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Abstract of thesis entitled:
Three Empirical Essays on Family Economics

Submitted by WONG, Man Kit

Abstract

The dissertation consists of three empirical studies on Chinese household behavior.
Essay 1 uses Chinese child twin data to examine the effect of birth weight on
performances during childhood and adolescent periods. Essay 1 has three main
contributions to literature. First, this essay is the first to use twin data of an Asian
developing country to study the birth weight impact. Within-twins results suggest that
birth weight has significant effect on physical growth, but no significant effect on
school performance, health conditions, and personality. Second, this study is the first
to apply threshold regression on twin data to examine the non-linearity effect of birth
weight. Overall, there is no evidence to support the argument that the effect is non-
linear on medium-term outcomes. Third, this study is the first to test directly whether
birth weight effect operates through interaction with post-birth parental inputs. There

is no evidence to support that this mechanism works in within-twins results.

Essay 2 uses Chinese adult twin data to investigate birth weight effect, the outcomes
of which have been changed to long-term achievements. The OLS results suggest that
birth weight has significant positive relationship with earnings, adult height, and
health conditions. However, within-twin-pair results indicate that birth weight has
significant positive influence only on adult height. Essay 2 also systematically
interprets the pattern of bias directions of OLS relative to within-twins estimates
across empirical studies on long-term outcomes. For health measures, OLS estimates
are consistently biased upward rclative to within-twins estimates across empirical
studies, suggesting an overall positive correlation between omitted factors and birth
weight. On the contrary, the bias direction of OLS relative to within-twins estimates
fluctuates across empirical studies on ability-related outcomes, including educational
attainment and earnings. This suggests that there are two main types of omitted
variable (e¢.g., endowments and post-birth parental inputs) with each type having

different correlation with birth weight.



Essay 3 uses data from the 2000 and 2005 censuses of China. It analyzes trends on
the marital behavior of Chinese people during 1970-2004, and the impact of the one-
child policy in terms of marriage age, marriage rate, and assortative mating on age.
First, this essay finds that from 1990 onwards, more people have preferred to marry at
and after their mid-twenties. Interestingly, up to the early 2000s, the prevailing
marriage rates of men and women over 35 years old maintained at very high levels
{over 90%) despite China becoming more prosperous. Moreover, the positive
assortative mating on age was more or less the same from 1970 to 2004. In addition,
this essay is the first to compare the marriages of Zhuang people relative to other non-
Han people (excluding Man people) around 1989 to implement the difference-in-
differences (DiD) estimation. Results from DiD estimations indicate that the one-child
policy encourages more people to delay marriages. On the one hand, the policy favors
more men at 30 years old or above to marry young women in their twenties. On the

other hand, interestingly, it also induces more young men to marry older women.
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Chapter 1

Introduction

This dissertation consists of three empirical studies on Chinese household behavior.
The first two essays are interrelated, as they study the impact of birth weight on
medium- and long-term outcomes using Chinese twin data. The third essay attempts
to analyze the trends on marital behavior of Chinese people from 1970 to 2004, and
the impact of the one-child policy in terms of marriage age, marriage rate, and

assortative mating on age.

Birth weight is regarded as a good indicator of pre-birth nutrient intake. Many early
studies on birth weight effect use the OLS regression, and their results support the
importance of birth weight on outcomes in the short to long term (McCormick et al.,
1990; Corman and Chaikind, 1998; Curric and Hyson, 1999; Barbara et al., 2002;
Richards et al., 2002; Case et al., 2005). However, OLS estimates may be subject to
omitted variable bias since birth weight is correlated with genetic and other family
factors, which may not be controlled for in OLS regression. In order to remove
omitted variable bias, recent studies prefer to use twin data to conduct within-twins
fixed effects regression (Behrman and Rosenzweig, 2004; Almond et al., 2005; Black
et al., 2007; Oreopoulos et al., 2008; Royer, 2009).

Despite numerous twins-based studies analyzing the impact of birth weight, no twins-
based analysis has been conducted for developing countries, especially in the Asian
region. Moreover, three prevailing mechanisms of birth weight effect exist: own,
proxy, and interactive effects. First, higher birth weight of an infant suggests higher
endowment in two aspects: health and ability. Hence, birth weight is expected to have
an own effect on the performance of an individual. Second, higher birth weight
represents infants as having inherited better, yet unobserved, family endowments (e.g.,
genes). Thus, birth weight impact, as manifested in OLS results, may be a proxy of
the influences from these omitted family endowments. In this dissertation, this is
referred to as the “proxy effect.” Third, birth weight may interact with intermediary

factors (i.e., post-birth parental inputs), which is called the “interactive effect” in this



dissertation. OLS estimates are likely to contain these three effects jointly. Within-
twins estimates are believed to remove the proxy effect; however, may contain both
own and interactive effects. Thus, it is uncertain if within-twins results in prior
literature fully reflect the own effect on future performances. Recent twins-based
studies only briefly discuss this subject, leaving such important issue for future work.
Motivated by these gaps, the first two essays attempt to use Chinese twin data to shed
further light on past literature.

Essay 1 uses Chinese child twin data to examine birth weight effect on medium-term
outcomes during childhood and youngster periods. Overall, this essay has four

contributions to literature.

First, this essay is the first to use twin data from an Asian developing country in the
study on the impact of birth weight. OLS results suggest that birth weight has a
significant positive relationship with obtaining academic awards, physical growth,
health conditions, and character. According to within-twins results, Chinese children
born with higher birth weight are taller and heavier, and do more houschold chores.
However, within-twins estimates are insignificant on school performances, as well as

other measures of health conditions and personality.

Second, this study is the first to apply the threshold regression developed by Hansen
(1999) on twin data. In investigating the non-linearity effect of birth weight, the
present study finds that threshold regression is more reliable than spline regression,
which has been used by previous twins-based studies. Overall, the present results
support the argument that birth weight impact is linear on medium-term outcomes,
and further confirm that within-twins results can be generalized for the whole

population.

Third, this study is the first to test directly the “interactive effect” mechanism. No
prior literature tests directly whether the influence of birth weight operates through
interaction with post-birth parental inputs. The present data contain information on
inputs of parents towards twins, which allows for testing of this mechanism. As a
whole, based on the Chinese child twin sample used by the current work, there is no

evidence to support the argument that within-twins estimate contain an interactive



effect. Furthermore, in the present study, OLS estimates are larger than within-twins
estimates on several measures of medium-term performance. This implies that the

positive proxy effect exists, leading to an upward bias of OLS estimates.

Fourth, this essay examines the findings by Currie et al. (2008), wherein estimates of
birth weight dummies become smaller when early health measures are added into
sibling fixed effects regression. Based on results, Currie et al. (2008) propose that
long-term impact of birth weight occurs partly because birth weight is predictive of
future health conditions. However, using the present Chinese child twin sample,
unlike in the findings of Currie et al. (2008), the within-twins estimates of birth
weight measures remain nearly the same, with or without controlling for any early

sickness measure.

Essay 2 continues by investigating the influence of birth weight using a Chinese adult
twin data set. In this case, the outcomes of interest change to long-term achievements,
including educational attainment, earnings, adult height, body mass, health conditions,

and birth weight of the next generation.

The present OLS results suggest that birth weight has a positive and significant
relationship with earnings, height, and health conditions in the long term. In contrast,
within-twin-pair results indicate that birth weight only has a significant positive

influence on height.

Moreover, there is little evidence from spline and threshold regressions to support that
birth weight effect is non-linear on long-term outcomes, except for educational

attainment.

In addition, Essay 2 systematically interprets the pattern of bias directions of OLS
relative to within-twins estimates, both from prior empirical literature and this study,
in terms of two major types of outcomes (i.e., health-related and ability-related).
Except for Behrman and Rosenzweig (2004), previous studies seldom interpret why
OLS estimates are biased either upward or downward relative to within-twin
estimates for a specific outcome. For long-term health measures, OLS estimates are

biased consistently upward relative to within-twins estimates across empirical studies,



suggesting that omitted health-related factors and birth weight are positively related.
Nevertheless, the bias direction of the OLS relative to within-twins estimates
fluctuates across empirical studies, as in the case of ability-related outcomes, such as
educational attainment and earnings. OLS estimates are biased downward in some
studies {e.g., Behrman and Rosenzweig, 2004), while they are biased upward in other
studies (e.g., Oreopoulos et al., 2008) for ability-related outcomes. Such inconsistency
suggests that two main types of omitted variable exist, with each type having different
correlation with birth weight, and the resulting overall bias direction of OLS estimates

relies on which type of omitted variable bias dominates.

By linking the findings of Essays 1 and 2, and by using Chinese twin samples, the
present within-twin results indicate that birth weight has significant effects on the
growth of an individual during childhood, as well as on height in the long term. In
contrast, within-twins results in prior literature often mention that birth weight has
significant impact on educational achievement, earnings, and birth weight of the next

generation.

Unlike the preceding two essays on birth weight issues, Essay 3 attempts to examine
the marital behavior of the Chinese people using data from the 2000 and 2005
censuses of China. Essay 3 has two main objectives. First, it analyzes the trends in
marriage age, marriage rate, and assortative mating on age for the Chinese from 1970
to 2004, a period of policy changes and rapid economic growth. Prior literature (Xu et
al., 2003; Yang and Chen, 2004) focuses on marriage rate and marriage age from
1970 to the early 1990s. The present study is the first to use large-scale Chinese
national data covering a lengthy discourse on these aspects. Second, it studies the
impact of the one-child policy on marriage age, marriage rate, and assortative mating
on age using a difference-in-differences analysis. Previous studies mainly examine the
impact of the policy on other fields, such as sex selection at birth, the welfare of
women in the family, quantity and quality tradeoff on children, and so forth (Short et
al., 2001; Li, 2003; Yang, 2007; Rosenzweig and Zhang, 2009). As households are
allowed to have only one child, and females are usually only allowed to be pregnant
once, the policy is expected to change the marital behavior of Chinese people. As far

as we know, this study is the first o examine such policy influence on these areas.



Consistent with the findings of Yang and Chen (2004), the present results show that
the Chinese people delayed their marriages from early to mid-twenties under the
government’s campaign in the 1970s; however, they then reverted to marrying in their
early twenties in the 1980s. From 1990 onwards, more people preferred to marry
during or after their mid-twenties. Interestingly, the prevailing marriage rates of men
and women over 35 years old maintained at very high levels (over 90%) up to the
early 2000s despite China becoming more prosperous. Such phenomenon is different
from those in developed countries wherein they are more likely to remain single when
they become more affluent. In addition, the mean age gap between spouses from 1970
to 2004 fluctuated within + 1 year. The present results also indicate that positive
assortative mating on age is maintained more or less the same during 1970-2004. The
above-mentioned findings suggest that despite the fact that more Chinese people
prefer to delay marriage, their traditions regarding willingness to marry and
assortative mating on age have been preserved. This phenomenon should be studied

further in order to examine the underlying reasons for such persistence.

Next, in investigating the influence of the one-child policy, this essay is the first to
compare the marriages of Zhuang people to other non-Han people (excluding Man
people) around 1989 to implement the difference-in-differences estimation. This
comparison is believed to be more definitive than that of the Han versus non-Han in
prior literature. Present findings indicate that the policy encourages more men and
women to delay their marriages. Moreover, the policy affects the assortative mating
on age. Interestingly, more young men in their late teens to mid-twenties marry older
women. But, most of men who marry in their thirties or older still prefer to marry
younger women in their twenties. Overall, the positive mean age difference between
spouses in their first marriages becomes larger, rather than smaller, after being

subjected to the one-child policy.



Chapter 2

impact of Birth Weight on Medium-Term
Outcomes: Evidence from Chinese Child Twins

2.1. Introduction

2.1.1. Background

Birth weight is an important indicator of nutrition intake during pregnancy. Many
early studies (McCormick et al., 1990; Corman and Chaikind, 1998; Currie and
Hyson, 1999; Barbara et al., 2002; Richards et al., 2002, and Case et al., 2005) use
OLS regression to investigate the impact of birth weight. Their results support the
importance of birth weight in future performances, such as infant mortality,
educational achievement, and long-term health conditions. These findings have
encouraged government bodies to enhance the welfare of pregnant women because
infant health is important for the future of children. For instance, the US government
has carried out actions to improve the health of babies in recent years based on the
belief that infant health can affect future achievements. However, results from OLS
regressions do not necessarily mean that birth weight has a causal influence on later
outcomes, from short term to long term.' Birth weight is correlated with genetic and
other family factors that may not be observable. If OLS regression fails to control
these relevant but unobservable factors, the OLS estimate of birth weight is subjected
to omitted variable bias. For instance, low birth weight is a result of poor prenatal
circumstances such as maternal smoking habit, low family incomes, and so forth.
These factors not only affect the infant weight, but also future development of the
child.

In order to address the omitted variable bias, recent studies have switched to twin data
in carrying out within-twins fixed effects regression in the estimation of birth weight
effect. Almond et al. (2005) use large-scale twin data in the US and find that the

within-twins estimates of birth weight are much smaller than OLS estimates on short-

"n this study, short-term outcomes refer to the performances of infants born within 1 year, medum-
term ouicomes refer to the performances of an individual aged between 6 and 18, and long-term
outcomes refer achievements as adults.



term outcomes, including one-year mortality, five-minute Apgar score, and hospital
costs, suggesting that the causal effect of birth weight is rather small. However, some
recent studies (Behrman and Rosenzweig, 2004; Black et al. 2007; Oreopoulos et al.,
2008) use other twin data sets for within-twins results. These studies suggest that birth
weight has significant positive impact on medium- and long-term outcomes, such as
total physician visits between ages 12 and 17, probability to reach Grade 12 by age 17,

educational attainment, earnings, and so forth.

2.1.2. Conceptual Issues on the Mechanisms that Underlie the Birth
Weight Effect

With these new findings on twin data, a heated debate has emerged in relation to birth
weight effects on short-, medium-, and long-term outcomes. Three proposed
mechanisms prevail in literature (although they have not been discussed
systematically in one place before). (1) own effect, (2) proxy effect, and (3)

interactive effect.

“Own effect” refers to the direct effect brought about by the birth weight. The birth
weight itself has positive direct influence on later outcomes. This favorable effect 1s
unrelated to the genetic factor or any other post-birth mediating complementary
factors. Birth weight represents inborn endowment in two main aspects: health and
ability. Cunha and Heckman (2007) propose that health human capital is
complementary to skills, which in turn leads to higher skills. The ability gap between
individuals opens up at early ages. Currie et al. (2008) further propose that higher
birth weight could foster the cognitive development of a child. Such effect
accumulates over time. Thus, children born with lower birth weight in the early period
are unable to catch up. Worse, their performance is likely to worsen continuously in

the future.

“Proxy effect” asserts that the effect of birth weight found in the OLS results mainly
comes from unobserved genetic components and other family factors that are
embedded once individuals are born. Such unobservable factors are uncontrolled for

in the OLS regression. Thus, the significant relationship between later outcomes and



birth weight found in the OLS regressions is spurious. For example, individuals born
with higher birth weight claim better genes inherited from parents. Thus, their better
performance in the future points to their higher intelligence, rather than their higher
birth weights. Hence, birth weight functions as a proxy or signal and its significant
impacts in the OLS results are mainly derived from unobservable genetic and other
family factors. In this case, the policy of enhancing infant birth weight may not be
effective. Recent studies prefer to use twin data in order to implement within-twin-
pair regression, which removes unobserved family factors common to twins. The

within-twins estimate is expected to be free of this “proxy effect.”

The aforementioned scenario illustrates the possibility of a positive proxy effect.
However, the proxy effect can be positive or negative, depending on the kinds of
omitted factors and their relationship with birth weight. Table 2.1 summarizes the
view of prior studies towards birth weight representation and possible omitted factors
correlated with birth weight. In general, birth weight is regarded as a good measure of
infant health and prenatal/fetal nutrient intake. However, extant literature rarely
specifies the details of the omitted factors, which are usually grouped as unobservable

family factors (e.g., genes).

For simplicity, in the present study, unobserved family endowments are classified into
two main types: by health and by ability. Generally, health-related omitted
endowment and birth weight are positively related. However, unobserved ability
consists of different dimensions, with each dimension having its own correlation with
birth weight. For instance, schooling ability and birth weight may be related
negatively, suggesting that heavier babies may have lower talent in leamning. This
possibility is raised by Behrman and Rosenzweig (2004) to explain why OLS
estimates of birth weight are biased downward relative to within-twins estimates on
educational attainment and eamings.2 However, other dimensions of ability, such as
persistence, could be related positively with birth weight. For achievements in
situations where persistence is more important than learning ability, the OLS estimate
of birth weight would be biased upward. Thus, the proxy effect can be positive or

negative, depending on omitted family factors and their relationship with birth weight.

2 Another possibility raised by Behrman and Rosenzweig (2004) 15 that parents compensate on thewr
child born wath lower birth weight across households.



“Interactive effect” means that the birth weight effect operates through interactions
with post-birth parental inputs. For instance, developing a child born heavier yields a
higher marginal benefit than a child bom lighter, thus, parents might invest more on
the child born heavier, leading to a positive significant relationship between birth
weight and future performances. In this case, OLS estimates of birth weight could be
significant due to the positive interactive effect. Additionally, if parents perceive that
one twin is better because the child is born with higher birth weight and they reinforce
this particular twin, within-twins regression would not be able to remove this
interactive effcct when parental inputs between twins, which are correlated with birth
weight between twins, are not controlled for in the regression. Possibly, within-twins
estimate of birth weight is significant even though the own effect is small because
within-twins estimates reflect both positive own and interactive effects.” Similar to the
proxy effect, the interactive effect may be negative when parents compensate on a

child born with lower birth weight.

2.1.3. Motivations and Objectives

Despite numerous twins-based studies analyzing the impact of birth weight on short-
and long-term outcomes, only the study by Oreopoulos et al. {2008) uses Canadian
twin data to study birth weight impact on academic outcomes and health conditions in
the medium term (i.e., childhood and adolescent periods). Which mechanism works is
important to policymaking, Within-twins estimate is believed to be free of a proxy
effcct, but may still contain an interactive effect. If the birth weight effect found in
previous twins-based empirical studies is attributed largely to the positive interactive
effect, it may not be worthwhile for the government to spend much resource on
enhancing the birth weight of infants. Unfortunately, recent twins-based studics only
briefly discuss this issue and leave such important issue to subsequent works. These
gaps have motivated us to use Chinese child twin data to explore further the birth

weight effect on medium-term outcomes, and to test whether birth weight mainly

* Almond et al. (2005) use this mechanism to explain why within-twins estimates are much smaller
than the QLS estmates on shori-term health measures i their study while other twins-based studies
find signitficant birth weight effects on medium- and long-term outcomes (such as Black et al., 2007,
Oreopoulos et al , 2008).



operates through interactions with reinforcing post-birth parental inputs. The specific

objectives of this chapter are as follows.

The first objective of this chapter is to utilize Chinese child twin data to examine the
influence of birth weight on academic performance, physical growth, health

conditions, and character in the medium term.

The sccond objective is to examine the non-linearity effect and threshold level of birth
weight on medium-term outcomes. Most twins come disproportionately from the
lower end of birth weight distribution.® If birth weight effect is non-linear and
concentrates in the range of less than 2,500 grams,’ estimation based on twin data
may overstress the importance of birth weight on the general population that is
dominated by singleton births. 1t is important to clarify this non-linearity concem of
the birth weight effect. A common method used in recent twins-based studies is spline
(piecewise linear) regression. Unfortunately, this method poses a weakness in that the
knot point is assumed by researchers when the number of segments and the values of
knot points are actually unknown. In the present study, we use a more reliable method,
threshold estimation, to test the non-linearity effect in terms of medium-term
outcomes. The advantage of this method is that the threshold of birth weight is
determined, rather than pre-determined, in the estimation. To our knowledge, this

approach is applied on twin data for the first time in the current study.

The third objective is to utilize information on parental 1nputs on the child twin data
set in order to test the “interactive effect” mechanism directly. Researchers generally
presume that twins, especially identical twins, share common unobservable genetic
and other family factors, and hence, within-twing estimation can remove the proxy
effect. However, it is possible that a twin sibling bom with higher birth weight in a

household tends to be healthier and can grow up faster compared with the other

* The mean birth weight for twins 1s approximately 2,500 grams only

5 An mfant born with weight less than 2,500 grams (5.5 pounds) 1s defined as low birth weight by the
World Health Orgamzation (WHO} Such defimtion 1s based on epidermological evidence that infants
born weighing less than 2,500 grams are approximately 20 times more likely to die than babes born
weighing 2,500 grams or above Some studies (such as Case et al., 2005) only compare outcomes of
individuals born with burth werght less than 2,500 grams and mdividuals born with weight 2,500 grams
or above This 1s because the researchers beheve that the benefit of increasing birth weight concentrates
1n the range of less than 2,500 grams only
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sibling. Parents may treat each twin differently in the course of growth. Parents
reinforcing the stronger twin may explain why a sibling born with higher birth weight
outperforms the other sibling. In this case, unfortunately, within-twins regression fails
to remove the interactive effect because post-birth parental inputs are correlated with
birth weight and are different between twins. As far as we know, no prior literature
has investigated whether birth weight interacts explicitly with post-birth parental
inputs between twins. In tum, there is no guarantee that within-twins estimate could
identify the own birth weight impact. The Chinese child twin data set contains
information on parental inputs on children. Thus, this study can examine explicitly
whether parental inputs vary in response to the difference in birth weights between

twins.

The fourth objective is to examine whether adding an early sickness measure can
reduce magnitudes of estimated birth weight effects.® Currie et al. (2008) find that
sibling fixed effects estimates of birth weight dummies diminish on medium-term
outcomes when early health measures are controlled for, aithough the pattern of
significance in birth weight dummies remains similar. The authors propose that part
of the long-lasting impact of birth weight may occur by predicting future health
conditions. Hence, the Chinese child twin sample is used according to this method in

order to observe probable similar qualitative results.

2.1.4. Major Findings and Contributions

This chapter contributes to literature in four ways. First, this study is the first to use
twin data from Asian developing countries for the analysis of birth weight effect on
outcomes in the medium term. OLS results suggest that birth weight has significant
impact on school performance, physical growth, health conditions, and character.
Within-twins results indicate that birth weight has significant impact on physical
growth and performing houschold chores, but no significant effect on school

performance and other measures of health conditions and character. Overall, based on

® The sample size and mformation on sickness record of children of this study are rather hmited relative
to Cumme et al, (2008).
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within-twins findings, Chinese children bom with higher birth weight are taller,

heavier, and perform more household chores.

Second, this study is the first to apply threshold estimation on twin data. According to
the results of spline and threshold regressions, overall, there is no evidence to support
that birth weight effect is non-linear on medium-term outcomes. Findings from the
present work indicate that within-twins results can be generalized to the whole

population,

Third, this study is the first to test the “interactive effect” mechanism directly. As a
whole, using the Chinese child twin sample, no evidence supports the idea that
within-twins estimate contains the interactive effect. Overall, OLS estimates tend to
be biased upward relative to within-twins estimates on several measures of medium-
term performance. This suggests that the positive proxy effect exists, leading to

significant OLS coefficients of birth weight measures.

Fourth, different from Currie et al. (2008), the estimated coefficients of birth weight
measures remain almost the same with or without controlling for an early sickness
measurc using the sample in this present work. Such findings may cast doubt on the

conjecture of Currie et al. (2008).

The rest of this chapier is organized as follows. Section 2.2 reviews and discusses
several recent relevant studies. Section 2.3 describes the Chinese child twin data set of
the present work. Section 2.4 introduces the methodology. Section 2.5 reports the
results and interprets the implications. Section 2.6 summarizes the findings and

implications.

2.2. Literature Review

Studies on the relationship between birth weight and outcomes from short to long
term have been carried out for a long time. Many early studies using OLS regression
have found significant birth weight impacts on later achievements. In the short term,
babies born with low birth weight have higher infant mortality rate than babies with
birth weight higher than 2,500 grams (McCormick, 1985). In the medium term,
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children born with low birth weight are more likely to have difficulty in terms of
school performance (McCommick et al., 1990; Corman and Chaikind, 1998; Barbara et
al., 2002; Richards et al., 2002). In the long term, based on extant literature, children
borm with lower birth weight have lower educational achievements, lower eamings,
and poorer health conditions (Currie and Hyson, 1999 and Case et al., 2005).
However, as mentioned earlier, the OLS estimate of birth weight is likely to be

subjected to omitted variable bias, and the estimated impact may not be the own effect
of birth weight.

To overcome the omitted variable bias, some researchers have switched to use
siblings data (e.g., Conley and Bennett, 2000; Johnson and Schoeni, 2007),
implementing the sibling fixed effects approach to compare the outcomes of siblings
born with different birth weights. However, this method can only control part of
genetic factors and fails to control time-varying factors. For example, matemal
behavior may be different for each pregnancy. Hence, several economists adopt the
within-twins approach to analyze the impact of birth weight because twin comparison,
especially that of monozygotic twins, is likely to identify the own effect. For instance,
Almond et al. (2005} use twins born in the US from 1995 to 2000 to compute the
effect of birth weight on hospital costs, five-minute Apgar score, ventilator incidence,
and infant mortality rates. According to Almond et al. (2005}, the estimated effects of
birth weight are significantly smaller in within-twins regressions than in the pooled
OLS regressions. In addition, several studies use twin data to analyze birth weight
effect on long-term outcomes (Behrman and Rosenzweig, 2004; Black et al., 2007).
Relative to numerous studies on birth weight effect on short- and long-term
performances, only one study focuses on twin data and medium-term outcomes.
However, several studies exist on sibling data that estimate birth weight impact on
school performance and health conditions over childhood and adolescent periods. The
following segments briefly summarize the main findings of studies using twin or

sibling data.

The study by Oreopoulos et al. (2008) may be the only one to use twin data to analyze
the impact of birth weight on outcomes in the medium term. Twin and sibling data of
births between 1978 and 1985 in Canada are used to analyze birth weight effect on

short-, medium-, and long-term performances. This study uses administrative data
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from the Population Health Research Data Repository at the Manitoba Centre for
Health Policy (MCHP) in Canada. According to within-twin-pair results, birth weight
has significant negative effect on the number of physician visits for children between
12 and 17 years old, and the probability of requiring social assistance after reaching
18 years old. For school outcomes, some evidence supports that birth weight has a
significant positive effect on the probability to reach Grade 12 by age 17. Liitle
evidence supports birth weight having a significant impact on language arts standard

test scores of Grade 12,

Johnson and Schoent (2007) use Panel Survey of Income Dynamics (PSID)
observations for children born between 1951 and 19735 in the US, consisting of 016
year olds in the first wave interview 1n 1968, and children born between 1968 and
1975 in latter waves. They use passage comprehension reading (for children aged 6 or
above), letters/words reading (for children aged below 6), broad reading summation,
and Woodcock-Johnson mathematics scores (for children aged below 6) as measures
of cognitive achievement of children. Results from sibling fixed effects regressions
suggest that low birth weight has significant negative effect on passage
comprchension reading and mathematics scores and significant positive effect on

probability of dropping out of high school.

