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ABSTRACT 

 

The thesis consists of four self-contained essays. 

 

Essay I, This paper examines the gender differential in the payoff to schooling in rural 

China. The analyses are based on a framework provided by the over education/required 

education/under education literature, and the decomposition developed by Chiswick 

and Miller (2008). It shows that the payoff to correctly matched education in rural 

China is much higher for females than for males. Associated with this, the wage 

penalty where workers are under qualified in their occupation is greater for females 

than for males.  Both of these factors are linked to the higher payoff to schooling for 

females than for males. Over educated females, however, are advantaged compared 

with their male counterparts, though this has little effect on the differential in the 

payoff to schooling between males and females. These findings are interpreted using 

the explanations offered for the gender differential in the payoff to schooling in the 

growing literature on earnings determination in China.  

 

Essay II, Studies of the return to education in urban China have reported that this has 

increased over time, and that females typically have a higher return than males. In this 

paper we adopt a framework provided by the over education/required education/under 

education literature, and the decomposition developed by Chiswick and Miller (2008), 

to investigate the reasons for these findings. The finding by Chen and Hamori (2009), 

from analysis of data for 2004 and 2006, of the return to schooling for males exceeding 

that for females, is also examined using this decomposition. 

 

Essay III, This paper uses data from the 1993 wave of the China Health and Nutrition 

Survey to explore the determinants of fertility in rural China. Using an ordered logit 

model, our analysis shows that measures of family planning including fines for above 

the quota children, subsidies for “one child” families, and the Hukou status of the “one 
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child” have affected fertility. However, the influences of these factors differ among 

women with different household income. Our results show that, 15 years after the one 

child policy was enacted in 1979, family planning was not the unique factor underlying 

the fertility decline in China. Socio-economic factors such as education, marriage age 

and occupations of women have also affected fertility in rural China.  

 

Essay IV, Using the 1991-2009 waves of China Health and Nutrition Survey, we 

explore whether there is any evidence of gender gap in children health outcomes in 

rural China and then its determinants in different size of families, which is influenced 

by family planning policy to a very great extent in China. We find that the existence of 

gender gap in child health only in non-one-child households but not in one-child 

households. We further observe that sibling rivalry does not affect boys’ health but 

worsens girls’ health in non-one-child households. Our findings also show that the 

increase of household income and father’s education can reduce the gender gap in 

child health to some extent. The degree of gender bias in child health is computed 

based on Oaxaca and Blinder decomposition model.  
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THE THESIS FORMAT 

 This thesis consists of five chapters, including introductions and four empirical 

studies. Each chapter is a self-contained chapter that has their own introduction, 

literature review, methodology, empirical results and conclusions for reader’s 

convenience.  As a result, repetition of relevant materials among chapters is 

unavoidable but it is kept to a minimum. References only appeared in separate chapter 

but not for a whole thesis. 
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CHAPTER 1   INTRODUCTION 

1.1       Introduction 

 This thesis consists of four self-contained essays in labour economics. The 

empirical analysis is based on data from the China Health and Nutrition Survey 

(CHNS)
1
.  The first two essays analyze gender differentials in the returns to education 

and they focus on respondents from rural and urban China. The third essay explores 

the determinants of fertility in China focusing particularly under one-child policy. The 

fourth essay studies the gender gap in child health in China. 

1.2       Gender Differences in the Payoff to Schooling in Rural China 

 Many studies have shown that the impact of schooling on earnings for females 

is greater than that for males, despite the fact that females tend to earn less. 

Psacharopoulos and Patrinos (2004) provide a comprehensive summary of the 

estimates in the existing studies using data for 98 countries across the 1950s to 1980s. 

The average return to education is 9.8% and 8.7% for females and males, respectively. 

China is no exception in this issue even though the studies focus on different areas, 

regions, ownership and sectors and the return to schooling in China is lower than the 

world average level. The empirical evidence for China is consistent with other 

countries. Indeed, all the literature (Meng, 1998; Wang and Cai, 2008 and Li, 2003) 

                                                 
1
China Health and Nutrition Survey (CHNS). The CHNS is a collaborative project of the National 

Institute of Nutrition and Food Safety, the Chinese Centre for Disease Control and Prevention, and the 

University of North Carolina at Chapel Hill. The survey covers nine provinces, namely Guangxi, 

Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and Shandong. These provinces vary 

substantially in geography, economic development, public resources, and health indicators. 
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appears to support this finding, except Chen and Hamori (2009). Moreover, not only 

does the literature agree that the payoff to schooling for females in China exceeds that 

for males, but this differential also appears to have widened over time.  This pattern is 

reported by Zhang et al. (2005). Since it is a common conclusion that the return to 

education for females is higher than that for males, several scholars have explored the 

reasons for this.  

Another interesting issue has followed: What determines the higher returns to 

schooling for females relative to males in the Chinese labour market? Several 

explanations have been proposed. One reason is positive self-selection of females (Li, 

2003), which means that the women staying in the labour market are abler than the 

ones outside. In some sense, the returns to education for females are therefore likely to 

be overestimated in the conventional earnings function (Zhang et al. 2005). Sloane 

(1985) argues that the slightly higher rate of return to education for women may derive 

from differences in the demand for, and supply of, education between men and women. 

The demand for females with higher education is higher in the labour market. 

Deolalikar (1993) argues that the gender difference in returns to education is the result 

of manufacturing technology. Comparative disadvantage for females in the 

manufacturing sector may cause females to focus on more skilled-intensive jobs. The 

discrimination against females with lower education is more serious than those with 

higher education. All of these explanations imply that schooling becomes relatively 

more important and financial rewarding to women. Moreover, some people argue that 

the opportunity cost of schooling for females is lower than that for males. This makes 

the Mincer return to schooling for females higher than that for males because 
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opportunity costs since what females gave up is less than males if they do not go to 

school, but not direct costs, are considered in the Mincer equation (Lai, 1998). 

 However, so far, there has not been an appropriate framework with which to 

combine these reasons to explain the higher payoff to education for females. In Essay I 

“Gender Differentials in the Payoff to Schooling in Rural China” (chapter 2), I use 

insights from the over education/under education literature to investigate the reasons 

for the differential in the payoff to education between males and females in China. 

This literature proposes that there is a usual or reference level of education for each 

occupation. Workers who have this level of education are viewed as being correctly 

matched to the educational requirements of their job. Workers with fewer years of 

education than that which is usual in their occupation are viewed as being under 

educated. Workers with more years of education than that which is usual in their 

occupation are viewed as being over educated. The over education/under education 

literature has shown that the earnings of workers will vary according to whether they 

are correctly matched, over educated or under educated.  Chiswick and Miller (2008) 

develop a framework within which the gap in the returns to education for two groups 

can be decomposed into components due to differences in the payoffs to correctly 

matched education, over education and under education, and to differences in the 

distribution of workers across these categories. I apply their decomposition technique 

in this chapter. 



  4 

Based on the ORU (Over education/Required education/Under education) 

model
2
 and the decomposition developed by Chiswick and Miller (2008), I find that 

the distributions across ORU categories and the distributions across education levels 

have little impact on gender differences in the return to education in China but partial 

impacts of ORU variables on earnings are big. According to the  decomposition, I find 

both returns to correctly matched education and under education between males and 

females are linked to the higher payoff to schooling for females than males. While the 

gap in the returns to over education between males and females has been demonstrated 

to narrow the gender difference in the return to education, the influence is small.  

  These findings are interpreted using the explanations offered for the gender 

differential in the payoff to schooling in the growing literature on earnings 

determination in China. For example, higher return to required education for females 

could reflect limited supply of skilled female workers; large penalty to under education 

for females could be linked to self-selection being more intense at higher levels of 

schooling. The advantages in return to correctly matched female workers and the 

bigger penalty in under educated female workers may provide the means through 

which the economic standing of women can be enhanced in China.
3
  

                                                 
2
 The ORU model measures the different returns to their actual education comparing to the standard 

education. Years of overeducation are surplus to the level of education that is usual in the worker’s 

occupation.  Years of required education are equal to the education that is usual in the worker’s 

education. Years of undereducation are where workers have less education than the level which is usual 

for their occupation.  For a review of a number of studies see (Hartog , 2000). 
3
 With the development of education level in China, the income of higher education has been increased. 

Especially, the income of women with higher education has been increasing. 
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1.3       Changes Over time in the Return to Education in Urban China 

 Even if many scholars agree that the return to education for males is less than 

that for females, a recent study by Chen and Hamori (2009) argued that, the return to 

education for males exceeds that for females.  Their study was based on data from the 

Chinese Health and Nutrition Survey (CHNS) in 2004 and 2006 from urban China. 

Their OLS estimates of the return to education, which offer the best basis for 

comparison with the existing literature, were 8.06 percent for males and 7.67 percent 

for females respectively. In order to explore the reasons for this phenomenon, I expand 

my analysis to urban China using the ORU model and the decomposition developed by 

Chiswick and Miller (2008). This is reported in my second essay II“Changes Over 

Time in the Return to Education in Urban China: Conventional and ORU estimates” 

(chapter 3). 

 Based on the 1993, 2004 and 2006 waves of CHNS, I find that neither correctly 

matched years of education nor mis-matched years of education were of any major 

consequence to the earnings determination process in urban China in the early period 

of the labour market reforms. However, there were obvious differences in earnings 

according to considerable gender differences in the estimated impacts of these 

education variables. The gender differential (male: 9.6 percent, female: 12.8 percent) 

in favour of females in the return to correctly matched education is similar to that 

reported by Ren and Miller (2010) in their study of earnings outcomes in rural China. 

The gender differential in the return to years of over or under education also favoured 



  6 

females. However, the earnings effect of years of under education was significant for 

neither males nor females in 2004. 

Chapters 2 and 3 are concerned with the profitability of an investment in 

education in rural (Chapter 2) and urban (Chapter 3) China, and how this profitability 

differs between males and females. The usual summary measure of this profitability is 

given by the coefficient on a schooling variable in a human capital earnings equation. 

This coefficient is referred to as either the rate of return on the investment in education, 

or the payoff to the investment in education. We use the terms rate of return and payoff 

to have the same meaning in this thesis. 

 These two chapters are coauthored with Professor Paul W. Miller. 

1.4       The Determinants of Fertility in China 

 In China, fertility rates decreased dramatically during the last half-century. 

According to the World Bank (2011), the average fertility of Chinese women was 

around 5.50 children per woman in1960. The number fluctuated from 1960 to 1970 but 

it remained at 5.51 in 1970. This number decreased to 2.75 by 1980. Since 1995 the 

average fertility per woman has remained under 2, and fell to 1.77 in 2009
4
. 

 In 1979, the Chinese government introduced strict family planning policies. 

Family planning has been regarded as the effective means to control children’s birth 

rates in China. Under the family planning policy, government took several different 

measures to aid in policy implementation in rural and urban areas. The main policy 

                                                 
4
Total Fertility Rate (TFR) is the average number of children that would be born by a woman over her 

lifetime. The average total fertility rate is 2.58 in the world and 2.1 in US. It is 1.78 in Australia, 1.6 in 

Europe and 1.14 in Taiwan. 
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tools included large monetary fines for above quota births and rewards to households 

who obeyed the policy and Hukou
5
 to legal children.  Births above the quota are 

heavily penalized in various forms. Fines and birth Hukou are the main measures. In 

rural areas, the most common penalty for an above-quota birth was a large, one-shot 

fine, which proved heavy for an average household. Short and Zhai (1998) estimate 

that the fine amount varies from 20% to 200% of the annual income of a family. 

Children who are not registered may receive inferior health-care or assistance for 

education, or their households may be prevented from receiving an extra allocation of 

food or land. In contrast, the policy rewards households who obey the rules. The 

rewards include a cash subsidy, health subsidy and extra food rations. Though the 

subsidy is small compared to a fine, it is paid year by year. This is always ignored in 

the research literature. 

 Previous research from China by Freedman et al. (1988), Wang (1988) and 

Zhang (1990) examine the socio-economic determinants of fertility using data prior to 

the period when family planning was regulated. Others focus on the role of the family 

planning program. Schultz and Zeng’s (1995) study investigates the effects of local 

family planning and health programs on fertility outcomes.  McElroy and Yang (2000) 

and Li and Zhang (2003) consider the effects of the fine on women’s fertility, but their 

results on  the influence of a fine for the above quota birth for different income levels 

is ambiguous. 

                                                 
5

Hukou is the household registration system adopted by Chinese government. Children without 

registered Hukou have no access to medical insurance, rural lands and public schools. 
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 Although the fine is undoubtedly a very effective policy instrument to reduce 

fertility rates, its influence on households with different income is ambiguous. 

McElroy and Yang (2000) find that the fine has affected poor people relatively more 

than others but Li and Zhang (2003) show that the fine has a significant influence on 

rich households than poor ones. Both these studies include the fine as the only 

instrument of family planning policy. In this essay, in addition to the fine, I also 

include other policy instruments such as the subsidy for the one-child family and 

Hukou limitations. The One-Child policy is not universally implemented in the whole 

of China.  In practice, there are three kinds of family polices, namely, two-children 

policy, one and a half children policy
6
, one- child policy in different areas. If this 

classification is ignored, the function of other determinants will be overestimated. 

Since women’s fertility rate has decreased dramatically in the last half century during 

the period when the one-child policy has been executed, I can explore whether the-

child policy has overridden all other determinants. 

I find in Essay III, “The Determinants of Fertility in Rural China” (chapter 4), 

that family planning policy plays an important role in controlling women’s fertility. 

My analysis shows that the fine is not the only instrument of family planning policy. 

The subsidy and Hukou are also useful measures, but their influences vary across 

income levels. Among the socio-economic factors, the education levels of the 

respondent and their marital status are significantly and negatively associated with 

fertility outcomes. However, variables such as Han nationality and per capita income 

                                                 
6
 One and a half children policy is used in some rural areas of China. According to this policy, the 

family is allowed to have another one child if the first one is a girl. 
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do not significantly affected women’s fertility behavior
7
. Since CHNS dataset does not 

include the Autonomous Region of Minority Nationalities, the results may have 

sampling issues which is limited by the dataset itself. 

The subsidy for one-child households can reduce women’s fertility significantly 

even if the amount of subsidy is small relative to household income. The subsidy is just 

a proxy of the reward for a one-child household. The extra access to food, land and 

better housing can encourage poor households to control their fertility. Thus the reward 

for the one-child family may look small relative to the amount of the fine and 

household income, but other bonuses such as housing and food may be significant for a 

poor family. 

1.5       Gender gap in child health in China 

 Essay IV, “Is There a Gender Gap in Child Health Outcomes in Rural China” 

(Chapter 5), analyses child health using anthropometric measures as a health proxy. 

The data come from waves 1991, 1993, 1997, 2000, 2003, 2006 and 2009 of the CHNS 

dataset for rural China. 

 Economists have tried to explore the evidence for gender bias in children 

through different measures: the differential child mortality between boys and girls, the 

differential outcomes in anthropometric indicators such as HAZ, WHZ and WAZ
8
 

                                                 
7
Ethnic groups are given some concessions to have one more child in China. 

8
Generally, child health can be measured by three main anthropometric measures height for age (HAZ), 

weight for age (WAZ) and weight for height (WHZ), which are constructed by World Health 

Organization. HAZ measures the child’s height according to age, expressed in standard deviations from 

the mean of the reference population while WHZ measures the children’s wage according to height. 

HAZ, WAZ and WHZ have different standard score according to age and gender. 
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between boys and girls and the intrahousehold distribution of nutrients between boys 

and girls.  In literature, girls are found to fare worse off boys in Southeast Asian 

countries in literature (Maitra and Rammohan, 2011; Senauer et al., 1988; Huq and 

D’souza 1981). 

 Several studies from China also find evidence of gender bias against girls in 

China. The most widely documented evidence of this being the phenomenon of 

“missing women” and imbalanced sex-ratio (Coale and Banister, 1994; Bulte et al., 

2011). Gu and Roy (1995) attribute these special phenomena to sex-selective abortion, 

higher female infant mortality rates and unreported females. Some scholars (Hannum 

and Xie, 1994; Brown and Park, 2001) find that girls have lower enrolment rates in 

China especially in poor areas. 

 However, the potential existence of gender gaps in child health outcomes has 

received less attention and the current results are ambiguous. Studies by Marcoux 

(2002), Song and Tan (2008) and Chen (2011) find no evidence of gender 

discrimination in child health while others (Graham et al., 1998; Liu, 2008 and Song, 

2007) argue that girls fare worse than boys. Since the one-child policy has been 

executed in some areas for more than three decades, do girls fare as well as boys? Can 

we assume that girls with more siblings will have poorer nutrition compared to boys? 

Can we assume that boys and girls are treated equally since every couple is allowed to 

have only one child?   

 In chapter 5, I aim to analyse whether there is any evidence of son preference in 

terms of child health and if the gender gap exists for the whole sample or some sub-

samples? Further, is this gender gap related to China’s one-child policy? Do the 
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traditional socio-economic determinants such as maternal education and household 

income mitigate anti-girl bias?  

Using anthropometric measures, I find that boys and girls from one-child 

households have similar health outcomes through HAZ and WAZ. However, girls have 

significantly poorer anthropometric outcomes than boys in non-one-child households.  

 I also find that the increase in household income improves the health of all 

children, and particularly that of girls. This finding further explains the existence of the 

gender gap in non-one-child households. When economic resources are limited, 

relatively more resources are devoted to boys, whose future returns are expected to be 

higher than that of girls. When household income increases, more resources can be 

devoted to girls. Boys having more siblings are not disadvantaged, but girls with more 

siblings are significantly disadvantaged, which also indicates that son preference does 

exist in rural China. Moreover, sanitation condition and health infrastructure are 

important because they are beneficial to a child’s height and weight. 

 

 

 



  12 

References 

Becker, G., (1960), “An Economic Theory of Fertility”, in Demographic and 

Economic Changes in Developed Countries: A Conference of the Universities-

National Bureau for Economic Research Series 11, Princeton University Press, 

New Jersey, United States of America. 

Brown P. and Park A., (2011), “Education and Poverty in Rural China”, Economics of 

Education Review, Vol. 21, pp. 523-541. 

Chen, G. and Hamori, S., (2009),“Economic Returns to Schooling in Urban China: 

OLS and the Instrumental Variables Approach”, China Economic Review, Vol. 

20, pp. 143-152. 

Chen, L.,Huq, E., and D’souza, S., (1981), “Sex Bias in the Family Allocation of Food 

and Health Care in Rural Bangladesh”, Population and Development Review, 

Vol. 7(1), pp. 55-70. 

Coale, A. and Banister, J., (1994), “Five Decades of Missing Females in China”, 

Demography, Vol. 31, pp. 459-479. 

Chiswick, B. R. and Miller, P. W., (2008),“Why is the Payoff to Schooling Smaller for 

Immigrants?”, Labor Economics, Vol. 15, pp. 317-1340. 

Deolalikar, A. B., (1993),“Gender Differences in the Returns to Schooling and School 

Enrollment Rates in Indonesia”, Journal of Human Resources, Vol. 28, pp. 

899-932. 

D’souza, S. and Chen L., (1980), “Sex Differentials in Mortality in Rural Bangladesh”, 

Population and Development Review, Vol. 6(2), pp. 257-270. 

Freedman R., Xiao Z., Li B. and Lavely W., (1988), “Local Area Variation in 

Reproductive Behavior in the People’s Republic of China, 1973-1982”, 

Population Studies, Vol. 42, pp. 39-57. 

Graham M, Larsen U. and Xu X., (1998), “Son Preference in Anhui Province, China”, 

International Family Planning Perspectives, Vol. 24(2), pp.72-77. 

Gu, B., and Roy, K., (1995), “Sex Ratio at Birth in China, with Reference to Other 

Areas in East Asia: What We Know”, Asia-Pacific Population Journal, Vol. 

10(2), pp. 17-42. 

Hannum, E., and Xie Y.. (1994), “Trends in Educational Gender Inequality in China: 

1949-1985.”Research in Social Stratification and Mobility, Vol. 13, pp.73-98. 

Hartog, J., (2000) “Over-education and Earnings: Where are We, Where should We 

Go?”, Economics of Education Review, Vol.19, pp. 131-147. 

Lai, D., (1998). “Education, Labor Market and Income Distributions”, Economic 

Research, Vol. 5, pp. 42-49 (in Chinese). 



 

13 

 

Li, H., (2003). “Economic Transition and Returns to Education in China”, Economics 

of Education Review, Vol. 22(3), pp. 317-328. 

Li, H. and Zhang J., (2003), “Fines, Limited Liability and Fertility”, Working Paper, 

the Chinese University of Hongkong. 

Liu, J., (2008), “Non-farm Employment, Mother Caring and Child Health: Evidence 

from Rural China”, Economic Research, Vol.9, pp.136-149 (in Chinese). 

Marcoux, A., (2002),“Sex Differential in Undernutrition: A look at Survey Evidence.” 

Population and Development Review, Vol. 28, pp. 275-284. 

Maitra, P. and Rammohan, A., (2011), “The link between Infant Mortality and Child 

Nutrition in India: Is There Any Evidence of a Gender Bias?”,Journal of the 

Asia Pacific Economy, Vol. 16(1), pp. 81-110. 

Maurer-Fazio, M., (1999).“Earnings and Education in China’s Transition to a Market 

Economy: Survey Evidence from 1989 and 1992”, China Economic Review, 

Vol. 10, pp. 17-40. 

McElroy M. and Yang D., (2000), “Carrots and Sticks: Fertility Effects of China’s 

Population and Policies”, American Economic Review (Papers and Proceedings) 

Vol. 90(2), pp. 389-392. 

Meng, X., (1998).“Male-female Wage Determination and Gender Wage 

Discrimination in China’s Rural Industrial Sector”. Labour Economics, 5, 

pp. 67-89. 

Psacharopoulos G. and Patrinos H. A., (2004), “Returns to Investment in Education: A 

Further Update”, Education Economics, Vol. 12(2), pp. 111-134. 

Ren, W. and Miller, P.W. (2010), “Gender Differentials in the Payoff to Schooling in 

China”. Institute for the Study of Labor Discussion Paper No. 5179 (Bonn: 

Institute for the Study of Labour). 

Schultz T. and Zeng Y., (1995), “Fertility of Rural China Effects of Local Family 

Planning and Health Programs”, Journal of Population Economics, Vol. 8, pp. 

329-350. 

Senauer B., Garcia M. and Jacinto E., (1988),  “Determinants of the Intrahousehold 

Allocation of Food in the Rural Philippines”, American Journal of Agricultural 

Economics, Vol. 70. 1,  pp. 170-180. 

Short S. and Zhai F., (1998), “Looking Locally at China’s One-child Policy”. Studies 

in Family Planning, Vol. 29(4), pp. 373-387. 

Sloane, P.J., 1985. Discrimination in the labour market. In: Millward, R., Sumner, 

M.T., Zis, G. (Ed.), Labour Economics. Longman Group Limited, New York. 



  14 

Song, Y., (2007), “The Gender Differences in Child Health and the Determinants in 

Rural China”, PhD dissertation, Nankai University, China (in Chinese). 

Song Y. and Tan L., (2008), “Son Preference and the Gender Differences in Child 

Health: Based on the Family Planning Policy in Rural China”, Population 

Studies, Vol. 3, pp. 67-74 (in Chinese). 

Wang F., (1988), “The Roles of Individuals’ Socioeconomic Characteristics and the 

Government Family Planning Program in China’s Fertility Decline”, 

Population Research and Policy Review, Vol. 7, pp. 255-276. 

Wang, M. and Cai, F. (2008), “Gender Earnings Differential in Urban China”, Review 

of Development Economics, Vol. 12. 2, pp. 442-454, 

Willis, R. (1973), “A New Approach to the Economic Modelling of Fertility Behavior”, 

Journal of Political Economy, Vol. 81(2), Part II, pp. 205-221. 

Wu, X. and Li, L., (2011), “Family Size and Maternal Health: Evidence from the One-

Child Policy in China”, Journal of Population Economics, Vol. 25(4), pp.1-26.. 

Zhang J.,(1990), “Socio-economic Determinants of Fertility in China: A 

Microeconomic Analysis”, Journal of Population Economics, Vol. 3, pp. 105-

123. 

Zhang, J., Zhao Y., Park A. and Song, X., (2005),“Economic Returns to Schooling in 

Urban China, 1988 to 2001”, Journal of Comparative Economics, Vol. 33, pp. 

730-752. 



 

15 

 

CHAPTER 2   GENDER DIFFERENTIALS IN THE PAYOFF TO 

SCHOOLING IN RURAL CHINA 

2.1       Introduction 

An important empirical regularity in studies of the determinants of earnings in 

China is that the return to education for females exceeds that for males. The studies by 

Meng (1998) and Li (2003) illustrate this clearly. Meng (1998) reported that the payoff 

to schooling for females in rural China was a statistically significant 2.2 percent, but 

that for males was a statistically insignificant 1.1 percent.  Li (2003) found that the 

payoff to education in urban China was 6.9 percent for females and 4.3 percent for 

males.  

Several explanations have been proposed for this empirical finding. One of 

these is that it is associated with differences in the demand for, and supply of, 

education between men and women. Li (2003), for example, argues that fewer women 

achieve high levels of education, which reduces the relative supply of highly skilled 

women. Li (2003) also suggests that the higher return to education for females may be 

associated with greater positive self-selection of women into the labour force relative 

to men, whose labour force participation is nearly universal.  This more intense 

positive selection into labour market activity among women would result in the ability 

of labour market entrants being higher than that of women outside the labour market. 

The return to education for females is therefore likely to be overestimated in the 

conventional earnings function, where there is no adjustment for these differences in 
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ability (Zhang et al., 2005). Deolalikar (1993) argues that the gender difference in 

returns to education is linked to the technology employed in the manufacturing sector, 

where physical strength is important to productivity.  Men have a comparative 

advantage in physical strength used in unskilled factory positions so that schooling 

becomes relatively more important and financially rewarding to women who focus on 

more skill-intensive jobs. 

To date, however, there has not been any systematic evaluation of these 

arguments. In part this is due to the lack of an appropriate framework within which to 

conduct such an evaluation. In this paper, we use insights from the over 

education/under education literature (see Hartog, 2000) to investigate the reasons for 

the differential in the payoff to education between males and females in rural China. 

This literature proposes that there is a usual or reference level of education for each 

occupation, and that the earnings of workers will vary according to whether they are 

correctly matched to that level of education, have more education than the reference 

level (i.e., are over educated), or have less education than the reference level (i.e., are 

under educated).  Chiswick and Miller (2008) develop a framework within which the 

gap in the returns to education for two groups can be decomposed into components due 

to differences in the payoffs to correctly matched education, over education and under 

education, and to differences in the distribution of workers across these categories. 

Their decomposition is applied in this paper to account for the gender difference in the 

payoff to education in China. 

 The structure of this paper is as follows. Section II provides a brief overview 

of recent studies of the determinants of earnings in rural China. Section III outlines the 
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methodological framework from Chiswick and Miller (2008). Section IV introduces 

the data set of the China Health and Nutrition Survey (CHNS), which is used in the 

empirical section. Sections V and VI present the empirical results. The first of these 

sections presents results of the regression analyses. Two main models are presented: a 

conventional schooling and experience earnings function and an Over 

education/Required education/Under education, or ORU, earnings function. Some 

sensitivity analyses are also presented. These sensitivity analyses centre on the way 

that the reference level of education is compiled in the ORU model, and on the 

potential role of sample selection bias. Section VI then undertakes the decomposition 

of Chiswick and Miller (2008), and presents an assessment of the importance of the 

path dependence discussed in Chiswick and Miller (2010a) to this decomposition. 

Section VII concludes. 

2.2       Literature review 

There is now a substantial literature covering the return to education in China.  

Many of these studies (e.g., Zhao, 1997; Hou, 2004; Yao and Zhang, 2004) have 

reported that, due to the strict registration of urban and rural workers and the 

segregation of urban and rural areas with different levels of development, the 

determinants of earnings differ between workers in rural and urban areas. Accordingly, 

many studies have undertaken separate analyses for these areas, although most focus 
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on just one sector. In particular, most of this research has focused on workers in urban 

areas, although there are a number of studies of rural workers.
9
 

One of the sets of data used for this type of study in rural China is the Chinese 

Household Income Project (CHIP).
10

  The CHIP data for 1988 were, for example, used 

by Johnson and Chow (1997) to examine the returns to education in rural areas as part 

of a wider study that covered urban workers as well. They reported that in rural areas 

the returns to education for females and males were 4.82 percent and 2.95 percent, 

respectively.
11

  

 Meng’s (1998) study is distinguished from the above by its focus only on wage 

determination in China’s rural industrial sector. The data used in her study are from the 

Township-, Village-, or Privately-Owned Enterprises Sample Survey conducted jointly 

by the World Bank and the Institute of Economics of the Chinese Academy of Social 

Sciences in 1986 and 1987.
12

  Meng showed that education played slightly different 

roles in male and female earnings determination. It had a positive (coefficient of 0.022) 

and statistically significant impact on female wages, but its impact on male wages, 

while positive (coefficient of 0.011), was statistically insignificant.  

                                                 
9
The literature that compares the return to education in urban and rural areas, but which does not make a 

distinction between males and females (e.g., Li and Li, 1994; Li C., 2003), will not be considered here.   
10

 CHIP was a joint research project between the Institute of Economics, Chinese Academy of Social 

Sciences and the Ford Foundation. Support was also provided by the Columbia East Asian Institute and 

the City University of New York.  The sample includes observations from rural areas in all of the 28 

provinces other than Tibet, Xinjiang and Taiwan. Three surveys of this project were conducted in 1988, 

1995 and 2001. 
11

 In comparison, in urban areas the return to education was 4.46 percent for females and 2.78 percent 

for males. 
12

 Four counties were involved in this survey: Wuxi county in Jiangsu province, Nanhai county in 

Guangdong province, Jieshou county in Anhui province and Shangrao county in Jiangxi province. 
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A further study of earnings determination in rural areas, by Sun (2002), also 

reported that the payoff to schooling was higher for females than for males, although 

the difference was not statistically significant. However, using 2002 data for 15 

provinces, which were collected by the research group for the “Study on the 

relationship between human capital investment and employment of city and 

countryside in China”, Hou (2004) found that the return to education for females was 

2.7 percent, but this was less than the 3.9 percent return to education for males in rural 

areas. 

Hence, most studies report that the payoff to schooling for females in rural 

China typically exceeds that for males. The reasons for these gender differentials in the 

payoff to schooling are explored in depth below. 

2.3       Methodology 

The approach used in this study is based on Chiswick and Miller’s (2008) 

analysis of the smaller payoff to schooling for immigrants than for the native born in 

the US. The starting point for their study is the ORU (Over education/Required 

education/Under education) model of earnings determination, where the natural 

logarithm of earnings (ln y) is related to the years of required education in the worker’s 

occupation (REQ), any years of over education (OVER) or under education (UNDER) 

for the worker, labour market experience (EXP) and its square, and other variables, 

such as location and marital status, that are usually held to affect earnings. That is: 
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The way that these differences in the earnings effects of over education and 

under education impact the return to education in the conventional schooling and 

experience earnings equation can be illustrated with the diagram from Chiswick and 

Miller (2008). In this diagram (see Figure 2-1), the earnings of correctly matched 

workers with 12, 14 and 16 years of education are depicted by points A, B and C, 

respectively. As the payoffs to correctly matched schooling are the same for both the 

foreign born and native born in the Chiswick and Miller (2008) analysis, points A, B 

and C apply to both birthplace groups. 

