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Abstract

An increasing literature examines the association between restricted fetal or early
childhood growth and the incidence of diseases in adulthood. Little is known, however, about
gender difference in this association. We assess the impact of nutritional deficiency in the early
lives of survivors of the Chinese Great Famine in terms of health and economic welfare, paying
special attention to gender differences. We found evidence of several significant negative
impacts for female—but not male—survivors, and the gender differences are statistically
significant. Furthermore, we show that the selection bias caused by differences in mortality
plausibly explains more than two-thirds of the documented gender difference in the long-term

health of famine survivors.
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1. Introduction

An expanding body of literature examines Barker’s proposed association between restricted fetal
growth and the higher incidence of diseases in adulthood (Barker and Osmond 1986; Barker et al.
1989; and Barker 1998; Godfrey and Barker 2000)." Scholars in both epidemiology and
economics are interested in how to evaluate this link in the absence of laboratory experiments. If
confirmed, the link would justify health interventions for pregnant women and young children,
especially those vulnerable to negative shocks. One common way to test the hypothesis is to
make use of a quasi-natural experiment, such as a famine, epidemic, or weather shock, whose
incidence occurred during gestation, and examine subsequent disease prevalence.

The possible challenge of the quasi-natural-experiment approach, however, is correctly
measuring the true impact of fetal nutritional deficiency. The Barker hypothesis applies only to
survivors; the implicit assumption is that those exposed to the negative shock must have survived
to a later life stage at which their health could be observed. However, because of mortality
selection, the full sample of cohorts who were conceived during the quasi-natural experiment
setting is not observed at their late life stages. Moreover, it is well documented that mortality
selection differs by gender. For example, Sen (1981) records that the proportion of excess male
mortality was 56 percent compared with 44 percent for their female counterparts in the 1943
West Bangle famine. Das Gupta and Li (1999) and Almond et al. (2007) show that the excess
sex ratio dropped during the 1959-1961 Chinese Great Famine.” Excess male mortality during

the famine may result in male famine survivors being inherently healthier than males in other

! There is a large multidisciplinary literature on the link between health and economic outcome early and late in life.
For detailed reviews, see Gluckman and Hanson (2006), Schultz (2007), and Strauss and Thomas (forthcoming).

? Das Gupta and Li (1999) attribute the drop in the excess sex ratio to the peak in the excess ratio among cohorts
born just before the famine and to the excess male mortality during the famine.



cohorts. Therefore, if there is a link between different levels of physiological response to reduced
calories in utero (or in very early childhood) and adult health status, different survival rates may
imply that the long-term impacts of famine are gender specific.

Despite the mortality selection problem associated with major shocks, most studies
related to the Barker hypothesis do not emphasize the gender difference in survivorship. A few
exceptions are Ravelli et al. (1999); Luo et al. (2006); Maccini and Yang (2006), and Yang et al.
(2008). These studies in general find negative health impacts only for women. Ravelli et al.
(1999) show higher body mass indexes (BMIs) and waist circumferences in 50-year-old women
who were exposed to the Dutch famine in the fetal stage, but the impact is insignificant for men.
Using two different data sets, Luo et al. (2006) and Yang et al. (2008) compare cohorts born
during the Chinese famine in the period 1959-1961 and soon afterward and demonstrate that
women born during the famine were more likely to be overweight in adulthood, but the trend
was not noticeable in men. Maccini and Yang (2006) study the effects of weather conditions
around the time of birth on the health, education, and socioeconomic welfare of Indonesian
adults, showing that higher rainfall in early life has large positive effects on the adult outcomes
for women but not men. Given the findings of these studies, the question we address in this paper
is, why does the Barker hypothesis seem to apply only to women?

In our study, we use the Chinese Great Famine (1959-1961) as a quasi-natural
experiment. We evaluate the long-term effects of hunger during gestation and very early
childhood on adult health and economic outcomes, including disabilities, illiteracy, and labor
force participation. In particular, with data from the 1990 and 2000 Chinese population censuses,
we examine how these long-term effects differ between males and females. Consistent with the

predictions of our model of gender specific mortality selection, we found that female famine



survivors had higher disability and illiteracy rates than do males; in fact, disability and illiteracy
were not evident among male survivors.

Moreover, we developed a novel approach to assess the magnitude of the measurement
bias in the estimated famine effect caused by mortality selection. We found that the mortality
selection effect accounts for about 70 percent of the total observed gender difference. In other
words, the insignificant long-term effects on men were largely driven by their higher mortality
attrition. Because sample selection resulting from mortality is a common problem in studies
using shocks as quasi-natural experiments, the methodology we developed can help to estimate
the degree of such sample selection bias. To our knowledge, this is the first analysis that
provides evidence for the link between mortality selection and gender difference in the long-term
health impact in the famine studies.

Until very recently, the general literature concluded that parental treatment is the major
contributing factor to observed gender differences. For example, Behrman (1988) reports bias
against girls in the intra-household allocation of nutrition during lean seasons in India, and Rose
(1999) shows that high rainfall narrows gender bias in infant mortality in India. Maccini and
Yang (2006) conclude that their finding of gender difference in the impact of early childhood
weather conditions is consistent with a gender bias model. Jayachandran (2006) also reports that
postnatal smoke from massive wildfires in Indonesia in 1997 had more negative effects for girls
than for boys, but the paper acknowledges that this finding could reflect physiological
differences as well as gender bias in parental treatment. In this paper, we also test the gender
bias hypothesis and find that compared to mortality selection, gender bias plays a smaller role in
explaining the observed gender difference. In a recent review article, Cox (2007) calls for more

attention to the importance of biology in explaining gender differences. In this regard, the



findings of our paper provide more supportive evidence on the role of biology in explaining
gender differences in the outcomes examined.

The findings of this study have two important policy implications. First, given that the
cohort born during the Great Famine period are now in their late 40s, this study could be an
initial step in assessing the disease burden and health care needs of middle-aged people in China.
In particular, higher disease prevalence in women relative to men has important implications in
the equity concern in the provision of health insurance and care. Second, the findings of this
study also imply that the relevant policy interventions in maternity health are not only beneficial
to children’s health and the health of the adults they grow into but also helpful in the long run for
gender equality in terms of health, economic, and social outcomes.

Section 2 of the paper provides a brief review of the epidemiology and economics
literature related to the Barker hypothesis. We also present background information on the
Chinese Great Famine. Section 3 lays out a conceptual framework about how different survival
thresholds lead to different health distributions. Section 4 discusses data and provides descriptive
evidence supporting the correlations between exposures to famine in early childhood and adult
health and economic welfare. We test the long-term effects of famine on disability, nonworking
rates, and illiteracy in Section 5. In Section 6, we further compute the contribution of mortality

selection to the observed gender difference in the famine effect. Section 7 concludes the paper.

2. Background
2.1. The Barker Hypothesis
The Barker hypothesis, also called the fetal origins hypothesis, postulates that when a

fetus suffers malnutrition, the resulting stress can induce irreversible adaptations to the hunger



environment that alter its permanent ability in later life to adjust to improved nutritional
opportunities. In the long run, the maladaptation can lead to negative health outcomes in later
stages of life (Barker and Osmond 1986; Barker et al. 1989; and Barker 1998; Godfrey and
Barker 2000).

Following the seminal work by Stein et al. (1975) most famine-based epidemiological
studies of the Barker hypothesis use as a quasi-naturalexperiment the 1944—1945 Dutch winter
when German army blockades precipitated a sharp decline in food availability. Drawing on
retrospective cohort analyses, these studies generally conclude that the famine had a negative
impact on various health outcomes. For example, prenatal exposure to famine is believed to be
associated with antisocial personality disorder in early adulthood (Neugebauer, Hoek, and Susser
1999), major affective disorders (Brown et al. 2000), schizophrenia in adulthood (Hulshoff et al.
2000), higher BMI and waist circumference in 50-year-old women (Ravelli et al. 1999), and
lower glucose tolerance in adults (Ravelli et al. 1998).2

The general, conclusions from recent economics literature also point to long-lasting
negative impacts of shocks like famines, epidemics, and severe weather. For example, using the
1918 influenza pandemic in the United States as a quasi-natural experiment, Almond (2006)
shows that in utero exposure to the disease large negative effects on adult economic and health
outcomes. Alderman, Hoddinott, and Kinsey (2004) link exposure to transitory shocks such as
war and drought experienced by Zimbabwean children before age three to their preschool
nutritional status. The researchers further trace the consequences of these early shocks to the
subjects’ subsequent health and education as young adults. Droughts are also found to have

negative effects on children’s growth (Hoddinott and Kinsey 2000). Akresh, Verwimp, and

3 However, in a study based on a small sample of survivors (fewer than 600) of the Leningrad siege of 1941-1944,
Stanner et al. (1997) found that malnutrition in utero is not linked to diabetes and coronary heart disease in
adulthood.



