex ratio

at birth as our reference).

The sheer size of the missing-women phenomendmeiiKazakh population is daunting. The
observed sex ratios translate into roughly 18308simg women in 1898 and 21500 in 1908.
Thus the stock of missing women represents abdut dfthe total female population in 1898

and 19% in 1908. The break-down by age categohew/s again that it is among the adult
population that the problem is the most acute. Migssvomen above 14 represent 24% of the
above-14 female population in 1898 and 25% in 1®posing that these figures are the
result of excess female mortality (as we arguedntiSn 4), they suggest that an additional
25% of women aged 14 and above would have beea dlthe excess female mortality in

Kazakhstan were no greater than in Western Europaamiries at that time.

More insights are gained by examining distributiafisex ratios in the population, thereby
exploiting the fact that demographic informatioraisilable by household category, where a
category is defined by wealth (measured by livdsto@adult horse equivalent) owned by the
household and the district the household is liim§ Those groups have different sizes, with
a median of 240 individuals, a minimum of 10 anthaimum of 5105 in 1898. To take this
feature into account, we weight the data pointpgrionally to the size of population in the
group when constructing kernel densities of thgpproon of men by category. Figures 4 to
11 compare the distribution of the proportion oflenan our data to the distribution of
hypothetical proportions based on benchmark séasréve use the East benchmarks for both

birth sex ratios). These hypothetical proportioresgenerated by assuming that the number of

8in 1908, in addition, the grouping is based onhthesehold participation to the labor market in 1908
generate comparable distributions across yearggeegate the 1908 data by wealth and districtassto have
the same structure as in 1898.
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men in each category is drawn from a binomial distron with a mean equal to the
benchmark proportioh Figures 4 and 5 present the results for the ovpraportion of male
in 1898 and in 1908, respectively. Figures 6 amedent the distributions for the under-12
years old population and Figures 8 and 9 for thevell4 years old population.

The distributions of the proportions of men in thea in both years and in all age categories
are clearly located at the right of the benchmashributions. The shift of distribution is
particularly striking for the above-14 categoryetd is nearly no common support between
the benchmark and the observed distribution, eafpg@n 1908. This confirms the worsening
of the situation between the two census years amfests that compared to western
populations of the same period, nearly all wealllstrict categories of the Kazakh population

exhibit a much larger proportion of men.

For the youngest age group (below 2), we perfoisimalar analysis and use the benchmarks
provided by the East tables for the age categdoyDfor two different levels of sex ratios at
birth. Figures 10 and 11 report the benchmarkitigions for 1898 and 1908 respectively,
along with the observed distribution in our dathe3e figures suggest three facts. First, in
both years the proportion of male in the younge® eategory is remarkably close to the
hypothetical distributions. There is therefore mdence of excess female mortality in the
youngest age category. Second, the widening attérflag of the distribution across years is
consistent with a strong drop in fertility or a r@able gender neutral increase in infant
mortality. The flattening is related to the muclvéy number of individuals in the youngest
age category in the second y&aNote that the composition of the youngest age gsds
different across two years: in 1898 the youngesugrconsists of children of age 1 and
younger, while in 1908 it is restricted to childr&nictly less than 1 year old. Thus, part of the

sharp decrease of the size of the youngest populeatian artifact of the change in definition

° If the gender composition of each group wouldhHzegame as the gender composition of the European
population from the time used as a benchmark, timebrer of men in a group of sizewould follow a binomial
distribution(X, p) wherep is the benchmark proportion of men.

191n smaller groups, proportion of male are moreahjidiistributed: if, for instance, there are ortiyete

individuals in one category, a male proportion o€ és far more likely than if there are 30 indivadiu
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of the youngest age categdfy® This dramatic change in population dynamics ovee o
decade confirms that the Kazakh population was ngodeg a major crisis. Finally, the
comparison of the real to the hypothetical distitoureinforces our confidence in the quality

of the data and speaks against a systematic undeneg of women (see also Section 4.1).

4. Missing Kazakh women: competing explanations and

mechanisms

What can explain the patterns described above?Tdrerthree main candidate explanations:
(1) Misreporting or systematic undercounting of vemmn(2) Net migration biased by gender;
(3) Differential mortality.

4.1. Systematic undercounting

The first possibility is a systematic misreportiogwomen in the surveys conducted by the
expedition members. Given that culturally the rofewomen in the Kazakh society was

inferior to that of men, normally the survey resgent would be a senior male member of the
household. The strong virilocal and exogamy nornghtralso imply that the female children

in the family are considered as the future membgéasother extended family. Given this, the
respondents might have omitted to mention sombefdmale children when asked about the
number of children by gender. If this hypothesisaveorrect, our statistics on sex ratios

would be biased downwards.

Given the high quality of the dataset (as attestedhe sources cited in Section 3.1), it is
unlikely that such systematic misreporting tookcplaand was not noted by the data
collectors. We found no discussion of such poténtdiata problems anywhere in the
introductory sections of the expedition publicaiprwhereas for other variables — e.g.

' 1n a stable population with constant fecunditg size of the age category 0-1 would be greater tha-half
of the size of the age category 0-2 (because ahtnhortality). Instead, here the group of childueder 1 in
1908 represents less than one quarter of the grgeip 1 and below in 1898.

12 |deally, we would like to look at the change il #ibsolute number of women of childbearing ageriter to

compute the change in the fecundity rate. Unfoitigaour data is not sufficiently disaggregatedalgge.
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livestock wealth — the expedition administratiorpléitly mentioned the difficulties and

potential mis-measurement problems in several cmeagVolkova 1988: 178-179).