In the case of over education, which is generally a characteristic of the better 

educated, the foreign born in the analyses of Chiswick and Miller (2008) had smaller 

gains associated with ‘surplus’ education than the native born, and this is represented 

as FB0  and NB0  in the diagram. In contrast, in the case of under education, which will 

typically be found among the less-well educated, the foreign born at a particular level 

of schooling had bigger gains associated with ‘deficit’ education than the native born 

in the Chiswick and Miller (2008) study, and this is represented by FBu and NBu. The 

conventional or Mincerian returns to education are based around the mean earnings at 

each level of education. Among the less-well educated, such as those with 12 years of 

education, these means will comprise the earnings of workers who are correctly 

matched to the educational requirements of their jobs, where the payoff is the same for 

the foreign born and native born, and the earnings of under educated workers, among 

whom the earnings for the foreign born exceed those for the native born. The mean 
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earnings of the less-well educated foreign-born will therefore be greater than that for 

the comparable native born. 

In contrast, among the better educated, such as those with 16 years of 

education, while the payoff to correctly matched or required education is the same for 

the two groups, years of surplus education among the foreign born are rewarded at a 

lower rate than for the native born. Consequently, the mean earnings of the foreign 

born at the higher level of education will be below the mean earnings of the native 

born. These relativities in the mean earnings of the foreign born and native born imply 

that the earnings-years of the education gradient, or the Mincerian return to education, 

is less for the foreign born than for the native born. This is illustrated by the two linear 

lines presented in Figure 2-1.  

 

Figure 2-1 Links Between Mincer Payoff to Schooling and Earnings Effects in 

ORU Model 
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The discussion with reference to Figure 2-1 indicates that the reasons for the 

lower payoff to schooling for the foreign born compared to the native born can be 

linked back to the earnings effects associated with over education, required education 

and under education, and the distribution of workers across these categories. Chiswick 

and Miller (2008) used this information in their decomposition of the difference in the 

payoff to education for the native born and foreign born as follows. 

First, mean predictions of log earnings were obtained at each level of education 

using the estimated coefficients from the ORU model for the foreign born and the 

sample values for the ORU variables at each level of education for the same birthplace 

group. A weighted linear regression that relates these mean earnings to the 

corresponding years of education was then computed, with the weights being the 

number of the foreign-born workers at each level of education. This approach mimics 

the usual calculation of the Mincerian returns to education. 

Second, in forming the predictions, the authors again use the foreign-born 

sample but assume the earnings effects to over education and under education are those 

estimated for the native born. A weighted linear regression of these mean predicted 

earnings at each level of education on the years of education was then estimated. 

Comparison of this implied payoff to schooling with that obtained in the first step 

above indicates the impact of the differences in the partial effects on earnings 

associated with over education and under education on the difference in the Mincerian 

returns to schooling. 

Third, when forming the predicted earnings at each level of schooling, it is 

assumed that there is the same extent of over education and under education within 
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each schooling category for the foreign born as for the native born. Again, a weighted 

linear regression of these predictions against the levels of schooling was estimated to 

provide an indicator of the payoff to schooling under the equal returns, equal 

distributions across over education, required education and under education categories 

assumptions. Comparison of this payoff with that derived in the previous step shows 

the role of the different distributions of workers across the over education/under 

education categories to the difference in the Mincerian payoff to schooling. 

Fourth, the linear regression considered in the previous step was re-estimated 

using the distribution of workers across schooling categories for the native born as the 

weights. Comparison of the payoffs obtained here with those in the previous step 

shows the role of the disproportionate representation of the foreign born among the 

lower education categories where under education is prevalent. 

Chiswick and Miller (2008) linked the over education and under education in 

the ORU model to aspects of the migration process and immigrant adjustment. In 

particular, under education was linked to positive selection in immigration, particularly 

among immigrants with low levels of schooling. Over education was linked to the less-

than-perfect international transferability of immigrants’ country-of-origin human 

capital.  Similarly, in this study the under education and over education phenomena 

will be linked to the explanations for the higher payoff to schooling for females in 

China that have been proposed in the literature. 
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2.4.      Data 

The data used in this paper are drawn from the China Health and Nutrition 

Survey (CHNS). The CHNS is a collaborative project of the National Institute of 

Nutrition and Food Safety, the Chinese Centre for Disease Control and Prevention, and 

the University of North Carolina at Chapel Hill. The survey was conducted in 1989, 

1991, 1993, 1997, 2000, 2004, 2006, 2009 and covered 9 provinces, namely, Guangxi, 

Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and Shandong. These 

provinces vary substantially in geography, economic development, public resources, 

and health indicators. Four counties were selected in each province. In addition, the 

provincial capital and a lower income city were selected when feasible. The survey 

took place over a three-day period using a multistage, random cluster design to select a 

sample of about 4400 households with a total of 19000 individuals.  

Because of the focus on the returns to education in rural China in this paper, 

only individuals in rural areas with positive wage and salary earnings are included in 

the analysis; those who are retired, in school, or working part-time are excluded. 

Owners of private or individual enterprises have also been excluded, because it is 

difficult to separate their wages from profit income. The potential for the restriction of 

the sample to workers in paid employment in rural areas to result in sample selection 

bias is considered as part of a general approach to this potential problem in the 

sensitivity analyses of Section V. Observations with missing values on education, 

experience, etc. have been dropped. 

The CHNS has detailed information on years of schooling for most individuals. 

The only possible shortcoming of the data on educational attainment arises in assigning 
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a particular number of years of schooling to the category “6 years college/university or 

more”, which includes both workers with master’s degrees and doctoral degrees. This 

phenomenon will cause errors in estimating the years of schooling, as well as in 

estimating years of potential labour market experience, although the small number of 

workers involved means this source of error should not be overly important. We know 

that is a biased measure of actual labour market experience (esp. for females) and but it 

is unavoidable. This choice follows from the reliance on the Mincer-type approach. It 

is noted that the potential labour market experience measure can be associated with 

errors of measurement, particularly among women. For this reasons, some researchers 

prefer to use an age variable. Blinder (1976) gives an overview of the differences 

between the age-based and potential experience-based models. In general, few  

material differences arise when a potential labour market experience variable is 

replaced by an age variable. 

In this study, the earnings measure is just monthly regular wages, excluding the 

earnings of secondary jobs, all kinds of subsidies and annual bonuses, as the latter have 

the potential to depend on group productivity to a greater extent than they depend on 

individual productivity.
13

 While the data set contains information on secondary jobs, 

only around 15 percent of the sample reported such positions, and there is earnings 

data for only a small subset of these. Owing to this severe missing data problem, it is 

necessary to focus only on primary jobs. 

                                                 
13

 This measure follows Chen and Hamori (2009), who use the same data set, but is narrower than the 

measure of earnings in Zhang et al. (2005) and Li H. (2003), where bonuses, subsidies and other labour-

related income were included along with basic monthly earnings. 
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Finally, as the review of the literature reveals that the gender differential in the 

payoff to schooling has been observed for all time periods, only data from a recent 

(2006) wave of the survey are used. After deleting observations with missing data from 

this wave, 979 observations remain, of which 614 are males and 365 are females. 

The CHNS is also used to compile the usual or reference level of education in 

the ORU model. There are three methods through which this has been established in 

the literature (see Hartog, 2000), namely: Job Analysis, which is a systematic 

evaluation by professional job analysts who specify the required education for the 

occupation titles in an occupational classification; Worker Self-assessment, where 

workers specify either the education required for their jobs or whether they effectively 

utilise their levels of education in their work; and Realised Matches, which is based on 

either the mean or modal level of education in the workers’ occupations.  Only the last 

measure is feasible with the CHNS.  Thus, the main set of analyses below is conducted 

using the modal value of education as the required level, and the robustness of the 

results is examined using the mean level of education of the workers’ occupation.
14

 

2.5       Regression results 

The first sub-section below presents estimates of the conventional schooling 

and experience earnings function. The second sub-section then covers both the 

incidence of over education and under education in China’s rural areas and the 

                                                 
14

 The recent analyses by Chiswick and Miller (2010b) indicate that the findings in this literature are 

quite robust to the choice of reference years of education. 
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empirical results based on the ORU earnings function. In each sub-section, particular 

emphasis is placed on the differences between males and females.  

Table 2-1 provides the definitions of the variables included in the estimating 

equations.  Means of these variables for the male and female samples are presented in 

Appendix. 

2.5.1    Mincerian equation results  

Table 2-2 presents the estimated coefficients obtained from applying a standard 

schooling and experience model to the CHNS for 2006. Estimates are displayed for all 

workers (Columns i and ii) and separately for males (Column iii) and females (Column 

iv).  
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Table 2- 1 Definition of Variables 

Variable Definition 

Dependent Variable 

Log Earnings Natural logarithm of monthly income. 

Independent Variables 

Years of  

 education 

Actual years of schooling, which is entered into the estimating equation as a 

continuous variable. 

Required  

 education    

Years of required schooling based on the modal value of education for every 

occupation.  This is a continuous variable. 

Over 

 education 

Years of over education, which is the number of years of schooling in 

excess of the required level of education. 

Under 

  education 

Years of under education, which is the number of years of schooling less 

than the required level education. 

Log  hours Natural logarithm of working hours in each week. 

Experience Years of potential labour market experience, measured as: age-schooling-6. 

Female Dichotomous variable: Female=1 if female, and Female=0 if male. 

Married Dichotomous variable: Married=1 if married, and Married=0 otherwise. 

Rural 

registration 

Dichotomous variable: Rural registration=1 if rural registration, and Rural 

registration=0 if urban registration. 

Central 
(1) Dichotomous variable: Central=1 if located in the central areas, and 

Central=0 otherwise. 

East Dichotomous variable: East=1 if located in the Eastern areas and East=0 

otherwise. 

Stat
(2)

 Dichotomous variable for ownership: Stat=1 if the individual works in a 

government department, state service/institute or state-owned enterprise, 

and Stat=0 if otherwise. 

Prov Dichotomous variable for ownership: Prov=1 if the individual works in a 

private enterprise such as family contract farming, private, individual 

enterprise or three-capital enterprise (owned by foreigners, overseas Chinese 

and joint ventures), and Prov=0 if otherwise. 

Clerk
(3)

 Dichotomous variable for occupation: Clerk=1 if the individual works as an 

office staff (secretary, office helper) or an ordinary soldier, policeman, and 

Clerk=0 if otherwise. 

Junior Dichotomous variable for occupation: Junior=1 if the individual works as a 

junior professional/technical worker, skilled worker (foreman, group leader, 

craftsman) or driver, and Junior=0 if otherwise. 

Senior Dichotomous variable for occupation: Senior=1 if the individual works as  a 

senior professional/technical worker (doctor, professor, lawyer, architect, 

engineer), and Senior=0 if otherwise. 

Leader Dichotomous variable for occupation: Leader=1 if the individual works as 

an administrator/executive/manager (working proprietor, government 

official, section chief, department director, administrative cadre, village 

leader) or an army officer, police officer, and Leader=0 if otherwise. 

Other Dichotomous variable for occupation: Other=1 if the worker’s occupation is 

unknown, and Other=0 if otherwise. 

Notes: 
(1)

 West is the benchmark region; 
(2)

 Collective enterprise is the benchmark ownership; 
(3)

 The 

benchmark occupation is unskilled workers (ordinary labourers, service workers, farm workers). 
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Table 2- 2 Estimates of Mincerian Model of Earnings Determination in Rural 

Areas 

 

Variables 

All Workers Males Females 

(i) (ii) (iii) (iv) 

Constant 4.7287*** 

(16.19) 

4.7796*** 

(16.76) 

4.7711*** 

(12.33) 

4.3079*** 

(9.86) 

Years of 

  education 

0.0524*** 

(6.90) 

0.0413*** 

(4.96) 

0.0381*** 

(3.68) 

0.0718*** 

(6.39) 

Log hours 0.2958*** 

(4.33) 

0.2927*** 

(4.36) 

0.3059*** 

(3.60) 

0.3210*** 

(2.86) 

Experience 

 (Exp) 

0.0268*** 

(4.07) 

0.0230*** 

(3.48) 

0.0240*** 

(2.81) 

0.0253*** 

(2.70) 

Exp
2
/100 -0.0446*** 

(3.52) 

-0.0383*** 

(3.02) 

-0.0466*** 

(2.76) 

-0.0277 

(1.52) 

Female -0.2374*** 

(6.33) 

-0.2223*** 

(5.82) 

  

Married -0.0458 

(0.72) 

-0.0259 

(0.42) 

0.0599 

(0.81) 

-0.1239 

(1.23) 

Rural 

registration 

-0.1474*** 

(3.17) 

-0.1478*** 

(3.20) 

-0.1784*** 

(3.05) 

-0.1374* 

(1.86) 

Central 0.0556 

(1.17) 

0.0284 

(0.60) 

0.1514*** 

(2.59) 

-0.1433* 

(1.88) 

East 0.1868*** 

(4.54) 

0.1713*** 

(4.11) 

0.2381*** 

(4.74) 

0.1261* 

(1.89) 

Stat 0.1334** 

(2.03) 

0.0952 

(1.45) 

0.0987 

(1.23) 

0.2110* 

(1.87) 

Prov 0.1272** 

(2.07) 

0.1544** 

(2.35) 

0.1909** 

(2.52) 

0.0312 

(0.30) 

Clerk  0.1560** 

(2.28) 

  

Senior  0.2849*** 

(3.68) 

  

Junior  0.2023*** 

(4.21) 

  

Leader  0.1321 

(1.19) 

  

Other  0.1876 

(1.63) 

  

Adj. 
2R  0.1795 0.1947 0.1307   0.2085 

Sample size 979 979 614   365 

Notes:  Numbers in parentheses are heteroscedasticity-consistent ‘t’ statistics;  * denotes that the 

variables are significant at the 10% level;  ** denotes that the variables are significant at the 5% level;  

*** denotes that the variables are significant at the 1% level.  See the Appendix for definitions of 

variables. 
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Source: China Health and Nutrition Survey (CHNS), 2006. 

 

There are four features in Column (i). First, the coefficient on the years of 

education variable shows that the returns to an additional year of education is 5.24 

percent. Second, the estimated earnings-experience profile displays all the usual 

features. The payoff to a year of experience is quite high at low levels of experience 

(e.g., it is 2.23 percent at 5 years) and lower at high levels of experience (e.g., 0.90 

percent at 20 years). The earnings-experience profile peaks at 30 years of experience, 

which is consistent with findings from previous studies. Third, according to the 

coefficient on the gender dummy variable, females earn 21.1 percent less than males.
15

 

Fourth, the coefficients of other variables are similar to findings reported elsewhere, 

with the possible exception of the marriage variable, which is statistically insignificant.  

In part this appears to be due to pooling the data across two samples (males and 

females) where the marriage variable has opposite effects.  However, even in the 

analyses conducted on the separate samples of males and females, the estimated effects 

for the marriage variable are imprecisely determined. 

Column (ii) of Table 2-1 augments the Mincerian model with five occupation 

dummy variables. The inclusion of these controls for the occupation of employment is 

associated with an increase in the adjusted
2R , from 0.1795 to 0.1947. The estimates 

for the occupation variables show that earnings differ by about 30 percentage points 

across the five occupations distinguished in the analysis, being lowest in the 

benchmark group of unskilled workers and highest in the senior group which 

                                                 
15

 This earnings effect is computed using the algorithm proposed by Halvorsen and Palmquist (1980), 

namely g=exp(c)-1, where g represents the percentage effect on the dependent variable and c represents 

the coefficient of a dummy variable. 
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comprises professional/technical workers (doctors, professors, lawyers, architects and 

engineers). It is found that after controlling for the occupational structure, the return to 

education falls, from 5.24 percent to 4.13 percent, a 21 percent decline. That is, 21 

percent of the increase in earnings related to additional education occurs through 

entrance into higher-paying occupation. The remaining portion of the return to 

education is associated with higher earnings within the major group occupations.  

The equations estimated on the separate samples of males and females reveal 

that the return to education for males is 3.81 percent (Column iii). In contrast, the 

partial effect of years of schooling on earnings for females is much higher, 7.18 

percent (Column iv). The gender difference in the payoff to schooling is thus about 

3.37 percentage points, which is a similar finding to that reported in the other studies 

on China covered in Section II. The gender difference in returns to education in China 

established in Columns (iii) and (iv) above is the focus of the remainder of this section.  

2.5.2   Over education and under education in rural China 

Utilising the Realised Matches method
16

, Table 2-3 presents the distributions of 

individuals across the correctly matched, over educated and under educated categories 

in rural areas in China in 2006. There are two main features of Table 2-3. First, the 

percentage of correctly matched workers is 45.7 percent. The percentages of over 

educated and under educated workers are, respectively, 27.3 percent and 27.0 percent. 

                                                 
16

 For both the mean and the modal reference levels of education, a worker is classified as overeducated 

if their actual level of education exceeds the mean (or modal) level of education in their occupation of 

employment. They are classified as undereducated if their actual level of education is less than the mean 

(or modal) level of education in their occupation of employment. Finally, workers are correctly matched 

to the educational requirements of their job only where their actual level of education corresponds to the 

mean (or modal) level of education in their occupation of employment. 
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Second, the distribution across the correctly matched, over educated and under 

educated categories for males is very different from that for females.  Hence, the 

difference in the mismatch for males and females in these data indicates that analysis 

using the ORU model may be important.  The effects in this regard will depend on the 

coefficients of the variables in the ORU model of earnings determination.  Table 2-4 

lists estimates of the ORU model that explore this issue. 

 

Table 2- 3 The Distribution (%) of Workers across the Correctly Matched, Over 

Educated and Under Educated Categories in Rural Areas 

 

Variables 

All workers Males Females 

(i) (ii) (iii) 

Correctly matched 45.7 34.9 49.1 

Over educated 27.3 37.5 24.9 

Under educated 27.0 27.7 26.0 

Sample size 979 614 365 

  Source:  China Health and Nutrition Survey (CHNS), 2006. 

Columns (i) and (ii) of Table 2-4 present the results from the ORU for the total 

sample. The first specification is for the simple model that does not control for 

occupation of employment. The second specification is distinguished by the inclusion 

of five dummy variables for occupation of employment.  Columns (iii) and (iv) present 

the results from the ORU model (without variables for occupation) for the separate 

samples of males and females, respectively. All of the ORU variables that are the 

distinguishing feature of this set of results are statistically significant in the column (i) 

specification. Moreover, the adjusted 
2R in the ORU is higher than in the conventional 

earnings equation. Comparing Column (i) in Table 2-1 and Column (i) in Table 2-4, 

we see that the coefficients of other variables, such as experience, marital status and 
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regions, are similar between the Mincerian model and the ORU specification. 

Accordingly, the discussion of Table 2-4 can focus on the estimated effects associated 

with the three ORU variables. 

From Column (i) in Table 2-4, we can readily see the three typical features of 

the ORU specification of the earnings function. First, the return to the required level of 

education is 7.71 percent, and this is higher than the 5.24 percent return to actual 

education (see Table 2-2, Column i). Second, the return to over education is 6.37 

percent, which is almost 1.3 percentage points lower than the return to required 

education. Third, the coefficient on the under education variable is -3.45 percent. This 

shows that under educated workers earn 3.45 percent less than adequately educated 

workers per year of under education ceterus paribus. 
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 Table 2- 4 Estimates of ORU Model of Earnings Determination in Rural Areas 

 

Variables 

All workers Males Females 

(i) (ii) (iii) (iv) 

Constant 4.4080*** 

(12.76) 

4.7341*** 

(12.53) 

4.4010*** 

(9.99) 

4.1136*** 

(7.20) 

Reference  

  education 

0.0771*** 

(4.23) 

0.0409* 

(1.74) 

0.0635*** 

(3.18) 

0.0935** 

(2.44) 

Over 

  education 

0.0637*** 

(4.91) 

0.0559*** 

(4.22) 

0.0578*** 

(3.55) 

0.0583*** 

(2.88) 

Under   

 education 

-0.0345*** 

(2.58) 

-0.0296** 

(2.25) 

-0.0075 

(0.39) 

-0.0763*** 

(4.16) 

Log hours 0.3052*** 

(4.47) 

0.2949*** 

(4.38) 

0.3169*** 

(3.71) 

0.3232*** 

(2.88) 

Experience 

 (Exp) 

0.0302*** 

(4.34) 

0.0258*** 

(3.64) 

0.0296*** 

(3.23) 

0.0242** 

(2.42) 

Exp
2
/100 -0.0528*** 

(3.80) 

-0.0446*** 

(3.16) 

-0.0593*** 

(3.23) 

-0.0241 

(1.14) 

Female -0.2431*** 

(6.44) 

-0.2235*** 

(5.64) 

  

Married -0.0568 

(0.89) 

-0.0350 

(0.56) 

0.0387 

(0.51) 

-0.1280 

(1.29) 

Rural 

registration 

-0.1474*** 

(3.17) 

-0.1492*** 

(3.23) 

-0.1808*** 

(3.10) 

-0.1301* 

(1.77) 

Central 0.0502 

(1.05) 

0.0331 

(0.70) 

0.1406** 

(2.42) 

-0.1599** 

(2.06) 

East 0.1880*** 

(4.57) 

0.1750*** 

(4.21) 

0.2422*** 

(4.84) 

0.1193* 

(1.76) 

Stat 0.1034 

(1.52) 

0.0965 

(1.43) 

0.0762 

(0.94) 

0.1796 

(1.43) 

Prov 0.1445** 

(2.26) 

0.1560** 

(2.36) 

0.2159*** 

(2.76) 

0.0412 

(0.38) 

Clerk  0.1587* 

(1.86) 

  

Senior  0.2861*** 

(3.14) 

  

Junior  0.2000*** 

(3.93) 

  

Leader  0.1278 

(1.09) 

  

Other  0.1860 

(1.61) 

  

Adj. 
2R  0.1819 0.1945 0.1364 0.2060 

Sample size 979 979 614 365 

Notes:  Numbers in parentheses are heteroscedasticity-consistent ‘t’ statistics; * denotes that the 

variables are significant at the 10% level; ** denotes that the variables are significant at the 5% level; 

*** denotes that the variables are significant at the 1% level. See the Appendix for definitions of 

variables. 

Source:  China Health and Nutrition Survey (CHNS), 2006. 
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Column (ii) of Table 2-4 augments the ORU specification (Column i) with five 

dummy variables to control for occupation of employment. As a result of this change 

the return to required education falls, from 7.71 percent to 4.09 percent, a 45 percent 

decline. Moreover, the required education variable is no longer statistically significant 

in the aggregate-level analyses. The explanation for this change is similar to that 

advanced when discussing the Mincerian model
17

. Without occupation variables, the 

return to the reference years of education includes the effect of moving to an 

occupation where the schooling can be most effectively used as well as the effect of 

schooling on earnings within the existing occupation. Once the occupation variables 

are controlled for, the worker mobility is constrained to be within the broad 

occupational groups distinguished in this analysis. It is this constraint on worker 

mobility that is the reason why the return to reference education in the ORU 

specification falls when the occupation variables are included in the model. 

The results of the ORU model for males and females in Columns (iii) and (iv) 

reveal that there are several gender differences in the estimated impacts of the ORU 

variables. For males, the return on the required level of education is 6.35 percent, 2.5 

percentage points more than that obtained when the actual years of education variable 

is used in the specification. For females, the return to the required level of education is 

much higher, 9.35 percent, which is 2.2 percentage points more than the return to 

actual years of education, of 7.18 percent. This suggests that a female worker with the 

same actual years of schooling who is correctly matched to the educational 

                                                 
17

 The recent analyses by Chiswick and Miller (2010b) indicate that the findings in this literature are 

quite robust to the choice of reference years of education. 
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requirements of their job can earn three percentage points more per year of schooling 

than a correctly matched male worker when other things are equal.  

The return to over education for males is 5.78 percent, and this is similar to the 

5.83 percent return for females. However, because the return to the required education 

for females is 9.35 percent, around three percentage points greater than that for males, 

the loss associated with over education for females is still greater than that for males. 

For instance, compared to a correctly matched worker, a worker who is over educated 

by one year would be worse off by 3.5 percentage points if female and by 0.6 

percentage points if male.  

Years of under education are associated with a small, and statistically 

insignificant, earnings penalty of 0.75 percent for males, and a large, and statistically 

significant, earnings penalty of 7.63 percent for females. That is, the loss associated 

with under education for males is very minor while that for females is quite 

pronounced.  

In order to test the robustness of the results, the mean level of education in each 

occupation was also used as the required level of education in the ORU model (results 

not reported here but available from the authors upon request).  When the required 

level of education is changed from the mode to the mean, the regression results change 

only a little. The coefficient on required education based on the mean is 8.90 percent 

for females, which is a little less than one-half a percentage point below the 9.35 

percent based on the mode. The coefficient on over education for females is 5.21 

percent based on the mean, a little less than the 5.83 percent based on the mode. The 

coefficient on under education for females changes from -7.86 percent based on the 
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mode to -7.63 percent based on the mean. Similar small changes to the coefficients of 

the ORU variables are observed for males as the mode is replaced by the mean value. 

Thus the conclusion can be drawn that the regression results are not sensitive to the 

measuring base, which is consistent with other studies (e.g., Hartog, 2000, Chiswick 

and Miller, 2010b).  

       A potential shortcoming of the estimates of the earnings equation presented 

above is sample selection bias. There are two potential sources of selection bias, 

deriving, respectively, from the labour force participation decision and the choice of 

sector of employment.  Several selection correction frameworks can be considered in 

this situation (such as the use of two independent probit equations: see Choudhury 

(1994); and the multinomial logit selection model developed by Lee (1983), with non-

participation being one alternative, along with sector of employment—see Miller 

(2009) and the references therein). A multinomial logit model is used in the current 

sensitivity analysis. 

An important consideration with this application is the identification of the 

selection effect.  Two approaches have been taken for identification, namely the use of 

variables that affect participation in the paid labour force or the choice of sector but not 

wages, and relying upon functional form considerations.  Included in the latter are the 

non-linearity of the lambda terms, and the use of different representations of key 

variables, such as educational attainment and age/experience, in the selection equation 

and the wage equation.  For example, education might be entered in the wage equation 

as “years of education” and it might be entered in the multinomial logit selection 
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equation as dummies for the various levels of achievement (see, for example, Hartog 

and Oosterbeek, 1993; Gyourko and Tracy, 1988).  Relying on the non-linearity of the 

lambda selection term is generally viewed as offering a weak means of identification, 

and using different functional forms for variables in the selection and wage equations 

is generally argued to involve arbitrary choices. In many empirical applications of the 

sample selection correction, the results appear to be very sensitive to the specific 

approaches taken (see Puhani, 2000 for discussion), and it appears that the analyses 

can be more sensitive to the distributional assumptions inherent in the conventional 

sample selection corrections than they are to the omitted variables bias associated with 

failure to deal with the sample selection issue (Miller, 1987). 

Functional form (the non-linearity of the lambda term) was used for 

identification in the first instance to obtain a full set of regressions with a correction for 

sample selection (different functional forms for the education and labour market 

experience variables were also considered, and the findings are noted below).
18

 

However, the sample selection term was significant in only one equation. Estimates of 

the lambda term and its ‘t’ statistic are presented in Table 2-5. The full set of results is 

available from the authors upon request. 

It is apparent from Table 2-5 that there is limited evidence in favour of sample 

selection bias being an important issue. This finding could, however, be simply due to 

the weak identification obtained using functional form. Re-estimation of the selection 

equation using higher order terms (cubics and quartics) for the education and 

                                                 
18

 Treating individuals who do not report valid wage data in this study of selection bias as non-

participants suggests that these data are missing at random. 
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experience variables as an additional form of identification did not alter this conclusion. 

Hence the remainder of this study is based on the Ordinary Least Squares (OLS) 

findings.  

Table 2- 5 Estimates of Coefficient on Sample Selection Term in Rural Areas, 

Mincer and ORU Models 

Sample and 

Model 

All Workers Males Females 

(i) (ii) (iii) (iv) 

Mincer  0.2039 

(0.80) 

0.2493 

(0.97) 

0.8026** 

(2.07) 

0.0656 

(0.18) 

ORU 0.1741 

(1.25) 

0.2206 

(1.59) 

0.2380 

(1.26) 

0.1981 

(0.92) 

Notes:   ‘t’ statistics are presented in parentheses. ** = significant at the 5 percent level. 

 Source: Statistical Appendix, available upon request. 

Thus, according to the ORU model based on both the mode as the reference 

level of education and on the mean as the reference level, estimated using OLS, there 

are significant differences between the earnings of workers in the under educated, 

correctly matched and over educated categories. These differences can be illustrated by 

considering the five types of workers described in Table 2-6. For this explanation, the 

monthly earnings of Type B workers have been set to 892 yuan, which is the mean of 

earnings of the total sample in rural areas pooled across males and females. Types A, B 

and C workers are all matched to the level of education required in their occupation, 

but they are different in terms of actual years of education. 

 

Table 2- 6 Earnings of Hypothetical Workers in Rural Areas 

 

Type 

Actual years 

of education 

Reference 

years 

ORU  

classification 

Hypothetical earnings 

Males Females 

A 9 9 Correct match 737 674 

B 12 12 Correct match 892 892 

C 16 16 Correct match 1150 1296 

U 9 12 Under educated 872 709 

O 16 12 Over educated 1124 1126 
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Compared to Type B workers, Type A workers and Type C workers have three 

fewer and four more years of required and actual education, respectively. Then based 

on the return to reference years of education, the monthly earnings of Type A workers 

and Type C workers can be predicted as 737 yuan and 1150 yuan, respectively, for 

males.
19

  The monthly earnings of Type A female workers and Type C female workers 

are predicted as 674 yuan and 1296 yuan, respectively.
20

 

Type U workers have three years of actual education less than the level of 

education required in their occupation. That is, they are under educated. Based on the 

return to under education, the monthly earnings of Type U male and female workers 

can be predicted as 872 yuan and 709 yuan, respectively.
21

 Similarly, we can predict 

the monthly earnings of over educated, Type O, workers as 1124 yuan for males and 

1126 yuan for females.
22

 

Figure 2-1 displays the monthly earnings of these five types of workers in rural 

areas. It also includes hypothetical earnings-years of education relationships derived 

from these monthly earnings, which illustrate the higher payoff to education for 

females than for males.  The decomposition analyses presented in the next section 

quantify the roles of over education, correctly matched education and under education 

in generating these different earnings-years of schooling profiles for males and females. 

                                                 
19

 As ln(892)=6.7935, these figures are computed as earnings = exp(6.7935-3*0.06348) and earnings 

=exp(6.7935+4*0. 0.06348), respectively. 
20

earnings =exp(6.7935-3*0.09346) and earnings =exp(6.7935+4*0.09346), respectively. 
21

earnings =exp(6.7935-3*0.00749) and earnings =exp(6.7935-3*0.07633), respectively. 
22

 earnings =exp(6.7935+4*0.05778) and earnings =exp(6.7935+4*0.05832), respectively. 
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2.6      Decomposition analysis  

2.6.1   Basic results 

   Results from application of the Chiswick and Miller (2008) decomposition to 

the results from the estimation of the ORU earnings model for rural China are given in 

Table 2-7. The implied return to education computed using the predicted mean 

earnings at each level of education under the Chiswick and Miller (2008) method is 

3.39 percent for males, which is a little different from that computed via the Mincerian 

equation, 3.81 percent. 

 

Table 2- 7 Implied Returns to Education, Adjusting for Effects of ORU Variables, 

Comparisons of Males and Females in Rural Areas 

 % Payoff 

Males 3.39 

Females 

-no adjustment 

7.68 

(i) Assuming the same earnings effects to required education, under 

education and over education categories as for males  

3.42 

(ii)  as for (i) but also assuming the same levels of required education, 

under education  and over education as for males 

3.35 

(iii) as for (ii) but also assuming the same distribution across education 

categories for females as for males 

3.39 

Source: Authors’ calculations. 