Bundervoet (2007) show that stresses at birth, such as civil conflict and crop failure in Rwanda,
led to worse health outcomes several years after the shock. Banerjee et al. (2007) found that a
large income shock caused by phylloxera (an insect that attacks the root of vines) in 19th-century
France reduced the height of the affected male cohort born in the shock period by 0.6 to 0.9
centimeters but had no impact on other health outcome variables.*

The estimated impacts in the studies cited here are conditional on survival. Given that
shocks may affect the likelihood of survival, the unconditional impacts could be larger than the

conditional ones.

2.2. The Chinese Great Famine

Despite its prominence in epidemiological studies, the Dutch winter famine had shorter
duration and lower mortality than did the Great Famine in China. Estimated excess deaths for the
Great Famine range between 20 million and 30 million (Johnson 1998). Regional distribution of
the famine was also highly uneven. The highest mortality during 19591962 relative to the
average mortality before the famine in 1956—1958 ranged from 14.9 percent in Tianjin to 474.9
percent in Anhui province (Yang 1996). In addition, because of the pro-urban food supply policy,
urban areas suffered much less from famine than did rural areas (Lin and Yang 2000).

Many studies on the Great Famine focus on identifying the causes of the catastrophic
human tragedy. Researchers trace the famine to various factors, including excessive food
consumption in collective dining halls (Chang and Wen 1998; Yang 1996; Yang and Su 1998),
lower production incentives resulting from the denial of the right to withdraw from collectives
(Lin 1990), preferential supplies of food to cities and favoritism of industry over agriculture

during the period (Lin and Yang 2000), disastrous weather, and a possible mix of all these

* For more examples from economics literature, see Schultz (2007) and Strauss and Thomas (forthcoming).



factors (Li and Yang 2005). Overall, however, a famine can be viewed as a tragic magnification
of market and government failures (Ravallion 1997), and the Great Famine was no exception.
The policies adopted during the Great Leap period are believed to be a primary factor
contributing to the catastrophe (Johnson 1998; Li and Yang 2005).

Although these studies contribute to understanding the causes of this human tragedy,
increasing data availability on cohorts affected by the Great Famine have permitted analysis of
its long-term consequences to human capital. St. Clair et al. (2005) investigate psychiatric case
records in a mental hospital in Wuhu, Anhui Province, one of the regions stricken most severely
by the famine. The study shows that children born during the famine were twice as likely to
develop schizophrenia, confirming a link between nutritional deficiency and the mental illness.
By restricting the Chinese Health and Nutrition Survey (CHNS) data to the “family unit” of a
mother, a father, and at least one child, Gergens, Meng, and Vaithianathan (2007) found
significant stunting of growth in those exposed to the famine. They used the height of the second
generation to control for selection bias caused by mortality.” From aggregated pregnancy history
data, Cai and Wang (2005) found evidence that the Great Famine resulted in elevated risks of
miscarriage and stillbirth. Meng and Qian (2006) merged the 1990 China population census with
the 1989 CHNS at the county level and used the surviving population in the county as a proxy
for famine severity. They found negative impacts of famine exposure on some health, education,
and labor market outcomes. Using the same CHNS data, Chen and Zhou (2007) determined that
famine suppressed the growth of adult height on average by 3.4 centimeters. Based on CHNS

data, Luo et al. (2006) report the gender difference in the long-term impact of the famine on

> Gorgens, Meng, and Vaithianathan (2007) used cohorts born between 1948 and 1961 as the famine cohort and
cohorts born between 1938 and 1948 and between 1961 and 1971 as control cohorts.



body mass index: female survivors were more likely to be overweight, but that was not the case
for men.

Almond et al. (2007) uses 2000 Population Census of China 1% sample and the natality
microdata for Hong Kong (1984-2004). They utilize variation in famine severity by province to
generate comparisons within birth cohorts and compare the famine cohort in Hong Kong to that
in Mainland China. One intriguing finding of their study is that maternal malnutrition reduced
the sex ratio (males to females) in not only in the famine cohort but also in the next generation.
Parallel with the analysis of previous studies, our paper examines the long-term impact of the
Chinese Great Famine on social and economic welfare outcomes of the cohorts born during the
famine, but our focus is to study the gender difference in the impacts and to understand the

sources of such gender difference.

3. Conceptual Framework

We first use the conceptual framework in Almond (2006) to illustrate the impact of
famine, and then further develop this model to illustrate the pathways through which famine may
have different impacts on male and female. The model introduces two channels by which
negative shocks could increase infant mortality and negatively affect the subsequent health of
cohort survivors. First, famine reduces survival thresholds conditional on health, thereby
increasing mortality rates. Second, a negative shift in the health distribution as a result of the
shock could also lead to higher mortality rates. We call the first channel the “selection effect”
and the second channel the “distribution effect.” We extended the model by explicitly allowing
gender difference in the survival thresholds, showing that the difference in survival would lead to

differences in the selection effect and the distribution effect.



We assumed that the accumulative function of population health is defined as F(x; u),
where x is the unobserved underlying health and x is the parameter of mean in the distribution.
We further assumed that F(x; ) has the first and second derivatives with respect to x and ¢ and

satisfies the following properties:
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These properties hold for normal distributions ( F'(x; 1) = ®(x — ) ) and more generally for the
location family when F(x; 1) = G(x — u) and there is a single module.

Figure 1 shows how famine can affect the density function. We define distribution
function before and after the famine as fy= f{x; 1) and f;= f{x; x;). Famine alters the health of
survivors in two ways. First, famine moves the survival threshold from s, to s,. Infants born
during famine with relatively poor health (independent of famine) are less likely to survive than
are infants born during normal times. This is the selection effect of the famine. Second, famine
decreases the overall health of the infants born in the period. This effect shifts the underlying
health distribution function to the left, from f, to f, (the parameters of the means from py to uy),
as shown in Figure 1. This is the distribution effect. If adult health is a monotonic transformation
of infant health,’ the proportion of adults who are not in good health (good health threshold is

denoted by g ) is

® In line with the Barker hypothesis, we assume that adult health is preconditioned in part by biological shocks that
affect future health outcomes.
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When a famine (whose severity is denoted by /) strikes, both ¢ and s are affected—that is,

j—: <0 and % >0. The long-term health impact of exposure to famine can then be measured by

the change in this proportion:

dP(u,s,8) _ OP(u,5,8) du | OP(u,5,8) ds

)
dh o dh os  dh

The first term on the right side of equation (2) measures the distribution effect, holding the
survival threshold constant, while the second term defines the selection effect by holding the
distribution constant.

Assuming s < g < u and using properties (i) through (iii) gave us the following four
propositions. Proofs for these propositions are provided in Appendix B.

3) OP(u,5,8) dpt _
ou  dh

Proposition 1: If a famine shifts the health distribution leftward, the proportion of people

in poor health increases.

OP(4,5,8) ds _
0s dh

4 0

Proposition 2: If the survival threshold increases as a result of either famine or other
shocks, the proportion of people with poor health in the total surviving population decreases.
Further, if female infants have a lower survival threshold than their male counterparts

(0<s, <s, ),’, we have a third proposition:

’ The medical literature (e.g., Jakobovits 1991) reports that male fetuses are less physiologically robust than female
fetuses, and the spontaneous abortion rate is higher for male than for female fetuses in the second trimester.
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Proposition 3: If a famine decreases the general health of a population (du <0), with
the same shift in u, the distribution effect on men’s disability rate is higher than that on women'’s.
It also follows that

OP(u,s,,,8) - OP(u,s,,8)

©) Os Os

Proposition 4: Given the same change in the survival threshold during the famine, men with a
higher initial threshold experience a smaller negative effect than women.