Furthermore, two characteristics of the patteresg@nted above speak against this hypothesis.
First, the age profile of sex ratios is difficuit teconcile with systematic undercounting of
women. Indeed, it seems less likely that men wouahdt to mention adult women rather than
young girls. In such case (and under the systemaitercounting of female children), we
should observebetter sex ratios in the group above-14 than in the ud@emge group.
However, we observe exactly the opposite: the atins in the above-14 group are worse
than in the group under-12. Furthermore, the distions of sex ratios among infants
presented above are remarkably close to theoretistlibution, suggesting that for this
category, counting was accurate. Finally, the dirosex ratios over time is difficult to

attribute to misreporting, because this would intplgt misreporting worsened over time.

4.2. Massive female out-migration

The second possibility is that there is an impdriaun-migration within the period under
study, especially for women. This includes two fergeographical population displacement
that is biased towards women and inter-marriagel ®Russians (which would imply that
young Kazakh women move to live with Russian and Kazakh households; thus, they
would not be counted in the expedition data). Tiséohical evidence speaks against the first
possibility. Contrarily, there was some regionakt-ougration of young men towards the
mining areas of Eastern Kazakhstan, given the iatiensive technology that was used in the
mines (Abuseitova et al. 2001: 416-418). Moreotte, Russian empire censuses of 1897 and
1926 indicate that there were extremely few ethfazakhs living outside the territory of
Kazakhstan. Finally, in the neighboring regions (fidich we have less detailed information)
and, generally, overall in Kazakhstan, the sexsadire very similar to those in our area under

study.

Theoretically, if Russian migration were heavily lezbiased, if Russian men married with
Kazakh women, and thus many Kazakh women movedvéowith Russians, then these
women would not appear in our dataset. It is uhjikleat such phenomenon explains the low

sex ratio that we document. First of all, the Rarssnigration was principally the migration of
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families. Demko (1969: 93) notes that 47.4 % of $%us migrants were women. Second, the
inter-ethnic marriages were extremely rare in Ka&as#kn until the post-WWII period (Carrere
d’Encausse, 1959). This can be explained by thee Hirgyuistic, cultural, and religious
differences across the two ethnicities. Finallg #malysis of the 1926 census data also helps
to discard this hypothesis. The 1926 census previtfermation about the Russian language
skills of inhabitants, as well as their native laage. It reports extremely few women of
Kazakh origin who were able to speak Russian, siggethat intermarriages were very rare.

We can thus confidently discard this explanation.

4.3. Excess female mortality

This leaves us with the third possibility: womere anore frequently than men, more so at
adult age, and the differential mortality gets styer between 1898 and 1908. There are two
main potential mechanisms behind differential maytaThe first is biological, i.e. gender-
differentiated biological or medical factors. Thecsend is behavioral, i.e. gender-biased
resource allocation. There is no historical evigeat gender-biased disease incidence in the
period under study and, overall, little support foe first mechanism in the literature. As
mentioned above, Coale (1991) notes that in alEilnm®pean countries from the middle of the
19th century until now, male mortality rates haeet higher at every age, conditional on the
relatively unbiased access to nutrition and heedthditions (and this over the range of life

expectancy from 35 to 80 years).

A major cause of mortality for women may have beeternal mortality which, at first sight,
appears orthogonal to discrimination in resouréecation. However, discrepancies in levels
of mortality of women of child bearing age acrosgpuylation having access to the same
medical technology are largely explained by diffexs in nutrition levels. This argument is
developed by Ransel (1991) in his study of infastecin the Russian Empire, where he
explores differences in infant mortality and womsurvival across ethnic groups within
Russia over our period of interest. He notes thiadewinfant mortality rates are smaller
among Muslim ethnic groups, these rates are negjatoorrelated to women’s mortality in
childbearing years (contrarily to non-Muslim groupghere women’s mortality rates are
positively correlated with infant mortality ratedje argues that this is related to Muslim

mothers having to breastfeed their children uihitd age of two without access to adequate
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nutrition, which led to depletion of their physicédrces and provoked serious health
problems, especially after giving birth to sevecdildren. Finally, for 18-19th century
Germany, Klasen (1998) convincingly shows that desphigh rate of maternal mortality, it

can account only for a small portion of “the extdinary survival disadvantage of women.”

The unequal access to resource hypothesis is evea likely when resources were scarce.
Next, we turn to the evidence that suggests a sttong correlation between household-level
wealth and the sex ratio.

4.4. Wealth and sex ratios

We exploit the two cross-sections of data to hgjttlithe correlation between sex ratios and
wealth. A first indicator of wealth is the numbédrhorses that a household owns. Table 5 and
Table 6 present the proportion of men (along withé 85% confidence interval) by wealth
category, for 1898 and 1908, respectively. Thellas of Table 6 provides some evidence
about the correlation between our measure of wedaltinse-ownership) and average cash
expenditure per person (in each horse-ownershipgoag). The last horse-ownership
category (accounting for about 5% of the populgtimdividuals spend 5 times more than

those in the first two categories (that accountfoout 10% of the population).

In both years, overall sex ratios, above-14 sejosaand below-12 sex ratios increase
monotonically with wealth (the only exception is the below-12 sex ratio in the wealthiest
category in 1908). For 1898, it is only for theotwealthiest categories, accounting for less
than 4% of the population that the overall promortiof male in the population is not
significantly greater than the benchmark ratio gf92 (East Table, median birth ratio). In
1908, the situation is worse across wealth leveld @ is only for the last category,
representing less than 5% of the population thatallvproportion of male is not significantly
greater than 0.492. Below-12 proportions of ma&elawer than above-14 but significantly
larger than the benchmark of 0.494 except for lineet wealthiest category in 1898 (9.8% of
the population), and for the poorest in 1908. Tas fact is driven by the low size of that
category (114 individuals younger than 12), whiehds to a very wide confidence interval.
The increase in the proportion of men in the bel®veategory throughout the wealth
spectrum across survey years appears particulastyying. The picture is similar for the

above-14 age category. It is only in the three thésdt categories in 1898 that the proportion
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of men above 14 is not significantly greater thiaa benchmark of 0.491. Given the small
total size of the population of below-1 childrehe tconfidence intervals on the proportion of
males for this age group are extremely wide.