  The return to education for females is 7.68 percent, which is also different from 

that calculated via the Mincerian equation, 7.18 percent. These divergences are due to 

the relatively small samples, as noted by Chiswick and Miller (2008)(2010a). However, 

the decomposition can still be used to analyse the reasons for the gender difference in 

the return to schooling. 
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  The first adjustment considered in Table 2-7 is for gender differences in the 

partial effects of required education, over education and under education on earnings. 

This involves replacing the coefficients of required education (9.35 percent), over 

education (5.83 percent) and under education (-7.63 percent) for females by the 6.35 

percent, 5.78 percent and -0.75 percent values for males. Following this, predicted 

mean earnings at each level of schooling are used to compute an adjusted payoff to 

schooling. This adjusted return to education is found to be 3.42 percent, 4.26 

percentage points lower than the 7.68 percent payoff without adjustment. In other 

words, the gender differences in the partial effects on earnings associated with required 

education, over education and under education appear to be the major reason for the 

difference between the return to education for males and females.  

  The next adjustment investigates the effect of gender differences in the 

distribution of workers across the required education, over education and under 

education categories at each level of education. As noted in Section III, this involves 

replacing the means of required education, over education and under education at each 

level of education of females by those of males. Then, through similar weighted 

regression, a new implied return to education is determined, and this is 3.35 percent.  

This is 0.08 of a percentage point lower than that obtained with only adjustment for the 

gender differences in the returns to the ORU variables. Thus, the different distributions 

of males and females across the required education, over education and under 

education categories at the different years of actual education have only a minor effect 

on the difference in the return to education between males and females. 
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  Finally, the weighted regression based on the adjusted mean earnings in the 

previous step is re-estimated using the number of males at each level of education as 

weights.  The implied return to education increases slightly, from 3.35 percent to 3.39 

percent, which is, as expected under this methodology, the return to education for 

males. The 0.04 percentage point increase means that the different distributions across 

the various levels of actual schooling have almost no effect on the gender difference in 

the returns to education. 

  To sum up, 4.26 percentage points of the difference in the return to education 

for males and females is due to the differences between males and females in the 

partial effects on earnings of the required education, over education and under 

education variables.  Only 0.08 percentage point is due to the different distributions of 

male and female workers across the required education, over education and under 

education categories. The differences in the distributions of males and females across 

the years of schooling categories employed in the analysis are associated with a 0.04 

percentage point effect which works in the opposite direction to the previous two 

effects. 

 Therefore, the partial effects on earnings associated with the ORU variables are 

the major reason for the gap in the return to education between males and females.  It 

is thus useful to investigate the relative importance of the required education, over 

education and under education variables in this regard. Rather than replacing the three 

coefficients of required education, under education and over education of females by 

those of males simultaneously, they are replaced in sequence. Relevant results are 

presented in Table 2-8. These show that the adjustment for the return to required 

education is associated with a narrowing of the gap in the return to actual years of 
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schooling by about 0.81 of a percentage point. Adjustment for the earnings effects of 

under education is linked to a decrease of the gap in the return to education by 3.44 

percentage points. Thus, the earnings effects of under education contribute about 80 

percent and those of required education contribute another 19 percent to the higher 

return to schooling for females. The very minor gender difference in the earnings 

effects of over education, however, does not contribute to the gender differences in the 

return to schooling for females. The reason why the gender differential in the earnings 

effect of undereducation carries over to the decomposition analysis is that there is 

sizeable representation in these categories (see Table 2-3), so that they take on 

importance in aggregate-level statistics such as the return to actual years of schooling. 

 

 

Table 2- 8  Implied Returns to Education, Detailed Adjustment for Effects of  

ORU Variables, Comparisons of Males and Females in Rural Areas 

 % Payoff 

Males 3.39 

Females 

-no adjustment 

 

7.68 

(i) Assuming the same earnings effects to required education as for 

males 

6.87 

(ii) Assuming the same earnings effects to required education and 

under education as for males 

 

3.43 

(iii) Assuming the same earnings effects to required education, under 

education  and over education as for males 

 

3.42 

(iv)  as for (iii) but also assuming the same levels of required education, 

under education and over education categories as for males 

 

3.35 

(v) as for (iv) but also assuming the same distribution across education 

categories for females as for males 

 

3.39 

Source: Authors’ calculations. 

2.6.2   Sensitivity analysis  

  The results of the adjustments described above may be sensitive to the order in 

which they are undertaken. This is termed path dependence (see Chiswick and Miller, 

2010a). There are two types of path dependence that may be of some consequence here. 
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First, in relation to Table 2-7, it may matter whether the adjustments described in step 

(ii) are undertaken before those described in step (i). Second, in relation to Table 2-8, it 

may matter whether the adjustments described in steps (i), (ii) and (iii) are undertaken 

in a different order. The potential impact of both sources of path dependence was 

examined by changing the order in which the various adjustments were considered. 

Thus in the first instance the computations in Table 2-7 were undertaken by first 

adjusting the mean values of the ORU variables and then adjusting the coefficients of 

the ORU model.  Relevant results can be found in Appendix Table 2-2 in Ren and 

Miller (2010).  

The results of this set of calculations also show that the earnings effects of over 

education, required education and under education are much larger than the effects of 

the distributions across the over education, required education and under education 

categories when the order has changed. In this regard the pattern of effects in Ren and 

Miller (2010) is the same as that evident in Table 2-7. The change in the order of the 

first two, however, is associated with an increase of 0.48 percentage point in the value 

of the first adjustment made and a concomitant fall of the same amount in the value of 

the second adjustment made.  

The second assessment of the importance of path dependence involves 

changing the order of the first three adjustments in Table 2-8. In Table 2-8 the 

sequence of replacements was the coefficient of required education, that of under 

education and then that of over education. This order was changed to required 

education, over education and then under education. The detailed calculations are 



  46 

presented in Appendix Table 2-3 in Ren and Miller (2010). This test revealed that the 

result is not dependent on the order in which this sequence of adjustments is made.

  

2.6.3  Interpretation 

  As the gender differences in the effects on earnings of required education and 

under education result in females having a lower payoff to actual years of schooling, 

and the gender difference in the effects on earnings of over education are linked to a 

lessening, albeit inconsequential, of this advantage, it is important to examine why 

these differences in the ORU model arise. As described in Section I, self selection of 

females, the comparative disadvantage in unskilled occupations of females and the 

limited supply of skilled female workers are generally considered as the major reasons 

for the higher return to education for females in the literature. Table 2-9 illustrates how 

these possible reasons for the higher return to education may impact the ORU analysis.   

 The first row in Table 2-9 relates to the self-selection argument. It suggests that 

favourable self-selection results in more able females at each level of schooling 

entering the labour market and less able females staying outside the labour market.  

Ability as an omitted variable in the ORU estimating equation should therefore be 

associated with a higher return to required education for females than for males (as 

shown in Table 2-4).  This, in turn, is shown in Table 2-8 to be associated with a 

higher payoff to education for females. Moreover, any tendency for this selection 

mechanism to be more intense at higher levels of schooling will accentuate the omitted 
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variable (ability) bias and hence exaggerate the gender difference in the payoffs to both 

required and actual years of education. 

Table 2- 9 ORU-Based Explanations for the Gender Differential in the Payoff to 

Schooling in China 

 

Explanation for 

gender difference in 

return to schooling 

 

 

Likely effect in 

labour market 

 

 

Likely effect in 

ORU model 

Expected 

impact on 

females’ return 

to education 

Female workforce 

more highly self-

selected 

Female workers 

more able at each 

level of schooling 

Higher payoff to 

required 

education and 

over education 

for females 

Higher payoff to 

education for 

females 

Limited supply of 

skilled female 

workers 

Relatively fewer 

skilled female 

workers in the 

labour market 

Higher payoff to 

required 

education for 

females 

Higher payoff to 

education for 

females 

Technological 

requirements of jobs: 

males have 

comparative 

advantage in manual 

work  

Over qualified 

females 

disadvantaged and 

correctly matched 

females in high-

skilled jobs 

advantaged 

Higher payoff to 

correctly 

matched 

education and 

lower payoff to 

over education 

for females  

Ambiguous 

Selection more 

favourable at high 

levels of schooling 

Under qualified 

females 

disadvantaged 

Larger penalty to 

under education 

for females 

Higher payoff to 

education for 

females 

Discrimination against 

under educated 

females 

Under qualified 

females 

disadvantaged 

Larger penalty to 

under education 

for females 

Higher payoff to 

education for 

females 

   

  Second, because of the deeply rooted Confucian concept that ‘boys are better 

than girls’, the opportunities for higher education have been fewer for females than for 

males, which reduces the relative supply of highly skilled females. Thus, females with 

higher education become scarce resources in the labour market, which also causes the 

return to required education to be higher for females than for males. This again will be 

associated with a higher payoff to actual years of schooling for males than for females.  
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   Third, females’ comparative disadvantage in physical strength, which is often 

required in low-skilled occupations with low required levels of education, will be 

associated with a lower payoff to any surplus schooling for females who gain 

employment in those occupations. This will be associated with a lower payoff to 

schooling for females than for males. 

  Fourth, to the extent that, as hypothesised above, female labour force 

participants at higher levels of schooling are more intensely selected than those at 

lower levels of schooling, under educated females workers will have greater difficulty 

competing with their correctly matched counterparts.  This would be associated with a 

higher earnings penalty for years of under education for females than for males (see 

Table 2-4) and hence with a higher payoff to schooling (see Table 2-8).
23

 The same 

pattern of effects will arise where labour market discrimination is more intense against 

lower educated females, as argued by Dougherty (2005). 

2.7       Conclusions 

A higher return to actual years of education for females than that for males in 

rural China has been documented by a number of researchers (e.g., Johnson and Chow, 

1997; Meng, 1998). The findings in the current study follow those reported in these 

previous studies.  

                                                 
23

 The earnings effects associated with correctly matched education and under education for males 

(0.0635 and -0.0075) and for females (0.0935 and -0.0763) mean that the earnings positions of under 

educated male and female workers are similar (they differ by around one percentage point per year of 

schooling). Hence, the greater earnings penalty associated with under education among females can be 

viewed simply as a consequence of their failure to reap the greater rewards for matching on the basis of 

level of schooling in the female labour market. 
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There are also considerable gender differences in the estimated impacts of 

required education and under education variables. The return to required education for 

females in rural China is 9.35 percent, and this is about 3 percentage points higher than 

that for males, 6.35 percent. In other words, the payoff to correctly matched education 

in the Chinese rural labour market is much higher for females than it is for males. The 

return to under education for females is -7.63 percent, which is a more substantial 

impact than the -0.75 percent impact among males. That is, the wage penalty where 

workers are under educated in their occupation is quite pronounced for females, but it 

is relatively minor for males.  Both of these factors are shown in the Chiswick and 

Miller (2008) decomposition to be associated with a higher payoff to education for 

females than for males in rural areas.  The return to over education for males is 5.78 

percent, and this is only slightly lower than the 5.83 percent return for females. This 

differential tends to reduce the payoff to education for females, though the impact is 

essentially inconsequential. The distributions of correctly matched, over educated and 

under educated male and female workers were also been considered using the 

Chiswick and Miller (2008) decomposition, but the results show that relatively little of 

the gender difference in the return to education could be attributed to this source. 

The reasons advanced in previous literature for the gender difference in the 

payoff to schooling in rural China were linked to the gender difference in the returns to 

correctly matched education, under education and over education. A highly self-

selected female workforce and a limited supply of skilled female workers were 

associated with the higher return to required education for females. Intense selection at 
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higher levels of schooling means that under qualified females will have greater 

difficulty competing with their correctly matched counterparts.   
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Appendix 

Table A2- 1 Means and Standard Deviations of Variables by Gender 

Variable Males Females 

Log 

Earnings 

6.839 (0.594) 6.582 (0.603) 

Years of 

Education 

10.143 (2.866) 9.879 (3.292) 

Required 

education    

10.148 (1.479) 10.134 (1.474) 

Over 

education 

0.852 (1.440) 0.718 (1.284) 

Under 

education 

0.857 (1.641) 0.973 (2.033) 

Log hours 3.820 (0.327) 3.817 (0.405) 

Experience  25.067 (10.843) 21.436 (10.287) 

Married 0.893 (0.310) 0.866 (0.341) 

Rural 

registration 

0.453 (0.498) 0.411 (0.493) 

Central
(1)

 0.321 (0.467) 0.268 (0.444) 

East 0.476 (0.500) 0.518 (0.500) 

Stat
(2)

 0.403 (0.491) 0.351 (0.478) 

Prov 0.450 (0.498) 0.499 (0.501) 

Clerk
(3)

 0.104 (0.306) 0.140 (0.347) 

Junior 0.274 (0.447) 0.274 0.447) 

Senior 0.103 (0.304) 0.049 (0.217) 

Leader 0.106 (0.308) 0.031 (0.171) 

Other 0.046 (0.209) 0.022 (0.147) 

Sample size 614 365 

Notes: 
(1)

 West is the benchmark region; 
(2)

 Collective enterprise is the benchmark ownership; 
(3)

 The 

benchmark occupation is unskilled workers (ordinary labourers, service workers, farm workers). 
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CHAPTER 3   CHANGES OVER TIME IN THE RETURN TO EDUCATION 

IN URBAN CHINA: CONVENTIONAL AND ORU ESTIMATES 

3.1       Introduction 

Research into the return to education in urban China has documented three 

main findings. First, the return to education has increased over time. For example, 

Zhang et al. (2005) report that the return to education was around 4 percent in 1988, 

and around 10 percent in 2001. This increase has been largely attributed to the 

country’s economic transformation. Second, the payoff to education for females 

exceeds that for males. Thus, Zhang et al. (2005) report that in 1988 the return to 

education for females, at 5.2 percent, was 2.3 percentage points greater than that for 

males (2.9 percent). This situation is similar to that in many Western countries (see, for 

example, Chiswick and Miller’s (2010a) analyses for Canada). Third, the gender 

differential in the return to education appears to have widened over time. Zhang et al. 

(2005), for example, report that their analyses for the period 1988-2001 show that the 

gender gap in the returns to education was at its lowest in 1993 (1.9 percentage points) 

and at its greatest in 2001 (4.8 percentage points). 

Economic research of this type into the return to education has been argued to 

be important because of the insights that it can offer into the structure and operation of 

the labor market (see Chen and Hamori, 2009). One of the ways it can do this is by 

informing on allocative efficiency. From this perspective, the standard analysis, based 
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on a human capital earnings function, can provide information on the profitability of 

investment in education, and variations in this across regions and time, though it does 

this largely from a labor supply perspective. In contrast, the over education/required 

education/under education literature (Hartog, 2000) gives explicit recognition to the 

demand side of the labor market. It does this by distinguishing between years of 

education that are standard for the occupations in which the workers are employed, 

years of education that are surplus to the usual levels of education in the workers’ 

occupations, and shortfalls in the education levels of workers compared to the 

standards for the occupations in which they are employed. Through estimating 

earnings equations that include variables for each of these potential components of a 

worker’s formal education, insights can be gained into the allocative function of labor 

markets (see Chiswick and Miller, 2008). As Hartog (2000, p.131) notes with respect 

to this variant of the earnings equation “…the specification establishes a link with the 

demand side of the labour market…with allocation processes and with immediately 

visible variations in rewards for individuals with identical schooling operating in 

different positions”. 

In this paper we use an over education/required education/under education 

(ORU) specification of the earnings equation (see Hartog, 2000), together with a 

related decomposition of the return to education in the conventional (or Mincer) human 

capital earnings equation developed by Chiswick and Miller (2008), to offer new 

insights into the changes over time in the return to education in urban China.  The use 

of the decomposition of Chiswick and Miller (2008) allows weights to be attributed to 

the contributions that correctly matched education, years of education that are surplus 
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to the usual standard of the worker’s occupation, and shortfalls in education compared 

with the usual standards in the occupation of employment, make to the quite 

spectacular increase in the profitability of investment in education in urban China in 

recent years, as well as to the gender differences in the return to education. 

The structure of this paper is as follows. Section II provides a brief overview of 

recent studies of the determinants of earnings in urban China. Section III outlines the 

methodological framework from Chiswick and Miller (2008). Section IV introduces 

the data set of the China Health and Nutrition Survey (CHNS), which is used in the 

empirical section. Section V presents the regression results (from both conventional 

earnings equations and an Over education/Required education/Under education, or 

ORU, earnings function) and the findings from application of the decomposition of 

Chiswick and Miller (2008). This section also offers comparisons with rural areas. 

Section VI draws conclusions on empirical regularities and irregularities. 

3.2       Literature review 

There is now a substantial literature covering the return to education in urban 

China.  The most widely-used databases for this type of study in urban areas are the 

first two waves of the Chinese Household Income Project (CHIP), conducted in 1988 

and 1995.
24

 Li and Li (1994) used the first of these waves.  Based on a simple 

specification of the earnings equation that contained only variables for years of 

                                                 
24

 CHIP was a joint research project between the Institute of Economics, Chinese Academy of Social 

Sciences and the Ford Foundation. Support was also provided by the Columbia East Asian Institute and 

the City University of New York. The sample’s urban observations were obtained from Liaoning, 

Shanxi, Jiangsu, Guangdong, Anhui, Hunan, Hebei, Gansu and Yunnan provinces as well as from 

Beijing.   Three surveys of this project were conducted in 1988, 1995 and 2001. 
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education, experience and experience squared, they reported that the return to 

education in urban areas was 2.5 percent for males and 3.7 percent for females. Similar 

returns to education, for both males and females, were reported by Liu (1998), from 

analysis of the same data set, though using a much more extensive specification of the 

earnings equation that also contained variables for occupation and industry of 

employment, region of residence, and ownership type. 

  Lai (1998) extended this research by utilising the 1995 wave of CHIP.  Using 

the same model as Li and Li (1994), Lai (1998) reported that the return to education 

for males had increased to 5.14 percent by 1995 and the return to education for females 

had increased to 5.99 percent. A similar pattern emerges from Li H.’s (2003) study of 

these data using an earnings function that also included dummy variables for 

ownership type
25

, industry, province, Party membership, ethnic minority and for youth 

“re-education”. Thus the return to education was reported in this study to be 6.9 

percent for females and 4.3 percent for males.
26

   

 Gustafsson and Li (2000) examined both the 1988 and 1995 waves of CHIP, 

using a common specification of the earnings equation. This was based on six dummy 

variables for level of education, and included controls for age, minority status, party 

                                                 
25

  There are three types ownership for enterprise. They are state-owned enterprise, private enterprise 

and collective enterprise. 
26

 Other studies of the 1988 and 1995 waves of CHIP, which do not distinguish between males and 

females, also report rapid growth in the return to education, whether assessed using a continuous  years 

of education variable or dummy variables for level of education. See, for example, Knight and Song 

(2003) and Yang (2005). Fleisher and Wang (2005) similarly report growth in the return to education 

between 1975 and 1990, based on retrospective information on income collected in 1994. Meng and 

Kidd  (1997), who study change over the earlier period of 1981 to 1987, however, reported only a 

modest change to the return to education. 
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membership, sector, occupation, ownership type, industry, region of residence and 

permanent/temporary status of the job. They reported that the effects of education 

increased dramatically over time, and that the “Effects of education are somewhat 

larger for female workers than for male workers” (p.319). 

A higher return to education for females than for males in urban areas has also 

been reported in analyses of other data sets. Using the China Urban Households Survey 

(CUHS) conducted by China’s National Bureau of Statistics from 1988 through 

2001,
27

 Zhang et al.  (2005) reported that the return to education for females exceeded 

that for males by an average of about 60 percent over this thirteen-year period, and the 

gender differential in returns has tended to widen over time.  Thus, while the return to 

education for females increased from 5.2 percent in 1988 to 13.2 percent in 2001, that 

for males only increased from 2.9 percent in 1988 to 8.4 percent in 2001. Similar 

changes over time are presented in Chen and Ju’s (2004) analysis of these data for the 

period 1996-2000, and in Li and Ding’s (2003) analysis of the 1995 and 1999 surveys 

conducted by the Income Distribution Group and Urban Poverty Group of the Institute 

of Economic Studies at the Chinese Academy of Social Sciences.
28

 

                                                 
27

 The CUHS is conducted by the Urban Socio-Economics Survey Organization of the State Statistical 

Bureau. It covers 103 cities and 80 counties in two municipalities (Beijing and Chongqing) and 8 

provinces (Shaanxi, Liaoning, Jiangsu, Anhui, Hubei, Guangdong, Sichuan and Gansu).   

 
28

 The first sample survey covers the municipality of Beijing and ten provinces, namely Shanxi and 

Gansu in Western areas, Liaoning in Northwest areas, Jiangsu and Guangdong in coastal areas, Anhui, 

Hubei and Henan in Mid areas and Sichuan and Yunnan in Southwest areas. It surveys the households 

from 1990-1995. The second sample is drawn from the first one and covers Beijing and five provinces, 

which are Gansu in the West, Liaoning in the Northeast, Jiangsu in the coastal regions, Henan in the 

Central areas and Sichuan in the Southwest. The second survey covers 1996-1999. 
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Maurer-Fazio (1999) combined analyses of the 1988 CHIP and data for 1992 

from the Chinese Labour Market Research Project (CLMRP).
29

 In this analysis the 

return to education from the 1988 CHIP was reported as 2.9 percent for males and 4.5 

percent for females. For 1992 the respective returns were 3.74 percent and 4.94 percent. 

Females had a higher return than males in each of the ownership types (State, 

Collective, Joint Venture) examined for 1992, and in each ownership type other than 

the very small number of private firms in the 1988 CHIP. 

In contrast to these studies, Chen and Hamori (2009) reported that, in analyses 

of more recent data, the return to education for males exceeds that for females. Their 

study was based on data from the Chinese Health and Nutrition Survey (CHNS) for 

2004 and 2006. Their OLS estimates of the return to education, which offer the best 

basis for comparison with the extant literature, were 8.06 percent for males and 7.67 

percent for females.
30

  Gao et. al also found that the returns to education for males are 

higher than that for females. The reasons for the similarity of the return to education 

for males and females in their study are examined below using the approach of 

Chiswick and Miller (2008). 

 

3.3       Methodology 

The approach used in this study is based on Chiswick and Miller’s (2008) 

analysis of the smaller return to education for immigrants than for the native born in 

                                                 
29

 The CLMRP was conducted by the Economics Institute of the Chinese Academy of Social Sciences 

and the Labor Science Research Institute of the Ministry of Labor.  It covered 12 provinces. 
30

  The data set they used is the same as the data set used in the current paper. Further details can be 

found in Section IV. 
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the US. It has been applied in analyses of the gender differential in the return to 

education in rural China in Miller and Ren (2011), and so only a brief exposition is 

offered here.   

The starting point for the Chiswick and Miller (2008) approach is the ORU 

model of earnings determination. In this model the natural logarithm of earnings (ln y) 

is related to the years of required education in the worker’s occupation (REQ), any 

years of over education (OVER) or under education (UNDER) for the worker, labor 

market experience (EXP) and its square, and other variables, such as location and 

marital status, that are usually held to affect earnings. That is: 

 2

0 1 2 3 4 5ln OVER REQ UNDER EXP EXP ......      i i i i i iy         (3-1) 

 The first step in the Chiswick and Miller (2008) decomposition involves using 

estimates of equation (3-1) for females to predict earnings for each female at a 

particular level of education.
31

  Hence: 

F F F F
F F F

0 1 2 3 ln y= OVER REQ + UNDER ...        females at                       (3-2) 

                                                                               education level “j”,    j = 1,…,J,                                                       

   

where J is the number of education categories. 

The predictions obtained for each level of education are then averaged, and 

these averages regressed on the level of education. In this supplementary simple 

regression, each observation is weighted by the number of females with the particular 

level of education (wj). That is: 

  j 0 j 1 j j j jj
ln y  w  = w EDUC w w    ,   where wj are the weights.                (3-3) 

                                                 
31

 This exposition draws upon Chiswick and Miller (2010a). 
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1  in this weighted simple regression is an estimate of the return to education 

for females. 

In the second step, the estimated earnings effects from the ORU variables for 

males can be used to predict earnings for females.  Specifically, the predictions are: 

F M M M
F F F

0 1 2 3ln y = OVER REQ + UNDER ...       females at                         (3-4) 

                                                                                education level “j”,  j = 1,…,J.   

The predictions obtained from (3-4) are then related to the years of education in 

the weighted simple regression outlined in equation (3-3).  1  in this second 

supplementary regression is the return to education for females under the assumption 

that the returns to over education, required education and under education are the same 

for females and males. Comparison of this return with that obtained using the 

predictions of equation (3-2) shows the contribution of the differences in the estimated 

effects of the ORU variables for males and females to the conventional estimate of the 

return to education for females. 

 In the third step, the ORU variables for females are replaced using the sample 

averages, conditional upon the particular level of education “j”, for males.  That is,  

F N M MM M M

0 1 2 3ln y  = OVER REQ + UNDER ...        females at                   (3-5) 

                                                                                     education level “j”,    j = 1,…,J.  

 

Again, the averages of the predictions at each level of education are regressed 

on the years of education via the weighted simple regression in equation (3-3).  1  in 

this third supplementary regression is the estimate of the return to education for 

females under the twin assumptions that the returns to the ORU variables for females 

are the same as for males and the mean values of these variables for females are the 
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same as for males. This simulated return to education can be compared to that obtained 

in the previous step to show the incremental contribution of differences in values of the 

ORU variables for females and males to the return to education obtained by females.  

The final step in the Chiswick and Miller (2008) procedure involves using the 

number of males at each level of education for the weighting variable in the 

supplementary weighted simple regression depicted in equation (3-3).  Following this 

change, the 1 obtained from the simple regression will be the estimate of the return to 

education for males.
32

 

Thus, the set of substitutions outlined above progressively move us from the 

return to education for females to the return to education for males. This enables the 

roles of matched and mismatched education in the labor market on the return to 

education to be assessed. 

3.4       Data 

The data used in this paper are drawn from the China Health and Nutrition 

Survey (CHNS). Data for three years are used: 1993, 2004 and 2006. The use of the 

data for 1993 is based on the timing of the urban reforms. As Zhang et al. (2005, p.732) 

                                                 
32

 The order in which the substitutions are undertaken (i.e., whether those in equation (3-5) are 

undertaken prior to those in equation (3-4)) can be changed to assess the importance of path dependence. 

Similarly, the complete set of substitutions for the over education, required education and under 

education components of education may be undertaken sequentially, so that only the coefficients and 

means for over education (or required education or under education) are replaced first, and then this is 

followed by the replacement of the coefficients and means for a further variable in the ORU 

specification of the earnings equation. Within any step, the particular substitutions can also be 

undertaken one at a time. 
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note, “…urban reforms proceeded very slowly until the middle and late 1990s...”.
33

  

Thus, the analyses of the 1993 data will provide insights into wage determination 

before the urban wage reforms took effect. The impact of these wage reforms will be 

captured through study of the data for 2004 and 2006. Chen and Hamori (2009) have 

recently conducted comprehensive analyses of earnings determination in urban China 

using CHNS data pooled across 2004 and 2006. As noted above, one of their findings, 

that the return to education for males exceeds that for females, contrasts with the 

typical findings in the literature. The separate analysis of the data for these years will 

enable further assessment of this unconventional finding. 

The earnings measure used in this study is just monthly regular wages, 

excluding the earnings of secondary jobs, all kinds of subsidies and annual bonuses, as 

the latter have the potential to depend on group productivity to a greater extent than 

they depend on individual productivity. This definition follows Chen and Hamori 

(2009). The CHNS is also used to compile the usual or reference level of education in 

the ORU model. For this purpose the mean level of education in each occupation is 

used (see Hartog (2000) on this Realized Matches procedure, and Chiswick and Miller 

(2010b) for a recent evaluation).  The reference level is computed separately for each 

year of data collection. Under this ORU approach, a worker is classified as 

overeducated if their actual level of education exceeds the mean level of education in 

their occupation of employment, and the years of overeducation are computed as the 

difference between the actual level of education and the reference level of education. 

Workers are classified as undereducated if their actual level of education is less than 

                                                 
33

 For an outline of the labor market reforms, see Meng and Kidd (1997) and Knight and Song (2003). 
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the mean level of education in their occupation of employment. In this instance, the 

years of undereducation are computed as the difference between the reference level of 

education and the years of actual education. 

 

3.5       Empirical results 

 The estimating equation used in this analysis is quite standard, and relates the 

natural logarithm of earnings to educational attainment (either the actual years of 

education in the Mincer equation, or variables for required education, over education 

and under education in the ORU model), potential labor market experience and its 

square, marital status, rural registration, ownership type of the enterprise where 

employed, and, in some specifications, location of residence and occupation of 

employment.  Appendix A presents the definitions of all variables. 

 Table 3-1 presents information on the mean earnings of males and females in 

1993, 2004 and 2006.  These data demonstrate the rapid growth in earnings over this 

time period, that females earn less than males, and that the female earnings 

disadvantage had widened over time, from 17 percent in 1993 to 20 percent in 2004 

and 24 percent in 2006.
34

 

 

                                                 
34

 This evidence for an increase in the female earnings disadvantage is consistent with evidence for 

earlier time periods, such as the change between 1988 and 1985 documented in Yang (2005). 
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Table 3- 1 Mean Earnings for Males and Females in 1993, 2004 and 2006 

 Males Females 

1993 2004 2006 1993 2004 2006 

Mean Earnings 5.114 6.771 6.989 4.944 6.571 6.749 

Source: China Health and Nutrition Survey, 1993, 2004 and 2006. 

 

The regression analyse of the determinants of these earnings is based on three 

models. The first model is for a restricted specification that includes only personal and 

enterprise-type variables. The second model includes variables for region of residence, 

while the third model also contains variables for occupation of employment. Separate 

equations are estimated for males and females. 

 

3.5.1   Mincer equation results 

1993 
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Table 3- 2 Estimates of Mincerian Model of Earnings Determination in Urban 

Areas, 1993 

 

Variables 

Males Females 

(i) (ii) (iii) (iv) (v) (vi) 

Constant 3.590*** 

(9.88) 

3.572*** 

(9.71) 

3.606*** 

(9.51) 

3.686*** 

(10.69) 

3.753*** 

(10.70) 

3.827*** 

(11.67) 

Years of 

  Education 

0.012* 

(1.94) 

0.009 

(1.43) 

0.008 

(0.97) 

0.022*** 

(3.74) 

0.023*** 

(3.76) 

0.020** 

(2.55) 

Log hours 0.305*** 

(3.16) 

0.292*** 

(3.04) 

0.281*** 

(2.88) 

0.190** 

(2.16) 

0.177** 

(2.00) 

0.161* 

(1.91) 

Experience 

 (Exp) 

0.021** 

(2.16) 

0.022** 

(2.18) 

0.022** 

(2.19) 

0.033*** 

(3.51) 

0.033*** 

(3.55) 

0.032*** 

(3.46) 

Exp
2
/100 -0.026 

(1.53) 

-0.028 

(1.63) 

-0.029* 

(1.68) 

-0.053*** 

(2.85) 

-0.053*** 

(2.88) 

-0.052*** 

(2.87) 

Married 0.136 

(1.35) 

0.140 

(1.35) 

0.126 

(1.22) 

-0.020 

(0.26) 

-0.015 

(0.19) 

-0.008 

(0.10) 

Rural  

  Registration 

-0.090 

(1.29) 

-0.081 

(1.17) 

-0.076 

(1.10) 

-0.031 

(0.44) 

-0.032 

(0.47) 

-0.032 

(0.46) 

State -0.312*** 

(6.01) 

-0.292*** 

(5.42) 

-0.297*** 

(5.43) 

-0.169*** 

(3.55) 

-0.164*** 

(3.58) 

-0.176*** 

(3.85) 

Private 0.481*** 

(3.46) 

0.506*** 

(3.62) 

0.509*** 

(3.55) 

0.746*** 

(4.76) 

0.751*** 

(4.70) 

0.734*** 

(4.76) 

Central  0.071 

(1.13) 

0.061 

(0.95) 

 -0.051 

(0.87) 

-0.058 

(0.97) 

East  0.116 

(1.95) 

0.112* 

(1.84) 

 -0.006 

(0.10) 

-0.012 

(0.20) 

Clerk   -0.027 

(0.38) 

  0.056 

(0.70) 

Senior   0.030 

(0.36) 

  -0.007 

(0.10) 

Junior   0.064 

(1.16) 

  0.061 

(1.25) 

Leader   0.122 

(1.37) 

  0.255* 

(1.80) 

Other   0.154 

(0.84) 

  0.408** 

(2.12) 

Adj. 
2R  0.189 0.191 0.191 0.186 0.185 0.196 

Sample size 683 683 683 547 547 547 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics;  * denotes that the variable 

is significant at the 10 % level;  ** denotes that the variable is significant at the 5 % level;  *** denotes 

that the variable is significant at the 1 % level.  See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey, 1993. 