Under the assumption that females have a higher initial threshold, the distribution effect
would lead to a larger negative effect for male survivors, but the selection effect would result in a
larger negative effect for female survivors. Given the different predictions of these two effects, it
is possible to empirically separate them.

Both the epidemiological and economics literatures have provided evidence for the
impact of fetus development and early childhood nutritional condition on adult cognitive and
productive capacities (Schultz 2007). The model used in this study can also be appropriately
modified and applied to study outcomes such as education achievements and labor participation

rates.

4. Data and Descriptive Evidence
In this section, we present some descriptive evidence of gender-specific long-term
impacts, using data from the 2000 China population census and the 1998 China agricultural
census. Both data sources provide provincial-level aggregate information. Figure 2 plots the

male-to-female sex ratios in urban and rural areas by age cohort using the 2000 China population
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census (see Appendix A for descriptive summaries). In rural areas, the sex ratio for the 1961
birth cohort was 100.3, dropping substantially from 109.6 for the 1958 cohort (the prefamine
year cohort), and increased to 103.9 for the 1962 cohort. The observed dip in rural areas in 1961,
the severest year of the Chinese Great Famine, suggests that male mortality exceeded female
mortality during the famine period.

Figure 3 graphs of sex ratio changes in 1961 relative to control years against the excess
mortality during the famine, a measure of famine severity, in 28 provinces where data are
available. The fitted line shows that provinces with more excess mortality experienced a larger
drop in the male-to-female sex ratio. When we ran a regression of mortality change on famine
severity, we found a significant coefficient of —0.0138 with # =—-2.13. It suggests that gender
difference in mortality selection is aggravated by famine severity. Figures 2 and 3 both suggest
that famine has a greater negative impact on men than on women in terms of survival.

Based on the information of disability in the 2000 China population census,® we
calculated the disability rates for men and women separately for each age group. Figure 4 plots
the ratio of female-to-male disability rates by birth year in rural areas. It is apparent from the
figure that the female disability rate was substantially higher for those born in 1960 and 1961
compared with the corresponding male disability rate. For each disabled man in the 1960 and
1961 birth cohorts, there were 0.74 disabled women in the same cohort. For the prefamine cohort
in 1958, however, there were only 0.64 disabled women for each disabled man, whereas for the
postfamine cohort in 1962, the number was 0.65. The evidence suggests that compared with
other birth cohorts, female famine survivors suffered more disabilities than their male

counterparts.

¥ The measured disability is severe disability that prevents people from working.
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Drawing on the 1998 China agricultural census as well as the 2000 China population
census, we calculated the proportion of the nonworking population at each age cohort by gender.
Figure 5 presents the ratio of the female-to-male nonworking population in rural areas by year of
birth using the two data sources. The data sources provide very similar patterns, especially for
the famine and postfamine cohorts. The ratio of female-to-male nonworking Chinese peaked in
1961 according to both data sources. Using the census data, we found that the ratio was 5.5 in
1961, compared with 4.9 for the prefamine cohort of 1958 and 5.0 for the postfamine cohort of
1962. The highest ratio in 1961 suggests a negative impact of famine on female employment
status relative to male employment status.

Another outcome we examined was the education achievement measured by adult
illiteracy.” Figure 6 shows the ratio of female-to-male illiteracy rates in rural areas by year of
birth. For rural Chinese born in 1961 and 1962, a female’s relative likelihood of being illiterate is
3.9, much higher than the prefamine level of 3.4 for those born in 1958.

These figures provide descriptive evidence that the long-term impact of childhood famine
exposure is gender specific. In the next section, we conduct a more rigorous quantitative analysis

by making use of large regional variation in famine severity to further test the Barker hypothesis.

5. Results

’ We also examined as an outcome the calculated years of schooling. The gender difference remains. However the
results on years of schooling may be confounded with the difference in the relative school capacity for famine
cohorts and pre- and postfamine cohorts. At least in the short run, the capacity of secondary and tertiary schools in
rural China is fixed. Being noticeably smaller, the famine cohort may have enjoyed a larger chance of being enrolled
in postsecondary schools, and as a result, higher years of schooling. Capacity is less of an issue for primary schools
because they were rather widespread even in rural China. Thus, the illiteracy rate is a measure that is less
contaminated by the supply factor.
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Using the panel dimension of the population cohort data at the provincial level, we
analyzed cohorts born between 1950 and 1970 and 30 to 50 years old by the 2000 census. We

estimated the following regression separately for men and women:

(10) Y, =a, +aFamine, + a,age, + ajage; +a,age; +aD, +&

cij ?
where Y, is the outcome for cohort ¢ in province i at age j. We used two alternative measures of

famine: a famine cohort dummy and famine severity, which we define shortly. We also included
in the regression age and polynomials of age to capture the underlying relationship between the
outcome variables of age and health.'® If the impact of famine deviated greatly from the trend as
predicted by the flexible age function, we expected that it would be captured by the coefficient
on the famine variable. However, considering that famine causes excess mortality, the real causal
effect was underestimated by this coefficient when we ignored mortality selection. The province
dummy variables D were included to account for provincial variations that might be correlated

with outcome variables as well as the cohort differences. The idiosyncratic error term is & ;.

5.1. Main Results

Table 1 shows the regression results for the disability rate, nonworking rate, and illiteracy
rate. A famine dummy variable was defined as 1 for the birth years of 1959 through 1961 and 0
for others. Provincial dummies were included in all estimations but not reported here. Because
province sizes vary greatly by population, we used rural gender-specific provincial population as
weight in the regressions. Standard errors in the regressions were corrected for serial correlation
within province and arbitrary heteroscedasticity. For each outcome, the first column reports

results for females and the second for males. We used two specifications to test gender difference:

' The results are robust with or without the age cube term.
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the female-to-male ratio of the outcome variables and the difference between the coefficients on
famine across female and male populations (the third and fourth columns, respectively, under
each outcome heading).

As shown in Table 1, the coefficient for the famine variable in the first regression on the
female disability rate is significant and positive, whereas it is negative for the male disability rate.
The coefficient on the famine dummy is 0.489 (¢ = 4.36). Compared with nonfamine cohorts,
women who were born during the famine and survived have a higher chance (0.489 basis points)
of being disabled. This magnitude is not trivial, given that the average disability rate is about
four basis points. The finding indicates that female famine survivors are more susceptible to the
distribution effects given their lower level of excess mortality compared with their male
counterparts. The result for female survivors is more consistent with the prediction of
Proposition 1. In contrast, the famine dummy has a negative and significant coefficient for males,
suggesting a positive selection for male survivors. In light of more serious mortality selection for
male famine survivors, it seems that the selection effect dominates the distribution effect, as
predicted by Proposition 2 in our model.

The gender difference in the famine impact, either measured by the difference of the
coefficients for the famine variable (0.665, with # = 6.18) or the coefficient for the female-to-
male ratio (0.1, with # = 4.81), turns out to be significant at the 1 percent level. These results
suggest that women with an exposure to famine at an early age are more likely to be disabled in
adulthood than are their male counterparts. This lends more support to Proposition 4, that a
greater excess mortality selection of male population causes the observed gender difference in

the famine effects.
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We found no evidence that female famine survivors have higher nonworking rates than
do women in other cohorts. Even though the coefficient on the famine dummy is positive and
marginally significant for males, the magnitude of the famine dummy is larger for females than
for males. A gender difference is also not evident for nonworking rates. The smaller famine
cohort indicates a limited labor supply. It is likely that labor markets place a premium on this age
cohort, thereby offsetting the negative impact of famine on labor participation.