Looking at the change over the two periods, we esa worsening of the sex ratios across
the board despite the overall increase in weakhn{aasured by livestock ownership in adult
horse equivalent) and the shift of the wealth distron to the right. Figure 12 illustrates the
distribution of population by wealth for the tworgey years and the change in sex ratio. The
simultaneous increase in wealth and decrease imad®s may appear puzzling at the first
sight. However, one should remember that the six captures the differential survival rates
of men and women across their lifetime (and thysedds on the economic conditions over a
relatively long time span), while horse ownerstafiacts the current-year economic situation.
When the economic situation improves, it is onligaf certain time lag that the population

sex ratio adjusts correspondingly.

Moreover, in a nomadic pastoralist economy, yearetar fluctuations in livestock may be
very large, with particularly dramatic consequenfmasthe households at the bottom of the
wealth distribution. As Tolybekov (1971) writes:
“[During jut] many pastoralists in some one-two nibs almost entirely lost their
wealth. Sometimes even the wealthier householdsrieethe middle-class, or —
occasionally — the poor families. The less weadltbyseholds of middle-class and
poor Kazakhs became destitute. The mass of pebphng lost its main
production tool and the only source of subsistenrckvestock — had to face
famine and death.” (p. 541).
Thus, the observed increase in horse ownership atesecessarily reflect an increase in the
permanent income. In fact, the winter of 1897-188& particularly harsh, i.e. the so-called
jut year with substantial livestock deaths in winfBolybekov 1971: 79).

The detailed data on food consumption collectedhieyexpeditions enables us to dig deeper
into the correlation between sex ratios and thewee availability. Kazakhs consumed three
broad types of food: meat, milk and grain. For eggte of food we have information about

the average quantity available in each categorigoniseholds. For meat, we know the type

and number of animals slaughtered over the lashd@ths (separately during winter and in
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other seasons.) For milk, we can estimate milk pctdn based on information about the
number of cows, ewes, goats, camels and maresgévat birth over the last 24 months.
Finally, for grain, we know the quantity consumaaiothe last 12 montHs.Using realistic
assumptions about the nutritional value of thes®l filems, we estimate calorie availability
per equivalent adult for each group of househaldsa{l that a unit of observation is a group
of households living in the same district and bglog to the same wealth categot§)t is
important to note that while it is relatively easyevaluate the nutritional value of grain, the
estimation of the calories available from meat amik is more complicated, for two reasons.
First, the productivity of animals — both in terrmE meat and milk production — depends
heavily on the animal breed and nutrition. Giveattiwe have imprecise information on
animal characteristics, we follow historical andraagmic sources that provide average
productivity for well-fed animals. Second, the mtignal values of milk and meat themselves
depend on animal breed and nutrition, introducimgaalditional source of noise in our
estimations. Available figures are, again, basegmduct from well-fed animals. Overall,
our estimates of food availability are likely to teased upwards, especially for poor

households, who had less well-fed animals.

On average, we estimate that across the samptahnybars about 3600 kcal are available per
equivalent adult per day. About one fourth of tiopyation had less than 2600 kcal available
per day. Table 7 provides the exact descriptiméissics, broken by the type of food. While

the average figures appear high, it hides subsiardriation across the sample, as illustrated
by Figures 13 and 14 that show the distributionsabbrie available per adult equivalent (per
day) for the two years of study. Furthermore, epergeds for Kazakhs in 1898-1908 where
substantially higher than nowadays, given the halshatic conditions that they faced and

the important amount of hard physical work thatytld to do. Experimental studies of

nutritional needs in cold environments reveal thatactive adult sleeping in a tent and
experiencing outdoor temperature below -25°C needwerage 57 kcal per kg body weight

per day. A Kazakh adult weighted on average 65tkthe end of the fcentury (Zeland

13 Given that there are minor differences acrosswioestudy years in terms of the type of informataailable,
we analyze the data from two years separately.
10 express the population size of each group it @dwivalent, we use the recommended dietary almes
(RDA) for 1989. The exact weights and details almalbrie calculations are available upon request.d& not
report them here, to economize on space.
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1885), which amount to 3705 kcal per day. This sgtgthat our estimated average energy
available falls below the average daily winter-pdrineed. It is also clear that a substantial
proportion of the population had inadequate focailatility.

To investigate whether gender bias is correlateth walories available, we estimate the
following econometric model (separately for the twaves of data):

Ii= 04 CAk+ 3’ Xit+ &5 (2)
wherell,; is the proportion of men in the age categaiip the group, cal; is the number of
calories available per adult equivalent in the grouX is a vector of control variables
including district fixed effects and, depending thie specifications, wealth category fixed
effects, average household size and average ateatmd by households in groupande,; is
an error term. We estimate the model separatelyhi®i0-12 age category and for above-14
age category. We use two estimation methods: diinary least squares, and (ii) generalized
linear model (GLM), which takes into account thectional nature of the dependent
variable®® Observations are weighted by the size of the mjmul (of given age) in the

group.