 Table 3-2 presents the estimated coefficients obtained from applying a standard 

education and experience model to urban areas in 1993. The adjusted R
2
 in these 

estimations are all around 0.19, which is reasonable for a cross-sectional estimation of 
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an earnings equation.  Five of the eight slope coefficients in specification (i) are 

statistically significant at conventional levels for males, as are six of the eight slope 

coefficients for females. The Table 3-2 results mirror quite well what is known about 

the return to education in China around this period. First, the return to education is 

quite low, for both males and females.  Second, the return to education for males is less 

than that for females. Indeed, in several of the specifications, the return to education 

for males is statistically insignificant. Meng (1998) also reported that the return to 

education for males was statistically insignificant in rural China in the late 1980s. 

Third, the return to education tends to fall as controls for additional variables are added 

to the specification. These additional control variables show a positive, though weak, 

association between earnings and hours worked, and that earnings increase at a 

decreasing rate with potential labor market experience. Similar to the payoff structure 

for educational attainment, the gains in earnings associated with additional years of 

labor market experience for females are typically greater than those for males. Hence, 

evaluated at 5 years of experience, the payoff to an extra year of experience is 2.8 

percent for females and 1.8 percent for males.  At 10 years of experience the payoff to 

an extra year of experience is 2.2 percent for females and 1.6 percent for males, and at 

20 years of experience the payoff to an extra year of experience is just 1.2 percent for 

females and 1.1 percent for males. The Table 3-2 results also reveal that earnings are 

relatively high in the small number of privately-run enterprises and relatively low in 

state-owned enterprises. The models presented in columns (ii) and (iii) show that in 

this early period of the urban wage reform process, there was limited variation in 

earnings across regions of residence and occupations. 
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2004 

 Table 3-3 lists estimates of the models of earnings determination based on the 

2004 data.  The structure of this table is the same as that used for the analyses of the 

1993 data. The Table 3-3 results reveal that the post-reform urban labor market in 

China is characterized by higher returns to education for both males and females. 

Moreover, the gap between the return to education for males and females has widened 

over the period reviewed: in 2004 it was 3.7 percentage points (column (ii) model) 

compared to the more modest 1.3 percentage points in 1993. This is consistent with the 

evidence from studies of other data sets documented in Section II. Associated with this 

increase in the importance of education to earnings determination in urban China has 

been a decrease in the importance of potential labor market experience (or seniority) 

for both males and females. The potential labor market experience variables are 

statistically insignificant in the model for males, and the increase in earnings with labor 

market experience for females is only around one-half of that recorded in the data for 

1993.  
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Table 3- 3 Estimates of Mincerian Model of Earnings Determination  in Urban Areas, 2004 

 

Variables 

Males Females 

(i) (ii) (iii) (iv) (v) (vi) 

Constant 5.759*** 

(13.96) 

5.672*** 

(13.98) 

5.486*** 

(13.43) 

5.027*** 

(9.97) 

4.796*** 

(9.42) 

4.790*** 

(9.90) 

Years of 

  Education 

0.047*** 

(5.77) 

0.050*** 

(6.01) 

0.031*** 

(3.38) 

0.087*** 

(7.92) 

0.087*** 

(8.10) 

0.070*** 

(5.57) 

Log hours 0.025 

(0.25) 

0.023 

(0.23) 

0.079 

(0.79) 

0.021 

(0.18) 

0.011 

(0.10) 

0.040 

(0.36) 

Experience 

 (Exp) 

0.003 

(0.26) 

0.005 

(0.45) 

0.004 

(0.42) 

0.018* 

(1.85) 

0.023** 

(2.44) 

0.025*** 

(2.65) 

Exp
2
/100 0.001 

(0.04) 

-0.003 

(0.14) 

-0.006 

(0.34) 

-0.027 

(1.23) 

-0.039* 

(1.74) 

-0.047** 

(2.15) 

Married 0.260*** 

(3.10) 

0.255*** 

(3.10) 

0.219*** 

(2.69) 

0.123* 

(1.68) 

0.090 

(1.23) 

0.076 

(1.04) 

Rural 

 Registration 

-0.136** 

(2.05) 

-0.104 

(1.52) 

-0.073 

(1.06) 

-0.011 

(0.10) 

0.032 

(0.30) 

0.047 

(0.44) 

State 0.121** 

(2.08) 

0.147** 

(2.51) 

0.161*** 

(2.73) 

0.179** 

(2.31) 

0.214*** 

(2.81) 

0.189** 

(2.44) 

Private 0.181*** 

(2.58) 

0.174** 

(2.46) 

0.232*** 

(3.31) 

0.271*** 

(2.98) 

0.280*** 

(3.20) 

0.292*** 

(3.42) 

Central  -0.014 

(0.25) 

-0.003 

(0.05) 

 0.211*** 

(3.11) 

0.198*** 

(2.99) 

East  0.103* 

(1.64) 

0.141** 

(2.28) 

 0.290*** 

(4.42) 

0.306*** 

(4.79) 

Clerk   0.252*** 

(3.16) 

  0.196** 

(2.53) 

Senior   0.369*** 

(4.21) 

  0.363*** 

(3.60) 

Junior   0.189*** 

(2.98) 

  0.153** 

(2.14) 

Leader   0.331*** 

(4.38) 

  0.095 

(0.95) 

Other   0.182* 

(1.82) 

  0.108 

(0.83) 

Adj. 
2R  0.117 0.123 0.153 0.187 0.212 0.228 

Sample size 512 512 512 404 404 404 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics;  * denotes that the variable 

is significant at the 10 % level;  ** denotes that the variable is significant at the 5 % level;  *** denotes 

that the variable is significant at the 1 % level.  See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey, 2004. 

 The wage reforms in the urban Chinese labor market also appear to have been 

associated with an increase in the spread of earnings across occupations. Thus, whereas 

the occupation of employment played a quite minor role in earnings determination in 

1993, there was a difference of around 33 percentage points between the least-paying 

and highest-paying occupations in 2004.   Moreover, the inclusion of the variables for 
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occupation of employment in the estimating equation is associated with a material 

increase in the adjusted R
2
, particularly among males.  In the case of the 1993 data, the 

addition of the variables for occupation of employment did not lead to any change in 

the adjusted R2 for males.  

 In summary, the comparisons between 1993 and 2004 suggest that the wage 

reforms in the urban labor market are linked with greater rewards to formal education 

and to employment in senior occupations, and with a dissipation of the earnings 

increases associated with potential labor market experience. In the 2004 CHNS the 

return to education for females was up to four percentage points greater than that for 

males. 

 

2006 

Table 3-4 contains the analyses for 2006. The main result from these 

estimations is that, unlike most literature in this area, though consistent with Chen and 

Hamori (2009), the return to education for males in urban areas, at 7.5 percent, is very 

similar to that for females, 7.4 percent (column (ii) specification). This finding, that 

men and women receive similar returns to education in China’s urban areas, contrasts 

with the result in Ren and Miller (2010) from analysis of the rural component of the 

same data set. Ren and Miller (2010) report that in rural China, the return to education 

is 7.2 for women and 3.8 for men. The Table 3-4 evidence for 2006 also contrasts with 

the findings for 2004, reported above. The current finding, of broad equality between 

the estimates of the return to education for men and women in urban China using the 
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2006 wave of the CHNS, shows that the result of Chen and Hamori (2009), which was 

based on data pooled across the 2004 and 2006 waves, is driven by the most recent 

wave of data collection.  Compared to 2004, the broad equality of the return to 

education for males and females has emerged due to an increase in the return to 

education for males of several percentage points over this period, and a decline in the 

return to education for females of one percentage point.  

The links between the gender differential in the returns to education in the labor 

market of contemporary urban China and the incidence and earnings effects of 

matched and mismatched education is investigated below.
35

 This is done using the 

ORU earnings equation (see Hartog, 2000) and the decomposition developed by 

Chiswick and Miller (2008). 

 

                                                 
35

 See Miller and Ren (2011) for detailed study of the incidence of matched and mismatched education 

in China in 1993 and 2006. 
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Table 3- 4 Estimates of Mincerian Model of Earnings Determination in Urban 

Areas, 2006 

 

Variables 

Males Females 

(i) (ii) (iii) (iv) (v) (vi) 

Constant 5.742*** 

(17.22) 

5.591*** 

(16.86) 

5.685*** 

(18.29) 

5.545*** 

(10.98) 

5.347*** 

(10.57) 

5.385*** 

(10.71) 

Years of 

  Education 

0.075*** 

(8.12) 

0.075*** 

(8.06) 

0.056*** 

(5.75) 

0.072*** 

(7.45) 

0.074*** 

(7.58) 

0.052*** 

(4.85) 

Log hours -0.045 

(0.58) 

-0.060 

(0.76) 

-0.044 

(0.60) 

0.009 

(0.07) 

-0.004 

(0.04) 

0.022 

(0.17) 

Experience 

 (Exp) 

0.020* 

(1.79) 

0.020* 

(1.76) 

0.018 

(1.60) 

0.004 

(0.40) 

0.010 

(0.87) 

0.012 

(0.99) 

Exp
2
/100 -0.027 

(1.24) 

-0.024 

(1.13) 

-0.026 

(1.25) 

0.009 

(0.48) 

-0.000 

(0.02) 

-0.011 

(0.56) 

Married 0.065 

(0.73) 

0.040 

(0.45) 

0.014 

(0.16) 

-0.108 

(0.89) 

-0.148 

(1.18) 

-0.171 

(1.35) 

Rural 

  Registration 

-0.037 

(0.46) 

0.015 

(0.18) 

0.014 

(0.17) 

0.072 

(0.94) 

0.112 

(1.36) 

0.114 

(1.37) 

State 0.248*** 

(3.42) 

0.277*** 

(3.84) 

0.266*** 

(3.56) 

0.411*** 

(6.25) 

0.427*** 

(6.04) 

0.396*** 

(5.21) 

Private 0.296*** 

(4.05) 

0.300*** 

(4.21) 

0.343*** 

(4.64) 

0.242*** 

(3.44) 

0.253*** 

(3.52) 

0.284*** 

(3.70) 

Central  0.214*** 

(2.79) 

0.207*** 

(2.86) 

 0.179*** 

(2.70) 

0.176*** 

(2.74) 

East  0.243*** 

(2.99) 

0.234*** 

(2.98) 

 0.224*** 

(2.58) 

0.225*** 

(2.73) 

Clerk   0.060 

(0.77) 

  0.264 

(2.73) 

Senior   0.319*** 

(3.73) 

  0.395*** 

(4.25) 

Junior   0.107 

(1.62) 

  0.172*** 

(2.70) 

Leader   0.372*** 

(4.12) 

  0.249*** 

(2.84) 

Other   0.064 

(0.47) 

  0.166 

(0.85) 

Adj. 
2R  0.157 0.170 0.200 0.228 0.239 0.264 

Sample size 536 536 536 404 404 404 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics;  * denotes that the variable 

is significant at the 10 % level;  ** denotes that the variable is significant at the 5 % level;  *** denotes 

that the variable is significant at the 1 % level.  See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey, 2006. 
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3.5.2    Returns to over education, required education and under education 

The specification of the ORU model adopted in this section is the same as that 

used for the Mincer equation, other than for the use of three variables, for the years of 

required level of education, and any years of either over education or under education, 

in place of the single variable for the worker’s actual years of education in the Mincer 

model.
36

 

 

1993 

The main interest in the Table 3-5 results rests with the three variables that are 

unique to the ORU specification, and hence the discussion will focus on the estimated 

effects for these variables. It is noted, however, that the use of the variables for years 

of over, required and under education in place of the conventional measure for years of 

actual education is not associated with any major change in the estimated effects of the 

other variables included in the estimating equation.  

Each year of education that is usual for the occupation in which the worker is 

employed is associated with a modest 2.5 percent increase in earnings among females, 

but the reference level of education is not associated with statistically significant 

increases in earnings among males (though the point estimate for males is similar to 

that for females). In other words, for females, the return to education in the 

conventional education and experience earnings equation for 1993 is around 2.3 

                                                 
36

 As the required level of education is compiled using data disaggregated to a finer level than the five 

occupations used in the specification of column (iii), both the required education variable and the 

occupation variables can be used in the one estimating equation. 
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percent (Table 3-2), which is of the same order of magnitude as the return to years of 

correctly matched education (2.5 percent in Table 3-5). The return to years of correctly 

matched education captures the effects on earnings of the acquisition of an extra year 

of education, and the effects on earnings of moving to an occupation where the extra 

years of education can be effectively utilized
37

. The similarity of the two returns 

therefore suggests there was little advantage to correctly matched education in 1993.  

We return to this theme below.  

Similarly, among males the rate of return in the conventional (Mincerian) 

model is not significantly different from zero, and likewise, the increment in earnings 

associated with correctly matched education is not significantly different from zero. 

That is, neither education nor job mobility in order to achieve a better education-

occupation match appears to have been rewarded in the urban Chinese male labor 

market in 1993. 

The variable for years of over education—that is, years of education that are 

surplus to the usual educational requirements of the occupation in which workers are 

employed—is not associated with statistically significant increases in earnings in either 

the estimation for males or that for females (the point estimates are small in each 

instance, and similar for males and females).  The fact that years of surplus education 

are not rewarded in the labour market will tend to lower the return to education in the 

conventional model, and the similarity of the point estimates indicates that the impact 

                                                 
37

 The recent analyses by Chiswick and Miller (2010b) indicate that the findings in this literature are 

quite robust to the choice of reference years of education. 
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in this regard will be about the same for males and females (see Chiswick and Miller, 

2008).  

Table 3- 5 Estimates of ORU Model of Earnings Determination in Urban Areas, 

1993 

 

Variables 

Males Females 

(i) (ii) (iii) (iv) (v) (vi) 

Constant 3.473*** 

(9.42) 

3.454*** 

(9.26) 

3.264*** 

(7.84) 

3.691*** 

(10.40) 

3.755*** 

(10.53) 

3.897*** 

(10.59) 

Reference 

 Education 

0.023* 

(1.68) 

0.020 

(1.46) 

0.053 

(1.57) 

0.023** 

(2.01) 

0.025** 

(2.10) 

0.010 

(0.37) 

Over 

 Education 

0.022 

(1.53) 

0.019 

(1.33) 

0.021 

(1.43) 

0.017 

(1.32) 

0.016 

(1.23) 

0.013 

(0.97) 

Under   

 Education 

0.015 

(1.01) 

0.018 

(1.18) 

0.016 

(1.08) 

-0.026** 

(2.01) 

-0.026** 

(2.04) 

-0.026** 

(2.02) 

Log hours 0.301*** 

(3.07) 

0.288*** 

(2.96) 

0.274*** 

(2.80) 

0.192** 

(2.17) 

0.178** 

(2.01) 

0.166** 

(1.97) 

Experience 

 (Exp) 

0.023** 

(2.28) 

0.024** 

(2.31) 

0.025** 

(2.38) 

0.032*** 

(3.33) 

0.032*** 

(3.37) 

0.031*** 

(3.27) 

Exp
2
/100 -0.033* 

(1.87) 

-0.035** 

(1.97) 

-0.035** 

(1.99) 

-0.051*** 

(2.63) 

-0.051*** 

(2.68) 

-0.049*** 

(2.62) 

Married 0.131 

(1.27) 

0.134 

(1.27) 

0.119 

(1.14) 

-0.018 

(0.23) 

-0.012 

(0.15) 

-0.005 

(0.06) 

Rural 

 Registration 

-0.095 

(1.36) 

-0.086 

(1.23) 

-0.081 

(1.17) 

-0.031 

(0.45) 

-0.034 

(0.49) 

-0.031 

(0.45) 

State -0.315*** 

(6.04) 

-0.296*** 

(5.47) 

-0.295*** 

(5.43) 

-0.169*** 

(3.53) 

-0.165*** 

(3.61) 

-0.170*** 

(3.69) 

Private 0.504*** 

(3.53) 

0.528*** 

(3.67) 

0.546*** 

(3.77) 

0.750*** 

(4.67) 

0.758*** 

(4.62) 

0.733*** 

(4.68) 

Central  0.073 

(1.18) 

0.070 

(1.12) 

 -0.054 

(0.90) 

-0.058 

(0.96) 

East  0.115* 

(1.94) 

0.114* 

(1.87) 

 -0.006 

(0.11) 

-0.010 

(0.16) 

Clerk   -0.143 

(1.37) 

  0.077 

(0.73) 

Senior   -0.217 

(1.24) 

  0.036 

(0.24) 

Junior   -0.007 

(0.10) 

  0.077 

(1.03) 

Leader   -0.018 

(0.16) 

  0.280* 

(1.91) 

Other   0.164 

(0.89) 

  0.404** 

(2.11) 

Adj. 
2R  0.191 0.193 0.194 0.183 0.182 0.194 

Sample size 683 683 683 547 547 547 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics; * denotes that the variable 

is significant at the 10 % level; ** denotes that the variable is significant at the 5 % level; *** denotes 

that the variable is significant at the 1 % level. See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey, 1993. 
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Years of under education—that is, shortfalls in the workers’ formal education 

compared to the levels that are usual in their occupations of employment—are 

associated with a significant earnings effect only among females. The point estimate of 

-0.026 for females indicates that low-skilled females who acquire an extra year of 

education in urban China in 1993 received approximately the same earnings regardless 

of their occupation of employment. That is, the level of education, but not the 

education-occupation match, was of some importance among these low-skilled females.  

A similar, though slightly weaker, pattern characterizes high-skilled females. For 

males there is a small, positive, but statistically insignificant effect on earnings 

associated with years of under education. The insignificance of each of the three 

education variables in the ORU specification of the earnings equation for males 

indicates that neither the level of education nor the education-occupation match was 

important in 1993. The statistically significant negative earnings effect to years of 

under education for females is shown below to be the main reason why the return to 

years of actual education for females exceeds that for males.  

2004 

The results from the estimation of the ORU model for 2004 are reported in 

Table 3-6. These show that the wage reforms that started to take effect in the 1990s 

have been associated with the emergence of a highly significant wage premium to 

years of correctly matched education.  While this wage premium characterizes both the 

male and female labor markets, it is around three percentage points higher for females 

than it is for males. This gender differential in favour of females in the return to 
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correctly matched education is similar to that reported by Chiswick and Miller (2010a) 

in their analysis of earnings determination in the Canadian labor market, and by Ren 

and Miller (2010) in their study of earnings outcomes in the rural labor market in 

China. The higher wage premium to years of correctly matched education by itself 

would lead to higher returns to actual years of education for both males and females in 

2004 compared to 1993, and to females having a higher return to actual years of 

education than males in 2004. It is also to be noted that the return to years of correctly 

matched education is four-to-five percentage points greater than the return to years of 

actual education in the conventional education and experience specification of the 

earnings equation. This suggests that worker mobility to occupations where their 

formal education is usual is an important feature of the 2004 urban Chinese labor 

market. Whether this matching process is important among both low-skilled and high-

skilled groups can be ascertained through examination of the estimated effects of the 

under education and over education variables. 

Years of over education are also associated with significantly higher earnings, 

though the increase in earnings is far less for males (3-4 percentage points) than for 

females (around 9 percentage points). This earnings effect of years of over education 

would tend to lower the return to years of actual education, but more so for males than 

for females. The gap between the return to correctly matched education and to years of 

surplus education (i.e., the earnings penalty to mismatched higher education) among 

the better educated workers where over education tends to be a characteristic also 

indicates that education-occupation matching is an important feature of the higher-

skilled segment of the labor market, for both males and females.  
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Table 3-6 Estimates of ORU Model of Earnings Determination in Urban Areas, 2004 

 

Variables 

Males Females 

(i) (ii) (iii) (iv) (v) (vi) 

Constant 5.067*** 

(11.85) 

4.879*** 

(11.69) 

5.071*** 

(10.93) 

4.475*** 

(9.21) 

4.231*** 

(8.59) 

4.279*** 

(7.82) 

Reference 

 education 

0.096*** 

(7.25) 

0.104*** 

(7.82) 

0.075*** 

(2.78) 

0.128*** 

(8.44) 

0.130*** 

(8.58) 

0.126*** 

(3.41) 

Over 

 education 

0.036** 

(2.40) 

0.036** 

(2.39) 

0.030** 

(2.00) 

0.097*** 

(5.40) 

0.096*** 

(5.51) 

0.092*** 

(5.15) 

Under   

 education 

-0.023 

(1.37) 

-0.026 

(1.52) 

-0.025 

(1.51) 

-0.030 

(1.15) 

-0.031 

(1.19) 

-0.031 

(1.16) 

Log hours 0.081 

(0.81) 

0.084 

(0.83) 

0.086 

(0.85) 

0.040 

(0.38) 

0.030 

(0.29) 

0.034 

(0.33) 

Experience 

 (Exp) 

0.005 

(0.45) 

0.007 

(0.66) 

0.006 

(0.56) 

0.022** 

(2.34) 

0.028*** 

(2.96) 

0.028*** 

(2.91) 

Exp
2
/100 -0.007 

(0.39) 

-0.011 

(0.59) 

-0.010 

(0.52) 

-0.043** 

(1.98) 

-0.055** 

(2.51) 

-0.055** 

(2.50) 

Married 0.236*** 

(2.80) 

0.226*** 

(2.76) 

0.221*** 

(2.71) 

0.114 

(1.56) 

0.080 

(1.09) 

0.082 

(1.11) 

Rural 

 Registration 

-0.118* 

(1.79) 

-0.074 

(1.08) 

-0.071 

(1.03) 

0.008 

(0.08) 

0.055 

(0.51) 

0.052 

(0.49) 

State 0.109* 

(1.92) 

0.141** 

(2.47) 

0.160*** 

(2.72) 

0.147* 

(1.85) 

0.184** 

(2.35) 

0.173** 

(2.13) 

Private 0.219*** 

(3.14) 

0.216*** 

(3.08) 

0.236*** 

(3.36) 

0.292*** 

(3.23) 

0.302*** 

(3.49) 

0.291*** 

(3.34) 

Central  0.002 

(0.03) 

0.002 

(0.03) 

 0.207*** 

(3.08) 

0.194*** 

(2.93) 

East  0.146** 

(2.34) 

0.149** 

(2.40) 

 0.296*** 

(4.53) 

0.295*** 

(4.61) 

Clerk   0.093 

(0.74) 

  0.008 

(0.05) 

Senior   0.175 

(1.18) 

  0.122 

(0.70) 

Junior   0.106 

(1.18) 

  0.006 

(0.05) 

Leader   0.188 

(1.59) 

  -0.081 

(0.56) 

Other   0.180* 

(1.80) 

  0.089 

(0.70) 

Adj. 
2R  0.141 0.153 0.153 0.210 0.237 0.235 

Sample size 512 512 512 404 404 404 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics; * denotes that the variable 

is significant at the 10 % level; ** denotes that the variable is significant at the 5 % level; *** denotes 

that the variable is significant at the 1% level. See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey (CHNS), 2004. 

Finally, years of under education are not associated with statistically significant 

differences in earnings in 2004. The absence of an earnings effect for years of under 
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education would tend to lower the return to actual years of education, ceteris paribus.  

The similarity of the point estimates for the under education variable for males and 

females indicates that any impact on the return to years of actual education will be 

reasonably gender neutral. The statistical insignificance of the earnings effects 

associated with years of under education, in the presence of a sizeable and significant 

earnings effect to years of reference education, is usually argued to indicate that these 

undereducated workers possess other skills or attributes that substitute for formal 

schooling. These other attributes could include the higher levels of motivation 

discussed by Chiswick and Miller (2008) in relation to foreign-born workers in the US, 

and to business connections that might retain value in an economy in transition. 

Hence, these results draw attention to a greater role for education-occupation 

matching in the urban labor market in 2004 than in 1993, though the divergent results 

for the over education and under education variables suggest that this allocative role 

for education was more important among the more skilled occupations.  

2006 

The results from estimation of the ORU model using the data for 2006 are 

presented in Table 3-7.  According to the results for the column (ii) specification, the 

return to the reference level of education for females, at 13.0 percent, exceeds that for 

males, of 10.5 percent. This gender differential in favor of females in the return to 

correctly matched education is similar to that reported for 2004, and should, ceteris 

paribus, translate into a lower return to actual years of education for males than for 

females in the Mincer model. The excess of the return to the reference level of 

education over the return to actual years of education by itself suggests that, as was the 
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situation in 2004, worker mobility to occupations where their education levels are 

more common is an important aspect of earnings determination in 2006. 

In comparison to the situation with respect to the return to correctly matched 

years of education, which consistently favor females, there have been two changes 

between 2004 and 2006 to the earnings effects associated with years of over education 

and with years of under education that will lead to an increase in the return to years of 

actual education for males relative to that for females. Thus, the return to years of over 

education for males is 7.5 percent, and this is 4 percentage points higher than that 

recorded in 2004. The 7.5 percent return to years of over education for males is on par 

with the return to years of over education for females. Years of surplus education were 

also associated with similar increases in earnings for males and females in Ren and 

Miller’s (2010) study of the labor market in rural China. 

Years of under education are associated with an earnings penalty of -4.2 

percent in the male labor market, and a statistically insignificant -0.9 percent in the 

female labor market. The statistically insignificant earnings effect for under education 

for females mirrors the evidence for 2004. However, the significant negative earnings 

effect to years of under education for males is a new phenomenon in the Chinese urban 

labor market. It is a typical feature of studies of the labor market of Western countries 

that use the ORU model. It could reflect the squeezing out of the non-productivity 

related aspects of earnings determination in the low-skilled male labor market 

discussed above. 

Table 3- 7 Estimates of ORU Model of Earnings Determination in Urban Areas, 2006 

 Males Females 
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Variables (i) (ii) (iii) (iv) (v) (vi) 

Constant 5.356*** 

(15.55) 

5.229*** 

(15.57) 

5.643*** 

(13.35) 

4.640*** 

(8.67) 

4.385*** 

(8.17) 

4.326*** 

(7.44) 

Reference 

 education 

0.106*** 

(7.36) 

0.105*** 

(7.48) 

0.053 

(1.53) 

0.126*** 

(8.54) 

0.130*** 

(8.52) 

0.136*** 

(5.04) 

Over 

 education 

0.080*** 

(4.21) 

0.075*** 

(3.99) 

0.071*** 

(3.87) 

0.073*** 

(3.76) 

0.076*** 

(4.06) 

0.070*** 

(3.83) 

Under   

 education 

-0.037** 

(2.06) 

-0.042** 

(2.33) 

-0.039** 

(2.23) 

-0.010 

(0.48) 

-0.009 

(0.43) 

-0.006 

(0.27) 

Log hours -0.037 

(0.49) 

-0.051 

(0.68) 

-0.040 

(0.55) 

0.073 

(0.58) 

0.064 

(0.52) 

0.071 

(0.58) 

Experience 

 (Exp) 

0.024** 

(2.13) 

0.023** 

(2.03) 

0.021* 

(1.82) 

0.015 

(1.59) 

0.022** 

(2.10) 

0.022** 

(1.99) 

Exp
2
/100 -0.040* 

(1.79) 

-0.035 

(1.61) 

-0.032 

(1.52) 

-0.023 

(1.22) 

-0.034* 

(1.74) 

-0.038* 

(1.92) 

Married 0.052 

(0.60) 

0.031 

(0.35) 

0.010 

(0.11) 

-0.131 

(1.09) 

-0.176 

(1.42) 

-0.180 

(1.42) 

Rural 

 Registration 

-0.043 

(0.54) 

0.006 

(0.08) 

0.009 

(0.10) 

0.062 

(0.79) 

0.101 

(1.18) 

0.102 

(1.21) 

State 0.223*** 

(3.13) 

0.250*** 

(3.49) 

0.264*** 

(3.56) 

0.373*** 

(5.75) 

0.384*** 

(5.59) 

0.375*** 

(4.99) 

Private 0.333*** 

(4.54) 

0.335*** 

(4.68) 

0.348*** 

(4.66) 

0.281*** 

(4.08) 

0.292*** 

(4.17) 

0.293*** 

(3.97) 

Central  0.210*** 

(2.78) 

0.200*** 

(2.75) 

 0.207*** 

(3.24) 

0.209*** 

(3.25) 

East  0.232*** 

(2.90) 

0.223*** 

(2.86) 

 0.239*** 

(2.77) 

0.244*** 

(2.91) 

Clerk   0.072 

(0.46) 

  -0.430 

(0.32) 

Senior   0.334* 

(1.93) 

  0.061 

(0.45) 

Junior   0.118 

(1.54) 

  -0.035 

(0.36) 

Leader   0.381*** 

(2.65) 

  -0.012 

(0.11) 

Other   0.068 

(0.51) 

  0.214 

(1.11) 

Adj. 
2R  0.168 0.179 0.198 0.271 0.284 0.282 

Sample size 536 536 536 404 404 404 

Notes: Numbers in parentheses are heteroskedasticity-consistent ‘t’ statistics; * denotes that the variable 

is significant at the 10 % level; ** denotes that the variable is significant at the 5 % level; *** denotes 

that the variable is significant at the 1 % level. See the Appendix for definitions of variables. 

Source: China Health and Nutrition Survey (CHNS), 2006. 

The insignificant wage effect to under education for females has parallels with 

findings in Chiswick and Miller (2008) in relation to the earnings of under educated 

immigrants in the US economy. They report that such immigrants incur a much smaller 

earnings penalty than their native-born counterparts, and link this to self-selection in 
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immigration which is more intense among the less-well educated, and which results in 

unskilled foreign-born workers possessing relatively more of other, unmeasured, skills 

(e.g., motivation, ability, commitment) that are favorably rewarded in the labor market. 

Carrying this suggestion across to the Chinese urban labor market, it would be 

suggested that less-well educated female urban workers are more positively self-

selected for labor force participation than their male counterparts. 

Thus, the distinguishing feature of the urban labor market in China in 2006, 

from the perspective of gender differences, appears to be in relation to the earnings 

effects of under education. In this regard, the evidence suggests that education-

occupation matching is not overly important in the lower-skilled segment of the labor 

market for females, but it is starting to become important for males. These issues are 

addressed further below. 