The results for illiteracy rates shown in Table 1 indicate that the famine female cohort is
associated with a 0.471-point-per-thousand higher illiteracy rate, which is statistically significant.
We found no evidence of famine impact on the illiteracy rate of males. Moreover, the gender
difference is pronounced and statistically significant: the famine coefficient on the ratio of the
female-to-male illiteracy rate is 0.227 (¢ = 3.90), and the difference between the famine
coefficient across females and males is 0.364 (¢ = 3.42). Once again it seems that women are
more vulnerable to the distribution effects of famine, whereas for men, mortality selection plays
the stronger role.

To cross-reference the robustness of the results with the definition of the famine variable,
we replaced the famine variable shown in Table 1 with the alternative famine severity measure
shown in Table 2. We defined the new famine variable as the change in mortality from the
average level in 1956-1958 to the highest value over the period 1959-1962 based on mortality
data by province in Yang (1996, 38). Consistent with the results shown in Table 1, coefficients
for the famine variable in regressions on disability rate and illiteracy rate are significantly higher
for the famine cohort among women than among men. In addition, the gender difference in the

nonworking rate becomes significant at 5 percent using the alterative famine measure.
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Strictly speaking, the results in Tables 1 and 2 test the effects of poor nutrition during
early childhood, not in utero. Because the famine lasted from 1959 through late 1961, some
survivors born in early 1959 may not have had prenatal exposure to the famine. Moreover,
people who were born in early 1962 (in the nonfamine cohort) may have been exposed to famine
in utero. To directly test the Barker hypothesis, we dropped 1959 and 1962 from the sample and
repeated the analyses in Tables 1 and 2. Table 3 reports only the coefficients of interest for the
two famine variables. In the top panel, the famine dummy variable is 1 for the birth years of
1960 and 1961 and 0 for other birth years. The bottom panel mirrors the analysis in Table 2
using famine severity as a measure.

The major results from Table 3 are consistent with those in Tables 1 and 2. For the
disability rate, the gender difference for the famine variables is highly significant, and its
magnitude is more pronounced than that shown in Tables 1 and 2. Regarding the illiteracy rate,
the coefficient for both specifications with different famine variables for the female sample is
significant at the 5 percent level but insignificant for the male sample. The coefficients in the
regressions on gender ratio and difference are significant at 1 percent and 5 percent, respectively,
for both famine variables. Overall, the significant gender difference based on the reduced sample
provides further support for the existence of selection bias for men and the substantial effect of

exposure to famine in utero and in infancy on adult women’s human capital outcomes.

5.2. Robust Checks
One alternative explanation for the results reported in the previous section points to
migration selection. Such selection has to be gender cohort specific to cause the observed gender

difference in famine effects. It is true that at any given age men are more likely to migrate than
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are women. However, the gender difference in migration is not cohort specific but exists across a
range of age groups. Moreover, if migration selection existed only in the famine cohort, we
would have underestimated the famine impacts. The reason for the possible underestimation is
that migrants are a positively selected group in terms of health and education outcomes, and the
gender difference in those outcomes for the ones remaining in rural areas would be smaller, the
opposite of our finding. Further, according to the 2000 China population census, only 2.68
percent of the rural population lived in provinces other than their birthplaces. Therefore,
intraprovince migration (typically resulting from marriage) leading to measurement error in the
coding of birthplace should not be a concern.

Nonetheless, to check the robustness of the results, we also used data from the 1 percent
sample of the 1990 China population census.'' Migration was much less active in 1990 than in
2000. Using two alternative famine variables, we ran two sets of regressions on the three
outcome variables, which include county-fixed effects. The first row in Table 4 shows the
regression results for the famine variable defined as in Table 1. The coefficient in the first
regression for females (column 1) is significant and negative, whereas the coefficient in the
second regression for males is negative but insignificant, which is consistent with the findings
from the 2000 census. The magnitude of the estimates is slightly smaller compared with that
shown in Table 1. The difference probably reflects the cohorts being 10 years younger in 1990
and the long-term negative health effect not having fully emerged. It should be noted that the
gender difference becomes insignificant for the illiteracy rate, as shown in the last column of

Table 4. This may be a result of the different definitions of “illiteracy rate” in the 1990 and 2000

' China Population and Information Research Center, /% Sample of the 1990 China Population Census Data,
accessed from the Texas A&M University China Archive at
http://chinaarchive.tamu.edu/portal/site/chinaarchive/menuitem.feaa43fe8cebfla7140eadb4f0001 1ca/.
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censuses. In the 1990 census, we could not separate full illiteracy from semi-illiteracy, whereas
in the 2000 census, full illiteracy was used to calculate the illiteracy rate.

The second row of Table 4 presents the estimations based on the famine severity variable
as defined in Table 2. The coefficients for the famine variable in the regressions on disability rate
and illiteracy rate are also consistent with the findings in Table 2.

Another alternative explanation is that the observed gender difference in famine effects is
caused by gender bias, primarily manifested by greater parental discrimination against girls than
against boys. Given that our specification embodies a single difference between famine and
nonfamine cohorts, for the gender bias hypothesis to hold, it must be true that discrimination
against girls is more severe during the famine period than in nonfamine times.

Ideally, we would need an exclusive restriction that affects gender bias but not mortality
selection to disentangle the gender bias from mortality selection bias. Given the data limitation,
we chose to explore the potential differences among ethnicity groups in terms of their value of
boys versus girls. China has 56 ethnic groups, with the majority ethnicity being Han. To measure
gender bias, we focused on education outcomes, because the gender difference in educational
level largely captures the gender bias. Thus, we created a gender bias index by ethnicity based on
the 2000 China population census, as shown in Table C.2. The average gender bias index is 4.5,
and we defined ethnic groups with a gender bias index less than 3 as “less biased ethnicity.” In
the next step, we ran the same regressions as shown in Table 4 but added the less biased ethnicity
variable and its interaction with the famine variable. If gender bias is the cause for observed
gender difference, then we would expect the famine effect to differ among ethnicities with
different degrees of gender bias. In other words, we would expect a positive and significant

coefficient on the interaction term. However, the results shown Table 5 indicate that no clear
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difference exists between the ethnic groups with different levels of gender bias. Therefore, we
conclude that gender bias is unlikely to be the cause of the observed gender difference.

The third concern is that different access to health care between genders may be the cause.
In rural China, access to health care may vary across regions, but there is no evidence that it is
gender specific, and there is no reason to believe gender-specific access occurs only to famine
cohorts. Other shocks such as the Cultural Revolution have also affected most of the cohorts in
our analysis, > but we do not expect the impact of this shock to be gender specific only to the
famine cohort.

6. Mortality Selection Bias

Having shown the existence of gender difference in the long-term impact of famine, in
this section we investigate how much of it can be explained by the underlying gender difference
in mortality selection.

It follows from Proposition 4 that

_F(guw) -1 AF(s;p)

YA 8 = ) 1= Fissp)

=—(1—P(ﬂ,s,§))'%

This equation provides a formula to compute the impact of mortality selection. One implicit
assumption of this equation is that the outcome variable P(u,s,g) has first derivative with
respect to the threshold variable s. Therefore, we use the estimations shown in Table 2, which are

. . . . . . . 13
based on a continuous famine severity variable, as a basis for our simulation. ” We

> The Cultural Revolution started in 1966 and ended in 1976.
1 For simplicity here, we report only the results of the outcome variable of disability rate. The results for the
illiteracy rate are similar.
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measure P(4, s, g) in equation (7) with the average disability rate of the cohorts of 1963—1965

who were born after the famine (see Table C.1 in Appendix C).

The second term of equation (7) stands for excess mortality rates. Although the Chinese
government has published death and birth rates for the overall population, some scholars have
questioned the data quality in the period of famine for two reasons (Li, 1997; Li, 2001). First, the
year-to-year population changes in the famine period calculated based on the birth rates and
death rates do not add up to the published population changes. Second, the total male population
declined by exactly 10 million from 1959 to 1960, indicating a sign of data manipulation.
Several researchers (Banister 1984; Calot 1985; Coale 1984; Jiang 1986) have tried to
reconstruct the death rates and birth rates in the famine years. As shown in Table C.3 in
Appendix C, the estimates the researchers developed for death rates showed more pronounced
differences from the reported rates than did their estimates for birth rates.