Currie et al. (2008) use a large sibling data set with approximately 50,000 children
bom between 1979 and 1987 from Manitoba, Canada, with after-birth follow-up
record up to year 2006. Their study covers several medium-termm outcomes for
measures on language arts standardized test scores in Grade 12, choice of taking
college-preparatory mathematics course in high school, choice of reaching Grade 12
by age 17, and choice of applying for social welfare upon reaching 18 years old.
Moreover, the hospital records consist of birth weight, congenital anomalies, and
prenatal problems. In order to examine the influence of congenital anomalies, their
sample includes observations with congenital defects. In addition, the effects of
asthma, major injuries, attention deficit hyperactivity disorder (ADHD), conduct
disorders, and the other major health problems classified by Adjusted Clinical Group
(ADG) software are examined. In particular, the aforementioned after-birth health
problems are separated by the age range: 0-3, 4-8, 9-13, and 14-18 years old for

preschool years, early elementary school, early adolescence, and late teen years,
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respectively. Based on results from sibling fixed effects estimation, Currie et al. (2008)
find that children born with lower birth weight are more likely to obtain welfare aid
when reaching 18 years old, have lower language scores (only significant at the
lowest birth weight category), and are less likely to reach Grade 12 by age 17. They
further add congenital and early health measures for 0-3-year-olds in the regression.
The pattern of significance of birth weight dummies is nearly the same as those
without these additional control variables; however, the magnitude of estimated birth
weight effects diminishes in general. Currie et al. (2008) propose that low birth
weight is predictive of future health conditions, and that part of low birth weight

impact is linked to later health conditions.

All these studies use data from Western developed countries. Moreover, these studies
have taken the fixed effects approach for granted (i.c., within-twins or sibling fixed
effects), ignoring the possibility of an interactive effect. As noted earlier, it is possible
that estimates from within-twins or sibling fixed effects regressions cover both own

and interactive effects. This study hopes to shed further light on these matters.

2.3. Data

The data set for this study is obtained from the Chinese Child Twins Survey (CCTS).
This data set has been used in Rosenzweig and Zhang (2009).” The survey was
designed and supervised by Professor Junsen Zhang and was carried out by the Urban
Survey Unit (USU) of the National Bureau of Statistics (NBS) in late 2002 and early
2003 in the Kunming District of China. Kunming is the capital of Yunnan Province,
located in the far southwestern part of China.! The CCTS covers all households with
twins aged 7 to 18 and a sample of households with non-twins in the same age range.
The families with twins were identified by USU, which used the 2000 population
census for Kunming to sort out households with children having the same birth year
and month for the 7-18-year-olds. According to the addresses provided by the census

office, these potential families were visited to determine whether the children were

"The objectives, methodology, and the targeted outcomes of mterest of the current study are largely
different from Rosenzweig and Zhang (2009) The differences between the present study and their
Eapcr are briefly discussed 1n Section 2.4,

In Kunming, the one-chuld policy 1s enforced in urban households. Rural houscholds are exempted
from the policy and can have iwo children at maximum even 1f the firsi-born child 1s a male
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twins. Once confirmed, relevant family members were interviewed. To allow for
comparison with the twin sample, for every child twin household identified, the fourth
household on the right hand side of the same block was surveyed to represent a non-
twin child household. If the fourth household was not suitable for interview,

interviewers switched to the fifth, sixth, and so forth.

This survey covered a broad range of information on various aspects, including
parental expenditures on children, parental coaching and teaching attributes, and
children’s performances in school, physical growth, health conditions, and character.
During the visit, parents and children were interviewed separately for specific sections.
The questionnaire comprised 10 parts, labeled from A to J. Sections Ato Cand Eto F
contained questions specifically targeted to parents: family attributes, such as
educational achievement, eamings, expenditures, parent’s evaluation on performance
of twins, and so forth. Section D was related to the characteristics of children in
school, and was answered by both parents and children. The other sections, focusing
on parent-child interactions, and performances of the children in school and at home,
were answered by children. Furthermore, children themselves were separated in
different rooms when answering the specific questions in Sections G to J of the
guestionnaire. Such amrangement was aimed to obtain responses that were more

accurate.

The following requirements were used to classify identical twins in the child twin data
set: same sex, same hair color, same eye color, and very similar appearance.
Consequently, 931 identical twin pairs were contained in the child twin data set. Some
observations have missing data on required variables for analysis, and thus were
dropped from identical twin sample.’ The final sample used for analysis includes 547

twin pairs (1,094 observations).

Generalizability of Twins-Based Estimation

? In the data set, information on several diseases and malfunctions 1n body that the respondents had
suffered from 1s presented For illnesses with distinct features on appearance or behavior, mcluding
stammening, hyperactive behavior, brain disorders, monophobia, deafness, blindness, broken leg, and
plastic surgery defect, i1f either or both siblings had suffered from these illnesses, they were excluded
from our sample A total of 42 observations were dropped.
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The usefulness of the estimates from within-twin-pair regression relies on whether the
empirical results can extend to the general population dominated by singleton births.
The average values of key attributes in twin and singleton samples are reported for
comparison. Table 2.2 summarizes the descriptive statistics of identical twins, whole
twins (identical and non-identical), and non-twins from the present survey. As shown
in Column (1}, birth wcight of each identical twin was approximately 2,400 grams on
average, slightly less than the upper bound of low birth weight. The mean age of the
children was approximately 11 years. Using the US representative sample as basis,
under the same age and gender group, the height and weight of Chinese child twins
were approximately one standard deviation lower than those of the US sample in
relation to the mean of z-score of height-for-age (HAZ) and weight-for-age (WAZ).
On the average, the parents had 9 years of schooling. The fathers had mean earnings
of 700 RMB per month, while the mothers had mean earnings of 476 RMB per month.
By comparing the mean statistics in Columns (1) and (2), we find that all the
attributes of identical child twins were almost the same as those of whole child twins,

including both identical and non-identical twins.

A comparison of the mean values in Columns (1) and (3) shows that the average birth
weight of singletons was approximately 3,100 grams, which was 700 grams higher
than that of identical twins. For HAZ and WAZ, singletons were approximately 0.9
and 0.6 standard deviations lower than those of the US representative sample.
Apparently, singletons tend to grow up slightly faster, and are taller and heavier, than
twins under the same age and gender group. Although twins were found to be
physically weaker than singletons in childhood, the educational level and monthly
earnings of the parents of singletons and identical twins were very close. Thus, the
difference in average physical growth between twins and singletons in childhood is
likely because, on the average, children from twin births were born with lower birth

weight compared with singleton births.

Twins vs. Singletons Births

According to the descriptive statistics shown in Table 2.2, the major difference
between twin and singleton children is birth weight. Other twin studies also report
such a pattemn. As the mothers of twins bear two babies simultaneously, the average

weight of each twin is less than that of singletons at birth. Figure 2.1 plots the birth
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weight distributions of singletons and identical twins, showing that approximately
50% of twins born less than 2,500 grams. Nevertheless, the shapes of the dispersion
of birth weight are very close over identical twin and singleton samples. Shifting the
twin distribution to the right by approximately 600 grams reveals a large overlap

between the two distributions.

To investigate further the external validity of using twin data, the relationship
between birth weight and medium-term outcomes is plotted across twin and singleton
samples, as shown in Appendix Figures 2.1 to 2.7. The pattems of the relationship
between each outcome and birth weight are similar over child twin and singleton
samples,'* suggesting that results from the twin data may be generalizable to the
whole population. Black et al. (2007) and Royer (2009) also plot such kind of figures

and make similar judgments.

How and Why Birth Weight Differs between Twins

In the distribution of birth weight difference within identical child twins (Figure 2.2),
only 14% of twin pairs have the same birth weight; 29% have 100 or less than 100
grams weight difference; approximately 26% have 100-200 grams difference;
approximately 23% have 200-500 grams difference; and the remaining 8% have more
than 500 grams difference. This dispersion allows us to obtain the variation in the size

of birth weight within twins to implement within-twins estimation.""

One concern is the exogeneity of birth weight difference between twins. According to
a WHO report, the two common reasons for low birth weight of infants are short
gestational length and low fetal growth rate (intrauterine growth retardation or IUGR).
As gestation length is equal between twins, the difference of birth weights within a
twin pair is mainly due to differences in fetal growth rates. This means that the

nutritional intakes for twin siblings are different when they are inside the womb; their

1 The volatility n the low and upper ends of the birth weight distribution 1s due to ranty of such data
with two ends.

"' To test the sensitivity of the emparical results to any outhers, the observations 1n which the absolute
difference 1n birth weight between twins exceeds 3 standard deviations from the mean of the absolute
difference are excluded. As a result, a total of 24 observations are dropped, accounting for 2.2% of the
onginal sample (1,094 observations) The within-twins results for the mmpact of birth weight on
medium-term outcomes and the relationship between parental mputs and birth weight (not shown) are
almost the same with or without excluding these 24 observations. Thus, the results are not sensitive to
any outhiers
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different locations inside the womb can in fact affect nutrient absorption. If the
location of the umbilical cord attached to the placenta of one twin is better, then,
despite having the same genes, this sibling will receive more nutritional intake and
blood perfusion, resulting in difference in birth weights. Furthermore, as the
positioning of twin siblings is random, the resulting birth weight difference between

twins is exogenous from other observable and unobservable family factors.

2.4. Methodology

2.4.1. OLS, Within-Twin-Pair Regressions, and Medium-Term
Outcomes

In this section, the empirical framework in estimating birth weight effect is illustrated,
and measures of medium-term outcomes are introduced. In particular, in response to
the possible mechanisms that underlie birth weight impact (own effect, proxy effect,
and interactive effect), we discuss whether OLS and within-twins regressions could

identify the own effect of birth weight.

OLS Regression
For simplicity, the following equation uses BW to represent the measure of birth
weight.'?

y,=PBBW,+6,f,+6,p,+a X, +9 Z +¢,, @.1.1)

where i refers to a family; j refers to a specific child in a family; y, is the outcome of
sibling j in family i; BW, is the birth weight measure; f, is a set of unobservable

family characteristics, including genetic factors which are correlated with birth weight;

p, is a set of post-birth parental inputs on sibling j in family i; X, refers to a set of
other observed family factors; Z, is a set of observed individual variables that affect
the outcome, such as age, gender,” birth ol‘der,I4 and so forth; and g, is the error term

that is assumed independent from all the other variables in the equation.

12 This study has three measures of birth weight One 1s the weight at birth directly. Another 1s log birth
weight The third proposed measure of birth weight 18 a dummy vanable that equals 1 for birth weight
less than 2,500 grams, otherwise, 1t1s 0,

3 Gender 1s a dummy variable that equals | 1f the twin 15 a male; otherwise, 1t1s 0

" Birth order 1s a dummy variable that equais 1 1f the twin 15 born first; otherwise, 1t 15 0,

19



The coefficient of interest is §, which measures the own effect of birth weight on
outcomes, holding all other observable and unobservable factors constant. If f and
p, cannot be controlled, then the OLS estimate ( £, ) is biased and captures the joint

effect, including (1) own effect, (2) proxy effect, and (3) interactive effect.

cov(BW,, 1) s cov(BW,,p,)
var(BW,)  ° var(BW,)

Bos =P+ (2.1.2)

Within-Twins Regression
As identical twins have identical genes, common family background, and the same

neighborhood, they are expected to have the same f 1% In addition, parents likely treat
them very similarly. Thus, p, and p, are expected to be invariant within twins

inside household i.

The within-twin-pair fixed effects estimation is specified as follows:
Ya=BBW,+6,f+6,p,+a X, v+ Z, +¢, (2.1.3)

Yoo :ﬁBH{2+5{ﬁ+§;p,2+a'Xl+¢'Z!2+812. (Z2.1.4)
The result of first difference of Equations (2.1.3) and (2.1.4) is
Vo=V =B(BW, -BW, )+ @ (Z,—Z,)+E,~ &, (2.1.5)
The within-twin-pair estimate ( 8;), which is unbiased, measures the own effect of

birth weight.

However, some researchers propose that the within-twins estimate may still be biased
because parental inputs (which may not be observed or available in the data set) may

be interacted with birth weight. For instance, parents can reinforce a twin born with

15 Fraga et al {2005) point out that identical twins have the same DNA in their neurons (genotype) but
do not have the same expenience such as environmental factors, leading to differences through
epigenetic tn gene expression (phenotype) Epigenetic factors refer to the chemical markers that attach
to gencs and affect how they are expressed through slowing or shutuing the genes off or increasing thewr
output despite there 15 no change i the underlying DNA sequence. The epigenetic changes in neuron
function affect neurobiological pathways that affect health (physical and memal), behavior and learning
The mmpacts of epigenetic on gene function begin at conception and utero deveiopment, and then
continue after birth (Shonkoff, 2009). In the chuld twin sample, both twins lived together wath their
parents and had the same living environment Thus, epigenetic differences between chuld twins are
likely to be negligible and would not affect the interpretation of the empinical results in this chapter
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higher birth weight (more talented). In this case, within-twins estimate may cover
both own and interactive effects. That is,

. cov(ABW [ Ap )
=846 A
Pre=F+2, var(ABW, )

, where cov(ABW,,Ap,)# 0. (2.1.6)
This remaining bias is discussed further in Section 2.4.3.

Measures of Medium-Term Qutcomes
In the next segments, we introduce three categories of medium-term outcomes: (i)

school performance, (i1) physical growth and health conditions, and (iii) character.

(i) School Performance

The first category is related to school outcomes, including Chinese language marks, z-
score of Chinese language marks, mathematics marks, z-score of mathematics mark,
and the number of “three-good student” awards received. Chinese language and
mathematics scores range from 0 to 100. However, as the children attended different
schools and the school quality was different, especially across urban and rural regions,
the scores used here may not be a good indicator of the performance because they do
not have a standard scale.'® To lessen the problem, we generated z-scores of Chinese
language and mathematics marks by primary-secondary level and rural-urban
region.'” In addition, the data set of the present study recorded the number of “three-
good student” awards received (i.e., award given to a student who performs well in
each of the following aspects: moral and character, academic performance, and health

status).

(ii} Physical Growth and Health Conditions
The second category focuses on the physical growth and health conditions of children
consisting of z-scores for height-for-age (HAZ), weight-for-age (WAZ), body mass

index-for-age (BAZ),'® underweight,'” obese,”’ and frequency of hospital visits for the

' Despite the data set having records of middle school examination, the observations were too few for
analysis.

' The onginal score subtracts the specific mean and then divides by specific standard deviation in
primary-urban sample, primary-rural sample, secondary-urban sample, and secondary-rural sample
separately.

Weight in Kilograms

" Body Mass Index(BMI) = i
(Height in centimers)

}x 10,600
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previous academic semester. HAZ, WAZ, and BAZ are common indicators in
measuring physical growth of children. For instance, HAZ measures the number of
standard deviations of height of a child deviating from the average height in a specific
group by age and gender. Underweight and obese dummies are classified by BAZ.
Frequency of hospital visits measures the frequency of visiting physicians (0, 1, 4, 7,

and 10 times in the last school semester).

(iii) Character

The third category focuses on the character of children. It includes three indices:
“good character,” “bad character,” and “do household chores.” It is interesting to
cxamine the impact of birth weight on these noncognitive measures. Prior hterature
using twins or sibling data mainly examines the outcomes of cognitive development
such as academic performance and physical health during childhood and adolescent
period. Indeed, Cunha and Heckman (2007) point out that skills and abilities have
multiple dimensions and non-cognitive skills (such as perseverance, self-control, self-

12! Early studies (McCormick et al.,

esteem and so forth) could foster cognitive skil
1990; Corman & Chiakind, 1998) use cross-sectional data to study the impact of birth
weight on behavior problems. For instance, McCommick et al. (1990) use the U. S.
data from 1981 National Health Interview Survey and find that very low birth weight
children have higher probability to have school difficulty and behavior problems.
Thus, this study aims to carry out within-twins estimation to identify the own effect of

birth weight on the following non-cognitive measures.

The data set of the present study contains 19 questions on the strength and weakness
in character of twin siblings, such as being bad-tempered, worried, anxious and

subversive, cautious, persistent, and so forth.?? Parents answered these questions

The BMI value 1s plotied on the BAZ growth charts generated by the Centers for Disease Control and
Preventions (CDC) to get a percentle ranking The percentile displays the relative position of children
among a group with same sex and gender

" Underweight 15 a dummy variable that equals 1 1f BAZ of the child 1s less than the 5" percentile
based on the BAZ growth charts, otherwise, 1115 0.

 Obese 1s a dummy varable that equals 1 1f BAZ of the child is greater than the 5™ percentile based
on the BAZ growth charts; otherwise, 1115 0

*! Several prior studies (Bowles et al., 2001, Cunba and Heckman, 2008, Cunha and Heckman, 2009)
also find that noncogmtive abilities have sigmficant mfluences on long-term achievements such as
educational attainment, carmngs, and so forth.

2 Good characters include “be obedient for adult’s request,” “having at least one good friend,” “mn
general liked by other children,” “be cantious,” and “be persistent and focus for a long time” Bad
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based on child performance over the past six months. There were three possible
answers: completely not matched, some matched, and perfectly matched. If the
answer was “perfectly matched,” then the child is regarded as having this attribute.
We summed up the good personality traits to generate the good character index
ranging from O to 5. Similarly, the bad character index is composed of several bad
personality traits ranging between 0 and 15. The do household chores index gauges
how ofien the child does household chores. The questionnaire asked children
regarding the frequency of doing the following tasks: packing schoolbag, making bed,
tidying up room, washing clothes, preparing dinner, cooking dishes, washing dishes,
and cleaning up room. Children were requested to answer 1 (everyday), 2 (often), 3
(sometimes), 4 {(seldom), or 5 (never) for each task, If the child answered 1 (everyday)
or 2 (often) for a task, then a score of 1 is given to this task; otherwise, 0. These
scores were added to obtain the do household chores index ranging between 0 and 8.

This index is expected to measure the virtue of the child at home.

2.4.2. Threshold Estimation and Test of Non-Linearity Impact of
Birth Weight on Medium-Term Qutcomes

In Section 2.3, the outcomes are found to be similar between singletons and twins
over the birth weight distribution. The findings support the generalizablity of
estimation from the twin data. However, another concern for the usefulness of the
estimation from twin data comes from the potential non-linearity influence of birth
weight on later outcomes. Most of the birth weight of twins falls within the lower
range of birth weight distribution. For instance, birth weight may have significant
influence only when it is less than 2,500 grams. Holding this belief, the estimates of
birth weight from twin data tend to exaggerate the impact on general population
dominated by singleton birth. Some studies, such as that by Case et al. (2005), merely

examine the impact of low birth weight.

characters consist of “be unstable and hyperactive,” “always complain uncomfortable such as having
headache,” “be bad tempered,” “*be lonely,” “be worried by many things,” “be anxious and subversive,”
“always fight and argue with other kids,” “always be unhappy,” “easily get distracted,” “easily lose
confidence m new environment,” “always tell hes,” “be bullied by other children,” “steal things at
home, mn school, or other places,” and “be frightened easily by many things ™

LT
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As noted before, low birth weight (LBW) is defined by the WHO as weight of less
than 2,500 grams (5.5 pounds). The cut-off point at 2,500 grams is based on
cpidemiological evidence on infant mortality. However, this knot point may be
unsuitable for subsequent studies on later outcomes. Black et al. (2007) claim that
continuous measures (e.g., log birth weight) fit the data much better than a dummy
variable of low birth weight on long-term outcomes. Their findings have aroused our
interest in examining the validity of the common knowledge of 2,500 grams as a

watershed for medium-term outcomes.

To our knowledge, no prior literature examines the non-linearity effect of birth weight
on medium-term outcomes; thus, examining this issue using Chinese child twin
sample is worthwhile. Moreover, recent studies have opted to use spline regressions to
test the non-linearity effect of birth weight. As noted earlier, the major limitation of
spline regressions is that the value of the knot(s) and the number of knots should be
known in advance. The reliability of birth weight estimates from spline regressions
remains in question because the results are highly affected by the initial settings of the
value and the number of knot points. Thus, in addition to spline regressions, the
present study applies the threshold estimation developed by Hansen (1999} on twin
data to estimate the threshold level of birth weight on medium-term performances.
The following shows that the test of single threshold against zero threshold is
equivalent to test whether the slope coefficients are equal across two segments of
birth weight distribution. If the null hypothesis of no threshold is not rejected, the
estimated coefficients are not significantly different across two regimes, in turn
providing evidence to support the linear impact of birth weight. The test of existence
of threshold(s) can be regarded as a test of non-linearity effect of birth weight. Briefly,

we will introduce the methodology and hypothesis testing.?>

Hansen (1999) has developed a threshold regression method for non-dynamic panel
data with individual specific fixed effects. The resulting estimated threshold levels are
more reliable than other methods since the threshold is a global optimum. In Hansen'’s

original framework (1999), i refers to an individual, j refers to time, and fixed effect

3 For details, see Hansen (1999},
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refers to individual heterogeneity; in the framework of this study, i refers to a family, j

refers to twin siblings, and fixed effect refers to family specific effect.

The structural equation that we are interested in is

B, BW, +6,.f +§;pg ta X, +@ Z +¢&,if BW, <y
Vi T\BBW, <5 f +S,p, +a X, 402, + £, i BW, > )’

(2.2.1)

where i denotes a specific household; j (= 1, 2) refers to the sibling inside a household,

and the control variables are the same as those in Section 2.4.1.

Intuitively speaking, if the birth weight effect is more significant and larger on the

lower end (i.e., ¥ = 2500), then f, , which corresponds to the range of <2,500 grams,

is significantly greater than £, , which corresponds to the range of > 2,500 grams.

This indicates that the marginal benefit of increasing birth weight for <2,500 is more

significant and larger than for those >2,500 grams.

To remove f, and p, , which are supposed to be equal for twins within a family (?),

the family-specific means are taken off,

y; =ﬂ'BI’V;(7)+CZ‘X;+€*

L
. L. [ B _ -
whereyg=yg—ygaﬂ_ B ’BW,J(}’)=B%(}’)-BW;(}’),
P

(2.2.2)

1 2

2 5:;8%1(8%5;/) - |

BW,(}/):EZBWU(}')z 12 , 1(-) is an indicator function,
7=1

EZ W,I1(BW, > y)

1=l

For any given y, the slope coefficients ( £) in Equation (2.2.2) can be estimated by

the OLS regression.

The estimated optimal 7 is the one that minimizes the sum of squared errors. To

implement the minimization, distinct values of birth weight in the sample are first
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sorted. Next, smallest and largest 5% distinct values of birth weight are excluded. The
remaining values constitute the possible values of y. For each value of birth weight
within the remaining pool, regression is implemented and the sum of squared errors is
computed. The minimum value of the sum of squared errors yiclds the optimal

estimated 7.

The next step is to test the existence of a threshold. The null hypothesis of no

threshold effect is expressed in the following linear constraint: H,: 5 = g, 24 This

test is same as testing for the presence of non-linear influence on birth weight.”> The
null hypothesis is rejected if the p-value is smaller than the pre-determined critical
value. If the null hypothesis is rejected, the presence of a threshold effect of birth
weight is supported, showing evidence of the non-lincarity effect of birth weight.
Furthermore, if a threshold effect of birth weight exists, the value of threshold may
not cluster at 2,500 grams. Thus, the above-mentioned threshold regression method
not only tests the existence of a threshold effect, it also gives the estimate of the

threshold of birth weight with respect to each of medium-term outcomes.

2.4.3. Tests on the “Interactive Effect” Mechanism

As previously noted, there are three main possible mechanisms underlying the
significance of birth weight estimate in OLS and within-twins regressions. First, birth
weight itself has own positive influences. Second, birth weight effect is a proxy for
the impact from unobserved genetic or other family factors. Third, birth weight

interacts with post-birth parental inputs.

In general, the OLS estimate is biased, and the OLS estimated impact is a joint effect
including own, genetic, and interactive effects. Recall,

. cov(BW, , f, . cov(BW, , p,
Bors =B+, S f)+5z (&7, P,)'
var(BW,) var(BW, )

(2.1.2)

*1t 15 possible that there 1s more than one threshold. The null hypothesis becomes single threshold
agamst double thresholds.
% As the true threshold ¥ 1s umdentified n the null hypothesis, the classical tests do not have standard

distributions and are not apphcable m this case, Hansen (1996) proposes that bootstrapping can be used
to simulate the asymptotic distribution of the hkelihood ratio test,
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Generally, identical twins have the same genes and similar family background; thus,
the proxy effect is likely to be removed in within-twins regression. If parents treat
twins similarly, within-twins estimate is likely to identify the own effect. However, it
is possible that the parents may treat the twins differently in childhood; that is, from
the point of view of the parents, their children are not “identical,” even if their genes
arc the same. Almond et al. (2005) propose that the long-lasting effect from within-
twins result is driven by reinforcing post-birth parental inputs on a specific twin born
heavier. In this case, within-twins estimate is biased upward as it contains not only the
own effect but also the positive interactive effect. [n contrast, parents may compensate
on a twin bom with lower birth weight; thus, there is a negative correlation between
post-birth parental inputs and birth weight. In this case, within-twins estimate is
biased downward. Recall,

. cov(ABW, _,Ap )
B =B+, o
var(ABW,)

, where cov(ABW, ,Ap )+ 0. (2.1.6)

To the best of our knowledge, no prior study has examined the “interactive effect”
mechanism directly,zé and no prior study has investigated whether twins are cared for
by parents identically. The advantage of the child twin data set in the current study is
that it consists of several parental inputs towards twins, including parental coaching,
parental teaching, and parent’s monetary expenses. The data provide a good
opportunity to examine whether parents care for twins differently with respect to the
difference in birth weight. If birth weight mainly mediates its effect through such
interaction, parenis would expectedly spend resources differently on children bomn
with different birth weight. Thus, this study examines whether parents provide more
or less the same care for the child born with higher birth weight. Although the present
study cannot ¢xamine all parental inputs, there is a reasonable expectation that both

observable and uncbservable parental inputs are correlated with birth weight, and that

% To test the possibility of “mteractive effect”, some studies separate the whole twin sample based on
some criteria including educauonal attainment of the mother (wath twelve or more years of schoohing},
family income, birth order of children (Black et al., 2007), and farmly size (Royer, 2009). This 1s based
on the belef that parents m better-off families (in which parents are higher-educated or famly size 15
smaller) are more likely to compensate on a twin born with lower birth weight. Within-twins estimates
are expected to be smaller 1 better-off households if there 1s sizeable mfluence of birth weight coming
from; she interaction with parental mputs. These two studies clamm that no definite judgment can be
made from the results across sub-samples (not shown).
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the birth weight effect is driven by both observable and unobservable parental inputs
based on the “interactive effect” mechanism. The inputs of parents are separated into

three main categories:”’

(i) Parental Coaching

The first set of inputs focuses on parent-child communication and parental guidance
towards the behavior and performance of the children. The set comprises several
indices: parent-child contact (ranging from 6 to 30), parental punishment (7 to 21),
parental i1gnorance (2 to 6), and two indices for parental reaction towards their child’s
disappointing academic performance [i.e., scolding (4 to 20) and concerning (4 to 20)].
As for the relevant questions asked in the interview that could generate the above-
mentioned variables, the answer was given by the children individually in a separate

room in order to obtain replies that were more reliable.

For instance, the parent-child contact index is a sum of the frequency of events that
occurs between the child and their parents, including discussing an issue with parents,
sharing with parents the events that happened in school, sharing own ideas, dining
with parents, playing games with parents, and watching TV with parents. In each
event, the child was asked to answer 1 (never), 2 (seldom), 3 (sometimes), 4 (often),
and 5 (everyday). The values were added to generate the parent-child contact index
ranging from 6 to 30. The higher the value of the index, the more frequent the contact

between the child and parents.