3.5.3    Decomposition analysis 

Table 3-8 lists the results from applying the decomposition of Chiswick and 

Miller (2008) to the gender differential in the return to education for males and females 

in urban areas in 1993
38

. From this table, it is really apparent that the adjustments for 

the earnings effects of reference education and over education are associated with 

inconsequential changes in the return to education. This follows from the broad 

                                                 
38

 The models estimated in this research are static. In line with the literature, we make various 

longitudinal inferences based on the results. The extent to which these inferences are likely to be in error 

has been the subject of considerable debate in the economics literature, though it is generally concluded 

that the static results provide a good indication of likely changes over time. 
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similarity of the estimates associated with these variables for males and females in 

Table 3-5.  

The adjustment for the earnings effects of under education is, however, 

associated with a sharp reduction in the return to education for females: from 2.15 

percent in the absence of such an adjustment, to 0.45 percent with the adjustment.  The 

further adjustments in Table 3-8, for the extent of correctly matched (i.e., reference) 

education, over education and under education at each level of actual education, and 

for the distribution across actual education levels, have little effect on the return to 

education. In other words, the single factor contributing to the gender differential in the 

return to education in urban China in 1993 was the fact that there was a minor earnings 

reduction associated with years of under education among females but not among 

males (see Table 3-5). 
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Table 3- 8 Implied Returns to Education, Adjusting for Effects of ORU Variables, 

Comparisons of Males and Females in Urban Areas, 1993 

 % Payoff 

Males 0.77 

Females 

-no adjustment 

 

2.26 

(i) Assuming the same earnings effects to reference education as for 

males 

2.15 

(ii) Assuming the same earnings effects to reference education and over 

education as for males 

 

2.25 

(iii) Assuming the same earnings effects to reference education, over 

education  and under education as for males 

 

0.45 

(iv)  as for (iii) but also assuming the same levels of reference 

education, over education and under education at each level of 

schooling as for males 

 

0.34 

(v) as for (iv) but also assuming the same distribution across education 

categories for females as for males 

 

0.77 

Source: Authors calculations based on Table 3-5. 

 

Table 3- 9 Implied Returns to Education, Adjusting for Effects of ORU Variables, 

Comparisons of Males and Females in Urban Areas, 2004 

 

 % Payoff 

Males 4.95 

Females 

-no adjustment 

 

8.59 

(i) Assuming the same earnings effects to reference education as for 

males 

7.75 

(ii) Assuming the same earnings effects to reference education and 

over education as for males 

 

5.62 

(iii) Assuming the same earnings effects to reference education, over 

education  and under education as for males 

 

5.47 

(iv)  as for (iii) but also assuming the same levels of reference 

education, over education and under education at each level of 

schooling as for males 

 

4.83 

(v) as for (iv) but also assuming the same distribution across education 

categories for females as for males 

 

4.95 

Source: Authors calculations based on Table 3-6. 
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Table 3- 10 Implied Returns to Education, Adjusting for Effects of ORU 

Variables, Comparisons of Males and Females in Urban Areas, 2006 

 

 % Payoff 

Males 7.43 

Females 

-no adjustment 

 

7.33 

(i) Assuming the same earnings effects to reference education as for 

males 

6.53 

(ii) Assuming the same earnings effects to reference education and 

over education as for males 

 

6.49 

(iii) Assuming the same earnings effects to reference education, over 

education  and under education as for males 

 

7.50 

(iv)  as for (iii) but also assuming the same levels of reference 

education, over education and under education at each level of 

schooling as for males 

 

7.24 

(v) as for (iv) but also assuming the same distribution across education 

categories for females as for males 

 

7.43 

Source: Authors calculations based on Table 3-7. 

Table 3-9 attempts to account for the larger gender difference in the returns 

to education in 2004.  These decomposition results reveal that slightly less than one 

percentage point of this difference is due to the earnings effects to years of reference, 

(correctly matched) education (where females have an advantage over males of around 

three percentage points). However, over two percentage points of the gender gap in the 

return to education appears to be linked to differences in the returns to years of surplus 

education (the return to years of over education is about six percentage points higher 

for females than for males in Table 3-6).  There is also a one percentage point effect 

that is traced, through the decomposition analysis, to the different distributions of male 

and female workers across the reference education, over education and under education 

categories at each level of education.  Hence, these decomposition results suggest that 

the gender differential in the return to education is due to both a higher earnings 

premium to correct occupation-education matching for females, and higher earnings 
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increments to skills that are surplus to the usual standards of the occupations in which 

females work. The latter result suggests that correct matching is of less importance in 

the high-skilled segment of the female labor market than it is for males. 

Table 3-10 repeats the decomposition, but this time using the regressions results 

for 2006.  This decomposition also shows that the higher return to reference years of 

education for males than for females translates into about a one percentage point 

higher return to years of actual education for females.  The decomposition also shows 

that the earnings effects associated with years of over education do not impact the 

return to actual years of education: This follows from the similarity of these earnings 

effects in the Table 3-7 regression estimates for 2004. However, the decomposition 

shows that the differences between male and female workers in the returns to years of 

under education are associated with about a one percentage point lower return to actual 

years of schooling for females compared to males. This effect offsets that associated 

with years of reference education, to generate the approximate equality of the returns 

to actual years of education for male and female workers in 2006. 

Table 3-11 presents findings of the decomposition analysis undertaken by Ren 

and Miller (2010) for rural China using the 2006 CHNS. It is apparent that the major 

difference between the results for rural areas (which conform to the conventional 

wisdom) and those for urban areas (which do not conform to the conventional wisdom) 

rests with the earnings effects of under education.  Under education is associated with 

insignificant earnings effects for males in the rural labor market, and with a sizeable 

earnings penalty for males in the urban labor market. Under education is associated 
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with insignificant earnings effects for females in the urban labor market, but with a 

sizeable and significant earnings penalty for females in the rural labor market.  

Chiswick and Miller (2008) link under education to aspects of the way workers for 

each group self select into the paid labor force. These results suggest that low-skilled 

male rural workers are more intensely selected for labor market success than their 

female counterparts, and that low-skilled female urban workers are more intensely 

selected for labor market success than their male counterparts. 

 

Table 3- 11 Implied Returns to Education, Detailed Adjustment for Effects of  

ORU Variables, Comparisons of Males and Females in Rural Areas 

 % Payoff 

Males 3.39 

Females 

-no adjustment 

 

7.68 

(i) Assuming the same earnings effects to reference education as for 

males 

6.87 

(ii) Assuming the same earnings effects to reference education and over 

education as for males 

 

6.86 

(iii) Assuming the same earnings effects to reference education, over 

education  and under education as for males 

 

3.42 

(iv)  as for (iii) but also assuming the same levels of reference 

education, over education and under education at each level of 

schooling as for males 

 

3.35 

(v) as for (iv) but also assuming the same distribution across education 

categories for females as for males 

 

3.39 

Source: Ren and Miller (2010). 

  

3.6       Conclusions 

The conventional wisdom on the return to education in urban China is that this 

has grown rapidly since the mid 1990s, and that females have a higher return than 

males. Chen and Hamori (2009), however, have recently reported that the return to 
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education for males is 8.06 percent, a little higher than that for females, 7.67 percent. 

In the current paper the over education, required education, under education (ORU) 

specification of the earnings equation (Hartog, 2000) is used to examine the reasons for 

these patterns in the return to education in urban China, and for the recent finding by 

Chen and Hamori (2009). 

It is shown that neither correctly matched years of education nor mis-matched 

years of education were of any major consequence to the earnings determination 

process in urban China in the early period of the labor market reforms. However, by 

2004 there were distinct differences in earnings according to the reference level of 

education and years of over education. Moreover, there were also considerable gender 

differences in the estimated impacts of these education variables. Thus, the return to 

years of reference education for females in 2004 was 12.8 percent, while that for males 

was 9.6 percent. This gender differential in favor of females in the return to correctly 

matched education is similar to that reported by Ren and Miller (2010) in their study of 

earnings outcomes in the rural labor market in China. The gender differential in the 

payoff to years of over or surplus education also favored females, with the payoffs 

being 3.6 percent for males and 9.7 percent for females. The earnings effect of years of 

under education, however, was not statistically significant for either males or females 

in 2004. 

By 2006 there appear to have been two further changes to the earnings 

determination process in urban China. First, the return to years of over education for 

males increased, to reach parity with that for females. Years of surplus education were 
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also associated with similar increases in earnings for males and females in Ren and 

Miller’s (2010) study of the 2006 labor market in rural China.  Second, an earnings 

penalty, of -4.2 percent, for years of under education emerged in the male labor market, 

but not in the female labor market. This earnings effect for males is similar to that 

observed in the labor markets of Western countries. It was argued above that this 

change could reflect the squeezing out of the non-productivity related aspects of 

earnings determination in the low-skilled male labor market. 

Each of these gender differences in the returns to the reference levels of 

education, years of over education and years of under education, can be linked, via the 

decomposition of Chiswick and Miller (2008) decomposition, to the differences in the 

return to education for females and males in a particular survey year. In 2004, the 

higher return to the reference level of education was associated with about a one 

percentage point higher return to actual years of education for females. The higher 

payoff to surplus education was similarly associated with about a two percentage 

points higher return to actual years of education for females. In 2006, however, while 

the effect due to reference levels of education remained as a one percentage point 

higher return to actual years of education for females, this was offset by a one 

percentage point lower return to actual years of education due to the gender difference 

in the returns to years of under education. The effect associated with years of surplus 

education had disappeared by 2006, as years of surplus education were rewarded 

comparably for males and females.  Consequently, the return to actual years of 

education for males was similar to that for females. 
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Comparison with the findings from Ren and Miller (2010) for rural China 

reveals that the main difference is in relation to the earnings effects of under education. 

There appears to be more intense selection into the labor market among males in rural 

areas and among females in urban areas. These self-selection mechanisms need to be 

considered before discounting the Chen and Hamori (2009) results. Indeed, Chen and 

Hamori (2009) find that once account is taken of potential sample selection bias, the 

gender differential in the payoff to schooling is reversed, to align with the conventional 

wisdom.  Nevertheless, whether this minor gender difference in the return to schooling 

is unique to recent waves of the China Health and Nutrition Survey, or holds for other 

recently collected data, is a direction for future research. 
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Appendix 

Table A3- 1 Definition of Variables 

Variable Definition 

Dependent Variable 

Log Earnings Natural logarithm of monthly income. 

Independent Variables 

Years of 

Education 

Actual years of schooling, which is entered into the estimating equation as a 

continuous variable. 

Required 

Education    

Years of required schooling based on the mean value of education for every 

occupation.  This is a continuous variable. The values vary across survey years. 

Data for 2006 are presented in Table 3-2. 

Over 

education 

Years of over education, which is the number of years of schooling in excess of 

the required level of education. 

Under 

education 

Years of under education, which is the number of years of schooling less than 

the required level education. 

Log hours Natural logarithm of working hours in each week. 

Experience Years of potential labor market experience, measured as: age-schooling-6. 

Female Dichotomous variable: Female=1 if female, and Female=0 if male. 

Married Dichotomous variable: Married=1 if married, and Married=0 otherwise. 

Rural 

Registration 

Dichotomous variable, set equal to 1 for rural registration, and set equal to 0 for 

urban registration. 

Central 
(1)

 Dichotomous variable: Central=1 if located in the central areas, and Central=0 

otherwise. 

East Dichotomous variable: East=1 if located in the Eastern areas and East=0 

otherwise. 

State
(2)

 Dichotomous variable for ownership: State=1 if the individual works in a 

government department, state service/institute or state-owned enterprise, and 

Stat=0 if otherwise. 

Private Dichotomous variable for ownership: Private=1 if the individual works in a 

private enterprise such as family contract farming, private, individual enterprise 

or three-capital enterprise (owned by foreigners, overseas Chinese and joint 

ventures), and Private=0 if otherwise. 

Clerk
(3)

 Dichotomous variable for occupation: Clerk=1 if the individual works as an 

office staff (secretary, office helper) or an ordinary soldier, policeman, and 

Clerk=0 if otherwise. 

Junior Dichotomous variable for occupation: Junior=1 if the individual works as a 

junior professional/technical worker, skilled worker (foreman, group leader, 

craftsman) or driver, and Junior=0 if otherwise. 

Senior Dichotomous variable for occupation: Senior=1 if the individual works as  a 

senior professional/technical worker (doctor, professor, lawyer, architect, 

engineer), and Senior=0 if otherwise. 

Leader Dichotomous variable for occupation: Leader=1 if the individual works as an 

administrator/executive/manager (working proprietor, government official, 

section chief, department director, administrative cadre, village leader) or an 

army officer, police officer, and Leader=0 if otherwise. 

Other Dichotomous variable for occupation: Other=1 if the worker’s occupation is 

unknown, and Other=0 if otherwise. 

Notes: 
(1)

 West is the benchmark region; 
(2)

 Collective enterprise is the benchmark ownership; 
(3)

 The 

benchmark occupation is unskilled workers (ordinary laborers, service workers, farm workers). 
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Table A3- 2 Occupations and Mean Level of Schooling within Each Occupation 

for 2006 

  

Occupation 

Mean 

Schooling 

1 Senior professional/technical worker (doctor, professor, lawyer, architect, engineer) 12.934 

2 Junior professional/technical worker (midwife, nurse, teacher, editor, photographer) 12.656 

3 Administrator/executive/manager (working proprietor, government official, section 

chief, department or bureau director, administrative cadre, village leader) 

11.789 

4 Office staff (secretary, office helper) 12.460 

5 Farmer, fisherman, hunter 5.679 

6 Skilled worker (foreman, group leader, craftsman) 9.460 

7 Non-skilled worker (ordinary laborer, logger) 8.093 

8 Army officer, police officer 13.375 

9 Ordinary soldier, policeman 11.100 

10 Driver 9.137 

11 Service worker (housekeeper, cook, waiter, doorkeeper, hairdresser, counter 

salesperson, launderer, child care worker) 

8.797 

12 Athlete, actor, musician 10.934 

13 Other 8.431 
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CHAPTER 4 DETERMINANTS OF FERTILITY IN RURAL CHINA  

4.1       Introduction 

 During the last half century the fertility rate of women in China has declined 

dramatically. As Figure 4-1 below shows, the average fertility of Chinese women was 

around 5.50 children per woman in 1960. Although it fluctuated between 1960 and 

1970, it remained at 5.51 in 1970. However we see a dramatic decline by 1979 with 

fertility rates dropping to 2.74, and since then the total fertility rate has remained below 

replacement. 

 

Figure 4- 1 

 

 

China’s family planning program, which imposed strict measures to reduce 

family size, makes the study of fertility in China unique, leading to a large body of 

research. Freedman et al. (1988), Wang (1988) and Zhang (1990) study the socio-

economic determinants of China’s fertility using data that predates the period when 
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family planning was introduced and regulated. Others such as Schultz and Zeng (1995), 

McElroy and Yang (2000) and Li and Zhang (2003) have focused on the role of the 

family planning program. Schultz and Zeng’s (1995) study investigates the effects of 

local family planning and health programs on fertility. McElroy and Yang (2000) and 

Li and Zhang (2003) have explored the effects of the monetary fines on fertility 

behaviour. However, these studies have ignored the influence of other family planning 

measures such as the disincentives linked to Hukou for the above quota births, and the 

subsidies provided to families with just one child
39

. Using the 1993 wave of China 

Health and Nutrition Survey (CHNS), my analysis shows that these measures have also 

affected fertility, but that their influences differ by income level. Evidence also shows 

that in addition to government sanctioned measures, socio-economic factors such as 

female education, and marriage age have influenced fertility outcomes. 

 This chapter is organized as follows: Section 4.2 presents a literature review, 

Section 4.3 outlines the econometric strategy, and Section 4.4 describes the data used 

in this analysis. The empirical results are presented in Section 4.5 and the final section 

presents the conclusions and policy implications of this analysis. 

4.2       Literature Review 

Previous research has shown that a variety of factors including socioeconomic, 

biological, policy and cultural factors influence fertility decisions. The literature on 

fertility in China from a micro-economic perspective can be classified into two 

                                                 
39

 Hukou is the household registration system adopted by Chinese government. Children without 

registered Hukou have no access to medical insurance, rural lands and public schools. 
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categories. The first category has focused on the socio-economic determinants of 

fertility, by comparing the fertility outcomes before and after the implementation of 

family planning policies. The second strand of research has focused on the role of the 

family planning policies in influencing fertility decisions. 

 An early study by Zhao and Sun (1983) from China is based on the 1/1000 

Sample Survey of 1981, presented evidence of a negative relationship between 

education level and the number of children born to females aged 35 year old and above. 

Using the same dataset, Li and Zhang (1983) found significant differences in fertility 

for females from different occupations. They showed that fertility was the highest 

among agricultural workers who had 5.04 children per female, followed by 3.56 

children per female worker, and 2.69 children per female among Communist Party 

cadres. Studies by Ma (1984) and Gu (1986) using regional data from the 1982 census, 

also showed similar results for the link between education, occupation and fertility. 

Using data from four Chinese provinces for the periods 1973-1976 and 1979-1982, 

Freedman et al. (1988) found female education to be negatively associated with 

fertility in rural areas. Using Hebei province data from the 1982 survey, Wang (1988) 

analysed the influence of socioeconomic characteristics on number of children and 

family planning policy. He found evidence of a negative relationship between 

education and fertility in urban areas, a positive relationship between age and fertility, 

and a negative relationship between age at first marriage and fertility. 

 Using China’s 1985 In-Depth Fertility Survey, Zhang (1990) discussed the 

socio-economic determinants of fertility in China. His results show that the educational 
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attainment of the female, occupation of her husband, the place of her former and 

current residence, her sex preferences, durable goods ownership, family structure and 

children mortality affect fertility. Using The Employment and Fertility of Females in 

Rural China Survey
40

, Li et al. (1998) focused on the relationship between labour force 

participation and the fertility of females and found female labour participation did not 

have a significant influence on their fertility. However, they did find that son 

preference had been influential in the fertility behaviour of the females.  

 The studies described above have mainly focused on the role of socio-

economic factors in influencing fertility outcomes. However, the One-Child Policy 

implemented in 1979 has also affected fertility decisions, and an analysis of fertility 

without considering the role of family planning will bias the influence of socio-

economic determinants. 

One Child –Per Couple Policy since 1979. To control its population growth rate 

further, Chinese government introduced the One-child policy, under which, a couple 

was permitted only one child in 1979 except non-han nationality. Under the One-Child 

Policy, every family is permitted only one child. If couples already had a child at that 

time, they were not allowed to have more children. Having births above the quota was 

heavily penalised in different forms: the family would be fined; subsidies from the 

government associated with having only one child would be lost; and the status of 

                                                 
40

 The Employment and Fertility of Females in rural China Survey was conducted by Xi’an Jiaotong 

University, Fudan University and Hangzhou University from 1991 to 1992. The sample includes 6000 

females above 15 year old from 24 counties, six provinces. In this paper the 3000 females are from three 

counties, Jiading of Shanghai, Xiaoyi of Shanxi  province and Luochuan of Shaanxi province. 

 



  100 

working parents in public sectors would be jeopardized through demotion or being laid 

off. The children above the quota would not have access to Hukou, leading to 

discrimination in health care and an inability to enrol in schools. However, the policy 

was loosened in rural areas after 1983. Families in a number of provinces were allowed 

to have a second birth if the first child was a female, which is called one-and-a-half-

child policy and when there was a long enough interval between births. A third child is 

still strictly prohibited. During this period, the fertility rate further declined from 2.7% 

in 1980 to around 1.8% in 2000. (Narayan and Peng, 2006). 

Several studies have considered the influence of family planning policies on 

fertility behaviour. Using the 1989 Rural Household Survey for China, Shi (1992) 

compared the fertility behaviour of two cohorts of females – those who married before 

1969 and another cohort who married between 1978 and 1980, respectively. This 

distinction was made to highlight the impact of family planning policy on fertility 

since the One-Child Policy was implemented in 1979. This study also examined the 

role of female education and found it to have had an indirect but significantly negative 

effect on fertility through changes in marriage age and contraceptive use. Based on the 

1986 “In-Depth Fertility Surveys” (IDFS) data of rural areas in three provinces, Hebei, 

Shannxi and Shanghai, Schultz and Zeng (1995) found that fertility was lower in areas 

where health and family planning services were more readily available. They also 

found that variables such as the education and household income of females were 

related to fertility but they varied across age groups. 
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 These above studies have argued that, while socio-economic factors are 

important in influencing fertility outcomes, their influence is overridden by penalties 

such as the fines that were imposed for above quota births. Using the rural sample from 

the 1992 Household Economy and Fertility Survey (HEFS), McElroy and Yang (2000) 

focused on China’s population policies and their effects on fertility. Their empirical 

evidence shows that the size of the fine has had a significant effect on fertility, to the 

extent that fertility would be increased by 33 percentage points if the existing monetary 

penalties were removed. However, they find no evidence to support the notion that 

female education levels affect fertility outcomes in rural China. Employing China 

Health and Nutrition Survey data for the period from 1989 to 1997, Li and Zhang 

(2003) also show that, while fines made a great impact on fertility in rural areas, the 

degree of the impact was different among females at different income levels. They also 

note that reported age and land holdings have differential impacts on fertility.  

 Despite exposing the negative influence of monetary penalties on fertility 

behaviour, several issues have not been addressed in the literature. First, since there are 

three main measures to enact the One-Child Policy in China but only a monetary fine 

for an above quota child is accepted as being an effective measure to reduce fertility in 

rural areas. However, not to be downplayed is the role of the subsidy paid to one child 

families and penalties associated with Hukou of children above quota. These two 

measures together are supposed have a significant impact on fertility. 

 A second and common explanation is that other socio-economic influences on 

fertility have recently been overridden by the One-Child Policy, which means One-



  102 

Child-Policy is regarded as the only determinants of fertility Since the introduction of 

the One-Child Policy in 1979 China’s fertility rate has fallen to relatively low figures. 

Most of the literature cited in this thesis focuses on this One-Child Policy aspect during 

the 1980s and 1990s. While this influence is still meaningful, other factors have also 

contributed to fertility behaviour in China should not be ignored. 

 While the One-Child Policy has been strictly implemented in urban China, 

what are its effects in rural areas? This is the focus of this investigation. Using CHNS 

dataset in 1993, I intend to answer two questions, namely: 1) How have the different 

measures of family planning affected Chinese females’ fertility behaviour in rural 

areas?  2) What socio-economic determinants other than the One-Child Policy have 

affected fertility in the rural areas?  

4.3       Model and Estimation Methods 

 The basic fertility model takes the form of: 

      
'i i iY X     ,                                                   (4-1) 

where the dependent variable Yi  refers to the fertility variable, which is measured 

using the number of children per female. Xi is a vector of explanatory variables such as 

the household’s demographic characteristics and the respondent’s age, labour market 

participation and education level.  is a vector of coefficients to be estimated, i  is 

an error term which is assumed to be normally and independently distributed.  

Several estimation methods can be employed to estimate equation (4-1). 

McElroy and Yang (2000) used OLS to estimate the influence of a fine for an extra 

'
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child and tested the results. Li and Zhang's (2009) study also showed that there is no 

significant difference between the impact of fines using OLS and ordered probit 

estimation. 

The least square model (OLS) has been widely used to estimate the 

determinants of fertility but it has some disadvantages. As Winkelmann and 

Zimmermann (1994) point out, the OLS model gives an approximate result from the 

regression if the dependent variable is discrete. They argue that the generalized count 

and ordered-response models are potentially better specifications for demographic data. 

However, many studies still use OLS to estimate the fertility factors.  

 Given the discrete value of the fertility variable, the ordered-response method 

appears to be a more appropriate model to study fertility (Nguyen-Dinh, 1997; Schultz 

and Zeng, 1995). The advantage of using ordered response models is that they rescale 

flexibly the “distance” between births in terms of the latent fertility function. It can be 

described as follows. Let a latent variable Yi* be defined as  

     
* ' ,iY x   

                                                                                                  (4-2)
 

Where Yi * is the exact but latent dependent variable.  Y* cannot be observed. 

The categories of response can be defined as  

1

1 2

2 3

0 *

1 *

2 *

* n

if Y

if Y

y if Y

N if Y



 

 



 


 


  


 

                                                                              (4-3)

 



  104 

Then the ordered logit technique will use the observations Y, which are a form 

of censored data Y*, to fit the parameter vector β. The standard normal or logistic 

distribution is employed, resulting in the ordered probit and ordered logit models. The 

results will not make a big difference between these two models especially for large 

samples because the two distributions converge asymptotically. Given the ordered 

nature of my dependent variable, an ordered logit model is used.  

 Nguyen-Dinn’s (1997) study of fertility in Vietnam also uses these estimate 

methods. They conclude that the ordered logit model is the most suitable model, 

followed by the Poisson model and the OLS model. Studies from China such as 

Schultz and Zeng (1995), both use the ordered probit model to analyse fertility 

outcomes in rural China; Li and Zhang (2009) use both OLS and probit models and 

compare the results from these two models. They find that the results are not sensitive 

to the choice of model. 

 In this chapter, the ordered response method will be applied to study the 

determinants of fertility. As Greene (1993) points out, it is very hard to interpret the 

coefficients in ordered probit and ordered logit models.  So I use OLS estimates as a 

robustness test. 

 In our data, the fertility outcomes vary from 0 to 9 children, but only 3 females 

in the sample have no children, and the number of females with more than 3 children is 

also limited. So the dependent variable is defined as follows: 0 when the respondent 

has zero or one child; 1 when the female respondent has 2 children, and 2 when the 

female respondent has 3 or more children. 
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4.4       Data and Variables 

4.4.1    Data Issues 

The data used in this paper are drawn from the China Health and Nutrition 

Survey (CHNS). The CHNS is a collaborative project of the National Institute of 

Nutrition and Food Safety, the Chinese Centre for Disease Control and Prevention, and 

the University of North Carolina at Chapel Hill. The survey covered nine provinces, 

namely Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and 

Shandong. These provinces vary substantially in geography, economic development, 

public resources, and health indicators. Four counties were selected in each province. 

In addition, the provincial capital and a lower income city were selected when feasible.  

The survey was also conducted at the community level. The sampled 

communities were randomly chosen from eight provinces. The community survey 

includes information on socio-economic variables such as the availability of health 

facilities, income level in the community and, birth control polices. It especially 

includes the information of fines for above-quota births and subsidies for one-child 

families. This kind of information can be used as a useful way of measuring the degree 

of the seriousness of family planning.  In our analysis, the female who married and 

have ever married aged from 16 to 52 years old in rural China are included according 

to CHNS. 
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Table 4- 1 Statistics Description of Females in Rural Areas of China in 1993 

N= 1256 Mean Std. Dev. 

Dependent variables 

Number of children 2.39 1.16 

Respondent’s individual  characteristics 

Education in years 5.58 3.77 

Rural Hukou ((0=urban Hukou) 0.78 0.42 

Work (0=not) 0.91 0.28 

Monthly income (Yuan) 135.80 103.20 

Non-farmers(0=not) 0.30 0.46 

Marriage age in years 22.23 2.89 

Family characteristics 

Per capita income (Yuan) 1129 833 

Household income (Yuan) 5208 4786 

First child is  a girl (0=not) 0.49 0.50 

Husband work, 1 if working, 0 otherwise 0.96 0.19 

Husband education years 7.39 3.11 

Husband monthly income (Yuan) 188.80 135.20 

Living with parents (0=not) 0.02 0.15 

Living with parents in law(0=not) 0.20 0.40 

Agegap between couples 1.76 2.96 

One child-policy in community level 

One child-policy (0=not) 0.81 0.39 

First child is girl, one child policy (0=not) 0.45 0.50 

Fine (0=not) 0.81 0.39 

Fine amount for child above quota (Yuan) 1127 1832 

Subsidy for one child(0=no subsidy) 0.58 0.49 

Hukou for children above quota(0=not) 0.68 0.47 

Community level characteristics 

Monthly income level (Yuan) 670 245 

Daywage salary (Yuan) 6.49 3.33 

Provincial level 

Birthrate in province 2.39 0.42 

Population densityin province 380 180 

Source: Authors’ own calculations. Note there are only 267 observations for the variable monthly 

income, 466 observations for husband’s income, 887 observations for income level and 6 observations 

for day wage salary.  

1993 has been chosen for several reasons. Firstly, data on fines is only available 

from 1989-1993. Secondly, using the 1993 dataset allows us to also include females 

who had children prior to 1979, when China introduced the One-Child Policy. 
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Table 4-1 presents the general descriptive statistics for females in rural areas in 

1993. Preliminary examination of the data shows that the average number of children 

per woman in the sample in rural areas is 2.39, with the maximum number of children 

being 9 (Table 4-1). The data includes females who married before the implementation 

of the one-child policy. Previous research (Zhang, 1990 and Shi, 1992) has identified 

economic, individual, demographic (locality, age and marriage age), family 

characteristics, government policies (fine and subsidy) and community level factors as 

potential determinants of the fertility behaviour of females (Zhang,1990 and Shi,1992).  

 

Individual  Characteristics 

It is expected that respondent’s individual characteristics including education 

level, labour force participation, occupation and fertility desire are key determinants of 

fertility. Female market wage is a measure of the opportunity cost of children. 

Although monthly income is available for female respondents in the CHNS dataset, the 

data is only available for 267 respondents, so this variable is not used in our 

estimations. Our assumption is that better educated females are expected to have 

higher wages and therefore have a higher shadow price for children. Hence, they are 

expected to have fewer children. From the data, the average education attainment for 

females is 5.58 years, which is low and just around the primary school level. The 

labour force participation of females is regarded as a key variable in influencing 

fertility decisions, as it increases the opportunity cost of having children. However in 

China, labour force participation rate for females is above 90 percent, so the majority 
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of females in the sample were employed during the 1990’s. Since 70 percent of 

females are farmers in rural China, the influence of non-farming status and the Hukou 

policy on the fertility rate of females, and also effect of the Hukou’s policy will be 

considered. The average marriage age for females in rural China is 22 years. 

Family Characteristics 

 The household characteristics of respondents that are included in the analysis 

are the wage rate of the respondent’s husband, his education level, his age and family 

structure. However, since data on the males’ income is only available for 466 

respondents, so males’ income is not included among our explanatory variables in our 

regressions later. Instead, we use information on household income that is available in 

CHNS. Table 4-1 shows that the average household income in the sample is 5154 yuan 

a year, but the standard deviation of 4779 yuan is very high, which suggests there is a 

large income gap among rural households. 

Information on the respondent’s husband such as the education level and 

employment is also included in the analysis. The average education of respondent’s 

husbands is 7.32 years in our sample, which is about 1.5 years higher than that of the 

female respondents. The rate of employment for males is 96 percent. 

Government Policy  

Another important aspect to be considered in this analysis is the differential 

manner in which the family planning policy was implemented nationally. Although the 

one-child per couple policy was implemented in 1979, Table 4-1 shows that this policy 

was only enforced among 81 percent of the households. Five years later, in 1984, the 
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strict one-child policy was relaxed to allow households to have a second child if the 

first child was a girl. In Table 4-1, it is shown that this policy was relaxed for 45 

percent of the households in my sample. In order to ensure the success of the family 

planning policy, other complementary measures were also implemented. These include 

the policy of imposing monetary fines which were imposed as a penalty for above-

quota births in rural China. However, these fines have not been uniformly implemented 

across rural China. Table 4-1 shows that only 81 percent females of households were 

penalised for having “an above quota child”
41

. The size of the fine was regarded as one 

of the important measures to ensure the success of the one-child policy, but the size of 

the fine varied from 20-200 per cent of a household’s annual income (Short and Zhai, 

1998). According to Table 4-1, the average fine was 1127 yuan, which is almost 

identical to the per capita income of 1129 yuan. The maximum fine imposed was 6227 

yuan, which is more than 5 times the average per capita income in rural China. Other 

measures such as the subsidy for a one-child family, and the Hukou barrier for the 

child above the quota were adopted among 58 percent and 68 percent of the 

households respectively. It should be noted that these were not universally 

implemented. 