To estimate the mortality rates for men and women, we assumed that the birth rates were
the same each year for boys and girls. Because the birth rates by sex are not available, we used

the following formula to test the validity of our assumption:

B B, (B
(8) % — mt i — mt Nmt — SRZb /SRZ ,
b/t Nmt N/t B/t N/t

where the subscripts m and f'stand for “male” and “female,” respectively; the birth rates b,,; and

by, are defined as the proportion of boys and girls born at year ¢ in the total male and female

populations at year 7. SR’ is the sex ratio at birth, and SR, refers to the sex ratio for the entire

population at time ¢. Table C.4 in Appendix C lists the sex ratios (SR,) and the ratio of birth rates

(% ). The ratio of birth rates is slightly greater than 1 and is rather stable over the period 1956—
i
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1965, suggesting that the difference between male and female birth rates is muted even in the
time of famine. This justifies our assumption of identical birth rates for men and women."*

Having derived the birth rates, we calculated the number of new births for boys and girls
based on the total female and male populations, which are available from China Population
Statistical Yearbook (NBS 1994). Next, we computed the number deaths among both sexes at
year ¢ by subtracting the changes in the male and female populations from year  — 7 to ¢ from
new male and female births at year 7. Then we calculated mortality rates for men and women as
the share of male and female deaths in the total male and female populations (see Table C.3 in
Appendix C). We defined the change in mortality rate from the famine years of 1959-1961 to the
two normal years of 1956 and 1957 to measure the second term in equation (5). The total
observed gender difference in the famine effect is 0.162 x 4.20 x 10 = 6.802, where 4.20 is the
average value of the famine severity variable in the famine period. Because the disability rate is
measured as the number of disabled per 10,000 people in the regressions and the famine severity
variable is defined as the percentage change, we time a factor of 10 to make it comparable with
the unit of excess mortality and disability rates (%o).

Table 6 shows the excess mortality rates, the mortality selection bias, and the
contribution of that bias to the total observed gender difference based on five different sources.
The last row of Table 6 presents the share of contribution related to mortality selection in total
observed gender difference in famine effect. The five simulations based on different birth and
death rates provide rather consistent results of about 70 percent. In summary, taking the gender
difference in mortality selection into account causes more than two-thirds of the observed gender

difference in famine effect to vanish.

¥ We used the assumption mainly for simplicity. We also adjusted the birth rates according to the last column in
Table A.2, and the main results remained the same.
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7. Conclusion

Using data from different sources, we found strong evidence that exposure in utero to
famine increases the likelihood of disability and illiteracy for rural adult women. Exposure to
severe famine at the prenatal and infancy stages has a gender-specific relationship to disability
and illiteracy in adulthood. The long-term health impact on men is less pronounced than on
women. During the famine period, women have lower age-specific mortality rates than do men.
Male fetuses are more likely to miscarry than female fetuses exposed to the same shocks. Female
fetuses and infants may be more adaptive to the environment of malnutrition than their male
counterparts. Thus, when environmental changes occur later—that is, food becomes more
abundant—the benefit of adapting to hunger may turn into a hindrance, causing a higher
likelihood of bad health for women. In contrast, for male famine victims, the penalty of
maladaptation is death. Because of this higher attrition rate, it is hard to observe the negative
health impact for men exposed to famine in early life. We developed a novel approach to
estimate the degree of underestimation of famine effect as a result of mortality selection and
show that it accounts for about 70% of the observed gender difference in famine effect. This
helps explain why the literature in general tends to find more significant long-term health effects
of famine and other shocks for men than for women. In sum, the Barker hypothesis applies more
to women, who are likely to survive than men, while the Darwinian process is more relevant for
men when a severe shock, such as famine, strikes.

Traditionally, mortality is considered a cost of famine. But mortality is more than just
excess death rate. As Sen (1998) emphasized mortality information is important to understand

the nature of social inequalities, such as gender bias and racial disparities. The negative health
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impacts on famine survivors indicate that death rate alone underestimates the true cost. Famine
and malnutrition have been plaguing many developing countries. One key target of the
Millennium Development Goals is to halve hunger and malnutrition by 2015. As the developing
world strives to achieve that goal in the next few decades, the negative effect of malnutrition in
early life on health in adulthood may increase along with the nutritional transition. It is therefore
imperative to identify and quantify the prenatal and postnatal determinants of adverse adult
health outcomes. Such a link is also crucial to understanding the “external” consequence of
nutritional neglect of women (Osmani and Sen 2003), because such neglect results in a pattern
linking maternal undernourishment to adult diseases. Our study contributes to better
understanding of this link by using a heterogeneous sample in a large developing country that
suffered the largest famine in human history and has since experienced one of the fastest
economic transformations.

Some limitations of our study should be noted. First, we cannot strictly distinguish
prenatal (i.e., at various trimesters during pregnancy) and postnatal impacts of famine. This is
partially a result of a lack of data on the length of the Chinese Great Famine. The negative
impact of early exposure to famine on health in adulthood may depend on the timing of exposure.
Second, at the time of the 2000 China population census, the famine cohort was aged 39 to 41.
The full impact of famines may not present itself until later. A future research agenda would
continue to follow famine cohorts and examine their well-being using a more comprehensive set

of variables.
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Appendix A: Data Sources

2000 China population census was conducted in late 2000. The published CD of the census
contains detailed demographic information by cohort and province. We calculated the disability

rate by age cohort and gender for each province using data from the CD.

1% sample of the 1990 China population census data was downloaded from the Texas A&M
University China Archive at
http://chinaarchive.tamu.edu/portal/site/chinaarchive/menuitem.feaa43fe8cebfla7140eadb4f0001

1cal.

1998 China agricultural census determined the total number of working months among the
Chinese population in the one-year period before the census. The data on the proportion of the
population that was unemployed throughout the period by age cohort and gender were tabulated
by Fred Gale of Economic Research Services at the United States Department of Agriculture,

based on a 1 percent sample of the China agricultural census.
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Figure 1. Conceptual framework of the effects of famine

selection effect

effect

Note: fis a density function.

31



Figure 2. Sex ratio (male/female) for cohorts 1955-1966
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Note: Famine cohort was born during 1959-1961 with 1961 as the severest year.
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Figure 3. Change in sex ratio vs. change in mortality rate (28 provinces)
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Figure 4. Ratio of female-to-male disability rates in rural areas by age in 2000
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Figure 5. Ratio of female and male nonworking population shares in rural areas by age

» ~
I ]

Ratio of female/male
o1

nonworking population shares

I

1955 1957 1959 1961 1963 1965
Birth year

Source: 1998 China agricultural census.

5.6
!

5.4

5 5.2
!

Ratio of female/male nonworking rates
4.8

4.6

I I I I I I I I I I I I
1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
Birth Year

Source: 2000 China population census.
Note: Famine cohort was born during 1959-1961 with the 1961 as the severest year.

35



Figure 6. Ratio of female-to-male illiteracy rates in rural areas by age in 2000
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Table 1. Impact of famine

Disability Rate Nonworking Rate Illiteracy Rate

Female (1) Male (2) Ratio (H—-(2) Female (1) Male (2) Ratio (H-=(2) Female (1)  Male (2) Ratio (H-(2)
Famine 0.489 —0.176 0.100 0.665 0.079 0.06 0.081 0.019 0.471 0.107 0.227 0.364

(436)5%%  (2.22)%*  (481yF*  (6.18)F** (1.06) (1.77)% (1.22) (0.25) (2.91)%*x (136)  (3.90)%**  (3.42)%*x
Age 8.142 6.073 0.136 2.069 5.358 2.979 —3.136 2.378 —8.539 —0.874 —1.121 —7.665

(8.36)%F*  (5.64)%** (1.66) (Q.68)%%  (T.05)%*¥%  (6.46)F**  (5.10)%*%  (332)FF*  (4.43)%% (1.62) (1.33) (4.89)%%x
Ag62/100 —0.228 —0.168 —0.005 —0.061 —0.173 —0.084 0.08 —0.088 0.201 0.011 0.039 0.19