" Rosenzweig and Zhang (2009) use the same Chinese child twin data set to investigate the potential
weakness of using twinning as exogenous mstrument for testing the quantity-quality (Q-Q} trade-off
hypothesis parents may allocate resources differentially across their children n response to the
difference 1n ability among sibhings. Theirr focus and the objective of the current study are very
different Their study aims to build up a theoretical model with empinical evidence to support that
parents are hikely to remforce the more talented child. Thus, the method of prior studies using twinning
on panity N to estimate the influence of family size on the quahty of children on panty N-1 1s
problematic and the estimated effect 1s undervalued The main role of adding birth weight 1s to serve as
a control vanable of endowment of twins The objective of the current study 1s to examine the influence
of birth weight on the medium-term outcomes and whether parents treat identical twins differently with
respect to the difference 1n birth weight In addition, most of the vanables used in the current study are
different from the vanables used by Rosenzweig and Zhang (2009). Apart from Chinese language score,
mathematics score, and health measures, the current study also covers other measures such as the
number of “three-good student” award, and measures of character as the dependent vanables In
addition, aside from school, clothing, and total expenses, measures of coaching are also taken into
account as parental inputs Furthermore, the sample 1n the current study only includes 1dentical twins
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The parents were also asked regarding their reactions when a child did not obey a
parental order (i.e., scolding, reducing allowances, and so forth). Each child was
asked to answer 1 (seldom or never), 2 (sometimes), or 3 (often) to each response.

The punishment index (7 to 21) is the sum of the responses of each child to the

LIS EA AR 1Y LN LN

following actions: “scold you,” “stomp feet,” “spank you,” “ground you,” “order you

LRI 1)

do housework,” “reduce your allowance,” and “do not allow watching TV or set
limitation on watching TV.” Ignorance index (2 to 6} is the sum of the child responses

to these two reactions: “ignore you™ and “tell you to go to your bedroom.”

The last two indices are generated from the children’s answers for questions related to
reactions of parents when they were dissatisfied with children’s academic
performance. To each response, a child had five possible answers, ranging from 1
{never) to 5 (very possibly). The scolding index (4 to 20) is the sum of the answers to
the following rcactions of parents with regard to punishment (i.e., “blame you,”
“punish you,” “tell you to spend more time to study,” and “restrict your non-academic
activities”). Similarly, the concem index {4 to 20) is the sum of the answers to the

Mo

reactions of parents, such as “discuss with you the cause of the problem,” “wait and

let you improve,” “spend more time tutoring you,” and “contact your school teacher.”

(ii) Parental Tutoring on Schoolwork

Apart from the above-mentioned parental coaching measures, the present study
concentrates on the parental tutoring inputs on the studies of the children. Children
were asked on the frequency of the following kinds of assistance provided by the
parents: tutoring after class, checking homework, and assigning extra homework. The
binary indicator for each measure equals 1 if the child replied that parents employ

these actions 1-3 times every week or more; otherwise, it is 0.

(iii) Parents’ Monetary Expenses

The menetary spending of parents on their children was also examined using these
three measures: clothing expenses, school expenses {sum of school tuition, buying
books, stationery, home tutor expenses, training class expenses, and hostel fee), and

total expenses (sum of clothing, school, and other expenses).
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2.4.4, Test on Birth Weight Effect through Early Health Conditions

Currie et al. (2008) suggest that part of the birth weight effect occurs because it is
predictive of later health conditions. In this case, the within-twins estimated birth
welght cffect is expected to decrease upon the addition of early health measures in the
regression. The child twin data set of the present study consists of a few common
sicknesses occurring in early childhood, including continuous diarrhea, serious lack of
calcium, asthma, whooping cough, fracture, and heart disease. As the sample size is
small, a dummy variable equal to 1 is used if the child suffered from at least one of
the above-mentioned sicknesses from infancy period up to 5 years old. This dummy
vartable in the within-twin-pair estimation allows for the investigation of the
significance and magnitude of the birth weight estimates, and if these are affected

when early health conditions are controlled.*®

2.5. Results

2.5.1. Results of Birth Weight Impact on Medium-Term Qutcomes

In this section, the empirical results of the influence of birth weight on medium-term
outcomes are interpreted based on the child twin sample of 1,094 observations (547

pairs). The regression results are summarized in Table 2.3.

First, in the case of Chinese language mark, mathematics mark, and corresponding z-
scores, both OLS and within-twin-pair estimates of birth weight are insignificant. For
the number of “threc-good student” awards received, children with higher weight at
birth have higher chance of receiving more awards based on the OLS results.
However, the estimates are insignificant and smaller in the within-twin-pair approach.
These results suggest that birth weight is related positively to certain good attribuies
of the parents (e.g., genes) and neighborhood environment, leading to an upward bias
in OLS cstimation. Qualitatively, such findings are similar to the findings of

Oreopoulos et al. (2008) in which the OLS estimates are significant and larger;

2 In addition, a dummy variable for the chuld suffered from at least one kind of the above-mentioned
illnesses after 5 years of age will also be added as a control variable.
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however, fixed effects (FE} estimates (within-twins and sibling FE) are almost

insignificant and smaller on a standard language art score in Grade 12.

Next, the results on physical growth and health conditions are discussed. For the z-
score of height-for-age, the within-twin-pair results indicate that there is a significant
positive effect of birth weight on height and the magnitude of the estimates is slightly
less than the OLS estimates. For z-scores of weight and BMI, both the QLS and
within-twins estimated coefficients of birth weight are similar and significantly
positive. In addition, in the case of the probability of being underweight, despite the
OLS estimates are significantly positive, within-twin-pair estimates are insignificant.
For the probability of being obcese, the OLS estimated coefficients of birth weight and
log birth weight are insignificant while within-twin-pair estimated coefficients of birth
weight and log birth weight are positive and marginally significant at the 10% level*’
Furthermore, OLS results suggest that birth weight has a significant negative impact
on the frequency of hospital visits; however, the within-twins results indicate no
significant etfect because all within-twins estimates are smaller and insignificant. This
finding is similar to that of Almond et al. (2005): pooled OLS estimation overstresses

the low birth weight effect on short-term health conditions and hospital costs.

Third, as far as we are aware, the current study is the first twin study to examine the
birth weight effect on the characters of children. In the case of bad character index,
OLS results suggest that a child born with lower birth weight behaves worse than does
a child born with higher birth weight. However, no significant birth weight impact on
the good and bad character indices within-twins results can be found. In addition,
interestingly, both the OLS and within-twin-pair results support that children born
with higher birth weight do more household chores.

As a whole, according to the within-twins results, there is no evidence to support that
birth weight has a significant impact on academic performance. Moreover, birth
weight is noticeably beneficial for the development of physical growth in childhood,

reflected in z-score of height, weight, and BMI. On the average, a child born with

# For the underweight dummy, the results m logit and FE logit regressions are qualitatively close to the
results 1n the QLS and within-twins regressions. For the obese dummy, both logit and FElogit estimates
of birth weight measures are insignificant.
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higher birth weight tends to grow faster, and be taller and heavier in comparison to a
child with lower birth weight. Interestingly, OLS and within-twins estimates are quite
close in these growth measures. In addition, children born with higher birth weight
perform more household chores. Furthermore, the OLS regression overstates the birth
wcight effect on school performance, other measures of health conditions, and

personality trait in the medium term.

One point should be reminded that the above findings are subject to measurement
error bias. Let BW, = BW, + e, - BW is the true birth weight. e, 1s the measurement
error. Suppose the classical errors-in-variables (CEV) assumption 1s satisfied, that is,

the measurement error is uncorrelated with BH’;. The OLS estimate of birth weight

will be closer to 0. This is called the attenuation bias. Within-twins estimation can
remove the unobserved factors through differencing within twins, however, this
method tends to exacerbate the measurement error bias.’® In our child twin sample,
the birth weight records of child twins were reported by their parents. As the records
provided by twins’ parents are quite reliable, the measurement error bias seems not to
be a big problem. Furthermore, Currie (2009) mentions that the measurement error
tends to be random in birth certificate data while the measurement error in maternal
reports tends to be nonrandom and thus the estimates from regressions controlling for
mother fixed effects will be larger since the bias from mother-specific measurement
crror is removed. In this case, if twins’ parents overstate or understate the birth weight

of each twin by the same amount systematically, then ¢, =e, . For the within-twins
estimation, we have
Y~V = ﬁ(BW_: - BW&)+¢ (Z,-Z,)+&,—¢&, —;t?(e'I -e, ) Under this situation,

the measurement error may be eliminated in the estimation.

0 Sec Griliches (1979) and Bound and Solon (1999).
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2.5.2. Results of Spline and Threshold Regressions on Medium-Term
Outcomes

This section reports on the results of spline and threshold regressions of birth weight’s
impact on outcomes in the medium term. Table 2.4 shows the results of spline
regressions with a knot point at 2,500 grams. According to the F-test results of the
OLS regressions, birth weight has a non-linear impact on WAZ, BAZ, and the
probability of being underweight and obese. However, within-twin-pair estimates of

birth weight are not significantly different across two segments,

To examine the validity of the benchmark point at 2,500 grams and to have a more
reliable test on non-linearity, the threshold approach proposed by Hansen (1999) is
applied on twin data. Table 2.5 reports the results of the likelihood ratio test for the
existence of the threshold effect. According to the bootstrapped p-value, there is no
evidence to support the non-linearity effect of birth weight since all corresponding p-

values are greater than 0.10 in the single threshold model.

In brief, to our knowledge, this is the first study to apply threshold estimation on twin
data. Overall, there is no evidence to support that the effect of birth weight is non-
linesr on medium-term outcomes. Thus, the within-twins results in Section 2.5.1 do
not overestimate the impact of birth weight, and can be generalized to the whole

population.

2.5.3. Analysis of the “Interactive Effect” Mechanism

As previously noted, the rationale of using twin data for within-twins regression is to
remove unobservable omiited factors, which are presumed to be identical between
twins. However, do parents really treat twins identically? In particular, would the
birth weight effect operate through the interaction with post-birth parental inputs? Do
parents reinforce a twin born with higher birth weight or compensate on a twin born
with lower birth weight? “Interactive effect” mechanism is tested and the results are

reported below. A comparison and interpretation of OLS and FE results of prior
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studies regarding the birth weight effect on health conditions and academic score over

childhood and adolescent period is also presented.

First, according to the OLS results shown in Columns (1) to (3) of Table 2.6, birth
weight estimates are insignificant on parental coaching and teaching measures.
Nevertheless, OLS estimates of birth weight and log birth weight are significantly
negative, while the estimate of the LBW dummy is significantly positive for
children’s school expenses and total expenses. This means that parents spend more
money on children born with lower birth weight across households. However,
according to within-twins results shown in Columns (4) to (6), all estimated birth
welght coefficients are insignificant in the case of parental coaching measures,
tutoring measures, and parent’s monetary expenses, except for the punishment and
concern indices. This means that parents do not provide more contact, devote more
teaching effort, or spend more money on a twin bom with higher or lower birth
weight inside households. But, parents are less likely to punish a twin bom with low
birth weight, even if the child does not obey a parental order and parents are also less
likely to be concerned with this child even if the child’s performance is disappointing

inside the family.

As a whole, the above findings support that parents treat twins born with different
birth weight similarly inside households. Hence, no evidence supports that within-
twins estimate contain the interactive effect. In contrast, the pooled OLS results
indicate that parents spend more money (school expenses and total expenses} on
children with lower birth weight across families. The findings may support the
argument of Behrman and Rosenzweig (2004) that birth weight and post-birth
parental inputs are negatively related across households.’’ The following segments
compare and discuss the OLS and FE (within-twin-pair or sibling FE) results in
relevant studies, including Johnson and Schoeni (2007), Currie et al. {(2008), and

Oreopoulos et al. (2008), on health conditions and academic score in the medium term.

' As noted earlier, Behrman and Rosenzweig (2004) propose two possibilitics. Another possibility 1s
that there 15 a negative correlation between birth weight and uncbserved ability.
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Table 2.7 displays the empirical results of Johnson and Schoeni (2007) and
Oreopoulos et al. (2008) on health measures.*” Their findings display a consistent
pattern that OLS regressions tend to overstate the effect of birth weight on medium-

term health conditions.

Table 2.8 displays OLS and FE findings of birth weight effect on academic scores in
two prior studies.*® In Oreopoulos et al. (2008), as a whole, there are consistent results
from twin and sibling samples that support OLS estimates being upwardly biased
relative to within-twins or sibling FE estimates on language art scores. This suggests
that omitted factor and birth weight are positively related. However, on language art
score in Currie et al. (2008), the OLS estimate of lowest birth weight dummy is
smaller (less negative) than within-twins estimate,** which implies the omitted factor

and birth weight is negatively related over this range.

As illustrated earlier, the OLS estimate is likely to reflect own, proxy, and interactive
effects jointly. If the interactive effect is negative (due to compensating parental
behavior), it is possible to find that OLS estimate is smaller.” In developed countries
with better public welfare, parents may be more likely to compensate on weaker

children. Further study on this issue is worthwhile and interesting.

2.5.4. Results of Birth Weight Estimates Controlling Later Health
Conditions

The within-twins results for birth weight estimates when adding sickness dummies in
regressions are shown in Table 2.9. Panel (a) displays within-twin-pair estimates of
log birth weight and LBW dummy in which sickness dummies are not added. Panel (b)
displays within-twin-pair estimates of log birth weight and LBW dummy when “‘early

32 In the present study, OLS results also overstate the birth weight effect on the probability of beng
underweight and frequency to hospital.

33 Johnson and Schoem (2007) do not display the OLS results on cogmtive measures; thus, no
comparison can be made.

3 Cumme et al. (2008) suggest the results on the effect of birth weight less than 1,000 grams are hard to
justify as there are few surviving children in this category

' BW s \ OV Bu’, , D,
¥ Recall, B, =B +6, cov(BW,, 1) 8 cov(BW,,p,)
var(BW,) var(BW,)

(21.2)
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sickness dummy” and “later sickness dummy” are added in the regressions
sequentially.’® Overall, there is no evidence to support that adding an early health
measure affects the significance and magnitude of within-twins estimates of birth

weight on medium-term outcomes using our sample,

2.6. Concluding Remarks

In the present chapter, the birth weight effect on medium-term outcomes is examined,
including school performance, physical growth, health conditions, and character. This
study is the first to use Chinese child twin data to study the birth weight effect. OLS
results suggest that birth weight has a significant relationship with the number of
“three-good student’” awards, as well as several measures of physical growth, health
conditions, and character. However, based on within-twins results, birth weight is
found to have significantly positive influence on HAZ, WAZ, BAZ, and do household
chores index, but no significant effect on school performance and other measures of

health conditions and character.

Moreover, this paper is the first to apply threshold estimation on twin data to test the
non-linearity effect of bhirth weight. There is no evidence to support that the impact of
birth weight is non-linear on medium-term outcomes. Thus, the results from twin data
would not overstate the birth weight impact to general population dominated by

singlcton births.

In addition, this study summarizes the proposed mechanisms of previous studies for
the birth weight effect on future outcomes systematically in one place: own effect,
proxy effect, and interactive effect. A major contribution of this study is that it is the
first to test the significance of the interactive effect directly as the child twin sample
contains information of parental inputs on child twins. Using the sample of this study,
no evidence supports that the “interactive effect” mechanism works in within-twins

estimation. The findings of this study further consolidate the belief that within-twins

% Recall, “carly sickness dummy” equals 1 if the child suffered at least one kind of the sicknesses,
inghuding continuous charrhea, serious lack of calcium, asthma, whooping cough, fractures, and heart
diggase from birth up to 5 years old. *Later sickness dummy” equals 1 if the child suffered at least one
ot the above 1llnesses after 5 years old to the date of interview
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estimate identifies the own birth weight effect. Meanwhile, the OLS estimates tend to
be biased upward and overstate the importance of birth weight on several medium-
term performances. This suggests that positive proxy effect exists, resulting in the

significance of OLS coefficients.

Furthermore, using Chinese child twin sample, this paper cannot replicate the findings
of Currie et al. (2008) that the estimated impact of birth weight falls when controlling
ecarly health conditions in regression. Since information on early sickness is limited
and the sample size is small in the present study relative to the data used in Currie et

al. (2008), further study with more comprehensive data is desirable on this aspect.

The results for within-twins results strongly support birth weight as having a
significant favorable impact on the growth of children during childhood. It would be
worthwhile for the Chinese government to devote more resources on enhancing

infant’s weight at birth.
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Table 2 2 Descriptive Statistics of Child Twins and Non-Twins

Variables Identical Twins Whole Twins Non-twins
() {2) 3)

Birth Weight (kg) 242 246 313
{0 46) (0 48} {0 46)
Age 1076 1078 10 99
(2 81) {2 80) {2 81)
Gender 047 048 05
{0 50) (0 50} {0 50)
Father's Age 38 09 38 46 37TH
{4 94) {5 26} (4 34)
Mother's Age 3610 3637 35 40
{4 38) {4 76) (4 00}
Mother's Age at Birth 2534 2560 24 40
{3 66) {4 08) (312}
Father's Years of Schooling 939 219 9 56
{343) (337 (3 32)
Mother's Years of Schooling 875 838 830
(3 44) (3 33} {(317)
Father’s Monthly Earmings 722 14 74102 715 50
{558 53) {787 05} (675 17)
Mother's Monthly Earnings 476 42 480 20 462 03
(466 67) (602 27) (488 11)
Family Monthly Earnings 1198 56 1221 23 1177 52
{931 57) {1269 64) (997 88)
Exempt Region 061 D64 067
(0 49} {0 48) {0 47)
Children's Height-for-age Z-score {HAZ) -118 -118 88
{144} {147) {154)
Chidren's Weight-for-age Z-score (WAZ) 085 082 -0 61
(1 06} (105) {t12)
Children’s Body Mass Index-for-age Z-score (BAZ) -0 30 027 -023
{125) (124} {131)
Observations 1094 1770 1288

Note Mother's age at birth refers to the mother's age at twin birth in the twin sample and the mother's age at first
singleton birth i the singleton sample
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Table 2 3 QLS and Within-Twins Resulis of Birth Weight on Medium-Term Outcomes

QLS Within-Twins
BW IN(BW ) LBWY 8w in(B¥Y) LBW
) 2 ) @ 5) )
Dependent Varables
1 School Performance
Chingse Language Marks G 606 1555 -0 729 -0 861 -1 653 0434
{0 781} (1842) {0 691) {1 450} {3817 (0 848)
Z-Score of Chinese Language Marks 007 D179 -0 085 0037 -0 058 0034
(0064} (0354)  (0D058) {0124) (0304} (0072)
Mathematics Marks 0976 2787 -0 816 0715 -1 819 0612
(0 929) {2221) (0 837) (1731} (4041) (0862)
Z-Score of Mathematics Marks 0053 0 166 -0 065 -0 054 -0145 G057
(0067  (0159) (D 080) (0122} (0283) (0061
Number of "Three-Good Student” Award 0269*" 0870 -0192% 02 046 -0 037
(0109) (0255)  (00Q96) (0148) (0330) (0078)
1 Physical Growth and Health Conditions
Heught-for-age z-score {HAZ) 0267 0665 -0 096 0248 D607 -0 024
(0084) (0198}  (0080) (0067) {0147}  (0042)
Weight-for-age z-score (WAZ) 0327+ 0837™ D269 0 424™" 1005 -0 143™
(0 063) (0150} (0062} (D068} (D156) (0 041)
BM|-for-age z-score (BAZ} 0238 0599** -0263™* 0345 0817*** -0160*"
(DO71) {0172} (0 075) 0102y (02200 {0 0B2)
Underweight <0101 .0 264 0084 -0 049 -0 147 -0 D06
(0022} (0D056)  (0021) (0043) {D109) (0027)
Obese -0 007 -0 007 -0 003 0 034* 0 068" 007
(0012}  (0027) (0014) 0019y (0037)  (0012)
Frequency of Hospital Visits o282 -0B53™ 0214™ -0 146 -0 391 0055
{0104) {0 261) (0 103) (D129} (0 315) {0 072)
i Character
Good Character Index (O to 5) 0011 0018 -0 036 G073 014 0 006
{0104} (0 242) {0 094) {0 056) {0124} (0 035)
Bad Character Index (0te 15) -0 184" -0 478" 0 193** -0 08 -0 223 0021
(0102) (0252) (0091 (0083} (0207) (0054
Do Household Chores index (G to 8) 0 269" 0 585" - 164 G423 1015*  -D245™
(0123}  (0295) (0115) (0196) {(045%) (0116)
Twan Pairs 547 547 547 547 547 547
Observations 1094 1084 1084 1094 1094 1024
Notes

Robust standard errors are reported in parentheses
* significant at 10%, ** significant at 5%, *** sigruficant at 1%
OLS regressions include age, gender dummy, birth order dummy, exempt region dummy, mother’s age at twin birth,
parents’ years of schooling, and farmuly earmings

wWithin-twin-parr regressions include birth order dummy
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Fig. 2.1: Distribution of Birth Weight in Child Twin Data Set
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App Fig 21 Cross-Sectional Relationship Between 8irth Weight and Chin Lang Mark
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App Fig 2 3 Cross-Sectonal Relationship Between BW and Number of Awards
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App Fig 2 5 Cross-Sectional Relationship Between Buth Wewght and WAZ
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App. Fig 2 7: Cross-Sechonat Relatonship Between Birth Weight ang Do Household Chores Index
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Chapter 3

Impact of Birth Weight on Long-Term Outcomes:
Evidence from Chinese Adult Twins

3.1. Introduction

3.1.1. Motivations and Objectives

In Chapter 2, the Chinese child twin data set was used to examine the influence of
birth weight on medium-term outcomes. The within-twins results of the preceding
chapter indicate that birth weight has a significant favorable effect on individual
growth during childhood, but no significant impact on school outcomes and
personalities. In particular, the preceding chapter is the first to test directly whether
the effect operates through interaction of birth weight with post-birth parental inputs.
The said findings indicate that within-twins estimate does not contain the interactive
effect. While Chapter 2 examines birth weight effect on medium-term outcomes, this
chapter attempts to use a Chinese adult twin data set to examine the effect on long-

term outcomes. Our specific objectives of this chapter are presented below.

First, the Chincse adult twin data are used to investigate birth weight effect on long-
term performances, including educational attainment, earnings, adult height, body
mass, health conditions, and birth weight of the next generation. 7 To our best
knowledge, all previous twins-based studies have focused on the impact of birth
weight on long-term achievements using data from developed countries such as the
US and Canada. The current study uses data from an Asian developing country to
examine whether the birth weight impacts on long-term outcomes are more (less)
significant in a developing country wherein social welfare and health care systems are

less complete as compared to.

Second, similar to the preceding chapter, the present study examines threshold levels

as well as the non-linearity impact of birth weight on long-term performances. Black

" In the case of mtergenerational transmission of birth weight, within-twins results in Black et al.
(2007) and Royer (2009) suggest that the mother born heavier gives barth to a child wath higher birth
weight
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et al. (2007} and Royer (2009) use spline regression to test the non-linearity issue;
however, the evidence obtained in these studies is mixed. In the case of high school
completion, Black et al. (2007) find that within-twins estimate is larger in the range of
less than 2,500 grams. In contrast, Royer (2009) finds that within-twins estimate is
larger in the range of 2,500 grams or above for years of schooling, Thus, the aim of
the present study is to use Chinese adult twin data to test non-linearity with respect to

long-term outcomes.

Third, the bias directions of OLS relative to within-twins estimates on specific long-
term outcomes across empirical studies are compared and discussed in this study.
Similar to past twins-based literature, the adult twin data used in this work do not
have information on parental inputs towards twins in childhood. Thus, differentiating
the proxy effect and the interactive effect would be impossible. Only the overall bias
direction of QLS relative to within-twins estimates can be achieved. Thus, two effects
are regarded as a joint effect (i.e, “family effect”) in this paper. The upward
(downward) bias of QLS relative to within-twins estimates indicates that the family
effect is positive (negative). In other words, there is an overall positive (negative)
correlation between birth weight and omitted factors (e.g., unobserved genes,
neighborhood, parental inputs, and so on). Except for the study of Behrman and
Rosenzweig (2004), prior literature seldom interprets the bias direction of OLS
relative to within-twins estimates for a given outcome. By comparing their OLS and
within-twins results for educational achievement and earnings, Behrman and
Rosenzweig (2004) propose two interesting possibilities. One is that a child born with
higher birth weight is less intelligent than a child born with lower birth weight. The
other is that parents employ compensating actions on children born with lower birth
weight. This has aroused our interest to sum up twins-based findings systematically,

and then relate possible omitted factors and their correlation with birth weight.

3.1.2. Major Findings and Contributions

The main empirical findings are summarized as follows. First, this study is the first to
use Chinese adult twin data to analyze the impact of birth weight on long-term

outcomes. The OLS results of this study indicate that the effect of birth weight is
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significant on carnings, height, and health conditions in the long term. However,
within-twin-pair results indicate that birth weight has a significant positive influence
on height alone. In contrast to prior studies (e.g., Black et al., 2007), the within-twins
results of this present work indicate that birth weight has no significant influence on
earnings and birth weight of the next generation. Moreover, as a whole, we find little
evidence to support the argument that birth weight effect is non-linear on long-term

outcomes, except for educational attainment.

A major limitation of the said results on the impact of birth weight on long-term
outcomes using Chinese adult twin data is that both OLS and within-twins estimates
suffer from measurement error bias sincc birth weight records were self-reported by
interviewees. As the respondents were approximately 37 years old on the average in
the adult twin sample, the measurcment error bias tends to be serious. If the error is
not related to the true birth weight, then the bias 1s downward in both the OLS and
within-twins (even more exacerbated). Unfortunately, this study lacks appropriate
instrumental variable (IV) to tackle such problem. Future study especially using Asian

developing countries’ data is welcome to further explore the above findings.

In addition, the pattern of bias directions of OLS relative to within-twins estimates
from twins-based studies is interpreted systematically across two main types of
outcomes (i.e., health-related and ability-related).”® We find that OLS estimates across
empirical studies are consistently biased upward for long-term health measures,
relative to within-twins estimates. Overall, this suggests that omitted factors and birth
weight are positively related for health outcomes. However, we find that the bias
directions of QLS estimates relative to within-twins estimates fluctuate across
empirical studies on ability-related outcomes, including educational attainment and
earnings. OLS estimates have a downward bias in some studies (e.g., Behrman and
Rosenzweig, 2004; Black et al., 2007), while have an upward bias in others (e.g.,
Oreopoulos et al., 2008).

% As prior literature use data from admimstrative birth records, the measurement error on birth weight
1s not a big concern Thus, the bias direction of OLS relative to within-twins estimates on a specific
cutcome 1s mainly due to the ormtted vanable bias m the OLS regression.
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The rest of this chapter is organized as follows. Section 3.2 reviews some recent and
important literature on birth weight impact on long-term performances. Section 3.3
describes the adult twin data set presented by this current work. Section 3.4 introduces
the methodology. Section 3.5 reports and analyzes the results. Section 3.6 concludes

the main findings and implications.

3.2. Literature Review

To analyze the long-term impact of birth weight, recent studies adopt within-twins
regressions to overcome omitted variable bias from unobservable genetic and family
factors. Behrman and Rosenzweig (2004) use monozygotic (MZ) female twins drawn
from the Minnesota Twins Registry (MTR) to analyzc the impact of birth weight on
educational attainment, body mass, height, and eamings. To obtain personal
information on weight, height, eamings, and family characteristics, the authors mailed
survey questionnaires to 5,862 members of MTR and received 3,682 completed
questionnaires, of which 804 women were monozygotic (MZ) twins. The within-twin-
pair results indicate that birth weight has significant impact on height, educational
attainments, and earnings, but no significant impact on body mass and birth weight of
the next generation. Interestingly, the effect of birth weight on educational
achievement and carnings is underestimated substantially in the pooled OLS
regressions relative to within-twins regressions. The authors propose two possible
reasons. First, across households, parents compensate more on their weaker child;
hencc, there is a negative correlation between post-birth parental inputs and birth
weight. Next, there is a negative relationship between birth weight and unobserved
ability, suggesting that infants bom with lower birth weight are more intelligent.