4.4.2    Endogeneity 

Given that the size of the fine and income are related, there is a potential for 

endogeneity. In the section below, we discuss this in more detail. 

                                                 
41

  There are 81 females  in the sample  will be fined while other 19 females will not be penalized  if 

they have an above quota child. This statistics is calculated based on the family planning policy in 

different areas. 
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Income  

Authors such as Macunovich (1995) and Schultz (1990) show that the market 

wage of females is negatively associated with the fertility outcomes. In order to 

address the endogeneity issue, McElroy and Yang (2000) used county level variables 

of average income and non-agricultural income as instruments, while Schultz and Zeng 

(1995) used an independent community indicator of average household income per 

adult in the village as an instrument to identify the effect of individual household 

income per adult on fertility. As mentioned in the previous section, because data on 

income is only available for 338 females in my sample in our analysis, this variable is 

not used and per capita income is used instead as an explanatory variable. The 

robustness of this variable as a proxy for female wage is tested using household 

income. 

 Data on community income level is available for just 84 of 183 communities. 

Thus a meaningful analysis would lead to the large loss of observations. Finally, the 

average pay per day for an ordinary female and the quality of the roads in a community 

are used. Using the Hausman test, household income is found to be exogenous. 

 

Fines 

Fines can sometimes be endogenous because local governments may set large 

fines as a deterrent in localities where there are many above-quota births. A previous 

study by Li and Zhang (2003) used community road quality, provincial population 

density, birth rate and household income as instrumental variables (IVs) forthe amount 

of fine. Detailed information on several aspects of family planning is also included in 
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our data. These include the One-Child Policy, the imposition of a fine or not, the fine 

amount, the subsidy for one child and Hukou for the child above the quota. However, 

there are several problems with finding good instrumental variables to proxy for 

government policies. Moreover, because community income levels can be a significant 

determinant of fertility and community road quality is closely related to the income 

levels in the community, community road quality cannot be regarded as a good 

instrument for fines. Similarly provincial population densityalso affects One-Child 

Policy, regardless of fines, and also cannot be regarded as being good instruments for 

fines. Moreover, the size of the fine is expected to increase with a community’s 

development level. To sum up, the community income level and provincial population 

density will not be used as IVs for fines, but they will be used as control variables. 

4.5       Empirical Results 

In Table 4-2, the estimates of my ordered logit model are reported. In Column 

(1), the results for the full sample controlling for respondent’s individual and family 

characteristics, one-child policy, income at the community level and population density 

at the provincial level are recorded. Columns (2)-(4) present results by the household’s 

income level.  

 The analysis shows that all the explanatory variables have the expected sign. 

As expected, females’ education is statistically significant and negatively associated 

with fertility outcomes. As shown, relative to a female with no education, better-

educated females (both with primary and high school or higher levels of education) 
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have a lower probability of having children. Although these results are in keeping with 

Li and Zhang’s (2003) study from China but contradict the findings of McElroy and 

Yang (2000). Note that Li and Zhang’s (2003) study did not use the additional 

variables such as Hukou and subsidy for not exceeding the quota. 

 Turning to other variables, the influence of non-Han nationalities is not 

significant. Li and Zhang (2009) have explained this phenomenon as an imitation 

effect, and according to them females of non-Han nationality are inclined to follow the 

fertility behaviour of Han nationality females even though major non-Han nationalities 

have more freedom to decide on the number of children they have. As expected, 

females with rural Hukou have a significantly higher probability of having more 

children. Similarly, employment as farmers is significantly negatively associated with 

having fewer children compared to females that are not working as farmers. According 

to Leibenstein (1976), occupation can be a proxy for social status and females with 

higher status will have fewer children. In China, farmers have a lower status than non-

farmers, so my results are consistent with Leibenstein’s fertility theory. Labour force 

participation has been regarded as the most important determinant of fertility in 

previous research, as working females experience a higher opportunity cost of child 

bearing. In Column (1), labour force participation is shown to be negatively associated 

with fertility, but is statistically insignificant. This is not surprising because as 

previously indicated over 90 percent of our respondents participate in the labour 

market. From column (1), we observe that in keeping with previous literature, marriage 

age is significantly and negatively associated with fertility. It should be noted that the 

year of marriage for females has been controlled in different periods. The Later-
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Longer-Fewer Policy was promoted from 1971 to 1979, and the strict One-child Policy 

was enforced from 1979. However, in 1984 the one-child policy was relaxed and a 

family was allowed to have one more child if the first child was a girl. In keeping with 

these changes to Chinese Government Policy, all the samples were divided into four 

groups. Compared to the reference category of females who married before 1971, 

females who married after 1971 have the lower probability of having children. 

Table 4- 2 Ordered Logit Estimates of Fertility Determinants in Rural China 

 (1) (2) (3) (4) 

VARIABLES Total Poor Medium Rich 

Primary School
 

-0.7428*** -0.5945** -0.7350** -0.9745** 

 (0.1833) (0.3033) (0.3218) (0.4024) 

Middle School -0.8984*** -1.0808*** -0.8441** -0.8863** 

 (0.2014) (0.3397) (0.3442) (0.4506) 

Non-Han Nationality -0.2699 -0.1401 -0.3037 -0.6294* 

 (0.1899) (0.3404) (0.3267) (0.3799) 

Rural Hukou 0.7735*** 0.7337 0.6970* 1.0230** 

 (0.2236) (0.4740) (0.3671) (0.4115) 

Work -0.3569 -0.4722 -0.1896 -0.0791 

 (0.2343) (0.4489) (0.3815) (0.4845) 

Non-farmer -0.6126*** 0.1715 -0.6114 -0.8951** 

 (0.2224) (0.5085) (0.3725) (0.3730) 

Marriage age -0.0723*** -0.0360 -0.0694* -0.1776*** 

 (0.0242) (0.0436) (0.0418) (0.0510) 

Mar7179
 

-0.5469*** -0.2772 -0.8873*** -0.1829 

 (0.1749) (0.3218) (0.2984) (0.3363) 

Mar7984 -1.7079*** -1.5101*** -1.3511*** -2.3974*** 

 (0.1846) (0.3208) (0.3030) (0.3855) 

Mar8493 -3.2916*** -3.3422*** -3.4043*** -3.5708*** 

 (0.2149) (0.3686) (0.3822) (0.4362) 

Household income 0.0248* 0.0120 0.0189 0.0173 

 (0.0140) (0.1495) (0.1405) (0.0209) 

First girl 0.7248*** 0.7518*** 0.6574*** 1.0453*** 

 (0.1257) (0.2274) (0.2087) (0.2632) 

Husband middle school
 

0.0829 0.3848 0.2305 -0.3914 

 (0.1441) (0.2549) (0.2462) (0.3066) 

Husband work -0.4468 0.4260 -1.1400* -0.0003 

 (0.3672) (0.6783) (0.5899) (0.8331) 

Husband non-farmer -0.3361* -0.6377 -0.6224** -0.1578 

 (0.1728) (0.3988) (0.2965) (0.3015) 

Parents co-residence 0.0708 0.7496 -0.6058 0.6922 

 (0.4091) (1.3135) (0.7005) (0.6260) 
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Parents in law co-

residence 

-0.4374*** -0.5817* 0.2350 -1.0238*** 

(0.1619) (0.3105) (0.2733) (0.3060) 

Age gap -0.0049 0.0082 -0.0851* 0.0286 

 (0.0232) (0.0394) (0.0450) (0.0456) 

One child policy F
 

-0.1135 0.0182 0.2670 -0.3816 

 (0.1778) (0.3195) (0.3087) (0.3577) 

One-Child Policy -0.8285*** -1.2998*** -0.8006** -1.2747*** 

 (0.2123) (0.4054) (0.3557) (0.4623) 

Fine -0.0634 0.3145 -0.3558 -0.0091 

 (0.2038) (0.3784) (0.3397) (0.4156) 

Fine amount 

(1/1000yuan) 

-0.1274*** -0.1217 -0.1378* -0.1274** 

(0.0393) (0.0803) (0.0822) (0.0630) 

Subsidy -0.6460*** -1.2156*** -0.5355** 0.0082 

 (0.1465) (0.2675) (0.2521) (0.3207) 

Hukou_child -0.2130 0.3088 -0.6787** -0.5356* 

 (0.1513) (0.2760) (0.2658) (0.3094) 

Annual wage income 

(1/1000yuan) 

-0.4407*** -0.3457* -0.4912** -0.7185** 

(0.1281) (0.2087) (0.2285) (0.2832) 

Population density -0.0031*** -0.0039*** -0.0030*** -0.0036*** 

 (0.0005) (0.0009) (0.0008) (0.0009) 

cut1 -8.8031*** -7.3957*** -9.5460*** -11.8824*** 

 (0.7999) (1.5087) (1.4795) (1.6999) 

cut2 -5.8622*** -4.1062*** -6.7096*** -8.6398*** 

 (0.7707) (1.4687) (1.4324) (1.6221) 

Constant -5.8622*** -4.1062*** -6.7096*** -8.6398*** 

Pseudo R
2
 0.3079 0.2906 0.2856 0.4363 

Observations 1,256 413 435 408 

Notes: The variables are defined in Table A4-1 in the appendix. Standard errors in 

parentheses. *** p<0.01, ** p<0.05, * p<0.1 

Family characteristics are also controlled and the results show that husband 

characteristics such as their education level, labour market participation, and working 

as farmers or not, do not have any influence on the fertility in rural China. As 

mentioned previously, although income of a husband is recorded in the CHNS, there 

are too few observations on this variable, so household income is used instead. Column 

(1) shows that household income is positively associated with fertility, which differs 

from previous studies of China with the exception of Ren and Fu (2007). They 

explained this phenomenon as being a result of the belief of Chinese that “the more 

children, the more fortune”. With an increase in household income, families can afford 

to pay the high fine for having children above the quota and can also pay for the 
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additional cost of bearing children. We argue that only the medium and rich families 

can pay the high fines, but that their resistance to having smaller families is also 

countered by their having much deeper traditional ideas in rural areas than in urban 

areas. As for the influence of son preference, we show that if the first child is a girl, the 

probability of having one more child is significantly higher. These results are in 

keeping with the tradition in rural China of males taking responsibility of looking after 

the elderly, leading to parents preferring sons. 

 Column (1) shows that the variable of One-Child Policy is significantly and 

negatively associated with fertility, but that the influence of the variable of one-and-a-

half-child policy is insignificant, which looks contradictory
42

. Recall that the one-and –

a half child policy refers to households with a girl child being allowed to have a second 

child in some rural areas. The insignificant influence of one-and-a-half-child policy 

may be due to the inclusion of the variable “first girl”. The positive and significant 

coefficient of the “first girl” variable means that if the first child is a girl, the number 

of children may increase. Since the one-and-a-half child policy, and the case of the first 

child being a girl are hard to differentiate, it can be assumed that the “first girl” 

variable has taken into account the influence of the one-and-a-half child policy. The 

results in Column (1) also show that a higher fine amount will significantly decrease 

the number of children a female will bear and, the subsidy for one-child per couple is 

                                                 
42

  “One-Child Policy” varies in degree in rural China. In some areas, per couple is permitted to have 

two or more children, which is the base of dichotomous variable while one child policy F is a looser 

policy means  per couple is allowed to have one more child if the first child is a boy. 
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also associated with a lower probability of having children. However, the variable 

Hukou for above quota births is insignificant in the full sample results.  

 Since the fine amount has affected fertility outcomes significantly, and the 

average fine is similar to the per capita income, it is interesting to examine whether the 

fine amount has had a differential influence on households in different income levels. 

In Columns (2), (3) and (4), the results are disaggregated and presented for poor, 

medium and rich sub-samples. 

 According to Table 4-2, there do not appear to be many differences among the 

different groups. In Column (2) for poor households, the variables “Rural Hukou” and 

“Marriage Age” do not influence fertility behaviour. The fine amount does not 

influence the fertility in poor households either. This finding also applies to the Hukou 

barrier for children above quota. However, the subsidy is shown to be negatively 

associated with fertility outcomes. According to the results reported in Columns (3) 

and (4), the fine amount significantly decreases the probability of having children 

among medium and rich groups, and the results show that the Hukou barrier for 

children above the quota does matter, especially for the rich households. The subsidy 

still has a negative influence on fertility behaviour in households in the medium 

income group, but this is not as significant as among poor households. Not surprisingly, 

the influence of the subsidy for one-child families is insignificant for rich households. 

 Given that the interpretation of the ordered logit coefficient is not as straight 

forward as in the OLS model, we also present OLS estimates (see Table A4-2, 

Appendix). The results of ordered logit estimation and OLS estimation are 
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qualitatively similar. In Table A4-2, the dependent variable is fertility number, varying 

from1 to 7. Since our focus on the three measures of family planning policy, the 

influences of OLS estimation can be estimated quantitatively. Table A4-2 shows that 

the fertility number will be decreased 0.0521 if the fine increased by 1000 yuan for the 

whole rural sample. Similarly, the fines does not make any influence on fertility 

number of poor households while fines can decrease fertility number of medium and 

rich households. In medium households, the fertility number will decrease 0.0607 and 

in rich households it will decrease 0.0514 when fines increase 1000 yuan. The 

influence of subsidy is opposite among different households.  The fertility number will 

decrease 0.0415 when subsidy increases 1 yuan in poor households while the subsidy 

does not make any significant influence on fertility number among medium and rich 

households. Hukou does not make any significant influence on fertility number among 

poor households and rich households but it can decrease fertility number by  0.2889 if 

the Hukou barrier is implemented to the child above quota in medium households.   

4.6       Conclusions 

Employing the 1993 wave of CHNS, this chapter explores the influence of the 

determinants of fertility in rural China, especially focusing on the impact of family 

planning on fertility outcomes in rural China. The findings show that the key family 

planning policies implemented under one-child policy, such as fine amounts, and the 

subsidy for the one child families, have decreased the probability of having more 

children. Since the fine amount is as high as the average per capita income in rural 

China, we present estimates disaggregated by different income levels. Among 
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variables relating to family planning, the fine amount is undoubtedly the key factor 

affecting fertility decisions. However, the subsidy is also shown to have a significant 

influence on the fertility outcomes of poor and medium families. The Hukou for 

children above the quota is a great barrier for medium and rich families, but not for 

poor families. These results are different from previous findings in the literature, some 

of which ignore the influence of family-planning policy, and some of which only focus 

on the role of fines for children above the quota.  

 With regards to family factors, the husband’s characteristics have no influence 

on fertility outcomes in the full sample, a finding that is different from those observed 

in other Asian countries. The most important factor is household income. The finding 

confirms that fertility will increase with an increase in household income, which is 

consistent with Ren and Fu’s (2007) conclusion.  

 That most families have a preference for boys comes as no surprise. This 

preference has a significant impact on fertility behaviour in rural China. Because of the 

idea that males take responsibility for looking after their aged parents, parents may be 

expected to prefer boys and will have more children if the first child is a girl. However, 

Chinese government has made changes to its family planning policy so that households 

are allowed to have another child if the first child is a girl, and so it is hard to judge the 

influence of family planning or the idea of son preference. This is a topic for future 

research. 

The analysis in this chapter shows that Chinese Government Policy does not 

override the influences of other factors for a female’s education, whether the 
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respondent is a farmer or not, rural Hukou, and marriage age still affect her fertility. 

For family planning policies, a fine for children above the quota is not the most 

efficient measure to control fertility. Subsidies for the one child family and the barriers 

for having children above the quota have affected fertility but their influence differs 

across females from different income levels.  
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Appendix 

Table A4- 1 Definition of Variables 

VARIABLES Definition 

Dependent variable 

Fertility number The number of children. Dichotomous variable, fernum=0 the 

number of children is zero or one, fernum=1 if the number of 

children is 2, fernum=2 if the number of children is more than 

2. 

Independent variable 

Primary(1) Dichotomous variable, primary=1 if the years of female’s 

schooling are from 6-9, and primary=0 otherwise 

Middle school Dichotomous variable, primary=1 if the years of schooling of 

females over 9, and primary=0 otherwise 

Non-Han nationality Dichotomous variable, Non_han=1 if the female is not Han, 

and Non_han=0 otherwise 

Rural Hukou Dichotomous variable, rural Hukou=1 if the female is with 

rural Hukou, rural Hukou=0 otherwise 

Work Dichotomous variable, work=1 if the female is working, 

work=0 otherwise 

Non-farmer Dichotomous variable, non_farmer=1 if the female is a farmer, 

non_farmer=0 otherwise 

Marriage age Marriage age for a female 

Mar7179(2) Dichotomous variable, mar7179=1 if the female married 

between 1971 and 1979, and mar7179=0 otherwise 

Mar7984 Dichotomous variable, mar7984=1 if the female married 

between 1979 and 1984, and mar7984=0 otherwise 

Mar8493 Dichotomous variable, mar8493=1 if the female married 

between 1984 and 1993, and mar8493=0 otherwise 

Household income(1/1000) Income of this female’s household 

First girl Dichotomous variable, first girl=1 if the female’s first child is 

a female, and first girl=0 otherwise 

Husband middle school Dichotomous variable, Husband middle school=1 if school 

years of husband is equal or above 9. 

Husband work Dichotomous variable, Husband work=1 if the husband is 

working, Husband work=0 otherwise. 

Husbandnon-farmer Dichotomous variable, Husband nonfarmer=1 if the husband is 

not working as farmer, Husband nonfarmer=0 otherwise. 

Parents co-residence Dichotomous variable, Parents residence=1 if living with the 

female’s parents, Parents residence =0 otherwise. 

Parents in law co-residence Dichotomous variable, Parents in law residence=1 if living 

with the husband’s parents, Parents in law residence =0 

otherwise. 

Agegap Age gap is the gap between husbands and wives 

One child policy F(3) Dichotomous variable, one child policy F=1 if the community 

females belong is if the first child is a girl, one child policy 

F=0 otherwise 

Onechild policy Dichotomous variable, one child policy=1 if the community 

females belong is with one child policy, one child policy=0 

otherwise 

Fine Dichotomous variable, fine=1 if the fine is implemented to the 

family with child above the quota, fine=0 otherwise 

Fine amount (1/1000) Fine amount to the household with child above the quota 
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Subsidy  Dichotomous variable, Subsidy=1 if the one child family can  

receive subsidy, Subsidy=0 otherwise 

Hukou_child Dichotomous variable, Hukou_child=1 if the child above 

quota cannot get Hukou promptly, Hukou_child=0 otherwise 

Annual wage income (1/1000) The average annual income per person in the village, which is 

calculated based on the income per day. 

Population density Population density in province level 

Notes: 
(1)

 Illiterates are the benchmark;
 (2)

 The females who married before 1971 are the benchmark; 
 (3)

 

the group with two-children policy is the benchmark. 

 

Table A4- 2 Estimates of OLS on the Determinants of the Fertility in rural China 

 (1) (2) (3) (4) 

VARIABLES Total Poor Medium Rich 

Primary School -0.3455*** -0.2139** -0.4491*** -0.3752*** 

 (0.0685) (0.1064) (0.1227) (0.1346) 

Middle School -0.4547*** -0.4728*** -0.5107*** -0.4060** 

 (0.0778) (0.1228) (0.1334) (0.1588) 

Non-Han Nationality -0.2364*** -0.1804 -0.2413* -0.3414** 

 (0.0732) (0.1207) (0.1272) (0.1401) 

Rural Hukou 0.1929** 0.1519 0.2126 0.1259 

 (0.0892) (0.1786) (0.1473) (0.1528) 

Work -0.0625 -0.1004 -0.0815 0.0868 

 (0.0934) (0.1694) (0.1493) (0.1861) 

Non-farmer -0.2772*** 0.0212 -0.2872* -0.3613** 

 (0.0893) (0.1931) (0.1507) (0.1440) 

Marriage age -0.0494*** -0.0499*** -0.0401** -0.0639*** 

 (0.0093) (0.0157) (0.0167) (0.0170) 

Mar7179 -0.4388*** -0.2847** -0.5426*** -0.4115*** 

 (0.0670) (0.1137) (0.1162) (0.1214) 

Mar7984 -0.7803*** -0.6611*** -0.6481*** -0.9656*** 

 (0.0721) (0.1152) (0.1208) (0.1438) 

Mar8493 -1.2525*** -1.2065*** -1.2884*** -1.2157*** 

 (0.0753) (0.1186) (0.1321) (0.1487) 

Household income 0.0134** 0.0061 0.0700 0.0063 

 (0.0053) (0.0544) (0.0556) (0.0076) 

First girl 0.2419*** 0.3282*** 0.2951*** 0.1615* 

 (0.0484) (0.0816) (0.0820) (0.0919) 

Husband middle school 0.0127 0.1486 0.1126 -0.1575 

 (0.0567) (0.0918) (0.0973) (0.1126) 

Husband work -0.2382* 0.3300 -0.4540** -0.3963 

 (0.1387) (0.2521) (0.2256) (0.2680) 

Husband non-farmer -0.0517 -0.1711 -0.2158* 0.0435 

 (0.0677) (0.1431) (0.1181) (0.1123) 

Parents co-residence 0.0289 0.0637 -0.1748 0.1415 

 (0.1654) (0.4780) (0.2772) (0.2421) 

Parents in law co-re -0.2022*** -0.2104* 0.0626 -0.3873*** 

 (0.0639) (0.1122) (0.1083) (0.1161) 

Age gap -0.0017 -0.0047 -0.0266 0.0160 

 (0.0090) (0.0143) (0.0174) (0.0164) 

One child policy F -0.0483 0.0015 0.1630 -0.2716** 

 (0.0706) (0.1182) (0.1235) (0.1339) 

One child Policy -0.4158*** -0.5424*** -0.4754*** -0.2996** 
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 (0.0786) (0.1394) (0.1352) (0.1476) 

Fine 0.0633 0.1825 -0.0822 0.0696 

 (0.0794) (0.1403) (0.1332) (0.1500) 

Fine amount 

 (1/1000 yuan) 

-0.0521*** -0.0479 -0.0607* -0.0514** 

(0.0154) (0.0300) (0.0324) (0.0236) 

Subsidy -0.1884*** -0.0415*** -0.1362 -0.0641 

 (0.0578) (0.0975) (0.1008) (0.1178) 

Hukou_child -0.0823 0.0965 -0.2889*** -0.1198 

 (0.0590) (0.0992) (0.1038) (0.1132) 

Annual wage income  

(1/1000 yuan) 

-0.0949* -0.0479 -0.0951 -0.2234** 

(0.0508) (0.0785) (0.0905) (0.1041) 

Population density -0.0012*** -0.0013*** -0.0012*** -0.0009*** 

 (0.0002) (0.0003) (0.0003) (0.0003) 

Constant 5.5739*** 4.7697*** 5.5685*** 6.2562*** 

 (0.2842) (0.5277) (0.5259) (0.5331) 

Observations 1,256 413 435 408 

R-squared 0.4729 0.4450 0.4773 0.5656 

Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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CHAPTER 5   IS THERE A GENDER GAP IN CHILD HEALTH OUTCOMES 

IN RURAL CHINA? 

5.1       Introduction  

There is a large body of literature that examines the question of gender bias in 

South and South-east Asia. Studies from India such as by D’souza and Chen (1980), 

Rosenzweig and Schultz (1982) and Bandyopadhyay (2003) show that infant and child 

mortality rates are higher among girls and that as a result sex-ratio is biased towards 

boys in India. Using anthropometric measures, Sen (1984) and Maitra and Rammohan 

(2011) find that boys have lower probability of being stunted or wasted compared to 

girls. Several other studies show that boys are favoured in the intra-household 

distribution of nutrients (Behrman, 1988 for India, Senauer et al., 1988 for the 

Philippines; Chen et al, 1981 for Bangladesh).  

There is also evidence of gender discrimination against girls in China. The most 

widely documented evidence of gender bias in China is the phenomenon of “missing 

women” (Ren, 1995; Coale and Banister, 1994). Gu and Roy (1995) attribute this to 

sex-selective abortion, higher female infant mortality rates and unreported females
43

. 

Studies by Hannum and Xie (1994) and Brown and Park (2001) also find that girls 

have lower school enrollment rates in China particularly in poor areas.  

                                                 
43

 Unreported females are those girls without Kuhou which are the legal certification signed by Chinese 

government. 
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However, the potential existence of gender gap in child health has received less 

attention and the results in the literature from China are ambiguous. Currie and Enciro 

(2003) find a positive correlation between poor child health and poor adult prospects. 

Therefore gender bias in child health can lead to poorer educational outcomes, poor 

employment prospects and lower wages for females, which will widen the adult gender 

gap. Anthropometric measures provide reasonable accurate measures of child health. 

The World Health Organization (WHO) measures child health using three main 

anthropometric measures: height for age Z-scores (HAZ), weight for age Z-scores 

(WAZ) and weight for height Z-scores (WHZ). HAZ measures a child’s height 

according to age, expressed in standard deviations from the median of the reference 

population, while WHZ measures weight in relation to height. HAZ, WAZ and WHZ 

use different standard scores according to age and gender. A study by Marcoux (2002) 

shows that anti-female bias once noted is no longer found in national surveys focusing 

on children under 6 years of age when using measures such as WAZ and HAZ.
 
 Song 

and Tan (2006) also find no evidence of gender discrimination in child health when 

using the HAZ measurement. A few studies do find evidence of gender discrimination 

against girls. In an early study, Graham et al.’s (1998) qualitative analyses showed that 

in rural China girls who are born second in the birth order received less access to 

health care. Similarly, using HAZ and a sample of children aged 0-18 years, Song 

(2007) found evidence of a gender gap existing in child health among the second born 

children in aged. Liu (2008) showed that although girls fared worse than boys in WAZ 

measures in the 0-18 age group, mother’s income could diminish the gender gap.  
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The studies mentioned about raise questions about whether there is evidence of 

a gender gap in child health. Given that there is a large population of missing girls, is it 

possible that the girls who do survive are treated as equally as boys in China?   

Although there is a large literature that deals with child health in China the 

focus has not been explicitly on gender bias. Given that China’s family planning policy 

allows couples whose first child is a girl to have a second child, this in itself implicitly 

indicates a gender bias. Therefore any study on gender bias in child health should 

differentiate between one-child households and non-one-child households, since 

gender bias can only be studied in households with more than one child. However, 

despite its importance this issue has not previously been addressed in the literature. 

Can it be assumed that boys and girls are treated equally since every couple is allowed 

to have only one child?  

Using anthropometric measures, I explore the following issues in this chapter. 

First, I will verify if there is any evidence of gender gap in child health in non-one-

child households. Then I will explore the determinants of gender gap in child health. 

Third, using anthropometric measures of HAZ and WAZ, I will measure the degree of 

gender discrimination in child health outcomes.  Finally, I will explore the trends in 

gender gap in child health outcomes over time. 

The remainder of this chapter is organized as follows: Section 5.2 discusses 

child health outcomes in China and introduces the background of China’s One-Child 

policy; Section 5.3 outlines the econometric framework and the different measures of 

health used in my analysis; Section 5.4 introduces the data and also describes some of 
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the data issues; Section 5.5 presents the empirical results; Section 5.6 explores the 

degree of gender discrimination in child health; Section 5.7 describes changes that 

have taken place in relation to gender difference in child health; while the conclusions 

from this study are presented in Section 5.8. 

5.2       Background 

As previously indicated, the phenomenon of son preference has been well 

documented in the literature. The starkest evidence for gender bias comes from South 

and Southeast Asia. Early studies by D’Souza and Chen (1980) and Rosenzweig and 

Schultz (1982) found evidence of higher infant mortality rates for girls in India. Using 

data based on anthropometric indicators from India, Sen and Sengupta (1983) and 

Maitra and Rammohan (2011) found evidence of poorer nutritional outcomes for girls, 

while Subramanian and Deaton (1990) emphasized that girls received fewer household 

resources than males in India. Similarly, Chen et al. (1981) and Senauer et al. (1988) 

found that boys received more nutrients than girls in Bangladesh and in the Philippines 

respectively. 

One question of interest is whether gender differences in child health in China 

still exist, especially as son preference is rooted in traditional China. There is a 

common saying “a married daughter is like water spilled on the ground.” Lee and 

Wang (1999) describe this phenomenon of son preference in China as follows: 

 “Son preference in China could be traced back to the origins of ancestral worship in 

the second and third millennia B. C. and was reinforced by a patrilineal and patrilocal 

familial system, supported by the imperial and especially late imperial state, which 

systematically discriminated against daughters (Bray 1997).  Only sons could sacrifice 

to the family spirits. Only sons could carry the family name. Only sons, with rare 

exceptions, could inherit the family patrimony (Bernhardt, 1995). Not only did 
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patrilocal marriage customs require daughters to marry out, but also hypergamous 

marriage patterns required upper class households to provide a dowry to accompany 

them. Daughters, therefore, were not only culturally considered inferior; they were also 

perceived by most households as a net economic and emotional loss”. (pp. 47) 

There is some evidence that gender bias still exists in China, for son preference 

is still expressed in the high male sex ratio at birth. In 1990, Sen asserted there was a 

“sex bias in relative care - decades of mistreatment and neglect of China’s women” and 

suggested this bias was responsible for the high Chinese male sex ratio. Since then 

attempts have been made to estimate the magnitude of the female deficit. Recent 

studies by Ebenstein (2010) and Bulte et al. (2011) confirm Sen’s assertion. Klasen 

and Wink (2002) estimated that the number of Chinese missing women had increased 

from 34.6 million in the 1980s to 40.9 million in the 1990s. This gender imbalance 

may be due to sex-selective abortion, higher female infant mortality rates, including 

female infanticide and unreported females (Coale and Banister, 1994; Gu and Roy, 

1995; Lee and Wang, 1999). Zeng et al. (1993) found that unreported girls are highly 

likely to receive less schooling and hospitalization services. At the same time, 

researchers (Brown and Park, 2002; Hannum and Xie, 1994) found that girls in China 

had lower enrolment rates. 

With regard to child health, using data from a British sample, Currie (2003) 

found a correlation between poor health in childhood and poor adult prospects. They 

noted that children with chronic conditions attained lower educational results. 

Moreover, in the panel study of income dynamics, Case et al. (2005) and Smith (2007) 

found that young adults who retrospectively said that they had suffered poor health in 

childhood tended to have lower earnings than siblings who did not report poor 
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childhood health. Therefore gender bias in child health against females can lead to 

poorer educational outcomes in school and also poor employment prospects and lower 

wages.  

However, the findings in the literature on gender bias in child health in China 

are various and inconclusive. Chang et al. (1994) studied the nutritional status of 

around 10000 preschool children in 18 poor rural areas in seven provinces during the 

period 1986-1989 and found that the percentage of children who were stunted and 

underweight varied across different provinces, but improved over time. They also 

found that the HAZ, WAZ and WHZ were similar for both boys and girls even if the 

distributions of these nutritional indicators for both sexes were shifted to the left of the 

reference population. In Marcoux’s (2002) study, the HAZ and WAZ of boys was 

shown to be similar to that of girls under 6 years of age for four provinces in 1992, 

1995, 1998 and 2000. More recently, China Health and Nutrition Survey (CHNS) has 

been used in several studies to examine nutrition outcomes for children in China. Song 

and Tan (2008) reported no significant difference in HAZ between boys and girls 

under 18 years old. Using 1997-2000 waves of CHNS, Osberg et al. (2009) explored 

the determinants of child health and found that poverty was correlated with slow 

growth in HAZ and that the issuing of food coupons at an early age was positively 

correlated with growth in HAZ. In addition girls are not disadvantaged in HAZ and on 

average they experienced a greater increase in in HAZ relative to boys over the period 

1991 to 2000.  