(876)¥+%  (S.98)%F%  (2I3VF  (2.94)F%F  (T80)***  (6.76)F*F  (SLFEE (AGLYRRE (4.06)F* (0.83) (184)F  (4.62)%*x
Age’/1000 0.213 0.156 0.005 0.057 0.179 0.079 —0.067 0.100 —0.140 0.004 —0.039 —0.144

(9.23)%%%  (645)%*%  (2.67)%*  (B.16)¥**  (822)FFF  (T.03)¥*F  (4.99)k*x  (5.69)FF*  (3.43)F*x (0.34) (2.33)%%  (4.16)F**
Observations 651 651 651 651 651 651 651 651 651
Adjusted R2 0.798 0.833 0.530 0.966 0911 0.957 0.926 0.901 0.775

Notes: The regressions are based on the 2000 China population census. Robust t statistics (corrected for serial correlation within province and arbitrary heteroscedasticity) in

parentheses. * significant at 10%, ** significant at 5%, *** significant at 1%. The famine is a dummy variable equal to 1 for the age cohort of 1959-1961 and 0 for other birth
years. Birth cohorts from 1950—1970 (inclusive) are included in the analysis. Province dummies are included in the regressions. Ratio is outcome for female over outcome for
male. Regressions are weighted by rural gender-specific provincial population weights. Thirty-one provinces are included in the analysis.
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Table 2. Impact of famine severity

Disability Rate Non-working Rate Illiteracy Rate
Female Male Female Male Female Male
(1) 2) Ratio (1) —(2) (1) 2) Ratio (H-(2) (1) 2) Ratio (1) —(2)
Famine severity 0.126 —0.036 0.024 0.162 0.053 0.017 0.018 0.035 0.121 0.031 0.043 0.089
(5.12)*** (2.08)** (4.75)%** (5.94)*** (3.46)*** (2.29)** (1.30) (2.37)** (2.89)*** (1.94)* (3.16)*** (2.96)***
Age 8.144 6.268 0.122 1.846 5.436 3.077 —3.306 2.364 —8.016 —0.631 —1.164 —7.385
(8.35)%x%  (5.68)%** (1.49) (240)%%  (6.94)%FF  (629)%**  (535)yFFx  (321)kFF  (4.07)%**  (1.21) (1.29) (4.52)x
Age2/100 —0.229 —0.173 —0.004 —0.055 —0.176 —0.087 0.084 —0.089 0.188 0.005 0.04 0.183
(8.76)*** (6.02)*** (1.97)* (2.67)** (7.72)*** (6.58)*** (5.27)*** (4.52)*** (3.70)*** (0.39) (1.77)* (4.26)***
Age*/1000 0.214 0.161 0.005 0.053 0.183 0.081 —0.071 0.102 —0.13 0.009 —0.041 —0.139
(9.23)*** (6.47)*** (2.52)** (2.91)*** (8.15)*** (6.83)*** (5.16)*** (5.62)*** (3.09)*** (0.82) (2.24)** (3.83)***
Observations 588 588 588 588 588 588 588 588 588
Adjusted R2 0.822 0.845 0.543 0.967 0.915 0.956 0.919 0.875 0.768

Notes: The regressions are based on the 2000 China population census. Robust t statistics (corrected for serial correlation within province and arbitrary heteroscedasticity)
in parentheses. * significant at 10%, ** significant at 5%, *** significant at 1%. Famine severity is defined as the percentage change in mortality from the average level in
1956—-1958 to the highest value over the period of 1959-1962 based on mortality data by province in Yang (1996, p. 38). Birth cohorts from 1950-1970 (inclusive) are
included in the analysis. Province dummies are included in the regressions. Ratio is outcome for female over outcome for male. Regressions are weighted by rural gender-
specific provincial population weights. Twenty-eight provinces with information on famine severity are included in the analysis. Chongqing, Hainan, and Tibet are not
included because Yang (1996) does not report the famine severity in those provinces. As a result, the total number of observations is less than that in Table 1.
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Table 3. Impact of famine when excluding the birth years of 1959 and 1962: Two measures

Disability Rate Nonworking Rate Illiteracy Rate
Female (1) Male (2) Ratio ()=(2) Female (1) Male(2) Ratio ()=(2) Female (1) Male(2) Ratio (H-(2
Famine 0.626 —0.198 0.125 0.686 0.015 0.056 0.056 —0.041 0.373 0.026 0.367 0.347

(444)%%%  (2.03)%  (4.19)%** (5.03)x**  (0.15) (123)  (0.76)  (0.43)  (2.12y%*  (0.30)  (5.93)%** (2.87)%**

Famine severity 0.157 —0.034 0.030 0.160 0.045 0.017 0.016 0.028 0.100 0.013 0.075 0.087
(4.96)**x* (1.53) (4.02)**%  (4.73)***  (2.28)** (1.64) (1.05) (1.57) (2.29)** (0.71)  (4.97)***  (2.60)**
Notes: The regressions are based on the 2000 China population census. Robust t statistics (corrected for serial correlation within province and arbitrary
heteroscedasticity) in parentheses. * significant at 10%, ** significant at 5%, *** significant at 1%. The first famine variable is taken from Table 1. The famine
severity variable is the same as defined in Table 2. Birth cohorts from 1950-1958, 1961, and 1963-1970 (inclusive) are included in the analysis. The birth years

of 1959 and 1962 are dropped. Province dummies are included in the regressions. Ratio is outcome for female over outcome for male. Regressions are weighted
by rural gender-specific provincial population weights.
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Table 4. County-fixed effect estimates of impact of famine using 1% 1990 census individual data

Disability Rate Nonworking Rate Illiteracy Rate
Female (1) Male (2) (D)=(2)  Female (1) Male (2) (H-(2) Female (1) Male (2) (H—=(2)
Famine 0.362 —0.134 0.496 0.039 0.052 —0.001 0.001 —-0.001 0.002
(2.20)** (0.80) (2.10)** (3.64)*** (15.88)*** 1.27) (0.74) (1.89)* (1.53)
Famine severity 0.040 —0.011 0.053 0.006 0.247 —0.183 0.002 —0.001 0.003
(2.09)** (0.92) (2.18)** (0.69) (8.95)*** (1.94)* (1.76)* (1.32) (2.39)**

Notes: The regressions are based on the 2000 China population census. Robust ¢ statistics (corrected for serial correlation within province and
arbitrary heteroscedasticity) in parentheses. * significant at 10%, ** significant at 5%, *** significant at 1%. The famine is a dummy variable
equal to 1 for the age cohort of 1959-1961 and 0 for other birth years. Birth cohorts from 1950-1970 (inclusive) are included in the analysis.
County-fixed effects are included in the regressions. Five hundred ninety eight counties are included in the analysis. The definitions of famine
and famine severity correspond to those in Tables 1 and 2, respectively.
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Table 5. Estimates of interaction effect of famine and ethnicity gender bias indicator

Disability Rate
Female (1) Male (2) H-=(2)
Famine 0.341 -0.140 0.481
(2.20)** (0.80) (2.05)**
Less biased ethnicity 0.842 0.631 0.211
(2.04)** (1.16) (0.35)
Famine*(less biased ethnicity) 0.747 —0.282 1.029
(0.52) (0.19) (0.46)
Famine severity 0.040 —0.011 0.050
(2.09)** (0.92) (2.18)**
Less biased ethnicity 0.001 0.001 0.000
(1.98)** (1.26) 0.21)
Famine *(less biased ethnicity) 0.296 —0.601 0.898
(0.39) (0.69) (0.68)

Notes: The regressions are based on the 1% sample of the 1990 China population census. The famine and famine
severity variables follow the definitions in Tables 1 and 2, respectively. Ethnic groups with gender bias (Table C.2)
less than 3 are defined as “less biased ethnicity.” * significant at 10%, ** significant at 5%, *** significant at 1%.