Table 9 reports the results of our estimations. R84 to R14 report the coefficients on the
calorie variable for different models estimatedtiom 1898 data set, whereas rows R15 to R28
report the results for the 1908 data set. The dig@nvariable for the estimation reported in
rows R1 to R7 and R15 to R21 is the proportion ehrn the above-14 age category, while
the dependent variable in the other rows is th@gt@mn of men in the below-12 category.
Let’s look first at the estimations correspondinghe above-14 age category. The results are
extremely robust across specifications; the cado@eailable per person are negatively
correlated with the proportion of men, whether eahtegory fixed effects are included or
not (R1/R2 and R15/R16), whether the 5% of the fadmn with the highest calorie
availability is excluded or not (R3 and R18), anldether or not we allow for a non-linear
effect of calorie availability (R4 and R19). Thatsitical significance of the coefficient on the

square term suggests a concave relationship betealerie availability and proportion of

15 We use the strategy proposed by Papke and Wookd(i#p6) to handle proportion models with zeros or
ones. Formally, we assume that the expected vdlte @roportion of men is:

E( 1) = G(oa Cali+ﬁa’ Xit &4)), whereG is a logistic function. To estimate the parametesuse Bernoulli
guasi-maximum likelihood estimators recommendethlege authors.
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men. When we use a GLM estimation method rathen @&S, the results are overall

unchanged. The effects of household size and |lezl @vailable per person differ across the
two years. In 1898, only the household size isiBggnt: larger household size is correlated
with a lower proportion of adult men. Instead, iA08, only land area per person is
significant: a larger farm size is associated vaittower proportion of males. We come back

to these results later in the discussion.

The results are less consistent across specifiafar the below 12 age category. In 1898,
there is no correlation between food availabilityl gproportion of men, once we exclude the
5% of the population with the highest calorie canption. This suggests that the correlation
is driven by extreme values. Furthermore, the tesolrows R11 and R13 suggest that there
is no concavity in the relationship. Conversely 1808 the relationship appears concave and
the correlation is significant when the samplerisiined from extreme value. We are thus
confident that there is a negative relationshipveen calories available and the proportion of
men in the below-12 population in 1908; howevee, ribsults for 1898 are somewhat weaker.

To interpret the size of the coefficient, consitle results in row R3 (that concerns 95% of
the population, i.e. excluding the 5% with the tl@ghcalorie consumption). The coefficient
suggests that, holding constant the size of thee rpapulation, an increase in 1000 kcal
available (per day) per adult equivalent would sfate approximately into additional 9000
women, i.e. an increase of 14.6%, relative to tlae sf female population within a given
household category. The same computation for 1908 yields an incre&46d% in the size

of female population.

So far, the evidence shows that the relative syaoiresources is highly correlated with sex
ratios. Intuitively, when the competition for resoes intensifies, the less powerful elements
in the society are more likely to be unable tosfatiheir basic vital needs. We consider this

argument more in detail in the next sub-section.

16 We take the difference between the number of woimergiven age category and the number of womain th

would be necessary to decrease the proportion nfopd.034, holding the overall number of men cantst
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4.5. Uncovering the mechanism behind differential mrtality: competition over scarce

resources

In this section, we build a very simple model obdoallocation in a nuclear household. Our
objective is to construct a basic framework thall Welp us to interpret the data patterns

documented in the previous sections, via simplegemonomic mechanisms.

Consider a nuclear household composed of one péaher) and two children (son and
daughter). The father has access to a productatmédogy (either nomadic or sedentary) and
decides on the allocation of the total amount obdforesources produced under this
technology between his two children. The fathealtsuistic towards his children but has a
moderate intrinsic son preference (e.g. for cultrgasons). His utility function is

U(cs, ), wherecs and ¢g denote food consumption (measured in calorieskaf and
daughter, respectively, and the marginal rate béstution between the;andcg atcs = ¢y is
larger than 1 in absolute value.

An alternative formulation can be that of a selfisither who allocates food among his
children to maximize the expected future returmfrihe son (who will stay with him in the
next period, given the patrilocal norm) and theglder (who will get married to a son from
another family in the next period, and will thusnigrbrideprice to her father). Qualitatively,
the result of the model under such formulation widolok similar to the model we develop

here.

The life expectancy of a child depends positivetytas/her calories intake. However, this
mapping might differ by gender. In other wordsnaking with p andq the probability that
son and daughter, respectively, survive beyondr@ngages, the functiong, = p(cs) andga

= g(cq) can be different.

Graphically, this decision and the resulting altowa look as depicted in Figure 15. The
upper right quadrant represents the budget constéithe householdn = ¢ + ¢4, and the
set of indifference curves of the father. The sofutof the maximization problem of the
father (under three different levels of househohlth) gives the allocations§ Y, andZ. The

lower right quadrant depicts the survival function the son (once he becomes adyif)=
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p(cs), whereas the upper left quadrant depicts the wairfunction of the daughter (once she
becomes adulthy, = q(cg). The allocations, Y, andZ result, through the mappingsc;) and
g(cy) in the pairs of survival probabiliti€p,, @,), denoted in the lower left quadrant of Figure

15 with the uppercase lettexsY, andZ.

Next, we consider the hypothetical equal-caloriescations under the three levels of wealth.
In this allocations, the son and the daughter vecéhe same amount of food (calories).
However, given that their survival probability furoms can differ (for biological reasons),
these allocations will not result in equal probisies$ of survival for the two children, once
they turn adults. The resulting survival probapifsairs(p,, ) are denoted in the lower left

guadrant with the lowercase letters/, andz

This reasoning allows to construct the triangieX, y0Y, andz0Z The economic meaning of
these triangles is as follows. Consider the triax®X Point x represents the survival
probabilities for the son and the daughter underuhbiased food treatment. Let's denote
these probabilities witlp, and g, respectively. PoinK stands for the survival probabilities
resulting under the equilibrium choice of the fathHeet's denote these probabilities wipk
andqy, respectively. Let the number of boys and girlenbia the population b8 andG and
let's assume that our household is representatidepapulation is sufficiently large for the
law of large numbers to apply. Then, the sex ratidhe population below aga, under
unbiased food treatment would (&/B)(g/ px), whereas the equilibrium sex ratio(G/B)(ox/

px). Dividing the latter expression by the former, el#ain a measure ¢fie gap between the
equilibrium and unbiased-treatment sex rati@p/ px)/(a¢ px)- It is easy to show that this
measure is monotonically increasing with the ang@X Therefore, the economic
interpretation of the angles0X y0Y, and zOZ is that as the resource constraint of the
households in the population is relaxed, the gapvdrn the resulting sex ratio and the
unbiased-treatment sex ratio shrinks. In other wotlde sex ratio improves and the gender

bias gets smaller when a larger quantity of viéglources becomes available.