A few scholars, however, have shown different results. Based on the data of 

some areas of China, Graham et al.(1998) found that girls were given less health care, 
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this being especially so for late order girls. Comparing waves of 1991 and 2000 of the 

CHNS dataset, Song and Tan (2008) explored the influence of son preference on child 

health and the changes brought about by the one-child policy in rural China. They 

noted a gender difference in child health outcomes amongst second-order children in 

rural China, but also discovered that this gender gap diminished with time.  

Since China has a long history of son preference, why does the gender bias of 

child health outcomes only exist in higher order children rather than in the full sample? 

Does China’s family planning policy cause this phenomenon?  

It is well known that the Chinese government has executed the one-child policy 

for several decades in order to control the rapid growth of population. However, the 

policy is not applied strictly in all areas of China. The one-child policy was introduced 

in China during 1979. According to the policy, a couple could have only one child and 

if that number was exceeded the household was to be seriously penalized. People 

working in state-owned enterprises or in government could lose promotion 

opportunities, or be deprived of housing opportunities or even lose their jobs if they 

disobeyed the principle. Families in rural areas who violated the principle were 

expected to pay high fines for above-quota children but the fines were different from 

those in urban areas. At the same time, households with above-quota children did not 

receive the subsidies paid to one-child households. However, there were some 

exemptions in the implementation of this policy. A couple can have a second child if 

either of the parents belongs to a minority group, or if they have a disabled child, or if 

they work in a dangerous occupation. However, the majority of people are not able to 
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take advantage of these exemptions. Because of the difficulties associated with the 

implementation of a strict one-child policy, the government has relaxed the rules and 

adopted the one-and-a-half child policy in 1984. This means that if their first child is a 

girl, a couple is allowed to have one more child in some rural areas. 

To sum up, because of the strict family planning policy, there has been a 

decline in the growth of population in China, with the fertility rate declining from 5.5 

per woman in 1970 to 1.8 in 2009. There have, however, been serious issues with 

executing the One-Child policy. 

In the first place, an imbalanced sex ratio, which indicates that the existence of 

a gender bias, is worsened by China’s family planning policy (Arnold and Liu, 1986 

and Banister, 2004; Li and Zhang, 2010 and Bulte et al., 2011). Using the 1990 census, 

Li and Zhang (2010) found that the strict enforcement of the one-child policy led to 4.4 

extra boys per 100 girls in the 1980s, accounting for about 94% of the total increase in 

the sex ratio during that period. Using two population censuses (in 1990 and 2000), 

Bulte et al. (2011) found that son preference was the main driver for distorting sex 

ratios, and that the One-Child policy is responsible for about half of the imbalanced 

sex ratios.  

In this chapter, I explore whether the family planning policy has affected on 

gender differences in child health, and whether girls survived are still disadvantaged 

under family planning policy. Even if the family planning policy is flexible with three 

options, namely, two-child policy; one-and-a half-child policy; and one-child policy, it 

does not necessarily mean that all households abide by the regulations. Under the 

family planning policy, when females are restricted in the number of children that they 
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can have, there are two possibilities. First, we cannot observe gender gap in the one-

child households. This assumption will be tested in the following discussion. In 

households with more than one child, we can explore if girls are treated less favoured. 

 

5. 3      Methodology 

5.3.1    Anthropometric measures of child health 

Health has many dimensions, making it difficult to measure. The literature 

studying child health uses anthropometric measures (Strauss and Thomas, 1998; Chen 

and Li, 2009; Liu and Zhao, 2011), or self-reported health status (Cameron and 

Williams, 2009; Gennetian et al., 2010) 

Generally, there are three main anthropometric measures. HAZ measures the 

child’s height according to age and expresses the standard deviation from the median 

of the reference population, which can be expressed as follows: 

        ,
j

i

j

hij h
HAZ




                                                                                          (5-1) 

where hij is the observed height of child i in group j, where a group is defined 

according to child gender and the birth month. j
h  is the median height in group j(same 

sex and age) and j
 is the standard deviation of height of children of same sex and age, 

using American children as the reference population. 

Similarly, WAZ measures the child’s weight according to age, expressed in the 

standard deviation from the mean of the reference population. Also, WHZ measures 
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the child’s weight according to height, expressed in the standard deviation from the 

mean of the reference population.  

Waterlow et al. (1997) have shown that HAZ and WHZ are good health 

measures since HAZ measures the cumulative effects of growth deficiency, which is 

regarded as a long-term indicator. WHZ is regarded as a short-term indicator. However, 

Cole (1985, 1986) mentioned that WHZ ignores the age of child, which assumes that 

children of a given height or weight are the same age. From this perspective, WHZ is 

not as good as HAZ and WAZ. Following Chen and Li (2009) and Liu and Zhao 

(2011), in this chapter, two anthropometric measures, height-for-age Z-score (HAZ) 

and weight-for-height Z-score (WHZ), are used as the measures of child nutritional 

outcomes.   

While some studies (Chen, 2011) construct the HAZ and WHZ based on their 

own data, the reference population used in this study is the commonly used US 

National Centre for Health Statistics (NCHS) standard, which is recommended by the 

World Health Organization (WHO). Onis and Yip (1996) suggest that the US child 

height and weight information should be the reference for two reasons: (i) The 

information is based on a very large sample and can thus avoid sample selection bias; 

(ii) Based on the measures of US child health, any Z score can be easily compared 

among different countries.  

5.3.2    Modeling of child health 

The health outcomes of children are influenced by many factors. The baseline 

model is established as follows: 
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i i j ij i
H Gender X                                                                     (5-2) 

where Hi is the health level using different measures (HAZ or WAZ), Gender is a 

dummy variable. Xij is a group of variables that include the number of children, socio-

economic characteristics of the household such as household income, education 

attainment levels of parents, the employment of parents. Community characteristics 

such as the sanitation level, economic level and health infrastructure in the community 

level are also included.  

The above discussion treats nutrition as a continuous variable. Generally, the 

dependent variable is treated as a dummy variable, which is 0 when the child is stunted 

(HAZ<-2) or underweighted (WAZ<-2) and it is 1 when HAZ>-2 or WAZ>-2. The 

probit model is also used in the analysis. 

5.3.3    Decomposition model 

The gender gap in child health can be due to son preference, the individual 

physiological differences, household characteristics and other reasons. Unlike other 

characteristics, son preference cannot be measured in the baseline model (5-2). In order 

to calculate the degree of impact of son preference on gender bias in child health, I use 

the Oaxaca-Blinder decomposition model developed by Oaxaca (1973) and Blinder 

(1973). The Oaxaca-Blinder decomposition is used to analyze wage differentials where 

the focus of the decomposition is the mean earnings between two groups, such as 

males and females. Based on the health equation and the Oaxaca-Blinder 

decomposition, the sources of the gender differences in child health can be 

decomposed into a component based on the explained component (differences in 
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individual, household characteristics) and unexplained component (son preference or 

gender discrimination) between the comparison groups. 

The health production function for boys and girls can be established separately 

as follows: 

ˆ
b b b bH X                                                   (5-3) 

ˆ
g g g gH X                                                  (5-4) 

where Hb and Hg are the HAZ (WAZ) of boys and girls respectively, Xb  and Xg are 

different variables including individual, parents’ characteristics and community, 

province and time variables. ˆ
b and ˆ

g are coefficients of variables of boys and girls 

separately. b and g  are errors. 

Since 0, 0b g   , then the average health of boys and girls can be written as 

follows: 

       ˆ
b b bH X                                                           (5-5) 

       ˆ
g g gH X                                                          (5-6) 

According to Oaxaca decomposition, the gender bias in child health for boys (b) and 

girls (g) may be written as follows:  

 ˆ ˆ ˆ( ) ( )b g b g b g b gH H X X X                                   (5-7) 

In this equation, the term b gH H on the left-hand side is the percentage 

difference in the mean HAZ (WAZ) of boys and girls. The first term on the right-hand 

side, ˆ( )b g bX X  , is the portion of the differential attributable to different endowments 

(the explained component), and the second term, ˆ ˆ( )g b gX   , is the portion of HAZ 

(WAZ) that is unexplained, which may be attributable to discrimination. In this 



 

137 

 

decomposition, the structure for girls ( ˆ
b ) is used as the non-discriminatory norm 

when evaluating the explained component.  

 

5.4      Data and descriptive statistics 

5.4.1    The China Health and Nutrition Survey 

The data used in this paper are drawn from the China Health and Nutrition 

Survey (CHNS). The CHNS is a collaborative project of the National Institute of 

Nutrition and Food Safety, the Chinese Centre for Disease Control and Prevention, and 

the University of North Carolina at Chapel Hill. The survey covered nine provinces, 

namely Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and 

Shandong. These provinces vary substantially in geography, economic development, 

public resources, and health indicators. Four counties were selected in each province. 

In addition, the provincial capital and a lower income city were selected when feasible. 

The data was collected in 1989, 1991, 1993, 1997, 2000, 2004, 2006 and 2009. Since 

the wave 1989 just includes the height and weight of people aged under six-years old it 

was dropped in this analysis. Cross section data was pooled rather than panel data and 

the survey years are controlled as dummy variables. 

The survey was also conducted at the community level. The sampled 

communities were randomly chosen from eight provinces. The community survey 

includes information on socio-economic variables such as the availability of health 

facilities, income level in the community, birth control polices and other indicators 
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The data is based on 5363 rural children aged 10 and under, which is close to 

the range of the age of zero to seven years advocated by the World Health 

Organization (WHO). The younger age can minimize the risk that the data largely 

reflects genetic variation, as it is more likely to be the case for health outcomes of 

older children. 

As mentioned in the previous section, the one-child policy was not 

implemented in a strict and uniform manner in rural China and the number of children 

is not the same for every household in a community.  Since the maximum child 

number of the policy is two and most households have one child or two children, 

households have been categorized into two groups: one-child households and non-one-

child households.  

Table 5-1 presents brief statistics of gender differences in HAZs and WAZs. 

For the full sample, the gender difference is statistically significant for both HAZ and 

WAZ. It is likely that girls in one-child households will not be discriminated against 

but it is not certain whether girls in non-child households are discriminated against or 

not. In order to test my assumptions, all children are classified into two groups: 

children in one-child households and children in non-one-child households. The results 

are different for the two groups. The HAZ score of boys and girls in one-child 

households are both -0.71, which is better than the HAZ score of children in non-one-

child households. The gender difference of HAZ is insignificant in one-child 

households but the gender difference in non-one-child households is 0.06, significant 

at the 1% level. Likewise, the WAZ of boys is significantly higher than girls both in 

the full sample and the children in non-one-child households. 
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Table 5- 1 Comparison HAZ and WAZ between Boys and Girls in Rural China 

 All children 

(Nhaz=5363, 

Nwaz=5488) 

Children in one child 

households 

(Nhaz=1693, 

Nwaz=1737) 

Children in non-one child 

households 

(Nhaz=3670, 

Nwaz=3751) 
 Boys  Girls  T-test for 

gender 

gap  

Boys  Girls  T-test for 

gender 

gap 

Boys  Girls  T-test for 

gender 

gap 

HAZ -1.08 -1.14 0.06*** -0.71 -0.71 0.004 -1.32 -1.38 0.06*** 

WAZ -0.45 -0.58 0.13** -0.15 -0.20 0.05 -0.67 -0.78 0.11*** 

Note: Gender difference is used by t test and *** means significance at 1% level  

 

In order to compare gender differences in different groups, the Kernel estimates 

of the z-scores are also computed, and presented in Figure 5-1(HAZ) and Figure 5-

2(WAZ) are also computed. The estimates are skewed to the left, indicating that the 

mass of the distribution lies to the left of -1. This indicates that HAZ of the majority of 

children in this sample is lower than that of the reference population.  

From Figure 5-1 HAZ in rural areas below, it can be seen that the HAZ of 

children from a non-one child household is lower than that of a child from a one-child 

household. Among non-one child households, girls fare significantly worse than boys 

in HAZ outcomes, while HAZ z-scores of girls is almost the same as boys from one-

child households. Similarly, Figure 5-2 confirms that the WAZ of children from non-

one-child households is significantly lower than that of children from one-child 

households but the difference is not as large as that in HAZ. Girls are significantly 

disadvantaged compared to boys in a non-one-child household, but the gender gap 

between girls and boys from a one-child household is insignificant. 
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Figure 5- 1 Comparison HAZ between Boys and Girls in Rural China 

 

 

 

Figure 5- 2 Comparison of WAZ between Boys and Girls in Rural China 

 

 

To sum up, the average HAZ and WAZ z-scores of children are lower in non-

single child household than those in a one-child household. The quantity-quality 

tradeoff proposed by Becker and Tomes (1976) cannot be easily applied in rural China 

because the fertility is restricted under the family planning policy. The Chinese 
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government relaxed the family planning policy in poor areas, and the low HAZ and 

WAZ in non-single child households may be a reflection of their relative poverty.  

5.4.2    Other key variables and data description  

Table 5-2 provides a detailed description of dependent variables and the 

independent variables in the analysis. Descriptive statistics are presented for the full 

sample (Column 1) and for children from one-child households (Column 2). Columns 

(3)-(5) present the descriptive statistics for children from non-one child households. 

As mentioned previously, anthropometric measures (HAZ and WAZ) should 

focus on young children under seven-years of age because at an older age, it is likely 

that HAZ and WAZ may be influenced by a child’s gene from its parents. However, 

given the small sample size, the sample of children 10 years old and under is employed 

here. The sample consists of 5363 rural children. Compared to one-child families, 

HAZ and WAZ from non-one-child families are lower. HAZ from non-one-child 

households is -1.35, which is 0.65 lower than that from one-child households at -0.7. 

WAZ from non-one-child household is -0.72 while it is -0.10 from one-child 

households, a figure almost equal to the reference group. 

For explanatory variables, children’s own characteristics are included, so is 

information relating to their parents such as the education, employment situation and 

socio-economic and demographic characteristics of their households. The community-

level characteristics and dummy variables for waves and provinces are also included 

among the explanatory variables, which differentiates the non-Han (if Han=0) and Han 

nationality (if Han=1). 
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Table 5- 2 Descriptive Statistics 

Note: wave dummy and province dummy are also controlled. 

 

The percentage of girls in the full sample is 0.45, while the percentage of girls 

is 0.41 in one-child households and 0.46 in non-one-child households. Since 

households with non-Han nationality can have more than one child, a dummy variable 

      Variables     

Full 

sample 

(N=5363, 

Nwaz=5488) 

One-child 

household 

(N=1693, 

Nwaz=1737) 

Non-one child household 

Total 

(N=3670, 

Nwaz=3751) 

Boys 

(N=1998, 

Nwaz= 

2038) 

Girls 

(N=1672, 

Nwaz= 

1713) 

Health indicator       

HAZ -1.09 -0.70 -1.35 -1.32 -1.38 

WAZ -0.48 -0.10 -0.72 -0.67 -0.78 

Individual characteristics 

gender 0.45 0.41 0.46 0 1 

age 6.4 5.67 6.72 6.61 6.85 

han 0.85 0.85 0.85 0.86 0.83 

Houshold characteristics 

Number of children 1.98 1 2.42 2.37 2.49 

single_child  0.31 1 0 0 0 

Household income_cpi 17400 22988 14049 14471 13543 

Mother’s characteristics 

mum_education 7.41 8.55 6.92 6.99 6.83 

mum_primary 0.36 0.22 0.43 0.42 0.44 

mum_middle school 0.48 0.53 0.46 0.46 0.46 

mum_high school 0.16 0.25 0.11 0.12 0.1 

mum_employment 0.88 0.84 0.9 0.91 0.89 

mum_bmi 22 22 21.9 21.8 22.1 

mum_height 155.9 157.3 155.2 155.5 154.9 

Father’s characteristics 

dad_education 8.7 9.31 8.43 8.43 8.43 

dad_primary 0.2 0.14 0.23 0.24 0.22 

dad_midddle school 0.56 0.56 0.57 0.56 0.58 

dad_highschool 0.24 0.3 0.21 0.21 0.2 

dad_work 0.96 0.95 0.97 0.96 0.97 

dad_height 166.5 168.3 165.7 165.7 165.6 

Community characteristics  

Sanitation 4.14 5.55 3.52 3.46 3.58 

Economic activity 3.01 4.26 2.46 2.45 2.48 

Health infrastructure 4.61 4.96 4.46 4.42 4.5 
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named Han is constructed, which differentiates the non-Han (if Han=0) and Han 

nationality (if Han=1).   

The average number of children in the full sample is 1.98 and the average 

number of children in non-one-child households is 2.42. When all households are 

categorized into two groups, it is found that 30 percent of children from one-child 

households, and that 70 percent of children are from non-one-child households. The 

latter category is in the majority in rural China. There is a big gap between the income 

of one-child households and non-one-child households. The income of the former is 

22988 yuan per year and that of the latter is 14049 yuan
44

. 

According to Column (2) and Column (3), the mother’s education in one-child 

families is 8.55 years, 1.6 years higher than that in non-one child households. 

Comparing the distribution between them, it is found that the percentage of mothers 

with primary school education is 0.43 in non-one-child households while it is only 0.22 

in one-child households. On the other hand, the percentage of high school level of 

mother’s education is lower in non-one-child households. There is a similar trend with 

regard to father’s education. 

Child health, especially for younger children, is sensitive to the community 

environment. Oakley (1989) has pointed out that a lot of investment in child health is 

provided at the community level. Some studies (Thomas et al., 1996; Jalan & 

Ravallion, 2003) find that improvement of sanitary conditions and medical services 

can greatly improve child health outcomes. For community variables, I use indicators 

                                                 
44

 AU$1=6.5 yuan, so 22988 yuan is about AU$3536 and 14049 yuan is about AU$2161. 
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developed by Jones-Smith and Popkin (2010). Based on the wave from 1991 to 2006 

of CHNS, Jones-Smith and Popkin established scaling procedures from the 

psychometric literature to construct a multicomponent scale to measure the urban 

features on a continuum in China. They tested the scale availability using the adult 

body mass index (BMI). Since the scale was constructed using an established scaling 

procedure and a wide variety of variables, the scale is more advantageous to assess and 

predict adult health. Every scale varies from 0 to 10. Sanitation, economic activity and 

health infrastructure
45

 are chosen as the community controlling variables. A similar 

phenomenon exists in the community comparison between Column (2) and Column (3). 

The one-child households live in better areas than non-one-child households. 

To summarize, according to my descriptive statistics, children from non-one-

child households have poorer health, mothers have lower education, and public 

infrastructure is much poorer at the community level. However, the focus of this study 

is not the trade-off between quantity and quality of children, but to explore if there is 

any evidence of the gender gap in child health.  

5.5       Empirical results 

This section reports empirical estimates. The focus is on gender gap in child 

health outcomes. A linear model is used for the continuous dependent variables for 

HAZ and WAZ. A probit model for HAZ and WAZ is also used for robustness. Table 

                                                 
45

 Sanitation is the proportion of households with treated water and prevalence of households without 

excreta present outside the home. Economic activity is the daily wage of ordinary male worker (reported 

by community officials) and percentage of the population engaged in nonagricultural work. Health 

infrastructure is the number and type of health facilities in or (<=) 12 km) the community and number of 

pharmacies in community. 
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5-3 gives the OLS estimates using HAZ as the dependent variable. Column (1) and (2) 

shows the results for full sample, Column (3) shows the results of one-child 

households. Column (4)-(7) shows the results of non-one-child households. 
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Table 5- 3 HAZ by OLS Estimates 

VARIABLES Full sample One-child 

households 

Non one-child households 

  With 

interaction 

variables 

 Total With 

interaction 

variables  

Boys Girls 

 (1) (2) (3) (4) (5) (6) (7) 

Individual characteristics        

Girl -0.0400 -0.0795** 0.0479 -0.0673* -0.1230   

 (0.0319) (0.0365) (0.0633) (0.0369) (0.3902)   

Age  -0.1418*** -0.1403*** -0.1595*** -0.1155** -0.1145** -0.1204* -0.1101* 

 (0.0348) (0.0347) (0.0585) (0.0451) (0.0452) (0.0655) (0.0592) 

Age square 0.0143*** 0.0142*** 0.0156*** 0.0126*** 0.0125*** 0.0139*** 0.0109** 

 (0.0029) (0.0029) (0.0051) (0.0036) (0.0036) (0.0052) (0.0048) 

Han nationality 0.0398 0.0387 0.0740 0.0160 0.0194 0.0316 -0.0074 

 (0.0534) (0.0534) (0.1020) (0.0631) (0.0631) (0.0906) (0.0874) 

Household characteristics        

Single child 0.1655*** 0.1114**      

 (0.0424) (0.0529)      

girl_single-child  0.1265*      

  (0.0731)      

W_num_child    -0.0811*** -0.0567 -0.0483 -0.1034*** 

    (0.0299) (0.0457) (0.0468) (0.0385) 
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Loghousehold income_cpi 0.0405** 0.0406** -0.0097 0.0594*** 0.0496* 0.0400 0.0767** 

 (0.0204) (0.0204) (0.0429) (0.0222) (0.0291) (0.0308) (0.0321) 

Mother’s characteristics        

Mum_midschool  0.0383 0.0386 0.1888** -0.0307 -0.0433 -0.0321 -0.0341 

 (0.0364) (0.0364) (0.0805) (0.0418) (0.0563) (0.0569) (0.0622) 

Mum _highschool 0.1048** 0.1012* 0.2701** 0.0379 0.1158 0.1266 -0.1003 

 (0.0533) (0.0532) (0.1066) (0.0602) (0.0797) (0.0830) (0.0856) 

Mum _employed -0.1063* -0.1071* -0.2306** -0.0164 -0.0167 0.0471 -0.0683 

 (0.0646) (0.0646) (0.1076) (0.0812) (0.0812) (0.1264) (0.1055) 

Mum _height 0.0359*** 0.0360*** 0.0302*** 0.0379*** 0.0380*** 0.0390*** 0.0364*** 

 (0.0034) (0.0034) (0.0072) (0.0038) (0.0038) (0.0057) (0.0051) 

Father’s characteristics        

Dad _employed 0.0850 0.0901 0.3824** -0.0992 -0.0968 -0.2625 0.0951 

 (0.1124) (0.1125) (0.1927) (0.1335) (0.1333) (0.1653) (0.2197) 

Dad _height 0.0426*** 0.0426*** 0.0384*** 0.0446*** 0.0446*** 0.0424*** 0.0478*** 

 (0.0030) (0.0030) (0.0053) (0.0037) (0.0037) (0.0054) (0.0050) 

Community characteristics        

Sanitation conditions 0.0279*** 0.0282*** 0.0203 0.0270*** 0.0269*** 0.0221* 0.0320** 

 (0.0080) (0.0080) (0.0161) (0.0092) (0.0092) (0.0134) (0.0125) 

Economy activities 0.0046 0.0044 0.0076 0.0057 0.0051 0.0006 0.0123 

 (0.0098) (0.0098) (0.0171) (0.0122) (0.0122) (0.0161) (0.0188) 

Health infrastructure 0.0352*** 0.0356*** 0.0282 0.0408*** 0.0406*** 0.0589*** 0.0184 

 (0.0098) (0.0098) (0.0192) (0.0112) (0.0113) (0.0162) (0.0155) 

Survey year        

1993 0.1200*** 0.1199*** 0.1864** 0.0904* 0.0901* 0.0989 0.0857 

 (0.0415) (0.0415) (0.0934) (0.0468) (0.0468) (0.0681) (0.0634) 
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1997 0.2179*** 0.2168*** 0.3433*** 0.1447** 0.1432** 0.1586** 0.1371* 

 (0.0506) (0.0505) (0.1140) (0.0562) (0.0560) (0.0779) (0.0807) 

2000 0.2307*** 0.2300*** 0.2262** 0.2152*** 0.2181*** 0.2025** 0.2444** 

 (0.0562) (0.0562) (0.1064) (0.0657) (0.0656) (0.0890) (0.0967) 

2004 0.3527*** 0.3490*** 0.3200*** 0.3636*** 0.3682*** 0.4591*** 0.2573* 

 (0.0732) (0.0732) (0.1220) (0.0975) (0.0976) (0.1301) (0.1474) 

2006 0.3166*** 0.3142*** 0.3275** 0.2907** 0.2943** 0.3989** 0.1718 

 (0.0910) (0.0909) (0.1518) (0.1183) (0.1181) (0.1555) (0.1810) 

2009 0.6092*** 0.6076*** 0.6106*** 0.6060*** 0.6093*** 0.7231*** 0.4446*** 

 (0.0813) (0.0814) (0.1455) (0.1014) (0.1012) (0.1374) (0.1505) 

Province        

Heilongjiang  -0.0647 -0.0650 -0.1081 0.0213 0.0285 0.0355 0.0398 

 (0.1049) (0.1049) (0.1325) (0.2044) (0.2044) (0.2947) (0.2590) 

Jiangsu  -0.2324*** -0.2349*** -0.1974* -0.2594** -0.2525** -0.1562 -0.3657** 

 (0.0747) (0.0748) (0.1131) (0.1030) (0.1031) (0.1459) (0.1461) 

Shandong  -0.1692** -0.1720** -0.2010 -0.1229 -0.1207 -0.1407 -0.0941 

 (0.0855) (0.0855) (0.1392) (0.1076) (0.1077) (0.1529) (0.1505) 

Henan -0.2765*** -0.2790*** -0.4742*** -0.1722** -0.1696* -0.1568 -0.1859 

 (0.0708) (0.0708) (0.1367) (0.0872) (0.0871) (0.1182) (0.1290) 

Hubei -0.3768*** -0.3792*** -0.3873*** -0.3226*** -0.3194*** -0.3205*** -0.3148** 

 (0.0688) (0.0688) (0.1210) (0.0880) (0.0880) (0.1237) (0.1251) 

Hunan -0.5610*** -0.5634*** -0.6826*** -0.4767*** -0.4689*** -0.5028*** -0.4214*** 

 (0.0800) (0.0800) (0.1485) (0.0984) (0.0981) (0.1375) (0.1407) 

Guangxi -0.4952*** -0.4975*** -0.5538*** -0.4182*** -0.4131*** -0.4738*** -0.3181*** 

 (0.0679) (0.0679) (0.1245) (0.0856) (0.0856) (0.1207) (0.1216) 

Guizhou -0.6547*** -0.6569*** -0.6325*** -0.6119*** -0.6052*** -0.5688*** -0.6496*** 

 (0.0731) (0.0731) (0.1489) (0.0872) (0.0871) (0.1240) (0.1218) 
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Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

 

 

Interaction variables        

Girl_num     -0.0456   

     (0.0569)   

Girl_loghousehold income       0.0189   

     (0.0408)   

Girl_mummiddleschool     0.0300   

     (0.0808)   

Girl_mumhighschool      -0.1837   

     (0.1101)   

Constant -14.20*** -14.19*** -12.1841*** -14.79*** -14.79*** -14.53*** -15.24*** 

 (0.6655) (0.6652) (1.3292) (0.7770) (0.7948) (1.1512) (1.0413) 

Observations 5,363 5,363 1,693 3,670 3,670 1,998 1,672 

R-squared 0.2356 0.2360 0.1603 0.2270 0.2279 0.2207 0.2437 
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5.5.1   The role of One-Child Policy 

The insignificant coefficient for the dummy variable girl in the full sample 

results reported in Column (1) shows that there is no gender gap between girls and 

boys. The results are consistent with those in the existing literature (Marcoux, 2002; 

Song and Tan, 2006; Chen, 2011). As expected, the coefficient of the single-child is 

positive and statistically significant at the 5 percent significance level, which means 

the HAZ of children from one-child households is higher than that of children from 

non-one-child households. This is consistent with idea of a quality-quantity trade-off 

(Becker and Tomes, 1976). However, given that fertility decisions are also likely to be 

influenced by the relatively relaxed family planning policy in the rural areas, it would 

be difficult to attribute the poor HAZ outcome to the quality-quantity tradeoff. A more 

interesting issue is whether there is any evidence of gender bias in households with 

more than one child. These households have implicitly shown a preference for sons, 

since the choice of a second child under the family planning policy is easier if the first 

child is a girl. 

In order to verify my hypothesis that girls are disadvantaged relative to boys in 

child health in non-one-child households, an interaction variable of gender and single 

child in the model is introduced, as shown in Column (2). Not surprisingly, it can be 

observed that girls have significantly lower HAZ scores compared to boys, other things 

being equal. As expected, the HAZ of girls is statistically significant and -0.0795 

standard deviation (s.d.) below that of boys. In order to study whether the child number 

has an influence on gender bias, a variable interacting the variable girls and the 
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variable single-child is introduced. My estimates show that this interaction variable is 

statistically significant and indicates that girls have better child health outcomes in 

non-one-child households. This confirms my hypotheses that there is unlikely to be 

gender bias among children from one-child household. By having a girl and not 

choosing to have a second child, some households have already shown that they have 

no son-preference besides some ones have one child due to the strict family planning 

policy. 

 When the full samples are separated into one-child households and non-one-

child households (see Columns 3 and 4, respectively), the HAZ of girls is found to be 

0.0673 s. d. lower than that of boys in non-one-child households and the coefficient is 

statistically significant. However, the HAZ of girls is not significant in one-child 

households, which means there is no significant difference in HAZ of girls and boys. 

The results show that gender bias in child health outcomes does exist but only in non-

one-child households. 

It is found that the number of children negatively affects the HAZ of girls 

(Column 7). Girls are the first to be affected adversely when the number of children is 

large. Garg and Morduch (1998) have shown that sibling rivalries can yield gains for 

boys when having relatively more sisters than brothers. Since the number of children 

from non-one-child households due to the One-Child Policy is small, it is hard to 

compare the influence of brothers and sisters.  
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5.5.2   The role of household income 

 Whether household income affects child health outcomes is debatable in the 

literature in China. Chen and Li (2009) and Chen (2011) found that child health was 

not related to household income. However, Liu (2009) found that the mother’s income 

improve child health and can narrow the gender bias. In my analysis, household 

income rather than personal income is used, since it is hard to separate personal 

income from household income in rural areas.  

Columns (2) and (4) show that household income is positively associated with 

child health for children in the full sample and from non-one-child households, but it is 

insignificant for children from one-child households. It can be concluded from Column 

(4) that the HAZ of children can increase 0.0594 s.d. when household income increases 

one percentage point in non-one-child households. If girls and household income are 

interacted, the impact of household income is not significant. In Column (6), 

household income is still insignificant, which can be explained by the belief that boys’ 

health is not influenced by household income, while that is not the case for girls. 

Column (7) shows that when household income increases by one percentage point, the 

HAZ of girls increases by 0.0767 s.d.. All results show that with low household 

income, the health of girls deteriorates but that is not true for boys. In other words, 

girls’ health can be significantly improved with an increase in household income. 
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5.5.3   The Role of parents 

In addition to the household income, parents’ characteristics such as their 

education attainment level and height are also likely to influence child nutritional 

outcomes. 

The height of parents is likely to matter for the height of every group of 

children because these reflect the genetic endowment from parents. Education 

attainment is also proved to be important in terms of a child’s health in literature (Chen 

and Li, 2009). 

Using primary school educated mothers as the reference category, Column (2) 

shows that a mother’s middle school education does not lead to any significant 

increase in HAZ, but a mother’s high school attainment can increase HAZ by 0.1012 

s.d.. Column (3) shows the importance of education of a mother in non-one child 

households because the coefficient of a mother’s middle school education is 0.1888 s.d. 

at the 5 percent significance level. However, the influence of a mother’s education is 

not significant in non-one-child households for the full sample, boys and girls. Father’s 

education is not considered here it is generally regarded as a proxy of income. 