Table 6. Contribution of mortality selection to observed gender difference in famine effects

NBS (1994) Coale (1984) Banister (1984)

Calot (1985) Jiang (1986)

Excess mortality (%o)
Men 17.38 13.77 13.18 13.95 18.11
Women 12.47 9.04 8.49 9.22 13.25
Estimation bias caused by mortality selection (%o)
Men -17.24 -13.66 -13.08 —-13.85 -17.96
Women -12.41 -9.00 —-8.45 -9.18 -13.18
Gender difference in estimation bias (%o) (difference between above two rows) 4.83 4.67 4.63 4.67 4.78
Percentage of mortality selection bias in observed gender difference (%) 71.0 68.6 68.0 68.6 70.3

Note: The excess mortality rate is defined as the difference between death rates in the famine years (1959-1961) and normal years (1957—1958). The calculated
male and female death rates are listed in Table C.3. The estimation bias resulting from mortality selection is calculated based on equation (5). The female and
male disability rates are the average of the famine-free cohorts of 1963—1965 in Table C.1. The total observed gender difference is 6.80 (0.162*the average value

of the famine severity in the famine period).
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Appendix B: Proof of Four Propositions

Proof of Proposition 1

Assume s < g < u, with property (iii), we have GF(ag;,u) < OF (53 11) <0.

“ ou
e PF &) s OF (S5 4)
6H%&@:D o] o [1=F(g: ] ou
OH [1-F(s; )’
PO (g3 10— F (510
u
> <0.
[1-F(s; )]

The distribution effect of famine on the proportion of survivors in poor health is positive

( Mz—’z > 0), leading to worse health in the population.

ou

Proof of Proposition 2

.\ OF(ss )
ap(ﬂgs,g):(F(g,ﬂ) 1) %
Os [1-F(s; )]

So the selection effect of famine on the proportion of survivors in poor health is negative

(%% < 0), leading to improved health of the surviving population.
s

Proof of Proposition 3

Given 2L(#:5,8)

3 < 0 ,we can compute the long-term health effect as a result of shift in survival
s

threshold (As) as follows:

F(gsp) -1 AF(s; p)
1=F(s;) 1-F(s;p)

() AP(u,s,8) =

=—(1—P(ﬂ,s,§))-%
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The first term on the right side of equation (5) represents the proportion of healthy
population. The second term stands for the change in mortality rate in the famine years from
normal years, so-called excess mortality rate.

For a given population, the total effect of famine on the proportion of people in poor
health—a summation of a negative selection effect and a positive distribution effect—remains an
empirical question. Because these two effects work in opposite directions, any evidence of a
health effect on famine survivors only represents the lower-bound health estimate if the selection
bias were corrected.

Both the distribution effect and the selection effect may differ by gender. For example, if
famine worsens female discrimination, it would lead to a leftward shift in the distribution of

health for females (du, < du, <0). Based on the model presented here, we would expect to see
worsened female health as a result of the distribution effect. At the same time, if female infants

have a lower survival threshold than their male counterparts (0<s, <s, ), a change in s may

2 J—
affect both the distribution and the selection effect as shown by the signs of O Ps,8) and

OWOs
0’ P(41,5,8) |
0’s '
OF (s; 1) OF (g; 1)
0’P(u,s,8) _  Os ou__ 1 OF (s; ) OF (55 1)
Qs [1- F(s; )] [1-F(g;w)) s Os
(+) (+)
2 .
1 O F(s )

+
[1-F(g;w]° 0%
R

This result means that the distribution effect increases with the initial survival threshold. So if

0<s,<s,, it follows that
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ap(uﬂsmﬂg) > aP(/u’Sf’g)
ou ou '

Proof of Proposition 4

The gender differential impact on selection effect can be analyzed by pe
s

_ 11 OF (s; 1) OF (55 14) _ L 4 O°F(s;p)
82P(u,s,§)=2[F(g”u) 1] 2 o [F(g; 1) 1]76%

_|_
85 [1—F(s; )] [1-F(s; )]
) )

OP(t5,,8) _ OPULS, . B)

Similarly, if0<s, <5, , we have:
‘ Os os

0°P(u,s,2) :

45



Appendix C: Tables

Table C.1. Illiteracy rate, nonworking rate, and disability rate in rural China, by birth year and gender

Iliteracy (%) Nonworking Rate (%o) Disability Rate (%00 )

Birth Year  Female (1) Male (2)  Ratio (1)/(2)  Female (1) Male(2) Ratio (1)/(2)  Female (1) Male(2)  Ratio (1)/(2)  Sex Ratio (%)
1970 4.26 1.65 2.58 9.24 1.82 5.08 3.83 5.52 0.69 104.78
1969 4.07 1.5 2.71 8.93 1.71 5.22 3.48 5.45 0.64 104.09
1968 421 1.5 2.81 10.85 2.08 5.22 4.54 6.81 0.67 104.62
1967 4.4 1.54 2.86 7.77 1.47 5.29 3.26 5.08 0.64 103.36
1966 441 1.48 2.98 10.23 2.04 5.01 451 7.28 0.62 104.15
1965 4.59 1.51 3.04 9.92 2.13 4.66 4.69 7.71 0.61 104.53
1964 4.86 1.51 3.22 9.00 1.95 4.62 433 7.42 0.58 102.55
1963 4.86 1.35 3.60 10.15 2.15 4.72 4.79 8.21 0.58 104.44
1962 5.85 1.51 3.87 8.32 1.66 5.01 437 6.45 0.68 103.88
1961 6.91 1.78 3.88 4.14 0.75 5.52 2.11 2.84 0.74 100.30
1960 7.79 2.19 3.56 5.50 1.01 545 2.86 3.86 0.74 105.35
1959 8.45 2.30 3.67 4.50 0.84 5.36 2.12 3.26 0.65 108.48
1958 9.34 2.72 3.43 5.60 1.14 491 2.93 4.61 0.64 109.59
1957 10.15 2.79 3.64 6.17 1.21 5.10 3.25 5.05 0.64 108.78
1956 10.83 2.98 3.63 5.95 1.12 5.31 3.01 4.66 0.65 105.99
1955 11.87 3.35 3.54 5.94 1.18 5.03 3.37 4.99 0.68 107.95
1954 12.77 3.50 3.65 7.12 1.44 4.94 3.94 5.76 0.68 106.27
1953 13.96 3.99 3.50 6.30 1.26 5.00 3.83 5.02 0.76 105.46
1952 15.08 4.52 3.34 8.79 1.86 4.73 541 7.18 0.75 106.05
1951 15.74 4.86 3.24 7.40 1.52 4.87 4.68 5.56 0.84 104.03
1950 17.34 5.77 3.01 8.67 2.07 4.19 6.24 6.79 0.92 106.27

Notes: Authors' calculation based on 2000 China population census.
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Table C.2. Index of education gender bias by ethnicity

Proportion Male/Proportion Female

Junior Senior Gender

Ethnic No Semi- Elementary High High Technical Junior Graduate Bias

Group Schooling illiterate School School School School College University School Index