While we refer to a father and his children, thenfework can also depict the behavior of a
family head allocating resources between male amuien dependents of any age, or even of
a husband deciding upon his and his wife’s consioamptn any case, this simple framework

illustrates how, when resources get scarce, thegaeentrated on the “preferred” or “more
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productive” members of the household (those frontivthe decision maker gets the highest

return).

We can now exploit the information about houselmddicipation in the labor market. Our
results suggests, in line with the simple modetdied above, that women are less numerous
precisely in the households were the returns to olabor are likely to be lowest. The 1908
data classify households into four categoties:
- Households in which (some) members are hired owtgasultural workers (and no
one works as craftsman);
- Households with some members working as craftsrmehn® agricultural worker is
hired in;
- Household with no member hired out or working aaftsmen and no agricultural
worker hired in;

- Households that hire in agricultural workers.

Table 8 reports sex ratios by age and houseklip&bt Sex ratios, expenditure per person and
area cultivated per person are strongly correlatgkd household participation in the labor
market. The worst situation is that of a househwsith members hired out as agricultural
workers while the best is for those with that ergphorkers. Households autarchic in terms
of agricultural labor (with or without craftsmenjeain an intermediate situation. When we
estimate the calorie regressions presented abayeljand add controls for the labor market
participation, the labor market participation camegs have a significant impact on the
proportion of men in both age groups: householdh wiembers working out exhibit higher
level of bias in the proportion of men than thoséaechic or hiring in® Importantly, only
men participated in the labor market, while mameditock-related tasks (e.g. feeding the
animals) were performed by women. This implies thdtouseholds where a large part of the
revenue is obtained from wage labor, men may duuiti relatively more to the total
household revenue and the returns from calorikéntaay be greater for male household

members. This may explain why, controlling for enailability of resources, discrimination

Y There exist two further categories whose desoriptie were unable to find in the description of the
expedition materials. 91% of the population belotmgsne of the four categories presented above.

18 We do not report the results of these regresdiens, for space constraints.
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against adult women and young girls was more aout®useholds where men worked for a

wage™®

There is a potential concurrent factor contributitogthe wealth gradient in the sex ratio.
Women born in poorer households could have moved the wealthier ones. This
explanation does not work for under-12 populatdile there is some anecdotic evidence
that wealthier families employed girls from the perofamilies for household chores, these
girls continued to live with their parents (thulsey were counted as members of the poorer
households). It is, however, possible that girtenfrpoorer backgrounds married up. This
would reinforce the wealth gradient. Even in thiatreely rich categories, the biased sex ratio
in the under-12 group implies a shortage of wonmfeth@® marriage age. The marriage market
in the Kazakh society in the period under study tased on bridepricé8. Thus, the long
side of the marriage market (i.e. grooms) was tingeb side. Therefore, the richer grooms
could outbid the poorer ones, leading to the upvmaotbility of girls. This can account for a
part of the wealth gradient in the above-14 ageugrbut not in the below-12 group.
Furthermore, it cannot, of course, explain the lyidplased sex ratio (in this age group) in the

overall population.

The framework above suggests that women were &ctiliscriminated against through the
concentration of scarce resources on male membierheo household. An alternative
hypothesis is that women were more numerous ingoobouseholds, and, while within
households resources were shared equally, womealbliad access to fewer resources than
men. Intuitively, if parents continue to have chaid until a son is born, young girls belong -
on average — to larger families than young boyssuch families, there are fewer resources
available per child. Even in the absence of disicréttion against young girls once they are

born, the ex-ante preference for boys may thusagxplifferential mortality in young children

91n these households women may also have had alimmited control of the household budget and mayeha
obtained less in a bargaining game over resources.

% The parents of the groom paid the parents of titebSecondary sources (Malyshev 1902: 45-50; Medkii

1886: 5-6) indicate that traditionally the valuebofdeprices was substantial even among the patrata of the

Kazakh society (the lowest amount of brideprice W&slarge domestic animals).
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(Jensen, 2003} The rough evidence reported in Tables 4 and 5sleva support for this
hypothesis, given that average household size aahge number of children increase over
the wealth spectrum. Furthermore, in the calorgrassions household size has either no

effect or a significant negative effect on the pndjpn of men in the household.

To summarize, the most plausible hypothesis toaxhe very low sex ratios and the wealth
bias in the data is that women in Kazakh societynduthe Russian peasant colonization in
the late 18 — early 28' century were actively discriminated against. Kézaken ate more
adequately than women; thus men probably were mesistant to infectious diseases. There
is some evidence that such diseases were primaisesaof mortality in Kazakhstan. For
instance, the malaria outbreaks before 1917 irKdmeakh population led to prevalence rates
of 16-47 per cent, with the mortality rates betwedh and 30 per cent among the sick
(Sharmanov 1980: 4). Public health resources weireraely poor: in 1913, in Kazakhstan
there were barely 7 medical workers per 100 000pleecand the provision of medical
services was strongly biased towards the wealthylitss living in cities, where such families
had access to Russian colonial hospitals (Sharma@80: 4-5). Moreover, some historians
(Taizhanova, 1995) report that epidemic outbreakend our period of study were related to
the transition from nomadic pastoralism to sedgneconomy (which implied a higher

population density and, therefore, a faster spofadntagious disease<).

5. Conclusion

In this paper, we have studied the sex ratios inakh population between 1898 and 1908,
i.e. in the period when large-scale Russian in-atign into Kazakhstan caused a sharp
increase in land pressure and a severe econonsis.ciihis crisis made the nomadic

organization of the Kazakh economy unsustainalvld,farced most Kazakh households into

Z However, Rosenblum (2010) provides empirical enieagainst this hypothesis in the context of Infifse
finds that a higher proportion of girls correlatgsh more unequal treatment.