These are further discussed in Sections 3.4.3 and 3.5.3.

Subsequently, Royer (2009) uses twin data (both MZ and DZ twins) from California,
USA, and finds that birth weight has significant impact on educational attainment {not
robust), later pregnancy complications, and birth weight of the next generation. In
Rovyer (2009), spline FE regression resulis show that the birth weight effect on infant
mortality and birth weight of the next generation is more significant in the range of

less than 2,500 grams, however, the effect on educational attainment is more
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significant in the range of 2,500 grams or above. As a whole, the author concludes
that birth weight effects are minimal since it is impossible to increase birth weight

substantially.

Apart from the US findings, two other studies have used twin data from other
countries recently. Black et al. (2007) use Norwegian twin data to study the influence
of birth weight on both short-term and long-term outcomes. Their sample size is large.
They find that the effects are significant but substantially smaller in within-twins
relative to OLS regressions on short-term health outcomes, including one-year
mortality and five-minute Apgar score. Moreover, they find significant birth weight
impact on several long-term outcomes, including 1Q, height, body mass, educational
attainment, and earnings. Furthermore, Black et al. (2007) use spline FE regressions
to examine the non-linearity of the influence of birth weight. They find that the effects
are more significant for birth weight of less than 2,500 grams for short-term health
outcomes. Evidence supporting the non-linearity impact on long-term outcomes is

weak.

As mentioned in Chapter 2, Oreopoulos et al. (2008) use both siblings and twin data
in Canada to analyze birth weight impact on several outcomes in the short, medium,
and long term. Their within-twins results show that birth weight has a significant
positive effect on the probability of reaching Grade 12 by age 17 and a negative
significant effect on the probability to pick up social assistance after reaching 18 years

of age.

Despite most prior studies showing significant birth weight effects on long-term
outcomes, such studies seldom look into mechanism(s) that underlies the birth weight
effect. In particular, studies (except that of Behrman and Rosenzweig, 2004) seldom
discuss why OLS estimates are biased upward or downward relative to within-twins
estimates for a given outcome. The present study attempts to shed further light on this

aspect.
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3.3. Data

The Chinese adult twin data set was drawn from the Chinese Twins Survey, which
was collected by the Urban Survey Unit (USU) of the National Bureau of Statistics
(NBS) in June and July 2002 in five cities of China, including Chengdu, Chongging,
Harbin, Hefei, and Wuhan. This survey was financed by the Research Grants Council
of Hong Kong. Using existing twin questionnaires in the US and elsewhere as
reference, as well as opinions from Professor Mark Rosenzweig and Chinese experts
from the NBS, Professor Junsen Zhang designed the questionnaire to cover a wide
range of socio-economic information. Adult twins aged between 18 and 65 were listed
by the local Statistical Bureaus through various channels, such as through colleagues,
friends, relatives, newspaper advertisements, reports from neighborhoods,
neighborhood management committecs, household records from the local Public
Security Bureau, and so forth. With a wide range of collection channels, the resulting
sample can obtain roughly the same probability of contacting all resident twins, thus

the sample can be approximately representative.

Household face-to-face personal interviews were conducted; questionnaires were
completed during the interviews. Several site checks were made by Professor Junsen
Zhang and experts from the NBS to ensure data accuracy. After discussions with
Professor Mark Rosenzweig and other experts, the data input process was carried out
in July and August 2002 under the close supervision and monitoring of Professor
Junsen Zhang. This data set is the first twin data set in China, and consists of rich and
representative information on socio-economic aspects. For the adult twin sample, we
use three criteria including gender, hair color, and appearance to distinguish whether
twins are identical. If both twins responded that they had same gender, hair color, and
almost the same appearance, they were regarded as identical twins. As a result, we
had 914 pairs of identical twins (1,828 individuals). In addition, to allow for a
comparison with the general population dominated by singletons, the survey for non-
twin houscholds was conducted at the same period as the twin survey. These non-twin
houscholds in the five cities were sought from households at which the USU have
carried out regular surveys on a monthly basis. Their initial samples were chosen
randomly to ensure data representativeness. To obtain complete information on birth

weight, earnings, education, and other relevant variables for both twin siblings, the
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final sample of the current work includes 808 adult identical twin pairs (1,616

individuals).”®
Generalizability of Twins-Based Estimation

As mentioned in the preceding chapter, the usefulness of within-twin-pair regression
relies on whether the results can be extended to the general population, which is
dominated by singletons. Here, the average values of key variables of twins and
singletons arc first reported and compared (Table 3.1). As shown in Column (1),
identical twins were approximately 37 years old on the average in 2002, They
weighed approximately 2,400 grams at birth. They were 164.5 centimeters tall at the
time of the interview. Furthermore, they had 11 years of education, 17 vears of
working experience, and earned 873 RMB as monthly (including wage, bonus, and
subsidies). All these attributes of identical twins were almost the same as those of all

twins from the whole twin sample, as shown in Column (2).

Regarding other characteristics except birth weight, based on Columns (1) and (3),
both adult twins and non-twins had similar mean values,® and the major difference
between adult twins and singletons was mainly on birth weight. Consistent with
Chapter 2, the average birth weight of identical adult twins was approximately 2,400
grams. The mean birth weight of non-twins was approximately 3,100 grams. Prior
studies (e.g., Behrman and Rosenzweig, 2004; Black et al., 2007) also report such a
pattern. As noted in the preceding chapter, because two babies were being carried at
the same time, on average, the weight of each twin is less than that of singletons at

birth.

Figire 3.1 plots the birth weight distribution of singletons and identical twins from
using the adult singleton and twin samples of the present work. The illustration
indicates that about 50% of twins were born less than 2,500 grams. However, the

shape of the dispersion is similar over twins and singletons. To examine the external

* There were four twin paus with birth weight difference greater than 2,500 grams. Moreover, 15
individuals were deaf before 18 years old. In order to obtain complete information for both twins nside
a famiy, 28 observations were dropped from the data set. In addition, 1n the final sample (1,616
mndividual observations), there were 1,048 observations with positive earnings,

0 As mdividuals 1n the non-twin sample were older than 1n the twin sample, individuals i the non-twin
sample had more working expenience on the average.
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validity of using adult twin data in the present research further, the outcomes of adult
twins and singletons were plotted for birth weight distribution (see Appendix Figures
3.1 to 3.6).*! The patterns of relationship between each outcome and birth weight
were similar across adult twins and singletons, suggesting that results from the adult

twin data may be generalized to the whole population.

As displayed in Figure 3.2, the variations of birth weight between identical twin
siblings were only approximately 25% of identical twin siblings having the same birth
weight, 24% had 100 or less than 100 grams of difference in birth weight;
approximately 17% had birth weight difference of 100-200 grams; and the remaining
34% had birth weight differences of 300 grams or above. This dispersion allows us to
have the variation in the size of birth weight between twins to implement within-twins

. 42
regression.

3.4. Methodology

3.4.1. OLS, Within-Twin-Pair Regressions and Long-Term Outcomes

The advantage of within-twin-pair regression relative to OLS regression has already

been discussed in Chapter 2. As noted earlier, the present study cannot differentiate
the proxy and interactive effects. Thus, we simply use 4, to represent all unobserved

factors, such as genetic factors, parental inputs, other family characteristics, and so
forth. Below, the regressions are briefly illustrated and variables used in the

regression are introduced in detail.

OLS Regression

The following equation uses BW to represent the measure of birth weight:

yy=ﬁBW;+§ﬂy+aXi+(DZU+8‘y, (3.1.1)

! Outcomes include years of schooling, log earnings, height, body mass index (BMI), sickness mdex,
and birth weight of the next generation (female twins only).

%2 To test the sensitivity of the results to any outliers, the observations in which the absolute difference
in birth weight between twins exceeds 3 standard deviations from the mean of the absolute difference
are excluded. In whole, 26 observations are dropped, resulting in 1590 observations. The results for the
umpact of birth weight on long-term outcomes n the reduced adult twin sample (not shown) are almost
the same as those from the original sample (1,616 observations). Thus, the empirical results are not
sensitive to any outhers
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where 7 refers to a family; j refers to a specific twin sibling in a family; y, 1is the
outcome of sibling ;/ in family #; BW, is the birth weight measure; 4, is a set of
unobservable factors, including genetic factors, parental inputs, and so forth; X,

refers to a set of other observed family factors; Z, is a set of observed individual

variables that affect the outcome, such as age, gender, birth order, marital status, and

so forth; and ¢, is the error term, which is assumed to be independent of all other

variables in the cquation.

The coefficient of interest is 3, which measures the own impact of birth weight,
holding all other observable and unobservable factors constant. Unfortunately, the

OLS estimate ( 5, )} is biased in general because u , which is correlated with birth

weight, cannot be controlled in the regression.
.cov(BW ,u,)
V&I‘(BVV,J) (3.1.2)

—
Samily effect

Pos =B+0

x

Within-Twins Regression

Ideally, as identical twins have identical genes and common family background, #, is

expected to be invariant between twins (4, = 4, ).

The within-twin-pair fixed effects estimation is specified as follows:
Ya=PBW, +S py+a X, +9 Z,+5,, (3.1.3)

y::z:ﬁBWm+5‘ﬂ;2+a.X,+¢9'Za2+8:2- (3.1.4)

The result of first difference of Equations (3.1.3) and (3.1.4) is
Yn—¥Va= ﬂ(BWn _BWI2)+(0I (Zn _ij)"'gn & (3-1-5)
The within-twin-pair estimate ( 5, ) is unbiased and measures the own effect of birth

weight.

The following introduces the present study’s measures for long-term performances.
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Educational Attainment

Four measures of educational attainment are utilized. The first measure is self-
reported years of schooling, which is the sum of years spent on each educational level,
as reported by interviewees. The second measure is standardized years of schooling
by educational level: 3 years for education below primary school; 6 years for primary
school; 9 years for jumor high school; 12 years for high school; 14 years for technical
school; 15 years for college; 16 years for a bachelor; 18 years for a master; and 19
years for a doctorate. The other two measures are “high school or above” dummy and

“college or above” dummy.*

Earnings

Eamings of employees are used as measure of performance in the labor market.**
Respondents might be self-employed, unemployed, or retired, which can result in
records on zero or missing earnings. To tackle the sample selection bias in the pooled
OLS estimation, Heckman two-step selection method is used. In the first step, an extra
variable is added (i.e., non-labor income) into the probit estimation.*’ To tackle the
selection problem in within-twin-pair estimation, Tunali’s approach (1986) of double
selection is utilized.*® In the first step, a bivariate probit model is estimated for
working decision of a twin pair as having four possible outcomes: both twins work,
only one sibling works (either Twin 1 or Twin 2), or neither twins works. Non-labor
income of each twin sibling is added in the first step of bivariate probit regression.
Next, a double-selection term for each twin sibling, an analogy of the inverse mill
ratio in the case of single-selection, is computed. In the second step, these two

5 . " ; 7
selection terms are added in the earnings reg*(essnon.4

“ “High school or above” dummy 1s a dummy vanable that 1s equal to 1 1f the individual has high
school, technical school or above educational level; otherwise, 1t 15 0. “College or above” dummy 18 a
dummy variable that 1s equal to 1 if the individual has a college degree or above educational level,
otherwise, 1t 15 0

* Earmings include employee wage with bonus and subsidies only

“* Non-labor mcome includes net operating income, rental income, interest income, parents’ transfer
payments, and other sources of income

“ Bonjour et al {(2004) also apply Tunali’s method to tackle the selection problem in within-twin-pair
regression

“T Since the original estimated standard error 1s inappropnate, bootstrapped standard error 1s used
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The yields of educational attainment with and without birth weight measure are
compared in order to check whether return to schooling is affected significantly.
Previous studies estimating the return to education, such as that by Ashenfelter and
Krueger (1994), presume that identical twins have the same ability and common
background, and thus, differencing could remove omitted variable bias. However,
twins often have different birth weight. In other words, the infant health condition and
nutrient intake before being born (represented by birth weight) of twins may not be
the same. If in fact birth weight matters and affects both educational attainment and
earnings, the results of previous twins-based studies on the return to education may
still suffer from omitted variable bias because birth weight is uncontrolled for in
previous studies. Miller et al. (2005) use Australian twin data to estimate return of
schooling with or without adding birth weight as control variables. They conclude that
the omitted variable bias in within-twins regressions when estimating the return to
education is negligible as the estimated coefficient of years of schooling diminishes
very slightly (i.e., less than 1 percentage point) when birth weight measure is added.
Using the present Chinese adult twin sample, we follow the approach of Miller et al.

to examine whether similar qualitative results can be replicated.

Health-Related Outcomes

The first measure of health-related outcome is height, as measured in centimeters.
Height can serve as a long-term health indicator.*® As mentioned in Chapter 2, body
mass index (BMI) is a measure of body fat.*” An increase in BMI does not necessary
imply an improvement or a deterioration in health conditions. In general, the normal
range of BMI for an adult is from 18.5 to 24.9. If BMI is less than 18.5, then the
person is considered underweight; if greater than or equal to 25, then the person is
said to be overweight.”® Thus, two dummy variables to represent being underweight
and overweight are used to examine the influence of birth weight on the probability of

having extreme body mass.

8 For example, Chen and Zhou (2007) use height as a health indicator 1n studying the influence of
Great Famine (1959-1961) occurred in China on affected cohorts. Behrman and Rosenzweig (2004)
and Black et al (2007) also use height as the measure of long-term outcomes.

Weight in Kilog rams
(Height in centimers)®
%0 If BMI 1s greater than or equal to 30, then the person s classified as obese. However, the

observations for being obese are very few in our sample. Hence, overweight and obese categories are
combined as one group 1n the present study.

¥ BMI =[ ]x 10,000.
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In addition, the questionnaire for the present study consists of information on whether
interviewees have had the following: migraine, hay fever, skin allergy, hypertension,
neurasthenia, heart problem, and functional disability on neck, back, arms, and legs.
Such complaints are listed to form a sickness index ranging from 0 to 10, and are used
as a measure of present health conditions; the lower the value of the sick index, the

better the present health conditions.

Finally, the impact of the mother’s birth weight vis-a-vis the birth weight of her first
biological child is examined using the female identical twin data. If the first child is
not the respondent’s biological child, then the second child is used, or the third, and so
forth.

3.4.2. Threshold Estimation and Test of Non-Linearity Effect of Birth
Weight on Long-Term Outcomes

As noted in Chapter 2, a potential limitation on the usefulness of twin data in studying
birth weight impact is non-linearity. If the influence of birth weight appears at the
bottom range of the birth weight distribution alone, then the results from twin data
may overstate the influence of birth weight. As in the preceding chapter, apart from
spline reg;rv&:ssion,SI threshold estimation is used to test the non-linearity influence in

terms of long-term outcomes.

3.4.3. Investigation on the Bias Direction of OLS relative to Within-
Twins Estimates

The preceding chapter examined whether the interactive effect is contained in OLS
estimates, in within-twins estimates, or in both in terms of medium-term
performances. However, similar to prior twins-based studies, the adult twin data set
used in the present study does not have any information on parental inputs on twins in
childhood. Thus, it is not possible to differentiate the proxy effect and interactive
effect based using the said adult twin sample. In the present work, these two effects

arc combined as a joint effect, referred to as “family effect.” The aim is to analyze

5\ Again, a knot pont at 2,500 grams 1s used for spline regression.
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whether the biases of OLS relative to within-twins estimates across empirical studies
display a regular direction in terms of various long-term outcomes.>” The type of
omitted factors and their relationship with birth weight, which are likely to result in
the bias direction, are discussed as well. For instance, if a child born heavier is really
less intelligent, a downward bias direction of OLS estimates in twins-based studies on

educational attainment 1s cxpected.

To simplify analysis on the bias direction of OLS relative to within-twins estimates
and the link to omitted factors in response to different types of outcomes, the
following assumptions are added. First, long-term outcomes are divided into two
categories: health-related and ability-related outcomes. Second, no measurement error
problem exists.” Third, omitted factors are divided into two main groups: unobserved
endowments (health-related and ability-related) and unobserved parental inputs. In the
succeeding segments, results of bias direction of OLS relative to within-twins

estimates for health-related and ability-related outcomes are presented.

Health-Related Outcomes, such as height

Result (1): In the case of health-related outcomes, if omitted factors and birth weight
are positively related, the OLS estimate is biased upward relative to within-twin-pair
estimate.

. cov(BW, ,u,)
Remark: ’80"—5 :‘B+ h . .
var(BW )

x

—
+ve family effect

Unobserved family factors and birth weight are likely to be related positively in terms
of health performances. For instance, individuals are born heavier because their
parents arc endowed with better health-related genes. These individuals inhent better
health-related genes, and thus have better health conditions in the long run. Due to the

positive family effect, the OLS estimate is biased upward.

*2 Some studies conduct robustness checks with different sample sizes, for simplicity and brevity, in
%cncral, the present work compares the results with the largest sample size.

The birth weight records 1 prior hterature come from birth certificates and thus the measurement
error bias 1s not a big concern m their empinical results.
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Ability-Related Outcomes, such as educational attainment and earnings
Result (2): In the case of ability-related outcomes, if omitted factors and birth weight
are positively related, the OLS estimate is biased upward relative to within-twins

estimate.

. Cov(BW 1)
k- =f+0 LY
Remark; ﬂOLS ﬂ a var(BWy)

+ve family effect

A possible reason is the positive correlation between unobserved ability and birth
weight. For instance, smarter parents tend to have more endowed children born with
higher birth weight. Children who inherit better ability can perform better in school
and labor market. The OLS estimate, which contains the positive family effect, is

biased upward.

Result (3): In the case of ability-related outcomes, if omitted factors and birth weight
are negatively related, the OLS estimate ts biased downward relative to within-twins
estimate.
cov(BW,,u,}

var(BW,) -

»
—ve family effect

Remark: Bos =B+ 5:;

W

There are two possible reasons for the negative family effect. One is on the negative
correlation between unobserved ability and birth weight (i.e., a heavier baby is less
intelligent). The other reason is the negative correlation between parental inputs and
birth weight (i.e., parents compensate on children born with lower birth weight in

order for them to catch up with other children).
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3.5. Results

3.5.1. Results of Birth Weight Impact on Long-Term Outcomes

In this section, the OLS and within-twins results for birth weight effect on long-term

outcomes are reported.

Table 3.2 lists the regression results of four measures of educational attainment. For
self-reported years of schooling, all OLS estimates of birth weight measures are
insignificant, in contrast, within-twins estimates of birth weight measures are
significant at the 5% level. These suggest that the OLS estimates have a downward
bias. Such findings are similar to those by Behrman and Rosenzweig (2004) and
Black et al. (2007) on educational attainment. The significance in within-twins
estimates disappears in the case of years of schooling by educational level, “high
school or above” dummy, and “college or above” dummy, even though OLS estimates
remain smaller than within-twins estimates.>* Overall, the findings of the present

study for the birth weight effect on educational achievement are mixed.

Table 3.3 displays the regression results (tackling sample selection) of birth weight
impact on log earnings.” In Columns (1) to (6), the OLS estimates of birth weight and
log birth weight are significant and positive.’® For instance, a 10% increase in birth
weight increases earnings by approximately 1.7%. However, birth weight measures
become insignificant in within-twin-pair estimation. Moreover, unlike the bias
direction for educational attainment, OLS estimates have an upward bias on
earnings,”’ suggesting positive correlation for unobserved earnings ability and birth
weight. Having opposite bias directions of OLS estimates on educational attainment
(biased downward) and log earnings (biased upward) are interesting. This may

indicate that ability has multiple dimensions in which leamning ability and earnings

Al logit and FElogit coefficients of birth weight measures are msigmficant for “high school or
above” dummy and “college or above” dummy

55 The estimates of birth weight measures are very close with or without handling the selection problem.
In particular, the estimated selection terms are msigmficant in OLS and within-twin-pair estimations.
This indicates that the selection problem 1s not serious The regression results without handling the
selection problem are shown in Appendix Table 3 1.

5 In Table 3.3 and Appendix Table 3.1, educational attanment 1s measured by self-reported years of
schooling.

" The OLS estimate of the return to education 1s biased upward relative to the withm-twin-pair
estimate (0.075 relative to 0.023).
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ability are different. Possibly, birth weight is related positively to earnings ability, and
negatively related to learning ability. Future work is needed to clarify this point

further.

Apart from analyzing birth weight effect on earnings, we are also interested in
investigating whether return to education would be affected by adding birth weight in
the regressions. Table 3.4 lists the returns to education estimated by OLS, within-
twins, and instrumental variable (IV) within-twins rf:gressions58 with and without
controlling for birth weight measures.”” For the OLS estimation, once controlled for
birth weight, the estimated coefficient of years of schooling diminishes. Among
within-twins and IV within-twins results in the present study, no significant difference
on the coefficients of years of schooling with and without controlling for birth weight
is evident. Miller et al. (2005) also find similar results. The findings in the present
study further confirm that the within-twins estimate of return to education is less

biased compared with the OLS estimate.

Table 3.5 summarizes the regression results on health-related outcomes. Within-twins
results suggest that birth weight has a significant positive influence on adult height;
however, the magnitude is smaller than in OLS results. An increase in birth weight by
1000 grams leads to a 0.8-centimeter increase in height. Both OLS and within-twins
results further suggest that birth weight has no effect on the probability of being
underweight or overweight. This is different from within-twins results of Black et al.
{2007), in which birth weight has a significant negative effect on the probability of
being underweight and significant positive effect on the probability of being
overweight. In addition, OLS results suggest that individuals born heavier have lower
probability of suffering from several common sicknesses. However, all the estimates

of birth weight measures are insignificant in within-twins regressions. Similar to the

*® If there arc measurement errors n schooling, within-twins regression ntensifies the downward bias
problem. To deal with this problem, an mstrument suggested by Ashenfelter and Krueger (1894) 1s

used by the present study: Let Z:‘ denote twin &’s report of twin ;°s schooling level, AZ" = Z]] —Z;

and AZ" = le —Z; Years of schooling for cach of the siblings reported by one twin 1s used Years of

schoohing for each of the siblhings reported by the other twin 1s used as an instrument. The within-twins
regression 18 as follows:

yl! _ylr :ﬁ(BH]IJ “BW2|)+M:¢+(£I1 —{,‘3‘_),

where AZ"" 15 used as an insirumental vanable for AZ".
*? Educational attainment 1s measured by self-reported years of schoolng.
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findings on medium-term health conditions in Chapter 2, we find that the OLS
regression overestimates the impact of birth weight on the present health conditions of
adults. Furthermore, for birth weight of the next generation, both OLS and within-

twins estimates are insignificant.%’

In short, OLS results suggest that there are positively significant relationships
between birth weight and earnings, as well as height and health conditions, in the long
term. However, within-twins results indicate that birth weight has a significantly
positive effect on height alone.®’ The within-twins results on educational achievement
of this present study arc mixed. Interestingly, the OLS estimates tend to be biased
upwards relative to within-twins estimates on earnings, height, and health conditions,

but biased downward on educational attainment.

Potential Biases of Within-Twin-Pair Estimates

Fraga et al. (2005) find that the epigenetic modifications which affect the gene
expressions and phenotypes were more obvious when MZ twins become older as they
have different lifestyles and have spent less of their lives together. For instance,
smoking habits, physical activity and diet are extemal factors that have long-term
influence on epigenetic modifications. Thus, it is possible that some unobserved

variables remain in (&,—¢, ) which are correlated with birth weight difference
(BW,-BW,) and affect later outcomes. Bound & Solon (1999) have shown that

within-twins estimation may still be subject to the same sort of bias that affects the
OLS estimation. Thus, the major concemn to carry out within-twins estimation

depends on whether it is less biased than the OLS estimate.

® As the sample size 1s small (233 observations), it 15 likely that the estimated coefficients are
imprecise and stahistically insigmficant

* Some studics use only male or female same-sex twins for analysts (€ g, Behrman and Rosenzweg,
2004). Black et al (2007} compared the estimates using all twins (consisting of both male and female
same-sex twins} with estimates from using male same-sex twins and female same-sex twins separately
According to therr findings, most of the results from all twins are similar to those usmg male and
fcmale same-sex twins One may argue that the nfluence of birth weight may differ by gender In order
to clarify the possibality, the present study replicated the analysis on male and female 1dentical twin
sub-samples The results (not shown) from the whole sample, male sub-sampie, and female sub-sample
are somewhat sumilar Thus, for estimates that are more precise, the whole sample for long-term
outcomes ts used, cxcept for birth weight of the next generation In addrion, several prior studies, such
as those by Black et al (2005), find that birth order 1s important and can affect later outcomes Overall,
within-twins results i the present study indicate that birth order has no sigmficant influence on long-
term ouicomes This suggests that birth order 18 not impoertant between twins.
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Following Ashenfelter & Rouse (1998), we conduct a correlation analysis. We use the
correlation of average family birth weight over each twin pair with the average family
characteristics that may be correlated with ability (for example, membership of the
Chinese Communist Party, job tenure, working in a foreign firm, marital status, and
spousal education) to indicate the expected ability bias in a cross-sectional OLS
regression. We then estimate the correlations of the within-twins differences in birth
weight with the within-twins differences in these characteristics to indicate the
expected remaining bias in a within-twin-pair regression. The results (shown in
Appendix Table 3.2) strongly supports that within-twins estimate is likely to be less
affected by omitted variables than the OLS estimation overall. The correlation
between average family siblings’ birth weight and average family attributes are highly
significant in marital status and job tenure. But none of the within-twin-pair
correlations is significant in first-difference form of these attributes. Of course, these
characteristics are only an incomplete set of ability measures, but the evidence is

suggestive.

Measurement Error

In the adult twin sample, as birth weight records were self-reported by interviewees
who were about 37 years old on the average in the adult twin sample, the
measurement error bias tends to be serious. If interviewees did not intentionally over-
report or under-report the birth weight record based on their true birth weight, then the
classical errors-in-variables assumption holds (that is, the recall error is not related to
the true birth weight). As mentioned in the preceding chapter, the measurement error
problem results in a downward bias in both OLS and within-twins regressions. In

particular, within-twins regression exacerbates the measurement error bias.

To deal with this problem, a possible solution is to find an instrument that correlates
strongly with birth weight and has no direct effect on the outcome of interest. The
questionnaire used in the adult twin survey consists of three variables on the infancy
period: birth date, birth weight, and birth order. The correlation between birth weight
and birth order is too weak for birth order to be an instrumental variable of birth
weight. Understandably, the above results are subject to measurement error bias;

however, unfortunately, this study cannot overcome this problem. Future study using
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Asian developing country’s data is welcome to explore the said findings of birth

weight impact in this study.