Ozbek 0.777 0.681 1.073 1.094 0.989 0.781 0.884 0.766 1.159 1.449
Xibe 0.538 0.589 1.001 1.063 1.013 0.828 0.949 1.048 1.262 1.484
Daur 0.637 0.436 1.043 1.075 0.983 0.713 0.959 0.995 0.850 1.546
Uygur 0.877 1.071 0.966 1.102 1.064 0.967 1.058 1.143 1.984 1.612
Tatar 0.736 0.818 1.088 1.086 1.015 0.794 0.866 0.856 1.515 1.636
Russian 0.439 0.937 1.112 1.160 1.018 0.765 0.822 0.803 0.850 1.675
Ewenki 0.763 0.688 1.136 1.008 0.941 0.661 0.965 0915 0.535 1.675
Lhoba 0.805 1.530 1.309 0.987 0.762 0.684 0.997 0.798 1.806
Gaoshan 0.590 0.755 0.860 1.265 0.997 0.742 1.079 1.307 0.844 1.863
Orogen 0.831 0.647 1.098 1.085 0.933 0.622 1.030 0.801 0.377 2.001
Mongolian 0.511 0.608 0.966 1.135 1.154 0.925 1.098 1.270 1.469 2.116
Kazak 0.689 0.712 0.953 1.064 1.027 1.175 1.202 1.193 1.906 2212
Manchu 0.450 0.525 0.908 1.140 1.252 0.896 1.120 1.258 1.385 2.376
Lahu 0.729 0.912 1.137 1.265 1.176 0.879 1.522 1.266 1.562 2.409
Jino 0.690 0.471 1.122 1.064 1.129 0.997 1.907 1.372 0.968 2.467
Moinba 0.819 1.775 1.262 1.083 1.097 0.968 1.114 0.482 0.339 2.724
Hui 0.504 0.489 1.108 1.263 1.178 0.874 1.152 1.392 1.599 2.825
Hezhen 0.658 1.294 0.969 1.101 1.196 0.614 0.946 0.975 2.589 3.020
Yugur 0.446 0.655 1.006 1.179 1.508 1.138 1.530 1.754 0.983 3.030
Dai 0.503 0.799 1.097 1.258 1.206 0.935 1.658 1.474 2.044 3.503
Korean 0.248 0.246 0.797 1.075 1.162 0.847 1.349 1.605 1.479 3.532
Mulao 0.271 0.268 0.952 1.293 1.385 0.876 1.387 1.578 1.377 3.653
Jingpo 0.582 0.584 1.107 1.125 1.069 1.084 2.161 1.859 1.549 3.787
Naxi 0.368 0.395 0.988 1.424 1.352 1.153 1.501 1.582 1.852 4.114
Nu 0.629 0.789 1.195 1.472 1.458 1.088 2.331 2.163 4.289
Blang 0.520 0.532 1.218 1.814 1.560 1.189 1.676 1.903 0.928 4.380
Kirgiz 0.655 0.822 0.943 1.136 1.338 1.414 1.547 1.819 2.582 4416
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Han
Maonan
Va

Jing
Qiang
Bai
Achang
Tu

Yi

Yao
Tujia
Tibetan
De'ang
Hani
Zhuang
Dong
Bouyi
Li

Lisu
She
Gelao
Miao
Tajik
Shui
Salar
Drung
Dongxiang
Bonan
Pumi

0.361
0.257
0.649
0.189
0.432
0.330
0.398
0.415
0.487
0.389
0.344
0.630
0.624
0.489
0.271
0.303
0.313
0.451
0.585
0.462
0.312
0.385
0.606
0.286
0.439
0.573
0.657
0.493
0.361

0.404
0.284
0.611
0.240
0.353
0.227
0.468
0.376
0.538
0.348
0.443
1.086
0.813
0.437
0.241
0.284
0.230
0.472
0.659
0.357
0.349
0.311
0.569
0.211
0.438
1.063
0.903
0.870
0.220

0.907
0.929
1.119
0.908
0.960
0.938
1.048
1.139
1.146
0.930
0.935
1.512
1.102
1.334
0.881
0.950
1.175
0.987
1.220
0.914
0.975
1.092
0.850
1.229
1.811
1.138
1.814
1.803
1.256

1.219
1.315
1.524
1.353
1.461
1.502
1.486
1.593
1.674
1.415
1.360
1.666
1.348
1.767
1.335
1.496
1.983
1.168
1.914
1.468
1.838
1.666
1.572
2.495
3.056
1.251
2.684
2.863
2.226

1.434
1.571
1.610
1.490
1.540
1.639
1.750
1.434
1.473
1.993
1.787
1.454
1.592
1.681
1.875
1.971
2.069
1.953
1.902
1.949
2.213
2.128
2.439
2.416
2.199
1.279
2.585
2.390
2.104

0.976
0.958
1.323
0.827
1.076
1.143
1.387
1.201
1.425
1.062
1.120
1.255
1.114
1.403
1.125
1.236
1.424
1.232
1.465
1.137
1.300
1.365
2.602
1.735
1.520
1.167
1.814
1.433
1.500

1.411
1.712
2.357
1.960
1.495
1.628
2.321
1.397
1.926
1.679
1.832
1.686
2.836
2.031
1.863
1.883
1.818
2.270
2.402
1.964
2.018
2.022
2919
2.116
2.056
2.443
2.560
3.085
2.145

1.786
1.899
1.550
2.077
1.664
1.790
2.284
1.884
2.003
2.007
2.194
1.610
3.617
1.735
2.364
2.275
1.938
2.496
2.185
2.370
2.408
2.349
2.323
2.170
3.050
1.415
2.969
3.617
1.869

2.223
1.465
0.636
1.132
2.568
1.971
0.979
2.722
2.124
2.306
2.276
3.473

2212
2.228
2.081
1.637
2.447
1.888
3.044
2.131
2.451

2.294
1.271
7.300
1.912
0.970
6.820

4.426
4.534
4.589
4.847
5.059
5.177
5.431
5.579
5.745
5.795
5.847
6.111
6.171
6.237
6.397
6.405
6.500
6.657
6.732
7.197
7.272
7.376
7.828
8.957
9.086
9.484
9.779
9.857
12.338

Notes: The calculation is based on 2000 China population census. The index is calculated as the summation of the absolute value of the difference between 1 and
the ratios in all the previous columns.
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Table C.3. Birth and death rates from various sources

NBS (1994) Coale (1984) Banister (1984) Calot (1985) Jiang (1986)

Total birth rate (%o)

1957 34.03 41.01 43.25 41.16 36.45
1958 29.22 37.70 37.76 36.22 31.62
1959 24.78 28.53 28.53 27.24 28.46
1960 20.86 25.20 26.76 25.65 23.84
1961 18.02 22.30 22.43 21.70 20.78
1962 37.07 40.90 41.02 39.79 44.73
1963 43.37 47.30 49.79 48.69 45.57
1964 39.14 40.70 40.29 39.82 40.48
1965 37.88 39.70 38.98 38.77 38.46
Total death rate (%o)
1957 10.80 19.00 18.12 13.24 16.55
1958 11.98 20.40 20.65 15.98 17.25
1959 14.59 23.30 22.06 19.20 18.96
1960 25.43 38.80 44.60 40.76 31.25
1961 14.24 20.50 23.01 27.03 24.57
1962 10.02 13.70 14.02 18.28 18.08
1963 10.04 13.00 13.81 21.22 16.72
1964 11.50 13.50 12.45 20.82 13.03
1965 9.50 11.10 11.61 10.26 11.28

Male death rate — female death rates (%o)

1957 1.70 1.90 1.97 1.91 1.77
1958 -1.33 -1.16 -1.16 -1.19 —1.28
1959 -3.49 —3.43 —3.43 —3.45 —3.43
1960 5.14 5.08 5.07 5.08 5.10
1961 13.65 13.65 13.65 13.65 13.65
1962 6.83 6.92 6.92 6.89 7.01
1963 —-1.89 -1.79 -1.72 -1.75 —1.83
1964 4.87 4.90 4.89 4.88 4.89
1965 431 436 4.34 4.33 432

Note: The birth and death rates for the overall population are taken from Li (1997). We
use the male and female population by year from the China Population Statistical
Yearbook (NBS, 1994, 408) and the overall birth rates from the five sources shown in the
table to compute gender-specific mortality rates by assuming that the birth rates are the
same for both sexes in each year.
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Table C.4. Sex ratios and ratio of male to female birth rates

Year Sex Ratio Sex Ratio at Birth Ratio of Male to Female Birth Rates
1956 1.074 1.101 1.025
1957 1.073 1.092 1.017
1958 1.075 1.096 1.019
1959 1.080 1.092 1.011
1960 1.074 1.082 1.008
1961 1.059 1.074 1.014
1962 1.053 1.070 1.016
1963 1.056 1.065 1.008
1964 1.052 1.064 1.011
1965 1.049 1.066 1.017
Average (1957-1965) 1.065 1.080 1.015
Famine (1959-1961) 1.071 1.083 1.011
Before famine (1956—1958) 1.074 1.096 1.021
After famine (1961-1965) 1.052 1.065 1.012

Note: The overall sex ratio is calculated as the ratio of male to female populations
reported in the China Population Statistical Yearbook (NBS, 1994, 408). The sex ratio at
birth is taken from Coale and Banister (1994, tab. 3). Because the recorded sex ratio at
birth in Coale and Banister’s table is by five-year birth cohorts, we use the third year of
the five-year period as the corresponding year of birth. The last column is the ratio of the
second to third columns, representing the ratio of male birth rate to female birth rate.
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