22 A major cause of mortality for women may have beerernal mortality. While it is plausible that poo
women are more likely to die giving birth than ictones because of lower level of nutrition, KIaEE398)
convincingly shows that in the 1818entury Germany, despite a high rate of materrmatatity, maternal

mortality can account only for a small portion ¢ié€ extraordinary survival disadvantage of women.”
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sedentary agriculture. Using a unique novel datasetstructed from Russian colonial
expedition materials, we document a low and worggsex ratio (in particular, among poor
households) between 1898 and 1908. We considerataheoretical hypotheses to explain
these data patterns. The hypothesis that gains swgtort in the data and descriptive
historical sources is that of differential mortali{biased against women) in poorer
households, based on some form of discriminatiog. (@ calorie intake) by gender within
households.

There is no doubt that the massive arrival of Rarssind the induced rapid sedentarization of
Kazakhs brought much distress among the Kazakh lgt@u and that the transition into
sedentary agriculture has been traumatic. Duriegotiriod under study, several harsh winters
reinforced the problem, leaving many Kazakhs wa br no animals and severe difficulties
in procuring vital resources. Women seem to haen like first victims during this hardship.
One fascinating question is whether the bad segsrate document are the outcome of a
temporary subsistence crisis or whether it is atdated to the changed economic role of
women in the new system. Clearly, the transitidio sedentary agriculture deeply modified
the position of women within households. Secondasigence suggests that the involvement
of women in field cultivation was very low. It isppond the scope of this paper to tackle this
guestion. As we pursue our analysis of historatala, we hope to be able to relate the
evolution of key demographic variables such asraéivs and fecundity to the change from
nomadic life to sedentary agriculture and the sgbset change of the role of women in
Kazakh society. We plan to compare regions whaeeRussian in-migration had relatively
little influence on the traditional economy to tlegions that we study in this paper. We also
plan to use the 1926 census data to examine thieitiewo of sex ratios as the Kazakh

population settles into agriculture.
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Figure 3. Overall sex ratios in 1908 as a functioaf sex ratios in 1898 by district (volost)

43



prop of men in data
——— benchmark - chinese birth sr

Figure 4. Distribution of proportions of men in sanple (by wealth category) compared to
benchmarks (East Model Stable Population Table) i1898
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Figure 5. Distribution of proportions of men in sanple (by wealth category) compared to
benchmark (East Model Stable Population Table) in 908
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Figure 6. Distribution of proportions of men below12 (by wealth category) in sample

compared to benchmark (East Model Stable Populatioifable) in 1898
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Figure 7. Distribution of proportions of men below12 (by wealth category) in sample
compared to benchmark (East Model Stable Populatioifable) in 1908
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Figure 8. Distribution of proportions of men abovel4 (by wealth category) in sample

compared to benchmark (East Model Stable Populatioifable) in 1898
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Figure 9. Distribution of proportions of men abovel4 (by wealth category) in sample

compared to benchmark (East Model Stable Populatioifable) in 1908
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Figure 10. Distribution of proportions of men belowone (by wealth category) in sample

compared to benchmark (East Model Stable Populatioifable) in 1898
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Figure 11. Distribution of proportions of men belowone (by wealth category) in sample
compared to benchmark (East Model Stable Populatioffable) in 1908
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Figure 12. Wealth distribution and decline in sex atios, 1898-1908
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Figure 14. Kernel density estimate of calorie avaability in 1908
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Figure 15. Children’s food consumption, survival pobabilities and sex ratios
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Table 1. Population by ethnicity in selected regiomof Kazakhstan, 1897 — 1916 (in thousands)

Annual growth rate

1897 1905 1916 _
in %, 1897-1916
Oblast Kaz. Rus. Kaz. Rus. Kaz. Rus. Kaz. Rus.
Uralsk 460 164 477 268 480 278 0.224 2.817
Turgay 411 35 440 120 507 305 1.111 12.069
Akmolinsk 427 229 488 374 527 765 1.114 6.554
Semipalatinsk 605 68 669 82 665 200 0.499 5.842

Source: Demko (1969, various tables); our calooesti
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Table 2. Population, sex ratios and confidence inteals by age categories, 1898 — 1908

1898 1908 Definition/precisions
Population 214690 228614 Total population in bathds
Sex ratio 0.8725 0.8573 #women/#men
Proportion male 0.5340 0.5384 #men/population
Confidence interval  [0.5320,0.5361]0.5364,0.5404] for the proportion of male
Population >=14 135764 143990 # individuals agedrid above
(>=14)
Sex ratio>=14 0.8287 0.8209 #women>=14 /#men>=14
Proportion male>=14 0.5468 0.5201 #men>=14/population>=14
Confidence interval  [0.5442,0.5494]0.5175,0.5227] for the proportion of male
Population <12 68141 73116 # individuals aged 1d lselow
(<12)
Sex ratio <12 0.9408 0.9218 #women<12 /#men<12
Proportion male <12 0.5153 0.5204 #men<12/popuiati@
Confidence interval  [0.5115,0.5190]0.5168,0.5240] for the proportion of male
Population =<1 8123 1831 for 1898 : # individuaie@ 1

and below (<=1)
for 1908: # individuals below 1

(<1)
Sex ratio =<1 0.947 0.988 for 1898 : # women <=tigh
<=1
for 1908: # women <1/# men <1
Proportion male=<1  0.5136 0.5029 for 1898 :

#men<=1/population<=1
for 1908: #men<1/population<l
Confidence interval  [0.5027,0.5245]0.4800,0.5258] for the proportion of male
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Table 3. Benchmark sex ratios (SR) and proportionfomen

Model North Model East
Median SR Chinese SR Median SR Chinese SR
at birth at birth at birth at birth
Benchmark sex ratio (all) 1.0372 1.0265 1.0321 1502
Benchmark sex ratio (<12) 0.9973 0.9871 1.0254 4801
Benchmark sex ratio (>14) 1.0582 1.0473 1.0355 4902
Benchmark proportion of men (all) 0.4910 0.4935 20u 0.4947
Benchmark proportion of men (<12) 0.5007 0.5032 9874 0.4963
Benchmark proportion of men (>14) 0.4859 0.4884 9034 0.4934

Source : Model Stable Population Table, Coale amah&ny (Mortality: 5, GRR:2.5). The median and
Chinese sex ratios at birth are 0.944 and 0.93&®otisely.