3.5.2. Results of Spline and Threshold Regressions on Long-Term
Outcomes

In this section, results of spline and threshold regressions on long-term outcomes are
reported.®” Table 3.6 shows the results of spline regressions in which there is one knot
point at 2,500 grams. According to the p-value of F-test in the OLS results, the null
hypothesis that birth weight estimates are equal across two segments is not rejected
for long-term outcomes, except for “high school or above” dummy and height.
Results from within-twins regressions do not provide any evidence on non-linearity.
Table 3.7 reports the likelihood ratio test results for the existence of threshold effest.
Under a single threshold framework, except for three measures on educational
attainment, the p-values are greater than 0.10 for other long-term outcomes,
supporting the birth weight effect as being linear. The following table reports the
threshold level and the estimated coefficients of birth weight across two scgments on
these three measures: self-reported years of schooling, years of schooling by

educational level, and *“high schoeol or above” dummy.

Threshold Level and Estimates of Birth Weight on Three Measures of Educational Attainment

Dependent Variables Coefficient White SE  t-statistics
BW <2750 ¢ 1.019 0.279 3.659
Y f Schoo!l If-R d
ears of Schooling (SelfReported) o Joas0e 0772 0222 3471
Years of Schooling by Educational BW <3500 g -0.182 0.243 -0.746
Level BW>3500g 0.172 0.239 0.719
. BW <3500 g -0.037 0.042 -0.864
High School or Above Dummy BW > 3500 g 0.028 0.044 0.633

The estimated single threshold of birth weight is at 2,750 grams in the case of self-
reported years of schooling. The favorable effect is slightly higher in the lower range
(less than or equal to 2,750 grams) of birth weight (1.019 vs. 0.772), and both
coefficients are significant. However, the results for other two measures of

educational outcomes are different. First, the threshold of birth weight is at 3,500

% In Section 3.5 1, 1n the case of log earnings, the regression results are close with and without
addressing the sample selection problem. For sumplicity, when testing the non-hmeanty effect of birth
weight on eartungs, we use the reduced sample i which both twin siblings were employees and had
positive earnings.
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grams. Second, the estimates in the range of less than or equal to 3,500 grams are
negative, while the estimates in the range of greater than 3,500 grams are positive.
Third, all estimates across two segments are insignificant. As a whole, the threshold

regression results are mixed across measures of educational attainment.

In summary, in the present study, there is little evidence to indicate that the effect of

birth weight is non-linear for long-term outcomes, except for educational attainment,

3.5.3. Analysis of Bias Direction of OLS Relative to Within-Twins
Estimates: Comparison with the Literature

In the next segments, the OLS and within-twins results across empirical studies are
compared to examine any consistent bias direction of OLS relative to within-twins
estimates for health-related and ability-related outcomes. We attempt to relate the

pattern with unobservable omitted factors and Results (1 to 3} in Section 3.4.3.

Health-Related Qutcomes

The study compares empirical findings with health-related outcomes. Table 3.8 shows
the OLS and within-twin-pair results of prior literature and the present study on adult
height. Generally, OLS estimates are larger than within-twins estimates in Behrman
and Rosenzweig (2004) and Black et al. (2007). This holds true in the present study.
Similarly, according to the results on birth weight of the next generation (Table 3.9),
the OLS estimates are much larger than within-twins estimates reported previously in
Behrman and Rosenzweig (2004), Royer (2006), and Black et al. (2007).% In Table
3.10, using measures for present health conditions, Oreopoulos et al. (2008) use the
frequency of visiting physicians between 12 and 17 years of age, while the present
study uses the sickness index. Again, both studies find that the OLS estimates are

upwardly biased relative to within-twins estimates in general.

In the case of health measures, in general, OLS estimates tend to overstate the

influence of birth weight. As a whole, the above-mentioned findings are consistent

 The present study uses a small sample of female twins for analysis OLS estimates of barth weight
and log birth weight are positive and larger than within-twins estimates, even 1f all estimates are
insigm{iicant.
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with Result (1). Most of the spurious relationships found in OLS results are likely a

result of omitted unobservable factors (i.e., the positive family effect).

Ability-Related Qutcomes

OLS and within-twins findings arc compared across empirical studies in terms of
ability-related achievements. As listed in Table 3.11, Black et al. (2007) find that birth
weight has a significant influence on IQ in OLS and within-twins regressions. The
results support that birth weight has a significant favorable effect on the cognitive
ability of individuals. Interestingly, by Black et al. (2007), the OLS estimate is
slightly smaller than within-twins estimate on IQ (0.48 vs. 0.62). This pattern seems
to match Result (3), wherein family effect is negative. This suggests that unobserved
ability and birth weight are negatively related, or that parents compensate on children
born with lower birth weight. In contrast, according to Oreopoulos et al. (2008), OLS
estimates are much larger than within-twins estimates in terms of language art scores
in Grade 12. This is consistent with Result (2), which showed a positive correlation

between omitted factors and birth weight.

Empirical findings on educational achievement in literature are summarized in Table
3.12. As mentioned earlier, Behrman and Rosenzweig (2004) find that the within-
twins estimate is much greater than the OLS estimate on years of schooling. In Black
et al. (2007), the within-twins estimate is larger than the OLS estimate. In the present
study, a downward bias of OLS is observed relative to within-twins estimates for the
four measures of educational attainment shown in Table 3.2. The downward bias
seems to match Result (3). In contrast, Oreopoulos et al. (2008} find that OLS
estimates are greater than within-twins estimates in terms of reaching Grade 12 by age
17, which is consistent with Result (2). The findings from Royer (2006) are not robust.
Interestingly, as a whole, no consistent bias direction of OLS relative to within-twins

estimates is evident across the empirical studies for educational attainment.

The summary of empirical findings on earnings is shown in Table 3.13. OLS
estimates are smaller than within-twins estimates in Behrman and Rosenzweig (2004)
and Black et al. (2007), consistent with Result (3). On the contrary, in the present

study, OLS estimates are much larger than within-twins estimates, consistent with
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Result (2). Hence, once again, no regular pattern on the bias direction can be found

across studies in terms of eamnings.

In brief, as for health measures, the OLS estimates are biased upward relative to
within-twins estimates; this direction is consistent across empirical studies. The
pattern strongly supports the argument that omitted factors and birth weight are
related positively in terms of health conditions. Moreover, the inconsistent bias
direction across empirical studies appears on ability-related outcomes, such as
educational attainment and earnings. The upward bias direction of OLS estimates in
the case of ability-related outcomes suggests that unobservable factors and birth
weight are positively related. However, the downward bias direction of OLS estimates
supports the opposite story on a given ablity-related outcome. If unobserved ability
and birth weight are positively (negatively) related, a consistent upward (downward)
bias in the OLS estimates for specific outcomes across empirical studies is expected.
Similarly, if parents often compensate on children born with lower birth weight,
obtaining inconsistent bias directions (i.e., sometimes biased upward, sometimes
biased downward) on specific outcomes across empirical studies would be impossible.
Thus, the inconsistent pattern suggests that there are two main types of omitted
vaniables (i.e., endowments and post-birth parental inputs), each type having different
correlation with birth weight. The resulting bias direction of OLS relative to within-
twins estimates depends on which type of omitted variable bias dominates on specific
ability-related outcomes in empirical studies. Unfortunately, without further
information, these two kinds of omitted variable bias cannot be differentiated. Further

study on this aspect should be conducted.
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3.6. Concluding Remarks

This study is the first to use Chinese adult twin data, perhaps the first to use Asian
twin data, to analyze the influence of birth weight on long-term outcomes. The
present OLS results suggest that birth weight has positive and significant relationship
with earnings, height, and health conditions in the long term. However, within-twins
results indicate that birth weight has a significant positive influence on height alone.
Overall, the current within-twins results are quite different from those of previous
twins-based studies because extant studies often indicate that birth weight has

significant impact on earnings and birth weight of the next generation.

In wholeg, little evidence from spline and threshold regressions support the argument
that the birth weight effect i1s non-linear for long-term outcomes, except for

educational achievement.

This study sums up and interprets the bias direction of OLS relative to within-twins
estimates of empirical studies across two main types of outcomes. For health-related
outcomes, overall, OLS estimates are consistently larger than within-twins estimates
across empirical studies. However, for ability-related outcomes such as educational
attainment and earnings, there is an inconsistent pattern across empirical studies. This
suggests that two main types of omitted variable bias exist in terms of ability-related
outcomes. Depending on which type of omitted variable bias dominates, OLS
estimates are biased downward in some studies, while biased upward in other studies
for specific outcomes. Conducting further study in order to clarify these issues, and
further assisting in the understanding of underlying mechanisms of birth weight effect,

would therefore be greatly desirable.

The preceding and the present chapters have contributed several ways to the literature.
However, these findings are subject to two limitations. First, as noted earlier, birth
weight data are subject to measurement error. This problem is particularly serious in
the adult twin sample. The downward bias from measurement error may lead to
insignificant birth weight estimates in the within-twins regressions. Thus, future

studies using Chinese data is welcome to explore these findings further. Next, the
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results of birth weight impact on medium-term outcomes in the preceding chapter and
long-term outcomes in this chapter come from two different Chinese twin data sets.
The Chincse adult twin data in this study were collected from five cities in China in
2002, with interviewees aged 37 years old on the average, whereas the Chinese child
twin data were collected from Kunming District in Yunnan Province in 2002 and
2003 with interviewees aged 7-18 years old. Thus, a generation gap between child
twins and adult twins exists. Furthermore, in the past three decades, China has
undergone dramatic economic development. Due to the unbalanced economic
development occurring mainly in urban areas, especially along coastal regions, there
are significantly large regional differences in cultural and economic conditions across
provinces. Hence, the results obtained in Chapter 2 using Chinese child twin data, and
the findings in this chapter using Chinese adult twin data, might not be linked together
as a complete analysis of the birth weight effect on outcomes from medium to long

term.
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Table 3.1: Descriptive Statistics of the Adult Twin and Non-Twin Samples

Variable Identical Twins Whole Twins Non-twins
(1) (2) (3)

Birth Weight {(kg) 2.43 2.43 3.12
{0.60) (0.59) {0.54)
Height {cm) 164.46 164.83 164.15
{7.84) (7.94) (7.57)
Weight (kg) 59.78 59.66 61.33
{10.96) (10.57) (10.36)
Bl {kg/cm?) 22.03 21.90 22.71
{3.28) (3.23) (3.18)
Years of Schooling 11.33 11.36 11.40
(2.88) (2.89) {2.90)
Earnings (monthly) 872.91 860.55 847.585
(498.28) (534.94) (550.93)
Tenure 16.58 15.59 21.72
{10.03) (9.95) {9.13)
Age 37.45 36.43 43.09
(10.13) {10.19) (8.64)
Gender (Male) 0.55 0.57 0.44
(0.50) (0.50) (0.50)
Marital Status 0.73 0.69 0.90
(0.45) (0.46) {0.30)
Sample size (observations) 1616 2656 1602

Note: There are 1,048 identical twins with positive earnings, 1,738 whole twins with positive

earnings, and 1,234 non-twins with positive earnings.
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Table 3.12: Comparison of the Findings on Educational Attainment

Behrman and Rosenzwelg {2004}

Control Variables:

age, twins’ father's and mother's years of schooling, and twins' father's
cccUpational eamings

QObservations: 1.418 female twins from the US - Minnesota Twin Survey Dala
Quicome: Years of Schoolng
oLs Within-Twins Bias
Fetal Growth 0.385"* 0.657" downward
{0.139) (0.291)
Relationship between fetal growth and omitted factor:  negative
Rayer {2006} : - _
Contral Variables: dummias for birth arder, year of birth and race
Observations: 5,792 twins from California, US (with congenital anomalies)
Quicome: Years of Schaoling (maximum)
OLS Within-Twins Bias
8irth Weight (kg) ¢.1862°"" 0.1281* upward
(0.054) {0.076)

Relationship between BW and omitted factor:

positive

Observations:
Qutceme:

Birth Weight {(kg)

Relationship between BW and omifted factor:

3.060 twins from California, US {no congenilal anomalies)
Years of Scheoling {maxmmum})

oLs Within-Twins Bias
0.1295 0.1537 downward if exist
{0.085) {0.113)
negative

Qutcome.
Observations:

Birth Weight (ka}

Relationship between BW and omitted factor:

High Schaol Completion
5,604 twins from California, US (with congenital anomalies)

oLs Within-Twins Bias
0.0156 0.0179 -
{0.012) {0.019)

Black et al. !mm -

Contro! Variables:
Observalions:

Qutcome:

Log Birth Weight

Relationship between BW and omitted faclor:

dummies for year and maonth-of-birth, bih erder, and gender and
dummies for twins' mother's aducational level

13,106 twins from Norway

High School Completion {dummy for 1 with at least twelve years of
education)

oS Within-Twins Bias
0.07* 0.09** downward
{0.020) (0.040)

negative if exist

Oreopoulos et al. (2008}

Controf Variables:

Observations:
Qutcome:

BW = 1000 grams

1000 < BW £ 1500 grams
1500 < BW < 2500 grams
2500 < BW = 3000 grams

3000 < BW £ 3500 grams

Relationship between BW and omitted factor:

dummy for twins’ mother's marital stalus, dummy for gender, and family
sibling size dummies for the birth order of the twin within each family size

1,354 twins from Canada
Reaching Grade 12 by Age 17

oLs Within-Twins Bias
-0.3348* -0.0837 downward
{0.197) (0.243)
-0.2708*" -0.2315" downward
(0.087) {0.095)
-0.1284** -0.0685 downward
{0.062) {0.061)
-0.1084" -0.0921 -
{0.062) {0.057)
-0.0639 -0.0488 -
(0.066) {0.053)

positive

94



$6

aaqsod -JOJ0B}) PAJILLO PUB AAG UDamIeq dIYsuoneoy
(s90°0) (azo0)
psemdn 190°0- 5900 (6x) wbam g
seig SUIM | -UIYNAA s70
SUM-UILIM Jo) saied U] 6 PUB SO 40} SQ0 PaJosSuadun 8F0‘L SUONEBAIBSAQ

sawwnp Axo pue ‘Awunp Japuab ‘Awwnp Japio yuiq ‘Buijooyos jo siesk ‘abe

‘S8|QEeUBA |ONUCD

annebau
(0s00) (ceo0)
pIEMUMOD 210 «600
seig SuM | -UIUNAA sS10

ABMICH W0l SUIM] ZGB'G
|9AB| jeuoileanpa S 3Yjow SUIM) 10) Salwwnp pue Japusb pue ‘Japio ypiq ‘ypig-jo-4juowl pue Jeak Joj sanuuwnp

-10}08) PaNILO puUB Mg usamiag diysuoneey

Wb yuig 6o

“SUOREAIBSGO

'S8|qEUEA [0U0D

- = . (200Z)7Ie 33 ¥oelg

aanebau
(800°0) (€00 0)
PJEeMUMOp 610 62E00
seig SUIM | -UIYHAA s70

ejeg AoAng uw | BIOSSUUIW - SN SU WO SUIM] SLb°L
sbBunwea jeuonednaso sJayie} suimy pue ‘Buljooyos Jo sieak s ayjows pue sJauye) suiml ‘abe

OB} paNILLO pue MoIB [B1o) usam)aq diysuoneay

IMOIS) [B184

SUONBAIBSQQ)
'S$3|QBUBA |01JUON)

{v00Z) biomzuasoy pue ueunlyag

sbuwse3 Bo uo sbuipui a4 jo uosuedwo) (gL € a1ge ]



35

Fig. 3.1: Distribution of Birth Weight in Adult Twin Data Set
- Singletons and Twins
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Fig. 3.2: Distribution of Difference in Birth Weight Between Adult Twins
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App Fig 31 Cross-Sectional Relationship Between Bith Weight and Years of Schooling
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App Fig 32 Cross-Sectional Relationship Between Birth Weight and Log Earmings
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App Fig 33 Cross-Sechional Refationship Between Birth Weight and Height
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App Fig 34 Cross-Sectionai Relationship Between Birth Weight and BMI
o
g a
./*\
o
3 \\
o
y
«©
~— 1 M
o |
- I 1 T I 1 F T L
1000 1500 2000 2500 3000 3500 4000 4500
Birth Weight {gram}
Twin — #—

Singleton —e—

100



App Fig 35 Cross-Sectional Relahonship Between Birth Weight and Sickness Index
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Chapter 4

Trends on Marriage Age, Marriage Rate, and
Assortative Mating on Age in China from 1970 to
2004, Impact of the One-Child Policy

4.1. Introduction

4.1.1. Background

Why do people prefer to marry? Why is positive assortative mating on age widely
observed worldwide, with husbands being older than their wives, in general? Why and
how does economic development affect the marital behavior of people? Several
theoretical and empirical studies in economics and sociology offer answers to the

above-mentioned questions.

To answer the first question from a theoretical perspective, as elaborated in a
framework by Becker (1973, 1974), an individual chooses either to marry or to
remain single in an attempt to maximize his/her utility. The advantages of forming a
parinership can stem from various reasons, including gender division of labor in home
production and in the workplace. The advantage from division of labor comes from
specialization in production by gender, in which men are presumed as more

productive at work, while women are more productive at home.

In response to the second question, Becker (1973) builds up a model to show that
when traits are complementary, “mating of likes” becomes optimal. In other words,
the marriages formed by parties having similar complementary traits yield higher
utility. As age is one kind of complementary trait, people tend to marry others of
similar age. Bergstrom and Bagnoli (1993) further argue that the quality of women is
revealed during their youth, while, relatively, the quality of men manifest as they
grow older, Thus, men who predict that they will be more successful in their later
years will not marry until their achievements are revealed. As a result, in general, the
age of the wives is lesser compared with that of their husbands. In addition, Giolito

(2003) utilizes fecundity to explain why women marry earlier than do men. The age
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gap between spouses is positive on the average, as women have shorter fertility
periods than men, and women have better likelihood of bearing children at a younger
age. Based on empirical evidences on Western countries, age homogamy (i.e., spouses
of the same age) and marriages wherein wives are older than their husbands had

become more popular in the 20™ century.

As for the third question, several theoretical considerations are offered on marriage
age by gender with respect to economic growth. For instance, Keeley (1977) extends
Becker’s model and proposes that high-earning men are more likely to marry earlier,
while high-earning women delay marriage. In contrast, some researchers argue that
people with higher wages tend to marry later since a higher income is usually
associated with greater uncertainty at the young stage of career, and young people are
willing to delay marriage in order to settle their success and to find a better match in
later years. Within a developing economy, women often have more opportunities in
the labor market and earn more. Hence, the willingness of women to marry decreases
accordingly with potential gains from the marriage. Evidence from other countries
(such as the US, Argentina, Japan) indicates that the marriage rate of women falls as
the economy develops, and that the marriage age of men and women increases with
economic growth and increased complexity in their respective career (Qian, 1998;

Ellas, 2003; Iwasawa and Mita, 2008).

4.1.2. Motivations and Objectives

Relative to numerous studies on the developed countries in the West, only a few
studies investigate marriage age and marriage rate in China. The following paragraphs
illustrate the government policies on marriage and population, as well as the
economic development in 1970-2004. Findings from relevant literature on Chinese

marriage are also summarized.

China saw great changes in terms of policies on population and economic transitions
from 1970 to 2004. In the 1970s, the Chinese government encouraged people to marry
at a later age, have fewer children, and widen the interval between childbirths. To

control proactively the population expansion, the government implemented a birth
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control policy — the one-child policy in 1979 in order to restrict couples from having
more than one child, barring exemptions. In contrast, the restriction on late marriages
was relaxed in lieu of the direct control on fertility. A new marriage law implemented
in 1980 sets the new minimum marriage age at 20 and 22 for women and men,
respectively; this law is being enforced up to the present.*® At the same time, under
the leadership of Chairman Deng Xiaoping of the Communist Party of China in the
early 1980s, a more pragmatic political philosophy was adopted, emphasizing the
need to pursue national economic development. Since then, the government has begun
to transform from a central planned economy to a market economy. Such transition

has been very successful.

As far as we know, two studies on Chinese people’s likelihood to marry and marriage
age exist. Xu et al. (2003) use a data set collected in 1991 on Shanghai, Guangdong,
Sichuan, Jilin, Shandong, Shaanxi, and Ninxia, consisting of 4,509 couples based in
city, and 4,524 couples based in the countryside. They find that in the urban areas,
Chinese people who have higher wages are less likely to marry. The overall economic
growth has also delayed the timing of marriage. Moreover, Yang and Chen (2004)
examine China’s transition in demographic pattern from 1970 to 1989, including
women’s average age on marriage, average age when bearing their first child, fertility,
and the sex ratio among children. For their analysis, they use data from the 1992
Household Economy and Fertility Survey, incorporating 14,000 households from 10
provinces in China. They find that the marriage age of women has been affected by
the government’s encouragement on “later marriage” in the 1970s and the relaxation
on the marriage age in the early 1980s, leading to an inverted V shape on women’s
average age at first marriage from 1970 to 1989. For instance, marriage age rose in
rural areas from 21.5 in 1970 to 23.1 in 1979, after which it decreased in the 1980s
(e.g., 22 in 1986).

To the best of our knowledge, prior literature on China mainly focuses on trends in
the 1970s and 1980s. This study attempts to study such trends further by extending

the time interval to 2004, as well as by investigating the impact of the one-child

# The statutory mimmum marriage ages for men and women had been raised relative to the law i the
1950s (20 for men and 18 for women). The new mimmum ages are lower than the seo-called “late
marriage age” camed out in the 1970s, For details, see Section 4.2.1.
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policy on marriage age, marriage rate, and assortative mating on age. The following

paragraphs illustrate the two objectives for Chapter 4.

The first objective is to investigate the trends in marital behavior of Chinese people
from 1970 to 2004, a period of policy changes and rapid economic growth, in relation
to three related aspects: marriage age, marriage rate, and assortative mating on age.
China has developed quickly, and the economic structure of the country has moved
closer to that of developed countries. The lifestyle of the Chinese has also been more
Westernized, including their consumption preference. However, China remains
strongly influenced by Confucianism, which promotes good morality on rituals, filial
piety, and so forth. Such traditional culture is deeply rooted in each household.
Examining whether Chinese people follow the Western experience would be of great
interest. Are they more likely remain single, marry late, and diversify their choices on

age mating, instead of following traditional practices?

The second objective is to examine the impact of the one-child policy, which has
aroused the interest of many researchers due to its impact on various fields, such as
sex selection at birth, welfare of women in the family, quantity and quality tradeoff of
children, and so forth (Short et al., 2001; Li, 2003; Yang, 2007; Rosenzweig and
Zhang, 2009). Unlike past literature, this study focuses on marriage rate, marriage age,
and assortative mating on age by applying a difference-in-differences (DiD)

estimation for analysis.

4.1.3. Major Findings and Contributions

This chapter contributes to literature in two ways. First, it is the first to use large-scale
Chinese national data (2000 and 2005 censuses) covering a longer timeframe,
allowing for the examination of trends in China from 1970 to 2004. We find that the
timing of marriage fluctuated over these inclusive 35 years. Consistent with the
findings by Yang and Chen (2004), the present results show that most Chinese people
delayed marriage up to their mid-twenties in the 1970s, compared to marrying at in
their early twenties in the 1980s. From 1990 onwards, more people married during

their mid-twenties or later. Interestingly, the prevailing marriage rates of men and
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women over 35 years old were maintained at their very high levels up to the early
2000s, despite China becoming more prosperous. In addition, the present findings

indicate that the positive assortative mating on age was preserved in 1970-2004.

Second, this chapter is the first to compare the marriages of Zhuang people with other
non-Han minority groups (excluding Man people) around 1989 in order to implement
difference-in-differences (DiD) estimation to examine the effect of the one-child
policy. This approach i1s more definitive than the comparison of the Han versus non-
Han in previous literature.®® The present findings indicate that the policy encourages
men and women to delay marriage. Surprisingly, the policy effect on marriage age is
found to be more significant on the side of the men than on women. On the average,
men delayed marriage by 1.3 vears while women delayed marriage by 6 months.
Interestingly, the findings of the present work indicate that more men from their late
teens to mid-twenties marry older women. Furthermore, as more men marry from age
30 years and onwards, most still choose younger women, such as those in their
twenties. Overall, the policy tends to increase the positive mean age difference

between spouses in terms of first marriages.

The rest of this study is organized as follows. Section 4.2 discusses the expected
trends from 1970 to 2004, and the expected impacts of the one-child policy based on
theories from economics and sociology, as well as evidence from other countnes.
Section 4.3 introduces the CS function [the function developed by Choo and Siow,
(20064, b)] and illustrates how the empirical framework corresponds to the two issues.

Section 4.4 presents and analyzes the results. Section 4.5 summarizes the findings.

% Apart from the one-child policy, the Har and non-Han Chinese people differ in socio-cconomic
factors, and the changes n these factors are likely to differ over ime We wall elaborate this point and
the reasons for excluding the Man people in Section 4 3.2.2,
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4.2. Two Issues for Analysis

4.2.1. Expected Trends during 1970-2004

The first aim of this study is to investigate the trends for 1970-2004 in terms of three
related aspects: marriage age of men and women, marriage rate, and assortative
mating on age. Various theories from economics and sociology explain the traits
relating to marriage rate, marriage age, and age gap between spouses. Below, we
illustrate some important changes in China, then present two expected outcomes that
might have resulted from policy changes and rapid economic development in the
country during this period. Related theories and experience from other countries are

also discussed.

Government’s Policies and Economic Growth between 1970 and 2004

In the 1970s, the Chinese government promoted the “Later, Longer, and Fewer”
slogan. Chinese people were urged to marry later. Officials involved in family
planning imposed the “late marriage age” at 23 years old for rural women and 25
years old for urban women, albeit the exact restrictions varied across provinces.
Moreover, at that time, the marriage registration system dictated that people who
wanted to marry needed to obtain the approval of their working or residence units
(Yang and Chen, 2004). In 1979, the government implemented the one-child policy,
restricting the number of children allowed to each couple; the restriction on late

marriage, however, was relaxed.

Since the late 1970s, China has undergone rapid transition and development. The
planned economy shifted to market economy. China has achieved great success in
economic transition with a rocketing economic growth. Meanwhile, in general, the
Chinese people have become more affluent. For instance, the GDP per capita rose
from 419 RMB in 1978 to approximately 12,336 RMB in 2004. Based on the
aforementioned major changes in China over the past decades, we predict the

following expected patterns.
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Expected Resuit (1.1): More Chinese men and women are expected to delay marriage

by a few years in the 1990s and early 2000s.%°

As noted earlier, theoretically speaking, the impact of economic prosperity is
ambiguous for the marriage age of men. Keeley (1977) proposes that males with
higher wages gain more from specialization at work after marriage, and that such
higher benefit induces them to marry earlier relative to males with lower wages.®’
Bergstrom and Bagnoli (1993) believe that men tend to delay marriage in order to
display their success to potential spouses. Some researchers link marriage age to
career cycles. High-wage jobs may be associated with greater uncertainty at the young
stage, as men would opt postpone marriage until their carcers have reached a settled
stage. According to evidence on other countries, as a whole, when a country becomes
more prosperous, men tend to marry later. In addition, women are also likely to delay
marriage because they receive more education than before on the average.
Furthermore, the introduction of the one-child policy restricts each couple to have
only one child. As the number of children is a key output from marriage, the policy

may have reduced the perceived benefit from early marriage.®®

Expected Result (1.2): The age gap between spouses is expected to be smaller during

the 1970s.

it is common for husbands to be of the same age or one to three years older than their
wives. Marriages in which spouses have a large age gap are much less likely to appear.
According to Becker (1973), “mating of likes” occurs when traits such as age and
educational attainment are complementary. This explains why positive assortative
mating on age occurs. In general, women marry earlier than do men. Keeley (1977)
proposes that the ability of women in home production is not fully utilized unti} she is

married; opportunity cost of delaying marriage for women is higher than for men.

% Prior literature (Xu et al., 2003; Yang and Chen, 2004) has shown that the marnage age for men and
women 1ncreased throughout the 1970s under the government’s late marmage policy, and then fell in
the early 1980s As far as we know, this study 1s the first to analyze the iming of marnage in China
using 1990s and early 2000s data

5 According to the model, females with higher wages gam less from forming a partnership Thus, the
marriage age of females mcreases because they have higher cost of searching for a spouse and have
lower probabiiity of entering into the marriage market

%8 The expected impacts of this policy are thoroughly discussed 1n Section 4 2 2.
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Oppenheimer (1988) proposes that the achievement of men in the labor market is an
important concern for women when finding a suitable husband. Thus, a young woman
in her twenties would commonly marry a man three or four years older. Meanwhile, a
woman aged 25 is likely to find a man of similar age because, during this time, men
have already established their careers. Siow (1998) proposes that men wait to have
more resources to afford young fertile women, and hence husbands are older than

their wives in general.

In the 1970s, Chinese men and women were discouraged from marrying early.
Chinese women who married in their mid-twenties would likely choose to marry men
with similar age; however, Chinese men in their mid-twenties were not able to choose
young women aged early twenfies. In this case, it is expected that marriage in which
spouses have similar ages became more popular as more men and women married in
their mid-twenties, and that the resulting positive mean age gap between spouses

would be smaller during the 1970s.%

4.2.2. Expected Impacts of the One-Child Policy

The Chinese government launched the one-child policy in 1979, restricting each
household to having only one child; however, there were some exemptions, such as in
rural areas in some provinces, most ethnic minorities, and so forth. As households are
allowed to have only one child and females are usually pregnant only once, the policy
may have changed the marital behavior of the Chinese. The following four

conjectures are the expected influences of the policy.

Expected Result (2.1): Both men and women may be more willing to delay marriage.

The incentive to marry earlier may decrease as the couple is allowed to have one child

only. This is different from the past wherein marrying earlier was ascribed to having

% When the Chinese economy developed quickly, more Chinese men and women were expected to
delay marnage (e.g., 1n the 1990s and early 2000s). Meanwtule, the expected impact on age gap
between spouses was uncertain because the effect from increasing marnage age for men may
counteract the effect of increasing mamage age for women. The 1mpact of the one-child pohey on this
aspcot 15 also indeterminate

109



more children. Women do not rush in early pregnancy, and would rather spend more

time to search for better spouses.

Expected Result (2.2): The one-child policy may lead to husbands being younger than

their wives.

Giolito (2003) proposes that the fecundity time horizon of women is much shorter
than men. Such shorter fecundity horizon lowers women’s reservation value and
encourages them to accept a lower match quality. Thus, traditionally speaking,
women usually marry older men. As observed, the one-child policy weakens the
importance of women’s fecundity horizon and fertility. On the one hand, women may
be more willing to marry later so as to spend more time finding a suitable mate; on the
other hand, men, especially during their early twenties, may be more willing to marry

slightly older women, as their wives are expected to have one child only.

Expected Result (2.3): Both men and women who marry late are more likely to look

for a spouse of similar age.

As illustrated earlier, women who marry late tend to find men of similar age. =
Moreover, men and women with similar ages are more likely to have common socio-
economic status, such as educational achievement, occupational prestige, and
common interests. Thus, men who marry late may be more willing to marry women of
similar age or slightly younger, as their wives are expected to bear a child only once.

In this sense, the attractiveness of a common background becomes more important.

Expected Result (2.4): Men who marry late continue to prefer to marry young women.

Two possible reasons may be ascribed to this phenomenon. One is physical and
sexual attractiveness. Men are willing to marry young women regardless of their
fertility. Moreover, as older men who marry late are more likely to have better
economic conditions than younger men, this favorable attribute can attract younger

women. The other is on the quality of the next generation. As each couple is allowed

"0 For details, see expected result (1.2).
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to have one child only, the quality of the child is important. Men want fo marry young
women, as the health of the offspring is likely to be better if the mother is young. In
addition, young women also want to marry older men with better economic status and

stable careers in order to obtain more resources to rear their child.

4.3. Methodology

In this section, we first introduce the function developed by Choo and Siow (2006a, b)
(hereafter referred to as the “CS function”) and then present the empirical framework

in order to examine the above-mentioned issues.

4.3.1. Introduction of the CS Function

Gary Becker is one of the earliest economists to extend economic analysis on the
marital behavior of individuals. As noted earlier, Becker (1973, 1974) has built up an
economic model to explain why and whom individuals would like to marry. In his
theoretical framework, Becker (1973, 1974) proposes that the benefits from marriage
involve the utility derived from a wide range of activities inside the household.
Becker assumes that these goods and services can be combined into a single aggregate,
Z, which represents the gains from the marriage. Z can be expressed as an output of a
household production functions consisting of inputs of the husband and wife, such as
time, energy, caring devoted to each other, and so forth. His model is useful in
explaining the positive correlation among couple’s attributes, such as education, age,
and others. In particular, this model can derive many refutable implications for
empirical testing.”' However, Becker (1973, 1974) has not quantified empirically the
unobservable martial outputs into numerical variables. Becker {1991) mentions this
point explicitly: the output maximized by households cannot be identified because it
comprises of variables, including the quality of children, happiness from sexual

behavior, and other household products that are hard to measure.

™ For instance, the model predicts that there 15 positive assortative mating of non-market traits with
property income. Intwitively speaking, rnich men commonly marry beautiful women. Another insighifial
implication 15 on negative assorative mating of couples 1n terms of wage; that 1s, high-eaming men
should marry low-earming women since low wages denote spending more time at home for household
production and vice versa.
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In Becker (1973, 1974)’s model, the gains from mammage depends on various
attributes of spouses. Choo and Siow (20064, b) propose that marital gains are derived
by matching a specific attribute of spouses (e.g., age). They further assume that the
corresponding utility function follows a Type 1 extreme value distribution. Under this
framework, Choo and Siow (2006a, b) offer a function that can be computed using
observable information to measure the expected gain from individual marriages with
respect to a specific trait relative to both parties if they remain single. This function is
in a reduced form under the equilibrium condition, and is deduced from a structural
framework that models the demand for and supply of available candidates in the
marriage market. Choo and Siow (2006b) state, “The CS model provides a behavioral
interpretation of x, . It is an empirical implementation of Becker's transferable utility
model of the marriage market” (2006b, p. 467). In other words, the CS function
transforms the vague concept of marital output into a numerical value. In turn, this
allows for the empirical comparison of the gains from the mating in terms of a

specific attribute among different groups of people and across time.

The following segment briefly introduces the basic framework of the CS model and
focuses on the intuitive meaning of the CS fonction and its empirical

implemcm‘.ation.72

The model assumes that a society consists of ! types of men and J types of women.
Two individuals want to marry because the marriage makes them better off; thus, the

gains for each party must be greater than their gains from remaining single.

Let 77, denote the output generated by a mating of type / men with type j women on

the average. When a type / man wants to marry a type j woman, he needs to transfer

7, (a measure of resource) to her and enjoy the remaining output (%7, —7,). On the
average, a type j woman who chooses to marry type / man is willing to receive 7. In

an equilibrium, the demand of type i men for type j women is the same as the supply

of type j women for type i men for all types of (i, /) matches simultaneously.

" For details, see Choo and Stow (2006a, b).
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Type j women are supposed to marry vartous types of men, suggesting that each type j
woman should have unique gain different from the rest of other type j women when
choosing a type i man. If each type j woman receives the same gain when choosing =
type { man, then all type j women will choose a specific type of men only because this
specific match (4, j) maximizes each of type j women’s gain. Thus, Choo and Siow
(2006a, b) assume marriage of each partner consists of two types of gain: systematic
and idiosyncratic. For instance, the payoff of a woman, &, who belongs to type j and
marries a male of type 7 is

V,W =7, +&,, 4.1)
where 7, denotes the systematic gain of a type j woman obtained when marrying a

type / man, which is non-stochastic and 1s the same for all type j women who marry

type { men. In contrast, ¢, is idiosyncratic and the payoff is specific to this individual

k when she chooses a type { man.”

According to the above-mentioned setting, all type i men are perfect substitutes to
type j women, even if the idiosyncratic payoff is specific to each type j woman. Hence,
type / women will marry different types of men, as their own idiosyncratic payoffs are

different. In turn, their gain (7, +¢,, ) from marrying any specific type of men

becomes different, consequently leading to diverse decisions.

If a type j woman decides to remain single, her payoffis
Vo, = Er'oj + E4g, 0 4.2)
where 7, denotes the systematic payoff for not marrying. This is the same for all

type j females.

Assuming that she chooses to maximize her payoff (i.e., whether or not to marry, the

type of men she chooses for marniage), then,

Vs

o

:m?x{%p“'»nw”ﬁ%}- (4.3)

" £,, 15 an 11.d random vanable, which follows a Type 1 extreme value distnbution Type | extreme

value cumulative distribution and  density functions are K (Eug)=exp(e_€) and

fle)y= exp[—e -—exp(—g)} , Tespectively.
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The said maximizing payoff function can be transformed into a quasi-supply function
of type j women who would like to marry type { men:

ln[::i} =, ~ %, (4.4)
0

where g, denotes the number of type j women who are willing to marry type { men,

and g, is the number of women who want to remain single.

Symmetrically, the payoff of a man, g, who belongs to type / and marries a female of
typej is
V,=7,—T, +&,. 4.5)

gy

Once again, this payoff consists of two parts. One is 7, —7,, which measures the

systematic payoff common to all type i men. The other is an idiosyncratic payoff ¢, ,

which is specific to him when marrying a type j woman, If a type i/ man remains
single, his payoff is

V oo =T+ € g (4.6)

£l
Similarly, each type / man decides whether to marry, and which type of woman is
chosen (if he marries) in order to maximize his gain. The quasi-demand function for

type j women of type i men is

d
1n[fﬁf~} S E -1, Ry, @.7)
/u:O

where ,u‘f denotes the number of type /i men who want to marry type j women, and

i, 1s the number of type i men chosen to be single.

In equilibrium, for each (i, /) sub-marriage market, under optimal 7 _, the supply of

y?
type / women for type i men equals the demand by type / men for type j women for all
(i, /). The equilibrium is ﬂ,j = ﬂ: = M4, for all (i, j) pairs. Then, Equations (4.4) and

(4.7) give the following condition:

A —-7,—7
lnL/:l } — @8
10500,
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This 15 called the CS marriage matching function. Here, 7, represents the expected

total gain per partner from any (i, j) marriages relative to both partners remaining

single. 7z, is measured by the ratio of the number of (7, /) marriages to the geometric

average of type i men and type ; women who remain single. As the required

information is observable, 7, can be computed.”® An increase in the ratio of observed

(i, /) marriage to the number of unmarried type i men and type j; women suggests that
the total gain from the (i, /) mating relative to both spouses remaining single 18 higher
on average. Moreover, the CS function allows for a spillover effect, which means that
the number of marriages (1, j) is affected by the change in number of other types of

men (i'# i ) and women ( j'# j).”

Before the CS function, researchers such as Qian (1998) usually used a matching
function with zero spillover effect, the Schoen’s marriage matching function, to study

mating of a specific trait’®:
mf S
m, + f}r

Taking log on both sides, this becomes

™ The CS function 18 subject to two major mitations The CS function does not account for dynamic
matter wheretn individuals could postpone marriage for the next period The remaiming singlec men and
women may not remain single forever, mstead, they defer the decision after several penods to maich

the decision of a better partner Another limtation 1s that T, m the C§ model cannot be recovered

* For mstance, given that 77, 15 constant for all z and j, the marginal effect of an increase n the total
number of type » (r # ;) men (M, ) on the number of marniages formed by type : men and type ;
women ( £, ) 1$

05 [F]
w1, [ﬁ_] %{&J oy |

am - 2 /u:D amr :uD; amr

r

where m, 15 the total number of type + men, f, s the total number of type ; women,

}
5]
ﬂ:(l:mi _Z#!k’#of :f} _Z#& ' 6::;0 io’and
k !

that when more type r men appear in the marmmage market, some of them are willing to marry fype ;

%)
0 As -fiio,lhls means

m om

r F ¥

alul')_:

women, thereby competing with type 1 men for type ; women, leading to a spillover effect on g, For

details, see p 183 and Appendix B of Choo and Siow (2006a), and p. 471-473 of Choo and Siow

(2006b)
6 For details, see Choo and Siow (2006b)
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- () L
Iny, =In — Yy +7T,,
! J

where Zexp?%u <1, and Zcxp:&ar <l.
1 [

Herein, 7, is interpreted as force of attraction. The lack of a spillover effect highly

restricts its intuitive meaning and predictive power.”’ For instance, using age as the
trait, the number of younger people does not affect the marriage rate or the net gain of
older people because younger people and older people cannot substitute each other.

Such an assumption highly restricts its usefulness in empirical analysis.

The key advantage of the CS model is to derive a static non-parametric function
embedding a substitution effect to fit any cross-sectional marriage distribution. As

mentioned earlier, the amount of other types of men (i'# i) and women ( j'= j) also

affects the number of marriages formed by type i men and type j women. This is
because other types of men and women are potential candidates to compete for type j

women and type i men, respectively.

As the CS function can estimate the gain from marriage empirically from observable
information, the study can now compare the total gains from different types of mating
with respect to a trait directly across cohorts in order to examine whether the marital
surpluses from different types of mating based on this trait change on the average over
time. The results provide insights on the trend on the mating with respect to this trait.
Moreover, the impact of a policy from the comparison of total gains of treatment and
control groups can be analyzed. For instance, Choo and Siow (2006a) use the CS
function to measure the total gains from the new marriage distribution in US, as well
as the corresponding changes from 1971/72 to 1981/82 periods. Furthermore, they use
a DiD estimation to examine the influence of legal abortion on the total gains to

marriages in the US.

77 For details, see Choo and Siow (2006b) and Brandt et al. (2008).
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4.3.2. Empirical Framework to Analyze the Two Issues

For the analysis of the one-child policy, this present work uses information before
2000. The required data was obtained via the 2000 population census of China. For
the analysis for trends from 1970 to 2004, we use both 2000 census and a sub-sample
of 2005 census; these two data sets were collected by the National Bureau of Statistics
in Mainland China in November 2000 and 2005, respectively. The 2000 census is a
1% sample consisting of approximately 11 million individual records. The sub-sample
from 2005 census has 2,585,481 observations, drawn from the original data contained
randomly in the 2005 census, accounting for approximately 20% of the original 2005
census data (1% of national population). More importantly, unlike the 1982 and 1990
censuses, the 2000 and 2005 censuses contain the date of initial marriage; thus, we
can trace the number of men and women who were single or married, as well as the
number of newly married men and women (first marriage), over a particular period.
The pattern of both newlyweds and prevailing marriages across time are then studied.
However, using this method, people who had left mainland China or did not survive
by 2000 (i.e., using 2000 census) or by 2005 (i.e., using 2005 sub-census) are not
taken into account.’® Another limitation is that we need to drop from the list
individuals who have divorced, re-married, or lost spouses; the data sets record the
date of initial marriage only, but lack information on the date of divorce and loss of

7
spouse.”’

As, generally, Chinese couples have age gaps (husband’s age minus wife’s age) from
zero to three years, and most of them marry in their twenties, it is less likely for
marriages in which the husband is older than his wife by a significant number of years

or vice versa, or both spouses are very old or very young to occur during a year. Due

™ According to China Population Statistical Yearbook 1997-2006, the morality rate for people aged 15-
29, 30-39, 40-44, 44-49, 50-54, and 55-59 were approximately 0.1%, 0.15%, 0 2%, 0 4%, 0 5% and 1%
respectively Most of Chinese people have marmed over their twenties For those married in 1970, most
of them were still ahve i 2000 It 1s likely that the mating pattern of people died earlier 1s stmilar to
that of people still ahve in 2000 and 2005 Thus, the sample gencrated by the tracing method 1s
behieved to be representative and would not be affected by the mortality substantially Moreover, as far
we know, there 1s no regular official statistics for Chinese people’s emigration Meanwhile, according
to 2000 and 2005 censuses, the number of people living outside mainland China 5 years ago took about
0 01% only If the number of migrants and immgrants are similar in China, the percentage of Chinese
people’s emmgration 1s very tiny relative to the whole population Thus, the immpact of sclective
attnibution due to international migration 1s negligible

™ As a result, 8 63% of the raw sample (780,353 observations) and 8 57% (176,409 observations) was
dropped in 2000 census and 2005 sub-census, respectively
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to this thin cell problem, the present work combines two years of new marriages as
one period of new marriages when computing and plotting the total gains in
diagrams.® According to census data, the youngest age for first marriage in males or
females is at 15 years old. The number of newlyweds with spouses being older than
40 years old is very limited, and takes a small percentage (less than 1%). Most of
Chinese pcople obtain their permanent marital status after 30 years old. Thus, in this
study, the age range of marriages covers the spouse age of 13-41, with “41” denoting

that the age of a spouse is 41 years old or above.

4.3.2.1 Methods to Analyze the Trends from 1970 to 2004

To provide the basic idcas on the characteristics of trends in marriage age, marriage
rate, and assortative mating on age, this study first plots the distribution of newlyweds
by spouse age, average marriage ages of men and women in first marriage, age gaps
between spouses, prevailing marriage rates of men and women from 1970 to 2004.
The distribution of newlyweds in 1971/72, 1981/82, 1991/92, and 1998/99 is obtained
from 2000 census, while those in 2003/04 comes from 2005 sub-census. For the rest
of the aforementioned measures on 1970-2004, the information is obtained from 2005
sub-census.?! These figures are helpful in understanding the trends in China for over

35 years.82

Second, the OLS regression is used for age at first marriage and age gap between

spouses. Age at first marriage of males and females is estimated as

2 30 04

Kr‘pt:znrDr+Z/l’pr+Z€tDt+aX:+girpt’ (411)
r=1 p=1 =71

where / refers to an individual; Y, , refers to the age at first marriage at location » in

province p in year ¢, D, is a set of two dummies for city and town (village as the

% Choo and Siow (2006a) have the same treatment However, n order to examne the impact of the
one-child policy, the current work uses D1} regresston on total gains, which are computed from the
annual newlywed distribution

¥ The present study also uses 2000 census to plot the figures from 1970 to 1999, and the patierns are
almost the same as using data from 2005 sub-census over this peniod

82 For regression analysis on the trends, the sample includes individual observations and provincial
dummues arc controlled for in the regressions Moreover, Choo and Siow (2006a, b} only use the whole
national data of the US and Canada to estimate the total gains for analysis These two studies also do
not separate the data by the states or provinces for further investigation It would be interesting to
examume the trends on mamage of Chinese people at city or provincial levels in the future
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base); D, is a set of dummies for province, %3 zhiziqu or zhixiashi; D, is a set of year

dummies; and X, denotes other control variables, such as educational attainment.

As an outcome of interest, for the age gap between spouses at their first marriage, the

setting 1s similar: X, includes the educational attainment of husband and wife

(dummies) or educational gap between spouses (the difference between years of

schooling).®

Third, to examine the assortative mating on age, this study computes and plots total

. 86 - . x ; ;
gains (7, )" using the information on newlyweds according to Equation (4.8) at two

time spots: 1971/72 (from 2000 census) and 2003/04 (from 2005 sub-census).®” When
computing total gains, according to the date of initial marriage, the numbers of single
men and women by the end of a specific year (e.g., the end of 2002} are traced. For
the next period (e.g., 2003/04), the number of these original single (not yet married by
the end of 2002) men and women who marry or opt to remain single over this period
(e.g., by the end of 2004) are traced. The plots of total gains are interpreted to identify
the kinds of assortative mating on age and the marriage age that bring higher total

gains. To further examine whether the attractiveness to marry and the assortative

% The time horizon 1s from 1970 to 2004. Chongqing became a mumcipality in 1997. For simphicity,
only a dummy 1s used for Chongging and Sichuan Province.

# The OLS regression 1s used for the sample of married couples The results from Tobit regressions are
similar Moreover, the results are nearly the same when using samples from 2000 census during 1970—
1999 For the sake of brevity, the results are not shown

% Years of schoohng 1s computed as follows 3 years for pnmary school below, 6 years for primary
school, 9 years for jumor high school, 12 years for high school/techmical school, 15 years for college,
16 years for university, and 19 years for postgraduate or above

% As there are no marnages for some potential matches 1n which the husband 1s older than his wife by a
sigmficant number of years or vice versa, or both spouses are very old or very young during a peniod,
the method by Choo and Siow (2006a) 1s followed Kernel smoothing 1s used for computing total gains
when plotting a bivanate distribution of total gains by spouse age.

e
7 k0D=> ki) =, 4.12)

1=1 1=l

" i—k -1
any x5 x5
where w, (k,1) = — = Y

o I —
wu*y'y ZK(—————)-K[—J ]

= =l b b

Gausstan kernel weighting function 18 used, and the bandwidth 1s selected by examining vanous values
n order to ensure appropriate smoothness However, to compute the difference 1n total gains across
period and the DiD estimates on total gains, the present work does not apply smoothing because

smoothing by itself may add nuisance to the estimate
%7 The shapes of the distribution of total gains are stmilar to other periods, thus, they are not shown
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mating on age change over time, the changes in total gains from newlyweds are
plotted across the following periods: 1971/72-1976/77, 1976/77-1981/82, 1981/82—
1986/87, 1986/87-1991/92, 1991/92—1998/99, and 1998/99—2003/04.%°

4.3.2.2. DiD Estimation to Identify the Impact of the One-Child Policy

In this section, we first explain why marital behavior of Zhuang and other non-Han
people (excluding Man people) around 1989 is compared for analysis, and provide for
the advantage of this comparison relative to the Han versus non-Han comparison.gg
Then, the framework of the DiD estimation is presented to identify the impact of the

one-child policy on marriage rate, marriage age, and assortative mating on age.

The Reason for Comparing Zhuang people vs. Other Non-Han people
(Excluding Man people)

In the early 1980s, Han households were strictly restricted to the one-child policy,
whereas ethnic minorities were exempted from the policy. In 1984, the Chinese
government declared that minorities should also follow the birth control policy;
however, restriction remained loosely carried out toward them. In the late 1980s, the
government announced that minority groups with populations of more than 10 million
should be rigorously constrained to the one-child policy. At that time, the Zhuang
ethnic group had a population of more than 10 million; thus, the local government of
Guangxi started to impose the policy on the Zhuang people beginning September
1988. Other provinces followed suit and imposed the policy on the Zhuang people in
their respective areas gradually. On a similar note, the Man people’s population
reached 10 million based on the 1990 census. Hence, the Man people have also been

subjected to the birth control policy since the early 1990s (Li and Zhang, 2009).

% The differences 1n total gains over 1971/72-1976/77, 1976/77-1981/82, 1981/82-1986/87, 1986/87—-
1991/92, and 1991/92—-1998/99 use mformation from 2000 census. The differences in total gains
between 1998/99 and 2003/04 use information from 2005 sub-census.

% At present, the Han people are the largest ethmc group m Chia, accounting for 91 59%
(approximately 1 2 billion) of the population Apart from the Han group, there are other 55 ethmc
groups 1 Mainland Chimma with a population of approximately 105 milhon people The 55 ethnic
minorities mainly concentrate in the Northwest, North, Northeast, South, and Southwest China,
although some live 1n central interior areas The largest minority group 1s Zhuang (16 1 mullion),
followed by the Man (10 6 million)
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This provides opportunity to apply DiD estimations on the marriage of Zhuang group
and that of other non-Han groups. The following illustrates the reasons why Man
people are excluded, as well as the advantage of this comparison. Appendix Tables
4.1 to 4.3 list the summary statistics of the socio-economic attributes of Han, Man,

Zhuang, and other non-Han ethnics in 1982, 1990, and 2000, respectively.””

Evidently, from Appendix Table 4.1, the socio-economic attributes of the Zhuang and
other non-Han people in 1982 were different from those of Han and Man people on
the average. For instance, approximately 44% of Han Chinese and 51% of Man
people had junior high educational level or above, whereas approximately 40% of
Zhuang people and 30% of the other non-Han people had junior high school
educational level or above. Moreover, according to the distribution of industrial
structure and occupational status, over 80% of Zhuang and other non-Han groups
worked in primary sectors, as compared to the 70% of Han people and 60% of Man
people. Interestingly, on the average, the socio-economic attributes of Man people

were close to or superior to those of Han people.

In Appendix Tables 4.2 and 4.3, the percentage of having urban Aukou and the
percentage of living in urban areas by gender and by ethnicity in 1990 and 2000 is
reported, respectively.91 In 1990, there were approximately 25% of Han and Man
people with urban Aukow, compared with less than 17% of Zhuang and other non-Han
ethnics. Moreover, approximately 30% of Han and Man people lived in urban areas,
as opposed to less than 25% of Zhuang and other non-Han people. As a whole,
urbanization significantly lagged for the Zhuang and other minority groups compared
with the Han and Man people. In addition, overall, non-Han Chinese (except the Man
people) suffered from lower educational level, and over 80% worked in the primary
sector in 1990. There were also significant differences between Han/Man groups and

Zhuang/other non-Han groups in terms of these socio-economic conditions in 2000.

As a whole, 1n the case of socio-economic factors, Zhuang and other non-Han ethnics

were close to each other and were systematically different from Han and Man ethnics.

* Throughout this chapter, other non-Han people refer to people in minority groups except for the
Zhuang and Man people.
! The 1982 census data do not contain the information on hukou and residential areas.
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The Man people founded the Qing Dynasty and ruled China for over 250 years, from
1644 to 1912, Most likely, the Man people had already been assimilated closely with
Han people, and their historical privilege aided them to outperform other non-Han
minorities on the average. Hence, Man people are excluded from the DiD estimation.
Furthermore, with China’s economic reform since 1979, the resulting changes in the
socio-economic conditions of Zhuang and non-Han Chinese have been similar

according to the summary of statistics for 1982, 1990, and 2000.

In the investigation on the impact of the one-child policy on marriage, we believe that
comparing the behavior of Zhuang and other non-Han people around 1989 1s better
than that of the Han versus non-Han around 1980. First, as noted earlier, in terms of
socio-economic factors, the Han people are systematically different from minority
groups, except for the Man people. Moreover, the changes in socio-economic factors
are also likely to be different for Han and non-Han people over time. In addition to
the one-child policy, in the early 1980s, the impacts of the “open door” policy and the
loosening of restrictions on early marriage were likely imposed differently towards
Han and non-Han people. Hence, it is difficult to identify the effect of the one-child
policy by comparing the behavior of Han and non-Han Chinese around the early

1980s.”
Zhuang People and the One-Child Policy since the Late 1980s

The aforementioned discussion shows that the DiD estimation is more suitably
applied on the Zhuang and other non-Han people around 1989. Before getting into the
details of the empirical framework, it is important to clarify whether the Zhuang
people have been subjected to the one-child policy since the late 1980s. The mean
numbers of children by the Han, Zhuang and other non-Han women by age in 1982
(using 1982 census), 1990 (using 1990 census), and 2000 (using 2000 census) are
plotted in Appendix Figures 4.2.1a, bto 4.2.3a, b accordingly.” Based on Appendix

°2 Urban and rural households are constramed by this policy in different magnitude; these two types of
househelds are also different in many other aspects

» To exclude the effects from geographical location and Aukou, the OLS regression 1s first employed
pricr computing the residual The mean of residual number of children over women's age 15 then
plotted The QLS regression 1s
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Figure 4.2.1a, the number of children for Zhuang and other non-Han women were
very close and higher than that of Han women for the ages of married women in 1982.
Excluding the effect of geographical location, according to Appendix Figure 4.2.1b,
the gap between Han and minority groups nearly disappears for women in their carly

twenties. However, Han women over 30 vears old had a lesser number of children.