Table 4. Missing women in the Kazakh population irl898 and 1908 for various levels of

benchmark sex ratios

Model North Model East
Median SR Chinese SR Median SR Chinese SR
at birth at birth at birth at birth
1898
Number of missing women 18859 17636 18284 17068
Number of missing women (<12) 1992 1632 2977 2607
Number of missing women (>14) 17030 16222 15345 5445
Missing / women pop 0.189 0.176 0.183 0.171
Missing / women pop <12 0.060 0.049 0.090 0.079
Missing / women pop >14 0.277 0.264 0.249 0.237
1908
Number of missing women 22092 20782 21477 20173
Number of missing women (<12) 2812 2422 3879 3478
Number of missing women (>14) 18797 17937 17002 6061
Missing / women pop 0.210 0.197 0.204 0.191
Missing / women pop <12 0.080 0.069 0.110 0.099
Missing / women pop >14 0.290 0.276 0.262 0.249
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Table 5. Population and sex ratios by age categoand wealth in 1898

Population
Sex ratio
Proportion male

Confidence interval

Population >=14
Sex ratio>=14
Proportion male>=14

Confidence interval

Population <12
Sex ratio <12
Proportion male <12

Confidence interval

Population =<1
Sex ratio =<1
Proportion male=<1

Confidence interval

Population

Sex ratio
Household size
Household size <12
Area cultivated per

person (desyatinas)

0 horse 1-5
horses
7492 118899
0.8053 0.8251
0.5539 0.5479
[0.5427, [0.5451,
0.5652] 0.5507]
4611 76265
0.7660 0.7689
0.5663 0.5653
[0.5519, [0.5618,
0.5806] 0.5688]
2470 36832
0.8643 0.9267
0.5364 0.5190
[0.5167, [0.5140,
0.5561] 0.5241]
239 4236
0.7704 0.9431
0.5649 0.5146
[0.5020, [0.4995,
0.6277] 0.5296]
4.23 5.25
1.39 1.63
4.23 5.25
1.39 1.63
0.40 0.66
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6-10 11-25 26-50 51-100 >100
horses horses horses horses horses
32575 34670 12487 5099 3468
0.8888 0.9560 0.9935 1.0619.1044
0.5294 0.5112 0.501®.4850 0.4752
[0.5240, [0.5060, [0.4928, [0.4713, [0.4586,
0.5348] 0.5165] 0.5104] 0.4990] 0.4918]
20441 21594 7696 3100 5720
0.8444 0.9369 0.9922 1204 1.1517
0.5422 0.5163 01®5 0.4716 0.4648
[0.5354, [0.5096, [0.4901, [0.4540, [0.4432,
0.5490] 0.5230] 0.5131] 0.4892] 0.4863]
10476 11257 4160 1729 8121
0.9513 0.9666 0.9914 954D 1.0237
0.5125 0.5085 0225 0.5118 0.4941
[0.5029, [0.4992, [0.4870, [0.4882, [0.4660,
0.5221] 0.5177] 0.5174] 0.5353] 0.5222]
1230 1415 558 250 195
0.9680 0.9252 1.0440 938D 1.0526
0.5081 0.5194 9248 0.5160 0.4872
[0.4802, [0.4934, [0.4477, [0.4540, [0.4170,
0.5361] 0.5455] 0.5307] 0.5780] 0.5573]
6.21 6.95 7.79 8.60 10.17
2.00 2.26 2.60 2.92 3.57
6.21 6.95 7.79 8.60 10.17
2.00 2.26 2.60 2.92 57 3.
0.59 0.77 1.07 1.55 2.69



Table 6. Population and sex ratios by age categoand wealth in 1908

0 horse 1-5 6-10 11-25 26-50 51-100 >100

horses horses horses horses horses horses

Population 494 20869 41020 79158 48886 25370 12784
Sex ratio 0.5107 0.7505 0.7886 0.8376 0.9041 0.9720.0392
Proportion male 0.6619 0.5713 0.5591 0.5442 0.5252.5071 0.4904

Confidence interval [0.6202, [0.5646, [0.5543, [0.5407, [0.5208, [0.5009, [0.4817,
0.7037] 0.5780] 0.5639] 0.5477] 0.5296] 0.5132] 0.4990]
Population >=14 363 13716 26146 50092 30327 15539 7317
Sex ratio>=14 0.4405 0.6985 0.7306 0.7874 0.8857 980& 1.1035
Proportion male>=14  0.6942 0.5887 0.5778 0.5595 30B5 0.5049 0.4754
Confidence interval [0.6468, [0.5805, [0.5718, [0.5551, [0.5247, [0.4970, [0.4643,
0.7416] 0.5970] 0.5838] 0.5638] 0.5359] 0.5127] 0.4865]
Population <12 114 6181 12822 25121 16087 8487 4360
Sex ratio <12 0.7538 0.8811 0.9061 0.9314 0.9316 945& 0.9257
Proportion male <12 0.5702 0.5316 0.5246 0.5178 145 0.5140 0.5193
Confidence interval [0.4793, [0.5192, [0.5160, [0.5116, [0.5010, [0.5033, [0.5045,
0.6611] 0.5440] 0.5332] 0.5240] 0.5254] 0.5246] 0.5341]