According to Appendix Figures 4.2.2a and b, the mean number of children for Zhuang
and other non-Han women were almost the same for the ages of married women in
1990 with or without controlling the effects of Aukou and geographical location. The
average number of children for Han women was significantly lower at 30 years old
and onwards, which is rather expected as they had been subjected to the one-child

policy for almost 10 years.

More importantly, according to Appendix Figures 4.2.3a and b, the average number of
children for Zhuang women was close to that of Han women for women aged 20-30;
however, the values for Zhuang women converged with other non-Han women for
ages 35 and older. Such pattern strongly supports that Zhuang couples had been
subjected to the one-child policy since the late 1980s. Hence, a DiD estimation is
applicable through comparing the behavior of Zhuang people relative to the rest of
minority groups (excluding Man people) around 1989.

Empirical Framework of a DiD Estimation
Choo and Siow (2006a) use two periods before and after subjecting to legal abortion

to compute DiD estimates on total gains between treatment and control groups for

investigation. In the present work, the approach is applied by computing DiD

pru =C+Z‘V1.0Dp +:V2Du +€fﬂ"’
F.l

where 7 refers to a woman; ¥ refers to the number of children to have; D » 15 a set of dummues for

province; and D, is a dummy for having urban Aukou.

Residual number of children €, = N —¢ - z }71pr -7,D,.
P
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estimates on total gains from newlyweds on Zhuang people relative to other non-Han

pcople between the periods of 1987/88 and 1994/95 %

A type of an individual is classified by age, Zhuang (z for male and Z for female) or

other minority groups (n for male and & for female), and time (¢). Herein, s and S are

used to denote the race of a man and a woman, respectively, where s € {z,n} and

Se{Z,N}. For newlyweds, r=87/88 refers to 1987/88 period, and t=94/95 refers to

1994/95 period. Let ;U:,f represent the number of (i, /) marriages of type () ethnic (s)

men and type () ethnic {§) women at time ¢, Let the total gain from the marriage of a

type (i} ethnic (s) man with a type (f) ethnic (S) woman at time 7 be ;r;f The impact
of the policy can be estimated by the following DiD estimator:
2 _zZ __{rzZ ~zZ ~nlN ~ nN
Nr, = (7‘71_;94;95 — 7T, 87/88 )_ (”;;94;95 - ”yswss)a (4.13)

Ay
n H
where 7% =In il

o LX) '
v ﬂ;o:ﬂl}f.-
In the said equation, Azirf measures the impact of the one-child policy on the total

gains of a particular match (7, j). For instance, if the policy leads to more men and

women delaying their marriage [i.e., expected result (2.1)], then AZJZ';Z should be

negative for couples married at their early twenties but positive for couples married

from mid-twenties onwards.

Similarly, DiD estimates on newlywed rates of males and females can be computed.

For instance,

2 f — 1 A Z ~Z ~ N N
= P, = (*0194195 ~ Pg7/88 )_ (9;94;95 - Pjswss)’ (4.14)
where [ refers to female; ;j denotes the age of the female, o represents the new

marriage rate; Z denotes Zhang females; and N denotes females belonging to other

non-Han ethnic minorities.

% As noted earlier, the Guangxt Government restricted Zhuang people to follow the one-child policy
from September 1988 onwards, and people 1 other provinces were subject to the policy eventually 1n
the 1990s Thus, 1987/88 1s selected as the period before being subjected to the policy, and 1994/95 as
the perod after being subjected to the policy
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Herein, A’ pf measures the impact of the policy on new marriage rate of female aged

J. If the one-child policy discourages more women from marrying early, then A’ pf is

negative for the new marriage rate of women aged early twenties but positive for of
women aged mid-twenties or older. Such can be extended to prevailing marriage rates
across two periods (1988 and 1999). The diagrams of the resulting DiD estimates on

the marriage rates and total gains are plotted and analyzed in Section 4.4.2.
Empirical Framework of DiD Regression on Marriage Age and Marriage Rate

In fact, we have yecarly information far before and after year 1989. Thus, apart from
the above-mentioned approach proposed in Choo and Siow (2006a), for more precise
estimations and implications, we also apply DiD estimation mn a regression having

multiple periods.

The following equation introduces the DiD regression framework to identify the

cffect of the policy on marriage age and marriage rate.”

Y =c+1, D+ AD* + BD, + X o +v,, (4.15)
where 7 refers to an individual or a couple; ¢ refers to a period; Y is the outcome of
interest, including marriage age and age gap between spouses in year {; Dy is a
dummy variable equal to 1 if an individual is married on or after 1989; D® is a

dummy variable equal to 1 if the individual/couple is of Zhuang descent; Dy is the

interaction term of D” and D, ; and X, denotes other control variables, such as

dummies for cducational attainment, living in city and town (village as the base), and

so forth.

The time dummy ( D,;) captures the time factors that would affect the outcome of
interest (Y) over time in the same way for both groups from 1989 onwards, even if the
Zhuang people were not constrained by the policy. D captures the possible

differences between Zhuang and other non-Han groups that do not change over time.

? The sample consists of observations for Zhuang and other non-Han Chinese only.
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The coefficient ( ) of D;, is expected to estimate the impact of the policy on the

outcome (¥) of Zhuang people.

To examine further the effect on the people’s marriage age and age gap between
spouses over time, the current study adds interaction terms with a set of dummies for
each year after enactment of the one-child policy (i.e., from 1989 onwards). The

regression form changes as follows:

1995 1995
Yi.' =C+ Z Z'IDf+/1DZ+ Z ﬂ,D_f+Xt.a+v“, (4.16)
+=1989 t=1989

where D, is a set of year dummy for time beginning 1989, and D/ is a set of

interaction terms of D, and D°. The aforementioned setting allows £ # 8. (¢ =¢').

Hence, the policy effect over time can be estimated.

In addition, the regression form for the newlywed rate is

34 34
0, =c+ Z a,D, +1,Dy+A D" + Z B.Dy 4V, 4.17)
a=20 a=20

where p is the newlywed rate (or prevailing marriage rate) of Zhuang or other non-
Han people aged a at period ¢; D, is a set of age dummies from 20-34 years old or
above during their wedding; D, is a dummy variable equal to 1 if an individual is
married on or after 1989; D’is a dummy variable equal to 1 if the individual is of
Zhuang descent; and D, is a set of interaction terms across D,, D*, and Dy .
Herein, «, measures the average proportion of people aged @ who marry; 7, captures
the time effect on marriage rate from 1989 onwards; A measures the extra effect on

the rate if people are of Zhuang descent, relative to other non-Han people; S, , the

interest, measures the extra effect on marriage rate for Zhuvang people aged @ who

married on or after 1989, which is expectedly influenced by the one-child policy.
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For mamage age, age gap in newlyweds, and newlywed marriage rate, the sample
covers the period of 1985 to 1995.%° In the case of prevailing marriage rate, the
regression form is similar to Equation (4.17). It takes time to reflect the influence on
prevailing marriage rate at particular time spots; therefore, the period is extended

from 1985 to 1999 for prevailing marriage rate.

Empirical Framework of DiD Regression on Total Gains

In order to estimate the impact of the one-child policy on assortative mating on age,

DiD regression is applied on total gains. Herein, z,, denotes the total gains from a

particular mating in which husbands are aged ¢ and wives are aged j at period ¢. For
simplicity, the possible age matches are separated into broader categories. Let m
denote a specific category of age match. Table 4.1 displays the first set, in which ages
of husbands and wives are classified under six categories: 16 years old or below, 17—
19 years old, 20-22 years old, 23-26 years old, 27-29 years old, and 30 years old or
above. There are 26 possible cutcomes of mating () in terms of the age of spouses.
The base group shows the matches in which either spouse or both spouses are 16
years old or below. Category 2 represents mating in which both husbands and wives
are 17-19 years old. Category 3 represents mating in which husbands are 17-19 years

old, while wives are 20-22 years old.

% The DiD approach may confound the impact of the one-child policy with the impact of other changes
that may have occurred from 1989 onwards but may have affected Zhuang and other non-Han minonty
groups differently To avoid this problem, 11 years (1985-1995) 1s selected as the length of the penod
for the cutcomes on newlyweds The regression results are sumilar when the duration of penod 15
lengthened
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Table 4 1 The First Set of Possible Matches by Spouse Age

Female
Male[15 16 [17 18 19 J20 21 22 [23 24 25 26 [27 28 28 [>=30
15
16 !
17 2 3 4 5 6
18
19
20| 7 8 9 10 11
21
22 1
23 12 13 14 15 16
24
25
26
27 17 18 19 20 21
28
29
>=30 22 23 24 25 26
Table 4 2 The Second Set of Possible Matches by Spouse Age
Female
Male J[15 16 (17 [18 [19 20 J21 f22 |23 (24 |25 |26 |27 (28 29 [>=3D
15
16 1
17
18 2 3| 4 5 6 7 8
19|| g 110 11| 12| 13|14 15 16
20 1711819 ]| 201 21| 22| 23 [ 24 25
21 26 | 27 {28 [ 29| 30| 31 | 32 | 33 | 34 35
22 36 | 37 | 38 | 39 | 40| 41 | 42 | 43 [ 44 | 45 46
23 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 58
24 1 59 | 60 [ 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 71
25 72 | 73| 74| 75| 76 | 77 | 78| 79 | 80 | B1 | 82 | 83 | 84 | 85
26 86 | 67 | 88 | 89 | 90 [ o1 | 92 ] 93 | 94 [ 95 | 96 | 97 | 98 | 98¢
27 100 101 ]| 102 ] 103 | 104 | 105 ] 106 | 107 | 108 109 | 110] 111 ] 112
28 113 14| 115 116 117 | 118 [ 119 ]| 120 [ 121 [ 122 | 123 ] 124
29| 125 126 | 1271128 | 129 [ 130 ]| 131 132 [ 133 | 134 ] 135
30 136 137 | 138 | 139 | 140 | 141} 142 | 143 | 144 | 145
31 146 147 | 148 | 149 | 150§ 151 | 152 153 | 154
32 155 156 157
>=33)| 158 | 159 160

Table 4.2 displays the second set of possible matches, with 160 possible outcomes

based on spouse age.

The DiD regression form on total gain is
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1995

ﬂg! :C-I—ZamDm + z TlDf +2'Dz +ZﬁmD:189 +v£jf’ {4.18)

t=1989 m
where D is a set of dummies equal to 1 for a specific type of match, and D,

equals 1 if the couple is of Zhuang ethnic with a specific mating type (m) married on

1989 or after.

The above-mentioned DiD regression is employed for total gains to examine the
impact of the policy on assortative age mating. A change in total gains on a specify
type of age mating represents the change in marital attractiveness of this type of age
mating. For instance, the policy may lead to more marriages wherein husbands are
younger than their wives. If so, the coefficients ( 8, ) of interaction terms in Equation
(4.19) are cxpected to be positively significant corresponding to the matches with
husbands being younger than wives, such as m = 9, 10, 11, and so forth, in the first set

of possible age mating (Table 4.1).

Herein, the sample covers Zhuang and other non-Han people aged 15-41 or above

from 1985 to 1995. Total gain (7, ) is computed from the newlywed information

from the 2000 census.”’

4.4. Results
4.4.1, Trends for 1970-2004

In this section, the trends on marriage age, marriage rate, and assortative mating on

age from 1970 to 2004 are examined.

%7 As noted earlier, the total gains are computed from new marnage distribution for each year rather
than from combined bienmal new marriage distribution for regression analysis.
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First, the bivariate distribution of newlyweds over spouse age across time is plottcd.93
According to Figure 4.1.1a, the shape of the distribution is quite steep and the peak
mainly clusters around late nineteen and early twenties of men and women. This
suggests that in 1971/72, a number of men and women married at by the time they
were 20 years old or earlier. However, in 1981/82, as shown in Figure 4.1.1.b, the
peak of the distribution shifted to couples in their mid-twenties, also manifesting a
steeper distribution. This indicates that most people married in their mid-twenties due
to the official promotion of late marriage throughout the 1970s. Then, as shown by
Figure 4.1.1¢, in 1991/92, many people married in their “new” statutory minimum
ages, as mandated by law in 1980 (i.e., 20 for women and 22 for men). Based on
Figure 4.1.1d, in 1998/99, more people married in their mid-twenties. In Figure 4.1.1e,
for 2003/04, the shape was less sharp relative to 1991/92 and 1998/99, indicating that
more people diversified their timing of marriage and more people resorting to delayed
marriage.

Fig. 4.1.1a: Distribution of New Marriages by Spouse Age in 1971/72

b By B
|
1

2500 - .7

[
|

(]
1
'

20004 .7

= = =

1500 -

1
'
i

Number of Marriages

Age of Males

Age of Females

% The newlywed information in 1971/72, 1981/82, 1991/92, and 1998/99 comes from the 2000 census,
and the newlywed information in 2003/04 comes from the 2003 sub-census. In the diagrams of
newlywed distribution and total gains over the age of the spouses, the age of newly married individuals
refers to the age from the previous period. For example, for 1998/99, 21 refers to 21 years old in 1997,
and the individual is approximately 22 to 23 years old at the time of marriage. For the analysis on
prevailing marriage distribution, the age refers to the age in that period. For instance, in year 1980, age
refers to the age by the end of 1980.
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Fig. 4.1.1b: Distribution of New Marriages by Spouse Age in 1981/82
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Fig. 4.1.1¢: Distribution of New Marriages by Spouse Age in 1991/92
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Fig. 4.1.1d: Distribution of New Marriages by Spouse Age in 1998/98
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Fig. 4.1.1e: Distribution of New Marriages by Spouse Age in 2003/04
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The following segments focus on the prevailing marriage rates of women and men for
1970, 1980, 1990, 1999, and 2004 (Figures 4.1.2a and b).” By the figures, more men
and women tended to delay their marriage in 1990-2004. Thus, the findings arc
consistent with the expected result (1.1). Interestingly, the actual prevailing marriage
rates for women and men arc maintained at over 95% and 90% when women were

over 30 years old and men were 35 years old or above for these 35-year interval.'®

Fig. 4.1 .2a: Prevailing Marriage Rates of Females in 1970, 1980, 1890, 1998, and 2004
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% The information for prevailing marriage rate of women and men in 1970, 1980, 1990, and 1999
comes from 2000 census, and those in 2004 comes from 2005 sub-census.

% Evidence from other countries indicates that the marriage rate of men and women fall, and that the
marriage age of men and women increases with economic development, expanding cohabitation, and
increased complexity in their respective carcer. Several studies (Qian, 1998; Gould and Paserman, 2003;
Kug, 2005) point out that the marriage rates of Americans decreased greatly between 1970 and 2000.
Ellas (2003) finds that the percentage of married women between the ages of 17 and 29 in Argentina
fell from 37% in 1980 to 16% in 1999. Iwasawa and Mita (2008) indicate that the first marriage rates of
Japanese people fell sharply continucusly from [970s onwards.

133



Fig. 4.1.2b: Prewvailing Marriage Rates of Males in 1970, 1980, 1990, 1999, and 2004
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Third, the present study focuses on the characteristics of age gap between spouses in
1970-2004. Figure 4.1.3a shows the average number of years newlywed grooms who
are older than their brides with respect to the age of brides among newl},rweclsm| in
1970, 1980, 1990, 2000, and 2004.'"* Similar to the findings in other countries like
the US (Oppenheimer, 1988), the years of groom being older than brides fell when
women’s age at marriage increased. Such attribute persisted from 1970 to 2004. In
particular, the average number of years wherein grooms are older than their brides is
negative (from O to -2) for women who married at age 32-34 years in 2004. This
indicates that the marriages where wives are older than their husbands appeared more
frequently when women married at 32 years old onwards. Moreover, Figure 4.1.3b
illustrates the mean number of years of grooms who are older than their brides with
respect to grooms’ age among newlyweds (1970, 1980, 1990, 2000, and 2004).
Interestingly, the relationship between age gap and men’s marriage age is positive,
suggesting that even among men who marry late (i.e., in their late twenties or above),

they prefer to find young women aged around the mid-twenties in general. Again,

"0 All were first marriages.
192 Data from 2005 sub-census are used to plot Figures 4.1.3a and b. Data from 2000 census are used to
plot and determine nearly the same characteristics in 1970, 1980, 1990, and 1999.
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from the perspective of the men, while the pattern of finding younger women persists,
the mean number of years for their wives to be younger fell over time. For instance,
the mean age gap between spouses for men married at 30 years old in 2004 is lower

than that in 1970 by approximately two years.

Fig. 4.1.3a: Average Number of Years Groom Older than Bride by Age of Bride
between 1970 and 2004
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Fig. 4.1.3b: Average Number of Years Groom Older than Bride by Age of Groom
between 1970 and 2004
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Fig. 4.1.4: Mean Age of Grooms & Brides and Age Gap between Spouses in Newlyweds
between 1970 and 2004
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Figure 4.1.4 shows the trends on the mean ages of men and women, as well as the
mean age gap between spouses in new marrages, from 1970 to 2004.'% The trends on
marriage age are similar for men and women, and can be divided into three stages.
Throughout the 1970s, the mean marmage age increased continuously, from 23 to 25
years for men (see line with circles) and from 21 to 23 years for women (see line with
squares). Such delay was obviously due to the governmental advocacy campaigns.
Then, the marriage age for men fell gradually to 23.5 years old, close to the initial
level in 1970, and flattened at this level until the late 1980s. The trend for women'’s
marriage age was similar; however, the duration was shorter and the extent of the fall
was smaller. Women’s mean marriage age fell to 22 only in the mid-1980s (rather
than to 21 at the beginning of 1970), and then almost flattened at this level until the
late 1980s. The mean age at marriage of men and women increased in late 1980s—
2004 from 23.5 to 25.5 and 22 to 23 for men and women, respectively. The positive
age gap between spouses became smaller, from 2.5 years to approximately 1.9 years,

in the 1970s [i.e., the fall is expected and consistent with expected result (1.2)). When

' Data from 2000 census are used to compute and plot the trend of mean marriage ages and mean age
gap between 1970 and 1999, and to obtamn almost the same results.
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men and women’s marriage age fell, the positive age gap increased sharply in the
early 1980s. This is predictable as more young men and women married during the
period, with young women preferring to marry men who are a few years older.
However, surprisingly, the age gap fell continuously from year 1984 until the late
1980s (from 2.1 years to 1.5 years). Meanwhile, the mean age at marriage of men and
women varied only slightly over this period. Other exogenous factors might exist,
attributing to the smaller age gap.'"* Age gap rose gradually from 1.5 years to 2.1
years between 1990 and 2004. This is likely due to the increasc in the marriage age of
men, which outweighs the rising marriage age of women on average. As a whole, the

magnitude of fluctuation in the mean age gap was small at £1 year during 1970-2004.

Fourth, to obtain a more precise estimate on the time effect on marriage age and age
gap in 1970-2004, the current work utilizes OLS reg‘rcssion,m5 with data on new

marriages acquired from 2005 sub-census.'®

Table 4.3 displays the OLS estimates of the impact of time factor, educational
attainment, obtaining an urban Awkou, and living in urban areas on marriage age of
males and females. The OLS estimates of year dummies for marriage age are
consistent with findings, as shown in Figure 4.1.4. For instance, relative to 1970 (base
ycar), the estimated coefficients in the 1970s are significantly positive by up o 1.6
years for men and 2.0 years for women in 1979, The OLS results also support people
delaying their marriage in the 1990s and early 2000s relative to early 1980s.
Moreover, significant positive coefficients of dummies for city, town, and urban
hukou are expected. According to the results, people tend to marry later by
approximately one year when living in urban areas than in rural areas. In addition, the
significant positive estimates of dummies for female higher educational attainment

indicate that higher educated females marry in their later years.

Table 4.4 shows the OLS regression results on the age gap between spouses over time.

The OLS estimates of time dummies on age gap, even by controlling the educational

19 Famine-born-cohorts (born between 1959 and 1961) were 1n their early twenties 1n the early 1980s

when they entered the marriage markets. The distortion brought about by the Great Famune (1951-1961)
led to & sudden decline on fertility, resulting in a sharp change wn the sex ratto of marmageable men to
women 1n the 1980s. This may be an interesting focus of future study.

' Tobut regressions are used, and results are qualitatively very similar,

'% Data from 2000 census are used, and the regression results are very close for 1970-1999
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achievement, hukou status, and residential areas of the couples, are consistent with the
time trend shown 1n Figure 4 1 4 The coefficients of jumor high school, high school,
and college dummucs for the husband and wife are sigmficantly negative By
controlling the educational level of a spouse, one’s schooling level 1s evidently higher,

while the age gap between spouses 18 smaller

Table 4 3 OLS Results on Marriage Age of Males and Females between 1970 and 2004

Dependent Vanables Marnage Age of Males Marniage Age of Females
(D (2) (3) (4) (5) (6)
Constant 23117 23 141** 23176 20 469™* 20 509*** 20 475***
(0042) (0041) (0041} (0033) (0033) (0033)
Junior High School -0 803*™* -0 904* -0 788" 0224 00@3* 0186"™"
(0015) (DOD18) (DD16) (OD11}  (0012) (0012)
High School -0 473** -0 539*** -0 055" 0 e40* 0792* 121"
(0020) (0020) (0020) (0018)y (0D1B) (0017
College or Above 0079 0017 Q904 1369™" 1225 1843
(0026) (D02B) (0024) (0024 (0024) (D021}
Urban Hukou 1783 1782* 1278 1313
(0015} (0 015) {0013) (0013)
City 1 259~ 0 966***
{0 014) (0 012)
Town 0 339+ 0 342
{0 015} (0 013)
Married n
1971 0081 0 065 0 059 0078 0069 0072
{0063) (DD0B3) (0063) (0050) (0049) (0049)
1972 0 253** 0249~ (0238* 0209 0310 0313
{00B0) (0059) (O059) (0048) (0047) (0047)
1973 0 435" 0423* 0383 0 561*** 0580*™ 0 576"
{0060y (DO59) (0 059) (0048) (0047) (0047)
1974 0 753* 0741 08693 0936** 0933**™ D0 926™
{0059) (0058) (0058) (0 048) (0047) (0 047)
1975 ¢ 909 0910** 0 835™ 1178* 1152 1128
(0 055) (0 055) (0 055) (0046) (0045} (0 045)
1976 1220*  1206™* 1133 1508™" 1484 1464**
(0 055) (0054) (0054) {(0046) (0045} (0 045)
1977 1392 1385 1201 1719** 1679 1652
(0056 (0055) (D0OS55) {(0047) (0046) (0046)
1978 1583~ 1558 1463*** 1913 1891 1 860"
(0 053y (0052) (0 0S3) (0044) (0043} (0043)
1979 1722*™ 1696™* 1598 2 048*** 2022" 1992™
(0 052) (0051} {0 051) (0044) (0D043) (0043)
1980 1567 1552*** 1 450™* 1795 1774 1741
(0 050) (0 049} {0 050) (0042) (0041) (0D D041)
1981 1405** 1369 1272 1525 1498 1 462"
(0 051) (0 050} {0 051) {(0043) (0043) (D043)
1982 1208* 1188 1 080** 1174 1186™  1130*™
(0 052) (0051  (0052) {(0044) (0043) (0043
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1983 0.939*** Q.927** 0.768*** 0.895*** 0.804*** 0.835***

{0.053) {0.052) (0.053) (0.044) (0.043) (0.043)

1984 0.683*** 0.669** 0.516*** 0.761** 0.787** 0.719***

(0.053) {0.052) {0.053) (0.042) {0.041) (0.041)

1985 0.570*** 0.571*** 0.398** 0.780** 0.798** 0.722***

(0.051) {0.051) (0.051) {0.041) (0.040) {0.040)

1986 0.439*** 0.438"** 0.268"** 0.805*** 0.819*** 0.739™*

{0.051) (0.050) (0.050) (0.041) (0.040) (0.040)

1987 0.402*** 0.393*** 0.236™**" 0.801** (0.818** 0.750***

(0.050) (0.050) (0.050) (0.040) {0.039) (0.039)

1988 0.399*** 0.398** 0.231** 0.837** 0.876** 0.800**"

(0.050) {0.049) {0.049) (0.040) {0.040) {0.040})

1989 0.373***  0.377** 0.207** 0.872** 0.925** (0.845***

(0.050) {0.049) {0.049) (0.041) (0.040) (0.040)

1990 0.429*** 0.433*** (0.258*** 0.875*** 0.929*** (0.843***

(0.050) (0.049) (0.049) (0.040) (0.039) {0.040)

1991 0.581*** 0.590*** (0.413*** 1.030***  1.095*** 1.004***

(0.051) {0.051) (0.051) {0.042) (0.041) (0.041)

1992 0.690**  0.699*** (0.525*** 1,123 1.193*** 1.104***

(0.051) (0.050) (0.050) (0.042) (0.041) (0.041)

1993 0.8e62*** 0.864*** 0.681*** 1.290**  1.360*** 1.267*"*

(0.051) {0.050) (0.050) (0.041) (0.041) (0.041)

1994 0.985"** 0.977*** (0.794*** 1.385**  1.461*** 1.367***

{0.050) (0.050) (0.050) (0.041) (0.041) (0.041)

1995 1.286"**  1.269*** 1.075*** 1.603** 1.672** 1.564™**

(0.052) (0.051) (0.051) (0.043) (0.042) (0.042)

1996 1.382**  1.372**  1.191*** 1.720*** 1.789** 1.691***

(0.052) (0.052) {0.052) (0.043) (0.042) (0.042)

1997 1.561***  1.568*** 1.386*** 1.811** 1.879** 1.779*

(0.053) (0.052) {0.052) (0.044) (0.044) {0.044)

1998 1.694***  1,683*** 1.489*** 1.842***  1.900** 1.783"**

(0.053) (0.053) (0.053) {0.044) {0.043) {0.043)

1999 1.823***  1.810*** 1.622*** 1.863***  1.917*** 1.791***

(0.054) (0.053) (0.053) (0.046) {0.045) {0.045)

2000 1.835*** 1.818*** 1.623*** 1.812*** 1.882** 1.747***

{0.054) (0.053) (0.054) (0.0486) {0.045) {0.045)

2001 1.822*** 1.814*** 1.609*** 1.833*** 1.877*** 1.739***

(0.055) (0.055) (0.055) (0.048) (0.047) (0.047)

2002 2.043** 2031 1.814™* 1.892*** 1,935 1.781***

(0.057) {0.056) {0.056) (0.048) (0.047) (0.048)

2003 2.084** 2.068™* 1.844*** 1.903***  1.942*** 1.773***

(0.055) {0.054) (0.054) (0.045) (0.045) (0.045)

2004 2.134** 2.092"*  1.841*** 1.880*** 1.916*** 1.734***

(0.056) (0.055) (0.056) (0.046) (0.045) (0.045)

Obs 403536 403536 403536 403536 403536 403536

R-square 0.109 0.145 0.128 0.129 0.169 0.159
Notes:

Robust standard errors are reported in parentheses.
* significant at 10%; ** significant at 5%; *** significant at 1%.
In Columns (2), (3), (5) and (6), OLS regressions control provincial dummies.
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Table 4 4 OLS Results of Age Gap between Spouses between 1970 and 2004

Dependent Variable

Age Gap between Spouses

(1) _(2) (3)
Constant 2 705+ 2 705 2 750+
(0 039) (0 039) (0 039)
Husband's Junior High School Dummy -0 779™* -0 779 -0 752+
(0 015) (0015} (0 015)
Husband's High School Dummy -0 634™* -0 634 -0 507
(0 020) (0 020) (0 020)
Husband's College Dummy -0 516 -0 516* -0 288™*
{0 028) {0 028) (0 027)
Wife's Jumor High School Dummy -0 310" -0 310™ -0 268™
{0 014) {0 014) (0D 014)
W ife's High School Dummy -0 499** -0 489* -0 339™™
(0 021) (0 021) {0 020)
Wife's College Dummy -0 714 -0 714 -0 545
(0 030) (0 030) (0 029)
Husband's Urban Hukou 0470 0 470"
(0 024) {0 D24)
Wife's Urban Hukou 0073 0073
(0 025) (0 025)
City 0 244*
(D 013)
Town -0 006
(0014)
Married in
1971 -0 015 -0015 -0 017
{0 060) (0 060) {0 060)
1972 -0073 -0 073 -0078
{0 056) (0 056) (0 056)
1973 -0 180** -0 180™* -0 195"
(0 055) {0 055) (0 055)
1974 -0 224" -0 224 -0 240**
(0 055) (0 055) {0 055)
1975 -0 273 -0 273 -0 297
{0 052) {0 052) (0 052)
1976 -0 309 -0 30g™* -0 333"
(0 052) (0 052) {0 052)
1977 -0 333 -0 333 -0 364
{0 052) {0 052) (0 052}
1978 -0 371 -0 371+ -0 405"
{0 050) (0 050) {0 050)
19798 -0 369*** -0 389*** -0 404"
{0 048) (0 048) (0 048)
1980 -0 270" -0 270*** -0 309"
(0 047) {0 047) (D 047)
1981 -0 184*~ -0 184*** -0 225"
(0 048) (0 048) {0 048)
1982 -0 047 -0 047 -0 101**
{0 048) (0 048) (0 048)
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1983 -0.034 -0.034 -0.100**

(0.049) (0.049) (0.049)

1984 -0.168™** -0.168*** -0.233*

(0.049) (0.049) (0.049)

1985 -0.280™* -0.280*** -0.349™

(0.047) (0.047) (0.047)

1986 -0.429*** -0.429*** -0.497

(0.047) (0.047) (0.047)

1987 -0.478*** -0.478*** -0.541™*

(0.047) (0.047) (0.047)

1088 -0.523** -0.523*** -0.588™*

(0.046) (0.046) (0.046)

1989 -0.597* -0.597*** -0.663***

(0.046) (0.046) (0.046)

1990 -0.5643"** -0.543*** -0.611**

(0.046) (0.046) {0.046)

1991 -0.550** -0.550** -0.619***

(0.048) (0.048) (0.048)

1992 -0.541*** -0.541*** -0.608™*

(0.047) (0.047) (0.047)

1993 -0.547** -0.547** -0.618**

(0.047) (0.047) (0.047)

1994 -0.530™* -0.530*** -0.602***

(0.047) (0.047) (0.047)

1995 -0.444** -0.444*** -0.518***

(0.048) (0.048) (0.048)

1996 -0.463"* -0.463" -0.536™*

(0.048) (0.048) (0.048)

1997 -0.360* -0.360*** -0.434**

(0.048) (0.048) (0.048)

1998 -0.254*** -0.254"** -0.333™*

(0.049) (0.049) (0.049)

1999 -0.142+* -0.142** -0.221™*

(0.050) (0.050) (0.050)

2000 -0.091* -0.091* -0.173™

(0.050) (0.050) (0.050)

2001 -0.089* -0.089* -0.176***

(0.051) (0.051) (0.051)

2002 0.08 0.08 -0.012

(0.052) (0.052) (0.052)

2003 0.112* 0.112* 0.016

(0.051) (0.051) {0.051)

2004 0.168** 0.168* 0.063

(0.051) (0.051) (0.051)

Observations 403536 403536 403536

R-square 0.068 0.068 0.066
Notes:

Robust standard errors are reported in parentheses.