Population =<1 4 182 375 606 436 220 134
Sex ratio =<1 1.0000 1.2195 1.4351 0.9675 1.0185 896B 0.8611
Proportion male=<1 0.5000 0.4505 0.4107 0.5083 W49 0.5273 0.5373
Confidence interval [0.3783, [0.3609, [0.4684, [0.4485, [0.4613, [0.4530,
0.5228] 0.4604] 0.5481] 0.5423] 0.5932] 0.6217]
Population 2.92 4.49 5.4 6.37 7.51 8.27 9.67
Sex ratio 0.67 1.33 1.69 2.02 2.47 2.77 3.30
Household size 2.92 4.49 5.40 6.37 7.51 8.27 9.67
Household size <12 0.67 1.33 1.69 2.02 247 77 2. 3.30
Area cultivated per 0.29 0.70 0.98 1.17 1.42 1.84 2.72
person (desyatinas)
Expenditure per person 15.3 26.9 30.6 34.2 45.1 565. 130.0
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Table 7. Descriptive statistics of calorie availality per average adult (per day)

(observations weighted by population)

1898 1908
Mean S.D. Pc 25 Median Mean S.D. Pc 25 Median
Kcal GRAIN 2269 804 1653 2148 1858 920 1495 1712
Kcal MILK 1013 788 637 784 1280 1026 678 959
Kcal MEAT 350 267 179 328 401 266 231 323
Kcal TOTAL 3632 1690 2597 3440 3540 1847 2466 3037
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Table 8. Population and sex ratios by age categoand household type in 1908

Population
Sex ratio

Proportion male

Confidence interval

Population >=14

Sex ratio>=14

Proportion male>=14

Confidence interval

Population <12

Sex ratio <12

Proportion male <12

Confidence interval

Population <1

Sex ratio <1

Proportion male<1

Confidence interval

Household size

Household size <12

Expenditure per

person

Area cultivated per

person (desyatinas)

HHs with HHs with
workers hired craftsmen
out

32172 40997
0.6347 0.7827
0.6117 0.5609
[0.6064,0.6170J0.5561,0.5657]
22304 26495
0.5462 0.7283
0.6468 0.5786
[0.6405,0.6530]0.5727,0.5845]
8458 12662
0.8880 0.8997
0.5297 0.5264
[0.5190,0.5403]J0.5177,0.5351]
255 437

1.1429 1.2296
0.4667 0.4485
[0.4054,0.5279]0.4019,0.4951]
6.03 6.57

1.59 2.03

26.76 33.01
0.72 0.99
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Labor-autarchic
HHs

68268
0.8609
0.5374
[0.5336,0.5411]
42888
0.8222
0.5488
[0.5441,0.5535]
21859
0.9297
0.5182
[0.5116,0.5248]
535
1.1063
0.4748
[0.4325,0.5171]
6.26
2.00
31.76

1.19

HHs with
workers hired
in
67490
1.0241
0.4940
[0.4903,0.4978]
40156
1.0761
0.4817
[0.4768,0.4866]
23677
0.9407
0.5153
[0.5089,0.5216]
581
0.8864
0.5301
[0.4895,0.5707]
7.16
2.51
72.97

2.10



Table 9. Regression of the proportion of men on catie availability and controls

Dep. variable  Model Regressors Sample
1000*kcal/c (1000*kcalyf Wealth District
HH size Arealcap FE FE
R1 propmen>14 OLS -0.0067*** Yes yes all 1898
R2 propmen>14 OLS -0.0165*** No yes all 1898
R3 propmen>14 OLS -0.0340*** No yes trim top 5%
R4 prop men>14 OLS -0.0380*** (.0014*** No yes all 1898
R5 propmen>14 GLM -0.0678*** No yes all 1898
R6 propmen>14 GLM -0.1536*** 0.0057*** No yes all 1898
R7 propmen>14 GLM -0.1206*** 0.0045*** -0.0291** 0.0028 No yes all 1898
R8 propmen<=12 OLS -0.0046*** Yes yes all 1898
R9 propmen<=12 OLS -0.0028** No yes all 1898
R10 prop men<=12 OLS -0.0033 No yes  trimtop 5%
R11 prop men<=12 OLS -0.0017 -0.0001 No yes all 1898
R12 prop men<=12 GLM -0.0000** No yes all 1898
R13 prop men<=12 GLM -0.0066 -0.0003 No yes all 1898
R14 prop men<=12 GLM -0.012 0.000 0.0054 -0.0074 No s ye all 1898
R15 prop men>14 OLS -0.0212** Yes yes all 1898
R16 prop men>14 OLS -0.0191*** No yes all 1908
R17 prop men>14 OLS -0.0381*** No yes trim top 5%
R18 prop men>14 OLS -0.0508*** (.0026*** No yes all 1908
R19 prop men>14 GLM -0.0775** No yes all 1908
R20 prop men>14 GLM -0.1016*** No yes all 1908
R21 prop men>14 GLM -0.0646*** 0.0157 -0.0515* No yes all 1908
R22 prop men<=12 OLS -0.0006 Yes yes all 1908
R23 prop men<=12 OLS -0.0014 No yes all 1908
R24 propmen<=12 OLS -0.0037** No yes  trimtop 5%
R25 propmen<=12 OLS -0.0076**  0.0005** No yes 0B
R26 prop men<=12 GLM -0.0056 No yes all 1908
R27 prop men<=12 GLM -0.0302**  0.0021** No yes abas

R28 prop men<=12 GLM -0.0410*** 0.0026***  0.001 0.0129 No yes all 1908

Note In specifications R20 and R21 the squared (cabwr@lability) term has not been added to the regjoes
because it creates the problems of covergenceGuit.
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