* significant at 10%; ** significant at 5%; *** significant at 1%.

OLS regressions control provincial dummies.
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Fifth, the smoothed total gains from newlyweds in 1971/72 and 2003/04 are plotted in
Figures 4.1.5a and b, respectively.m As illustrated earlier, intuitively speaking, total
gains represent the systematic marital output of a marriage (7, j) minus the systematic
output of both parties remaining single. Hence, on the average, the higher the total

gains, the more attractive the mating.

In general, the distribution of total gains is displayed as coned-shaped. Total gains do
not monotonically increase or decrease along with the marriage ages of either male or
female, but instead depend on marriage age of both and the age gap between spouses.
The total gains are higher for men and women married in their early to mid-twenties.
This 1s expected, as many would like to marry within this age range. Total gains are
lower for very young and very old couples, as these kinds of mating are less popular
and less frequent among all possible (i, j) marriages. Moreover, the tradition for age
gap normally pertains to grooms who are usually of the same age or slightly older (by
a few years) than their brides. This is also the reason the total gains fall when the age

gap of a couple widens.

Fig 4 1 5a Smoothed Total Gains from Newlyweds in 1971/72

Age of males

Age of females

197 The plots of total gains for 1981/82, 1991/92, and 1998/99 display similar quahtative characteristics
and thus are not shown for brevity
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Fig 4 1 5b Smocthed Total Gains from Newlyweds 1 2003/04
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The cross-sectional plot of total gains from newlyweds for women and men at specific
ages in 1971/72 and 2003/04 are shown in Figures 4.1.6a and b, respectively.'” The
total gains have an inverted U-shape for men and women married in their early
twenties. When their spouses are relatively too old or too young, the total gain from
the marriage falls. This suggests that young women {men) want to find husbands
(wives) that are only slightly older (younger) (i.e., by a very few years). Interestingly,
the shape of total gains becomes flatter and more dispersed for women aged 30 and
men aged 35. This suggests that the when women (men) marry late, they are not strict

on finding spouscs who are slightly older (younger).

1% The characteristics of the cross-sectional plot of total gains are very stmilar over time, thus, for the

sake of brewity, figures for other peniods are not shown The honizontal axis represents age of spouses
When discussing total gams from female’s (male’s) side, the spouse age represents groom (bride)’s age
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Frg 4.1.6a: Cross-Sectional Piot of Total Gains from Newlyweds in 1971/72
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Fig. 4 1 6b: Cross-Sectional Plot of Total Gains from Newlyweds in 2003/04
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Sixth, to examine further the changes of the timing of marriage and the assortative

mating on age in 1970-2004, the differences in total gains from newlyweds over time
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are plottcd.m9 If people tend to marry later eventually, then the differences in total
gains between 1991/92 and 1998/99, and between 1998/99 and 2003/04, would be
negative for men and women who married in their early twenties, and positive for
men and women marrying around 25 years old or above. Moreover, for changes in
assortative mating vis-a-vis age over time, a regular and consistent pattern is expected
on changes in total gains over some specific types of matches. For instance, if men
were more willing to marry same-age women compared in previous years, then there

would be observable positive changes in total gains for same-age matches over time.

Figure 4.1.7a illustrates the changes in total gains from new marriages between
1971/72 and 1976/77 by women in their twenties. Married couples show a positive
change in total gains after delaying marriage from early twenties to mid-twenties
during this period. This indicates that more people delayed their marriages. Moreover,
changes in total gains are mainly positive for age gap [0, 2], indicating that more
marriages occurred in which grooms were of the same age or older than their brides

by one to two years.

Fig 4 1.7a: Diffierence in Totat Gains from Newlyweds (1976/77 - 1971/72)
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'% The change in total gains across 1971/72-1976/77, 1976/77-1981/82, 1981/82--1986/87, 1986/87—
1991/92, and 1991/92-1998/99 are computed from the data of the 2000 census. The change in total
gains across 1998/99-2003/04 is computed from the data of the 2005 sub-census.
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Fig. 4.1.7b: Difference in Total Gains from Newlyweds {1981/82 - 1976/77)
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Between 1976/77 and 1981/82, as shown in Figure 4.1.7b, the changes in total gains
were positive for people who married in their late teens to their late twenties. This
indicates that many became inclined to marry, especially among young people in their
early twenties, as soon as the barriers from the government were removed in the early

1980s. However, no particular change in total gains on any specific types of age

mating could be found.

Fig. 4.1.7c: Difference in Total Gains from Newlyweds (1986/87 - 1981/82)
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Fig 4 1 7d Difference in Total Gains from Newlyweds {1991/92 - 1986/87}
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Based on Figure 4.1.7¢, between 1981/82 and 1986/87, people tended to marry earlier
over this period (i.e., in their early twentics), as reflected by the positive changes in
total gains for people married in their late teens and early twenties, and by the
negative changes in total gains for people marrying in their mid-twenties onwards.
According to Figure 4.1.7d, between 1986/87 and 1991/92, the changes in tofal gains
from people’s marriages are mainly negative. No highlight features could be found

over this period.

Fig 4 1 7e Difference in Total Gains from Newlyweds {1988/80 - 1991/92)
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Fig 4.1.7f Difference in Total Gains from Newlyweds (2003/04 - 1998/98)
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Interestingly, as seen in Figure 4.1.7¢, people who married in their early twenties had
lower total gains; in contrast, people who married 25 years old or above had higher
total gains between 1991/92 and 1998/99. This suggests that the attractiveness of
early marriage fell; however, the attractiveness increased for late marriage in the
1990s [i.e., expected result (1.1)]. According to Figure 4.1.7f, changes in total gains
mainly fluctuated around zero level for people who married in their late twenties and
early thirties; however, the changes were mainly negative for people who married in
their early to mid-twenties between 1998/99 and 2003/04. This suggests that more

people tended to delay marriage consistently over this period.

As a whole, based on the changes in total gains across periods, the present study does
not find any regular, consistent, and significant changes in total gains on any
particular types of age mating; rather, the changes in total gains over time were

mainly related to the marriage age of men and women.

In short, the mean marriage age fluctuated between 1970 and 2004. The marriage age
of men and women was deferred by the government’s encouragement in the 1970s.
As women who delayed marriage tended to marry men of similar age, the overall
positive age gap between spouses became continuously smaller in the 1970s. In the

1980s, many were inclined to marry in their early twenties. From 1990 to 2004, an
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increasing number of people delayed marriage by a few years, eventually marrying in
their mid-twenties and onwards. Interestingly, prevailing marriage rates on men and
women over 35 years old remained at very high levels from the 1970s to the early
2000s, despite China becoming more prosperous. This suggests that the Chinese
people’s willingness to marry was preserved, even though they had become more
affluent. Overall, the positive assortative mating on age was maintained from 1970 to
2004; no significant changes could be found in total gains on any particular types of

age mating over time.

4.4.2. Results of the Impact of the One-Child Policy

This scction reports and discusses the impact of the one-child policy on marriage rate,
marriage age, and assortative mating on age by applying DiD estimations on the
marital behavior of Zhuang people before and after being subjected to the policy in

1989 relative to the rest of minority groups (excluding Man people).

Figure 4.2.1 plots the DiD estimates on newlywed rates of men and women. If the
one-child policy does not affect the marriage rate of people, then the DiD estimates on
newlywed rates are expected to lie at the zero level at the marriage ages. The DiD
estimates on the newlywed rate of men (see line with circles) are negative and below
the zero line generally over the early twenties; however, in general, the estimates
increase and become positive when the age of men exceeds age of 24. This means that
the one-child policy induces men to marry after they reach 24 years old. Similarly, the
DiD estimates on the newlywed rate of women are negative across the early twenties;
the DiD estimates become positive from 24 years old onwards (except 25 and 27
years old). Hence, the findings suggest that, because of the one-child policy, more

men and women delay to marry [i.e., expected result (2.1)].
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Fig. 4.2.1: DiD New Marriage Rates of Males and Females {1994/95 - 1987/88}
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Second, we apply the DiD estimation on the prevailing marriage rates of men and
women before (1988) and after (1999) being subjected to the policy. The DiD
estimates on prevailing marriage rates are expected to be close to zero if the one-child
policy does not affect people’s desire to marry and their marriage age. Results in
Figure 4.2.2 are consistent with the findings on newlywed rates. DiD estimates on
prevailing marriage rate of men (see line with circles) are negative in the range of
early twenties. The estimates begin to increase from 25 years old, and eventually
approaches zero (e.g. -0.02) at 33 years old. A similar pattern is found on the DiD
estimates for the prevailing rate of females (see line with triangles). This suggests that
more men and women delay marriage after having been subjected to the policy,
leading to negative DiD estimates of the prevailing rates of men and women who are
in their early twenties. Later still, many would marry in their mid-twenties onwards,
leading to increases in DiD estimates of prevailing rates. The DiD estimates converge
to zero, especially on women'’s side, indicating that the people’s desire to marry was
preserved; however, they became more willing to delay marriage after being subjected

to the policy.

Fig. 4.2 3- Age Gap Between Spouses in Zhuang and other Non-Han's New Marnages
Between 1987 and 1995
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Third, the mean age gaps between grooms and brides in new marriages of Zhuang and
other non-Han groups between 1987 and 1995 are compared, as shown in Figure 4.2.3.
Interestingly, the mean age gap between spouses for other non-Han couples (see line
with pluses) was maintained at approximately 1.8 and 1.9 years. In contrast, the mean
age gap between spouses for Zhuang people’s new marriages (see line with circles)
was 1.4 years in 1987, increasing to almost 2.3 years in 1995. Such result indicatcs
the impact of the one-child policy, which may have a positive influence on the mean
age gap between spouses. Subscquently, DiD regression on age gap between spouses

1s performed in the current work.

Fourth, to investigate the impact of the policy on the assortative mating on age, the
current work employs a DiD estimation on total gains. We plot the positive and
negative DiD estimates in two separate figures in order to display the results more
clearly. The positive DiD estimates on the total gains are shown in Figure 4.2.4a. As
mentioned earlier, a positive DiD estimate on a specific match (i, j) means that the
policy favors this particular mating. Interestingly, the positive DiD) estimates mainly
appear in two areas: men aged between 25 and 30 years old with women in their early
twenties, and men aged 25 to 30 with women 25 years old or slightly above. These
results seem to suggest that more men and women delay marriage {i.e., expected
result (2.1)] and most of men who marry late continue to marry younger women [1.€.,
expected result (2.4)]). However, the distribution of negative DiD estimates on total

gains, as shown in Figure 4.2.4b, 1s not clear.
Overall, based on the diagrams (Figures 4.2.4a and b), the results on the influence of

the policy on age mating arc unclear. Thus, DiD regressions are conducted to derive

more precise implications on the impact of the policy.
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Table 4 5 summarizes the DiD regression results on marnage age by gender The

study focuses on the coefficient of the interaction term of Zhuang and time dummies

for 1989 onwards ( D;, or D), which estimates the impact of the policy on marrage

age According to the estimates of interaction terms ( Dy, ) in Columns (3) and (8), on

the average, men delay marrage by seven months while women delay marriage by
two months To investigate further such effect over time, the interaction terms
between Zhuang and year dummues from 1989 to 1995 are added into the regressions,

as shown in Columns (4)-(5) and (9)-(10) Interestingly, the coefficients (D] ) are

significantly positive from 1990 onwards on the men’s side, while they are
significantly positive on women’s side from 1991 onwards On the average, the policy
leads men to delay marnage from 0 5 year in 1991 to 1 3 years in 1995, meanwhile,
the policy leads women to delay marriage from three months 1n 1991 to six months n
1995 Interestingly, the effect on delaying marriage 1s more significant for men, the

effect of which increases over time

Table 4 6 displays the DiD regression results on the age gap between spouses
According to Columns (1) to (3), the coefficients of interaction terms are sigmificantly
positive (0 44) with or without controlling the educational level of the spouse, hukou,
and residential areas Simularly, based on Columns (4) to (6), the coefficients of the
interaction terms between Zhuang and time dummies from 1990 to 1995 are
significantly positive 1n all specifications Results suggest that the policy increases the
overall age gap between spouses on their first marmages, from approximately five

months to ten months between 1990 and 1995

Table 4 7 shows the D1D results for newlywed and prevailing marnage rates "% Based
on Columns (1) and (2), the new marnage rate for males, nearly all coefficients of the
interaction term (age x post-1989 x Zhuang) are significantly negative between 20 and
26 years old (except 21 years old) The study finds similar results on the women’s
side for 20-25 years old In Column (3) on prevailing rates, the coefficients of the
interaction terms are significant and negative on men’s side from early twenties to

mid-twenties, the coefficients become insignmificant continuously as men’s age

""" As noted earher, the regressions include newlywed rates from 1985 to 1995, and prevailing

marnage rates from 1985 to 1999 by ethnicity and age
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increases. Similar results are found on the women’s side. The aforementioned further

supports that the policy results in more men and women delaying their marriages.

To examine the impact of the one-child policy on assortative mating on age further,

the current work uses total gains as dependent variable and applies DiD regression
analysis. The cstimatc of the interaction term ( D} ) is expected to measure the effect

on the attractiveness of specific types of age mating. If the estimate for a specific age
mating 1s significantly positive, presumably, the policy leads this type to become

more favorable.

Table 4.8a reports the estimates of the coefficients of interaction terms ( D, ) for the

possible matches by age of spouse in the first set. The cstimates are significantly
negative for the following matches: (17-19; 17-19), (20-22; 17-19), (20-22; 20-22),
(20-22; 23-26), {23-26; 17-19), (23-26; 20-22), (23~26; 23-26), (27-29; 20-22),
and (27-29; 23-26).""" As a whole, the significant negative estimates mainly appear
on marriages in which people marry in their late teens to mid-twenties. This finding
indicates that the policy encourages more men and women to marry in their later years
[1.e., expected result (2.1)]. Moreover, the estimates are significantly positive on the
following matches: (17-19; 23-26), (17-19, 27-29), (20-22; 27-29), (23-26, 27-29),
(23-26; 30 or above), and (27-29; 30 or above). The findings support the argument
that the policy leads to more marriages, with grooms being younger than their brides

[t.c., expected result (2.2}].

""" The first element in the parenthesis denotes the age range of grooms, while the second element
denotes the age range of brides.
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Tabte 46 Resulls of The Impaci of the One-Child Policy on Age Gap Between Spouses

Dependent Vanable Age Gap Between Spouses
{1) (2) {3} (4} _5) {6}
Post Dummy (for first marriages in 1989 and after) -0 De2* -0 055" D05
(0 031) {0031} 0 031)
Zhuang Dummy -3 432" 04107 0405 0432 -0410™ -0405
{0 057) (0 D57} [0 057) {0 057) (0 057) {0 057)
Post x Zhuang 0 444" 0449 0431
{0 078) 0 076) (0 075)
Year Dummias (1989 to 1995) - - - Yes Yes Yes
Year 1988 x Zhuang 0144 0138 0135
{0122} {0122 (0 122)
Year 1990 x Zhuang 0 435* 0 430 0428
{0 130) {0 130) 10130}
Year 1891 x Zhuang 0 330" 0323 0313
{0 181) (0 181) {0 181)
Year 1992 x Zhuang 0410+ 0 408+ 03917
{0 148) (G 148) {0 148)
Year 1993 x Zhuang 0325 0 322* 0 314"
(0 125) {0125} (0 125}
Year 1§84 x Zhuang Qe 0623 G 609"
{0 141) {0 140} {0 140}
Year 1995 x Zhuang O 824 gezr 0 80g™*
(0 159) (0 159) {0 159)
Husband's Years of Schooling g Q25*" Q025"
{0 008) {0 006)
Whte's Years of Schooling 0033 0033
{0 0D5) {0 005)
Egucation Gap between Spouses G Q29" 0030
(0 005} {0 003)
Husband's Urban Hukouy 0525+ 0 524"
{0 080) (0 080}
wife's Lirban Hukou - 192m -0 194%™
{0 085) (0 085)
City 0 146 0143
Q 055} {0 055)
Town -0033 0033
{0 051) {0051)
Observalions 56862 56862 56862 56882 56862 568682
R-square 0001 0002 0003 0oz goo2 004
Notes

Robust standard errors are reported m parentheses
* significant at 10%, ™ significant at 5%, *** significant al 1%

The sample includes all Zhuang and other non-Han couples {excluding Man people) marned durnng 1985-1995

in Columns {4}-{6}, a set of year dummes {1989-1995) 15 added

157



Table 4 7 Results of The Impact of the One-Child Palicy on Newlywed and Prevaiing Marriage Rates

Dependent Vanables Newlywed Rate {%) Prevaling Martiage Rate (%)
Males Females Males Females
(1 (2} (3) {4
Post Dwmmy (for first marnages in 1989 and after} -3 347 -3 815" -3 965 -4 0644
{0 300) {0 748) {0 345) (0473}
Zhuang Bummy -2 324 5690 -3 136 -4 516
{0 385) {1 850) {0 292) (D578}
Agezil x Post x Zhuang -1 928 -6 547 -5 80g™* -10 811
{0 728} {2 262) {1 154) {2 208)
Age?1x Post x Zhuang -0 086 -7 285" -8 537 -10 493
(1 084) {1 961) (1839 (2 470)
Aae2? x Post x Zhuang -2 331" -6 BBS™" -11 088 -8 639
{1193) {2 380} {2 510) (2 920)
£ne23 x Post x Zhuang -3 189" -6 765" -12 193 -5 164"
{1292) {2 482} {3 000) {2 750}
Age24 x Post x Zhuang -3 347 -7 826" -12 200" 373
{1365) {2 363) {3271) {2 401}
Age?5 x Post x Zhuang -2 BB3* -4 801" =10 574 -0 82
{1189) {2 560) {3 158} {1 955)
Age26 x Post x Zhuang -4 118 -0 719 -8 806" 1823
{1387) (2152) {2 9324} {1473)
Age?7? x Post x Zhuang -1 127 -0 065 -6 531 3284
{1316) {3 009) {2 578} {1129)
Age28 x Post x Zhuang -0 501 -0 815 -4 734" 4 3ge**
{1493) {3342) {2 189} (0 926)
Age29 x Post x Zhuang 0572 -0 104 -3 302 4 873
{1 038) {3 797) (1652) {0 792)
Aged0 x Post x Zhuang -b 732 -0 61 -1 717 519%™
{1394} {5 342) (1307) {0 740)
Age3d1 x Post x Zhuang 0103 § 146" -1 073 5518
{1315} {2 748) (1 045) {0732}
Age32 x Post x Zhuang -0436 1587 -0217 5601
(2 126) {5423) (0 870) {0734)
Age33 x Post x Zhuang 1925 3013 0538 5788
{1379) (6 392) {0 853) {0 730)
Age34 x Post x Zhuang 0604 -8752 1 208™ 5 828
{0 826) (6771) {0 480) {0 630)
Observations 306 396 570 570
R-square 087 0478 0982 0983
Notes

Robust standard errors are reported in parentheses

* significant at 10%, ** significant a1 5%, *** significant at 1%

Adl regressons include age dumries for marniage ages from 20 to 34 or above

in Columns (1)-(2), the sample ncludes newlywed rates over ages from 20 to 34 or above dunng 1985-1995

In Coiumps {3)-(4}, the sample mcludes prevaiing marniage rates over ages from 20 to 34 or above during 1985-1999
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In addition, interestingly, the estimates are significantly positive for mating in which
grooms are 30 years old or above, and brides are in their late teens and enwards. This
supports the observation that most men who marry late prefer to marry younger
women [i.e., expected result (2.4)]. Meanwhile, the estimate is significantly positive
on mating in which both spouses are 30 years old or above. This may support the
expected result (2.3), showing that some men and women who marry late at 30 years

old onwards are more likely to find spouses of similar ages.

Table 4.8b reports the DiD estimates of interaction terms for the possible mating in
the second set. The distribution of significantly negative and positive estimates in
Table 4.8b is close to those in Table 4.8a. Thus, the results give similar implications

to those obtained in Table 4.8a.

The aforementioned findings from DiD regressions are consistent with the
implications shown in Figures 4.2.1 and 4.2.2 based on information across two
periods (1987/88 and 1994/95). The current study finds that the one-child policy leads
more men and women to marry in their later years, especially men. Moreover, we find
implications that are more precise on the assortative age mating, as depicted by DiD

regression results on total gains.

The two key characteristics of the policy effect on age mating can be summarized as
follows. First, more young men in their late teens to mid-twenties marry older women.
Second, more men and women who marry at 30 years old or above choose spouses of
similar ages. Third, when more men marry at 30 years old onwards, most prefer to
marry younger women in their twenties. The third dominates the changes in age
mating. Overall, the positive mean age gap between spouses increases after being

subjected to the one-child policy.
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4.5. Concluding Remarks

In this study, frends in marital behavior of the Chinese for the period 1970-2004 are
analyzed, and impact of the one-child policy is explored in terms of marriage age,
marriage rate, and assortative mating on age. As far as we know, this is the first to
investigate the trends on these attributes using data from the 1990s and early 2000s,
and if and how the one-child policy affects these traits. The main findings are

concluded as follows.

First, the marriage age of men and women fluctuated from 1970 to 2004. The
marriage age of men and women rose in the 1970s and then fell in the 1980s. From
the early 1990s onwards, more men and women opted to delay their marriages. As a
whole, the mean average age increased from 23 to 25 for men and from 20.5 to 22.5
for women in rural areas between 1970 and 2004. People living in urban areas tended
to marry a year later than those living in rural areas on the average. Interestingly,
unlike in other countries, the prevailing marriage rates for Chinese men and women
after 35 years old were maintained at very high levels and were almost the same from
1970 to 2004. This suggests that, since 1979, despite Chinese people becoming more

affluent, their desire to marry has persisted.

Next, the pattern of assortative mating on age has been preserved more or less over
time. In general, Chinese women in their early twenties prefer to marry men a few
years older, while women over 25 prefer to marry men of similar age. On the average,
Chinese men who marry at 30 years old or older prefer to marry women a few years
younger. In addition, the fluctuation of mean age difference between spouses between

1970 and 2004 is only within + 1 year.

Finally, in terms of investigating the impact of the one-child policy, this study is the
first to compare the marital behavior of Zhuang people and the rest of minority groups
(excluding Man people) around 1989. Results suggest that more men and women
delay marriage after being subjected to the one-child policy. Moreover, the policy
affects assortative mating on age. When more men marry late (i.e., 30 years old or

above), most marry younger women in their twenties. Surprisingly, more young men
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in their late teens to mid-twenties are more willing to marry women who are older
than they are by a few years. Overall, the one-child policy tends to increase the

positive mean age gap between spouses by several months.
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App Fig 42 1a No of Children of Mamesi Women in 1982
frizm 1982 Cersus
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App Fig 42 1b No of Children of Marnred Women (Excluding Effects from Provinces) in 1982
from 1982 Census
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Number of Children

Residual Number of Children

App Fig 42 2a No of Children of Marned Women in 1990
from 1990 Census
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App Fig 42 2b No of Chitdren of Mamied Women {Exciuding Effects from Provinces & Urban Hukou) in 1580
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Number of Children

Residual Number of Children

App Fig. 4.2.3a. No of Children of Marned Wormen in 2000

from 2000 Census
™
o
o™
o
|
—
~—
L
T T T T T T
20 25 30 _ 35 40 45
Age of Married Women
~—=%—-:= Han -—-#—— Zhuang
L+ Non-Han
App Fig 42 3b No of Children of Mamied Women {Excluding Effecls from Provinces & Urban Hukou} in 2000
from 2000 Census
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