Column (4) shows that the mother’s education has no significant influence on 

child health in non-one-child households. In order to explore whether better education 

among parents reduces gender bias, variables of girls and all education dummy 

variables in Column (5) are interacted. It is found that the mother’s education has no 

significant influence on child health. The results are consistent with Liu and Zhao 

(2011), but not with Chen (2011) and Chen and Li (2009).  In the latter two papers, it 
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is argued that the mother’s education is positively associated with child health. The 

results in this study are not consistent with Park and Rukunmnuaykit (2004), who show 

that the father’s education is positively associated with child health outcomes. 

From Column (4), mothers’ and fathers’ employment is found to be 

significantly associated with child health in one-child households but their individual 

influence is different. The HAZ of a child is 0.2306 s.d. lower if the mother works, but 

it is 0.3824 s.d. higher if the father works. These results are consistent with those of 

Cawley and Liu (2007) and Liu and Zhao (2011). Cawley and Liu (2007) argue that 

this may be because employed women have less time to spend on activities such as 

cooking and playing with children. Liu and Zhao (2011) have shown that if the mother 

loses her job, she has more time to look after her children and the income loss resulting 

from maternal job loss is much smaller. Among the non-one-child households, 

variables relating to mothers’ and fathers’ employment are found insignificant, as 

shown in Column 4-7.  

5.5.4   Other variables  

To investigate the influences of community environment, we use the 

community level sanitation conditions, health infrastructure and economic levels as in 

Jones-Smith and Popkin (2010). 

From Column (2), it is found that when the sanitation score is increased by 1, 

the HAZ of a child is 0.0282 s.d. higher, and this variable is shown to HAZ in non-

one-child households as well, both for boys and girls (see Columns (6) and (7)).  



 

155 

 

Similarly, the health infrastructure is shown to be positively associated with child 

health especially for boys. 

However, when the variable girls is interacted with these community level 

variables, none of these interaction variables is significant, which proves that the 

improvement of sanitation conditions, economic activity and health infrastructure 

cannot change the gender gap of child health.  

 ‘Province’ is controlled with Liaoning province as the benchmark. Results from 

all columns show that the HAZ of child from all provinces is smaller than Liaoning 

province, except for children from Heilongjiang. This finding confirms the height 

difference between the North of China and the South of China. Generally, people from 

the North such as Liaoning, Heilongjiang and Shandong are taller than people from the 

South such as Hunan, Guangxi and Guizhou. It is noted that Jiangsu and Guizhou 

belong to the South of China but HAZ of children from Liaoning is 0.2349 s.d. higher 

than that of children from Jiangsu and 0.6569 s.d. greater than that of children from 

Guizhou. Time variables based on 1991 are controlled. There is no doubt that HAZ has 

increased in the past decades. The changes associated with gender bias in child health 

will be discussed later. 

5.5.5   Probit results 

The above discussion treats the anthropometric measures HAZ and WAZ as 

continuous variables. However, these measures can also be classified into different 

categories to analyse the likelihood of being stunted and wasted. To explore this issue 

further, the probit model is used to measure the discontinuous changes in HAZ. 
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Previous research has used the stunting indicator (HAZ<-2). However, given that the 

degree of stunting is not as serious in China, and since the percentage of stunted 

children is low in our sample HAZ is classified into two groups according to whether a 

child is mildly stunted (HAZ< -1) or not. Table 5-4 provides estimation results of the 

determinants of mild stunting and reports the marginal effects. Since the results in the 

probit model are qualitatively similar to the results in OLS, only a brief report of the 

results is provided. 

 Column (1) shows that in the full sample girls have a 5 percentage points 

higher probability of being in the mildly stunted category compared to boys. The 

probability of a child being stunted from one-child households is decreased by 4.69 

percentage points when compared with children from non-one-child households. The 

interaction variable girls and single_child is insignificant, so there is no evidence that 

gender bias is more serious in non-one-child households. However, when the models 

are estimated separately for one-child and non-one-child households, we observe that 

the coefficient for the dummy variable girls is insignificant in one-child households 

(Column 2), but it is significant in non-one-child households (Column 3). This 

provides support for my hypotheses that gender gap in child health outcomes is more 

likely in non-one-child households. This is consistent with the results in Table 5-3. 

 Household income is negatively associated with child health stunting in non-

one-child households, and the probability of a girl being stunted decreases by 1.81 

percentage points, if household income increases by 1 percent. However, household 

income is insignificant for children from one-child households and for boys from non-

one-child households. The interaction variable of girls and household income is -0.05 
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s.d. (Column 4), which means that the probability of gender difference is mitigated 

when household income increases. This result is confirmed in the boys group (Column 

5) and girls group (Column 6) respectively. The number of children does not have any 

significant influence on the probability of being stunted. Mothers’ education can 

reduce the probability of child stunting in one-child households and especiallyfor girls. 

In some sense, a mother’s education can improve a girl’s health situation, which is 

consistent with the finding of Chen (2011) and Chen and Li (2011). The impacts of 

sanitation conditions and health infrastructure at the community level are still 

important for children, but the impact of community level economic factors are 

insignificant. The insignificance of economic activities is probably because province 

variables are included in regressions. To sum up, the main results from the probit 

estimates are found to be consistent with the results from OLS estimates. 
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Table 5- 4 HAZ by Probit Estimates 

VARIABLES Full sample One-child 

households 

Non one-child households 

   Total Total with 

interaction 

variables 

Boys Girls 

 (1) (2) (3) (4) (5) (6) 

Individual characteristics      

Girl 0.0497*** 0.0023 0.0438** 0.3892**   
 (0.0177) (0.0254) (0.0171) (0.1845)   
Age  0.0404*** 0.0312* 0.0408*** 0.0404*** 0.0294 0.0530** 

 (0.0122) (0.0189) (0.0153) (0.0153) (0.0209) (0.0225) 

Age square -0.0042*** -0.0036** -0.0042*** -0.0042*** -0.0034* -0.0049** 

 (0.0011) (0.0018) (0.0013) (0.0013) (0.0018) (0.0019) 

Han nationality 0.0225 0.0127 0.0258 0.0228 0.0097 0.0406 

 (0.0258) (0.0415) (0.0312) (0.0312) (0.0439) (0.0449) 

Household characteristics      

Single child -0.0469**      

 (0.0227)      

girl_single-child -0.0467      

(0.0323)      

W_num_child   0.0135 -0.0045 -0.0037 0.0271 

  (0.0135) (0.0187) (0.0195) (0.0193) 

Loghousehold 

income_cpi 

-0.0181** -0.0040 -0.0242** -0.0023 0.0037 -0.0567*** 

(0.0091) (0.0151) (0.0108) (0.0134) (0.0144) (0.0167) 

Mother’s characteristics      

Mum_midschool  -0.0065 -0.0764** 0.0197 0.0192 0.0199 0.0219 

(0.0170) (0.0325) (0.0191) (0.0252) (0.0262) (0.0279) 

Mum _highschool -0.0296 -0.1114*** -0.0015 -0.0615 -0.0661* 0.0814* 

(0.0243) (0.0402) (0.0290) (0.0376) (0.0391) (0.0432) 

Mum _employment 0.0232 0.0475 0.0097 0.0107 -0.0205 0.0392 

(0.0267) (0.0409) (0.0326) (0.0327) (0.0481) (0.0435) 

Mum _height -0.0148*** -0.0089*** -0.0162*** -0.0163*** -0.0168*** -0.0152*** 

(0.0015) (0.0026) (0.0018) (0.0018) (0.0025) (0.0026) 

Father’s characteristics      

Dad _work 0.0023 -0.0340 0.0227 0.0206 0.0638 -0.0300 

(0.0422) (0.0653) (0.0509) (0.0510) (0.0695) (0.0740) 

Dad _height -0.0178*** -0.0144*** -0.0185*** -0.0187*** -0.0183*** -0.0201*** 

(0.0014) (0.0022) (0.0016) (0.0016) (0.0023) (0.0024) 

Community characteristics      

Sanitation 

conditions 

-0.0130*** -0.0079 -0.0127*** -0.0129*** -0.0138** -0.0140** 

(0.0036) (0.0060) (0.0043) (0.0043) (0.0059) (0.0063) 

Economy activities -0.0030 -0.0042 -0.0025 -0.0017 -0.0033 0.0012 

(0.0043) (0.0066) (0.0052) (0.0053) (0.0069) (0.0081) 

Health 

infrastructure 

-0.0155*** -0.0117 -0.0171*** -0.0169*** -0.0209*** -0.0112 

(0.0045) (0.0076) (0.0052) (0.0052) (0.0072) (0.0075) 

Survey year       

1993 -0.0558*** -0.0598 -0.0501** -0.0500** -0.0639** -0.0371 

 (0.0205) (0.0412) (0.0227) (0.0228) (0.0319) (0.0322) 

1997 -0.0819*** -0.0661 -0.0734** -0.0727** -0.0964** -0.0529 

 (0.0256) (0.0470) (0.0296) (0.0296) (0.0401) (0.0442) 

2000 -0.0783*** -0.0376 -0.0803** -0.0833** -0.0970** -0.0620 

 (0.0276) (0.0445) (0.0344) (0.0345) (0.0472) (0.0507) 

2004 -0.1659*** -0.0899* -0.2047*** -0.2107*** -0.2257*** -0.2009*** 

 (0.0335) (0.0499) (0.0442) (0.0442) (0.0573) (0.0685) 

2006 -0.1484*** -0.0400 -0.2192*** -0.2218*** -0.2494*** -0.1963*** 

 (0.0348) (0.0541) (0.0443) (0.0443) (0.0591) (0.0670) 

2009 -0.2329*** -0.1830*** -0.2312*** -0.2357*** -0.3073*** -0.1258* 

 (0.0364) (0.0545) (0.0464) (0.0465) (0.0621) (0.0684) 

Province       
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Heilongjiang  0.0347 0.0286 0.0121 0.0036 0.0148 -0.0317 

(0.0475) (0.0622) (0.0750) (0.0753) (0.0992) (0.1197) 

Jiangsu  0.0726** 0.0742 0.0563 0.0505 0.0573 0.0426 

(0.0360) (0.0545) (0.0464) (0.0466) (0.0671) (0.0652) 

Shandong  0.0144 0.0111 -0.0062 -0.0075 0.0579 -0.0882 

 (0.0363) (0.0572) (0.0444) (0.0445) (0.0635) (0.0620) 

Henan 0.0834** 0.1207** 0.0516 0.0489 0.0371 0.0599 

 (0.0325) (0.0571) (0.0389) (0.0389) (0.0575) (0.0526) 

Hubei 0.1418*** 0.1819*** 0.1029*** 0.1002*** 0.0862 0.1107** 

 (0.0322) (0.0600) (0.0381) (0.0382) (0.0573) (0.0507) 

Hunan 0.2233*** 0.2811*** 0.1756*** 0.1706*** 0.1769*** 0.1620*** 

 (0.0327) (0.0586) (0.0385) (0.0389) (0.0571) (0.0533) 

Guangxi 0.1700*** 0.1612*** 0.1377*** 0.1345*** 0.1757*** 0.0706 

 (0.0319) (0.0588) (0.0378) (0.0379) (0.0553) (0.0532) 

Guizhou 0.2437*** 0.2175*** 0.2194*** 0.2156*** 0.1881*** 0.2437*** 

 (0.0321) (0.0628) (0.0367) (0.0369) (0.0560) (0.0477) 

Interaction variables      

Girl_number    0.0353   

    (0.0263)   

Girl_loghousehold 

income   

   -0.0514**   

   (0.0201)   

Girl_mummiddlesc

hool 

   -0.0010   

   (0.0370)   

Girl_mumhighscho

ol  

   0.1249**   

   (0.0528)   

Pseudo R2  0.1709 0.1118 0.1611 0.1657 0.1627 0.1868 

Observations 5,362 1,693 3,670 3,670 1,998 1,672 

  Marginal effects are shown. Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

5.5.6   Robustness Test 

HAZ is an important and efficient long-term anthropometric measure of child 

health. As a middle-term measure, WAZ is used in this analysis to conduct robustness 

tests. OLS estimates of WAZ in Table A5-2 and probit estimates of WAZ are resented 

in Table A5-3 in the Appendix. The results show that the results are very similar to the 

estimation using HAZ in the OLS and probit models. 

5.5.7   Decomposition results 

As mentioned in section 5.3, the gender differences in child health might not be 

due to son preference. In order to explore this issue, the gender differences are 
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decomposed and an attempt is made to figure out the percentage shares of “explained 

part” and “unexplained part”, based on equation (5-5). 

Table 5-5 shows the decomposition results of the gender gap in child health, 

while Columns (1)-(4) are results of HAZ using OLS and probit estimations, and WAZ 

using OLS and probit estimations. In Column (1), it is found that only 21 percent can 

be explained by the individual characteristics and household characteristics. The rest, 

79 percent, is the unexplained portion, which is also called son preference or gender 

discrimination in child health. In this study, HAZ of boys is -1.32 and that of girls -

1.38 in Table 5-2. The 0.06 gender gap can be decomposed into endowment (0.02) and 

son preference (0.04)
46

. The conclusion is that son preference is the main source of 

gender gap in child health in non-one-child households. 

 

 

Table 5- 5 Results of Decomposition of Gender Gap of Child Health 

 HAZ (OLS) HAZ(probit) WAZ(OLS) WAZ(probit) 

Explained  21% 15% 27% 23% 

Unexplained 79% 85% 73% 77% 

Note: Calculated by author based on the data 

Column (2) shows that son preference accounts for 85% of the gender gap in 

stunting probability. The results are similar to Column (1). Column (3) and Column (4) 

provide the decomposition results of WAZ, which are similar to the decomposition 

results of HAZ. 

                                                 
46

  The 0.02 gender gap of HAZ is calculated from 21 percentage of 0.06and 0.04 gender gap of HAZ is 

calculated from 79 percentage of 0.06. 
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5.6      Changes of gender gap in child health over time 

The trend of gender differences in child health measured by HAZ is shown in 

Table 5-6. With the development of the economy and increase in nutrition, child health 

has greatly improved. It is found that HAZ has increased over time steadily for both 

girls and boys. Although there is a gap between Chinese children and the reference 

group, the gap has narrowed over time. As noted, girls feature worse than boys except 

for 1997.  

 

Table 5- 6 HAZ of Children from 1991 to 2009 in Rural China 

wave 1991 1993 1997 2000 2004 2006 2009 

Boys -1.44 -1.27 -1.11 -0.96 -0.81 -0.71 -0.36 

Girls -1.47 -1.34 -1.07 -1.08 -1.03 -0.95 -0.56 

Total -1.45 -1.3 -1.07 -1.02 -0.94 -0.86 -0.48 

 

 A similar interpretation can be gleaned from WAZ. Child health has improved 

steadily since 1991, while boys’ health has improved much more than that of girls 

(Table 5-7). Gender difference in child health measured by WAZ has been widened 

during the past two decades, which is consistent with the findings of Song and Tan 

(2008). 

 

Table 5- 7  WAZ of Children from 1991 to 2009 in Rural China 

Wave 1991 1993 1997 2000 2004 2006 2009 

Boys -0.71 -0.58 -0.45 -0.4 -0.18 -0.15 -0.01 

Girls -0.76 -0.7 -0.57 -0.61 -0.31 -0.23 -0.13 

Total -0.73 -0.64 -0.5 -0.49 -0.24 -0.18 -0.06 
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5.7      Conclusions 

This paper has examined whether gender differences exist in child health in 

rural China using OLS estimation and the probit model. Through the use of HAZ, boys 

and girls in one-child households are found to have similar health outcomes while girls 

from non-one-child households girls are significantly less healthy than boys. The 

existence of the gender gap in child health provides the justification for many projects 

such as “Spring Bud Project”
47

, which aim to improve the health situation and 

education level of girls in China.  

In terms of the determinants of gender bias in child health, this analysis has 

shown that an increase of household income can improve the health of all children, 

particularly girls. Household income is found to be significantly and positively 

associated with girls’ health, but its influence is not significantly related to boy’s health 

in non-one-child households. When income is limited, the scarce resources are 

invested relatively more in boys, whose future returns are regarded as being higher 

than that of girls (Wang and Lee, 1999). The health of boys is not disadvantaged, but 

the health of girls is significantly disadvantaged with an increase in the number of 

siblings.  

The education attainment of mothers is found to be the key variable affecting 

the gender gap in child health but only in one-child households. This may be due to 

better educated mothers having better knowledge of nutrition health. They are also in a 

                                                 
47

The Spring Bud Project has been launched, organized and carried out by the China Children and 

Teenagers' Fund (CCTF), under the leadership of the All China Women's Federation. The goal of the 

plan is to concern about girls’ health and to assist girls of poor areas of China to return to school, which 

will benefit the welfare of the whole society. http://www.china.org.cn 

http://www.cctf.org.cn/English/constitution%20of%20CCTF.htm
http://www.cctf.org.cn/English/constitution%20of%20CCTF.htm
http://www.china.org.cn/
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better position to deal with illness. However, the mother’s education has no significant 

influence on child health in non-one-child households. As mentioned in section 5.5, the 

influence of parents’ education is debatable in the literature.  

The results in WAZ are robust. Moreover, community-level sanitation 

conditions and health infrastructure are found to be important determinants of child 

health.  

Gender discrimination is shown to be the main source of gender gap in child 

health in non-one-child households in China. Changing the anti-bias against girls 

rooted in Chinese is one of measures to narrow the gender gap in child health in rural 

china. 
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Appendix  

Table A5- 1 Definition of Variables 

Note: (1) mum_primary is the benchmark of mum_middleschool;  

Variable Definition 

Dependent variables  

HAZ HAZ is the height for age for children aged 10 and under 

WAZ WAZ is the weight for age for children aged 10 and under 

Independent variables  

Girl  Dichotomous variable: Girl=1 if girls, and girl=0 if boys. 

Age  Age of child 

Han  Dichotomous variable: Han =1 if Han nationality, and Han=0 otherwise 

Num_child Number of children in a household 

Single_child    Dichotomous variable: single_child=1 if only one child for a mother, and 

single_child=0 if more than one child for a mother.  

Household income_cpi Household income with cpi  

Loghhincome_cpi Logarithm of household income 

mum_education  Actual years of schooling of a mother 

Mum_middle school 
(1)  

Dichotomous variable: mum_middle school=1 if the mother finish 9 year 

schooling, mum_middle school=0 otherwise. 

Mum_high school  

Dichotomous variable: mum_high school=1 if the mother finish 12 year 

schooling, mum_high school=0 otherwise. 

mum_employment 

Dichotomous variable:  mum_employment=1 if the mother is employed, 

mum_employment=0 if the mother is not employed. 

mum_bmi Bmi of the mother 

mum_height Height of the mother 

dad_education Actual years of schooling of a father 

dad_employment 

Dichotomous variable:  dad_employment=1 if the father is employed, 

dad_employment=0 if the father is not employed. 

dad_height Height of the father 

Sani Sanitation indicator ranges from 0 to 10 in community level 

Econ Economic indicator ranges from 0 to 10 in community level 

Health  Health indicator ranges from 0 to 10 in community level 

Survey wave Dichotomous variable:  1991 is the benchmark year. 

Province Dichotomous variable:  Liaoning province is the benchmark province. 

Med_insurance   

Dichotomous variable:  Med_insurance=1 if the child has medical 

insurance, and Med_insurance=0 otherwise 

Health_service 

Dichotomous variable:  health_service=1 if the child receive health service 

in the past 4 weeks, and health_service=0 if otherwise. 

Immunity 

Dichotomous variable:  Immunity=1 if the child has immunity, and 

immunity=0 if otherwise. 
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Table A5- 2 WAZ by OLS Estimates 

Non one-child 

households 

Full sample One-child 

households 

Non-one-child households 

  Total Total with 

interaction 

variables 

Boys Girls 

 (1) (2) (3) (4) (5) (6) 

Individual characteristics      

Girl -0.0934*** -0.0322 -0.0928*** -0.1023   

 (0.0298) (0.0527) (0.0301) (0.3407)   

Age  -0.2598*** -0.2654*** -0.2775*** -0.2771*** -0.2451*** -0.3205*** 

 (0.0274) (0.0461) (0.0354) (0.0353) (0.0478) (0.0521) 

Age square 0.0166*** 0.0198*** 0.0170*** 0.0169*** 0.0157*** 0.0188*** 

 (0.0023) (0.0042) (0.0029) (0.0029) (0.0039) (0.0042) 

Han nationality -0.0273 -0.0310 -0.0356 -0.0337 0.0286 -0.1086 

 (0.0440) (0.0819) (0.0521) (0.0519) (0.0748) (0.0704) 

Household characteristics      

Single child 0.0478      

 (0.0437)      

girl_single-child 0.0619      

 (0.0606)      

num_child   0.0506** 0.0612 0.0653* 0.0481* 

   (0.0235) (0.0378) (0.0384) (0.0282) 

Loghhincome_cpi 0.0182 -0.0290 0.0455** 0.0436* 0.0332 0.0588** 

 (0.0168) (0.0334) (0.0190) (0.0249) (0.0265) (0.0275) 

Mother’s characteristics      

Mum_midschool  -0.0148 0.0334 -0.0134 -0.0299 -0.0291 0.0061 

 (0.0309) (0.0728) (0.0345) (0.0474) (0.0484) (0.0495) 

Mum _highschool -0.0215 -0.0372 0.0111 0.0168 0.0092 0.0127 

 (0.0452) (0.0912) (0.0530) (0.0692) (0.0713) (0.0795) 

Mum _employment 0.0380 -0.0907 0.1055 0.1059 0.1206 0.0907 

 (0.0529) (0.0895) (0.0647) (0.0648) (0.0999) (0.0830) 

Mum _height 0.0237*** 0.0149** 0.0274*** 0.0275*** 0.0288*** 0.0263*** 

 (0.0028) (0.0060) (0.0029) (0.0029) (0.0042) (0.0041) 

Father’s characteristics      

Dad _work -0.1478* -0.1149 -0.1550 -0.1543 -0.1812 -0.1012 

 (0.0891) (0.1492) (0.1097) (0.1098) (0.1410) (0.1723) 

Dad _height 0.0257*** 0.0248*** 0.0260*** 0.0259*** 0.0259*** 0.0260*** 

 (0.0023) (0.0045) (0.0027) (0.0027) (0.0039) (0.0037) 

Community characteristics      

Sanitation 

conditions 

0.0247*** 0.0374*** 0.0178** 0.0175** 0.0196* 0.0146 

(0.0065) (0.0127) (0.0078) (0.0078) (0.0117) (0.0099) 

Economy activities 0.0017 0.0036 -0.0012 -0.0015 0.0033 -0.0068 

 (0.0084) (0.0151) (0.0100) (0.0101) (0.0144) (0.0139) 

Health 

infrastructure 

0.0180** 0.0067 0.0211** 0.0212** 0.0319** 0.0087 

(0.0081) (0.0161) (0.0094) (0.0094) (0.0138) (0.0129) 

Survey year       

1993 0.1249*** 0.1283* 0.1289*** 0.1288*** 0.1343** 0.1317*** 

 (0.0332) (0.0762) (0.0371) (0.0371) (0.0535) (0.0508) 

1997 0.2034*** 0.2455** 0.1863*** 0.1863*** 0.2305*** 0.1389** 

 (0.0422) (0.0991) (0.0454) (0.0454) (0.0658) (0.0600) 

2000 0.1733*** 0.1320 0.1982*** 0.1998*** 0.1697** 0.2603*** 

 (0.0480) (0.0911) (0.0559) (0.0560) (0.0807) (0.0749) 

2004 0.4151*** 0.3751*** 0.4512*** 0.4533*** 0.4331*** 0.4834*** 

 (0.0602) (0.1043) (0.0764) (0.0764) (0.1026) (0.1109) 

2006 0.4025*** 0.3426*** 0.4674*** 0.4697*** 0.5397*** 0.3844*** 

 (0.0751) (0.1271) (0.0969) (0.0969) (0.1357) (0.1345) 

2009 0.3674*** 0.3790*** 0.3582*** 0.3620*** 0.3355*** 0.4031*** 

 (0.0676) (0.1136) (0.0891) (0.0894) (0.1188) (0.1358) 
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Province       

Heilongjiang  0.2892*** 0.2729** 0.3604** 0.3658** 0.4996* 0.2094 

 (0.0949) (0.1219) (0.1730) (0.1727) (0.2686) (0.1542) 

Jiangsu  0.0144 -0.0067 0.0467 0.0515 0.0683 0.0526 

 (0.0656) (0.1015) (0.0875) (0.0874) (0.1233) (0.1208) 

Shandong  0.4124*** 0.4313*** 0.4153*** 0.4160*** 0.4058*** 0.4372*** 

 (0.0673) (0.1111) (0.0851) (0.0850) (0.1240) (0.1128) 

Henan -0.0572 -0.0292 -0.0864 -0.0854 -0.0824 -0.0828 

 (0.0590) (0.1131) (0.0718) (0.0717) (0.0952) (0.1067) 

Hubei -0.3631*** -0.2319** -0.4158*** -0.4147*** -0.4318*** -0.3806*** 

 (0.0571) (0.1088) (0.0709) (0.0708) (0.0966) (0.1013) 

Hunan -0.1642** -0.1949* -0.1556* -0.1530* -0.1963* -0.0795 

 (0.0658) (0.1163) (0.0821) (0.0821) (0.1114) (0.1183) 

Guangxi -0.5000*** -0.4851*** -0.5292*** -0.5270*** -0.5226*** -0.5240*** 

 (0.0573) (0.1081) (0.0699) (0.0699) (0.0970) (0.0982) 

Guizhou -0.5230*** -0.4985*** -0.5504*** -0.5473*** -0.5073*** -0.5827*** 

 (0.0609) (0.1156) (0.0752) (0.0753) (0.1051) (0.1064) 

Interaction variables      

Girl_number    -0.0205   

    (0.0453)   

Girl_loghousehold 

income   

   0.0036   

   (0.0355)   

Girl_mummiddlesc

hool 

   0.0564   

   (0.0643)   

Girl_mumhighscho

ol  

   0.0047   

   (0.0965)   

Constant -7.9210*** -6.0971*** -8.7705*** -8.7660*** -9.1038*** -8.5741*** 

 (0.5145) (1.0863) (0.5786) (0.5993) (0.8571) (0.7863) 

Observations 5,488 1,737 3,751 3,751 2,038 1,713 

R-squared 0.2692 0.1681 0.2714 0.2717 0.2518 0.3059 

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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Table A5- 3 WAZ by Probit Estimates 

Non one-child 

households 

Full sample One-child 

households 

 

  Total Total with 

interaction 

variables 

Boys Girls 

 (1) (2) (3) (4) (5) (6) 

Individual characters      

Girl 0.0494*** -0.0187 0.0559*** -0.0415   

 (0.0160) (0.0195) (0.0174) (0.1914)   

Age  0.0617*** 0.0407*** 0.0761*** 0.0761*** 0.0691*** 0.0823*** 

 (0.0120) (0.0152) (0.0163) (0.0162) (0.0215) (0.0246) 

Age square -0.0031*** -0.0028* -0.0036*** -0.0036*** -0.0037** -0.0031 

 (0.0011) (0.0014) (0.0014) (0.0014) (0.0018) (0.0021) 

Han nationality -0.0077 -0.0054 -0.0177 -0.0173 -0.0433 0.0127 

 (0.0228) (0.0310) (0.0299) (0.0299) (0.0418) (0.0435) 

Household characters      

Single child -0.0250      

 (0.0219)      

girl_single-child -0.0724**      

 (0.0304)      

num_child   -0.0235* -0.0149 -0.0137 -0.0354* 

   (0.0132) (0.0186) (0.0182) (0.0192) 

Loghhincome_cpi -0.0195** 0.0072 -0.0370*** -0.0437*** -0.0399*** -0.0364** 

 (0.0083) (0.0116) (0.0107) (0.0139) (0.0141) (0.0168) 

Mother’s characters      

Mum_midschool  0.0176 -0.0289 0.0239 0.0362 0.0382 0.0027 

 (0.0159) (0.0247) (0.0199) (0.0269) (0.0265) (0.0301) 

Mum _highschool 0.0005 -0.0450 0.0129 -0.0086 -0.0035 0.0413 

 (0.0229) (0.0309) (0.0297) (0.0393) (0.0393) (0.0457) 

Mum _employment -0.0133 -0.0089 -0.0029 -0.0035 -0.0379 0.0256 

 (0.0265) (0.0327) (0.0361) (0.0362) (0.0518) (0.0508) 

Mum _height -0.0107*** -0.0058*** -0.0130*** -0.0129*** -0.0125*** -0.0130*** 

 (0.0014) (0.0020) (0.0018) (0.0018) (0.0024) (0.0027) 

Father’s characters      

Dad _work 0.0510 0.0715 0.0093 0.0102 0.0799 -0.0874 

 (0.0396) (0.0469) (0.0556) (0.0557) (0.0684) (0.0906) 

Dad _height -0.0128*** -0.0098*** -0.0136*** -0.0136*** -0.0109*** -0.0170*** 

 (0.0013) (0.0017) (0.0016) (0.0016) (0.0022) (0.0025) 

Community characters      

Sanitation 

conditions 

-0.0098*** -0.0080* -0.0088** -0.0090** -0.0133** -0.0056 

(0.0034) (0.0047) (0.0044) (0.0044) (0.0059) (0.0066) 

Economy activities 0.0023 0.0006 0.0054 0.0054 0.0066 0.0059 

 (0.0041) (0.0052) (0.0055) (0.0055) (0.0072) (0.0085) 

Health 

infrastructure 

-0.0079* -0.0032 -0.0093* -0.0092* -0.0154** 0.0002 

(0.0042) (0.0060) (0.0053) (0.0054) (0.0073) (0.0079) 

Survey year       

1993 -0.0664*** -0.0590** -0.0713*** -0.0720*** -0.0614** -0.0927*** 

 (0.0182) (0.0293) (0.0223) (0.0224) (0.0301) (0.0333) 

1997 -0.0943*** -0.0726** -0.0971*** -0.0973*** -0.0994*** -0.1028** 

 (0.0219) (0.0328) (0.0279) (0.0279) (0.0365) (0.0433) 

2000 -0.0857*** -0.0471 -0.1070*** -0.1076*** -0.0729* -0.1487*** 

 (0.0248) (0.0327) (0.0332) (0.0332) (0.0440) (0.0508) 

2004 -0.1403*** -0.0797** -0.1901*** -0.1891*** -0.1946*** -0.1962*** 

 (0.0294) (0.0355) (0.0413) (0.0413) (0.0528) (0.0636) 

2006 -0.1164*** -0.0705* -0.1466*** -0.1479*** -0.1727*** -0.1267* 

 (0.0315) (0.0391) (0.0435) (0.0435) (0.0561) (0.0688) 

2009 -0.1374*** -0.1155*** -0.1314*** -0.1308*** -0.1571*** -0.0918 

 (0.0317) (0.0375) (0.0445) (0.0444) (0.0575) (0.0698) 
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Province       

Heilongjiang  -0.1312*** -0.1224*** -0.0686 -0.0676 0.1454 -0.3378** 

 (0.0491) (0.0423) (0.0948) (0.0947) (0.1217) (0.1551) 

Jiangsu  -0.0001 -0.0106 -0.0091 -0.0085 0.1662** -0.1678** 

 (0.0358) (0.0392) (0.0515) (0.0516) (0.0774) (0.0710) 

Shandong  -0.1245*** -0.1045*** -0.1148** -0.1145** 0.0752 -0.2805*** 

 (0.0339) (0.0390) (0.0472) (0.0472) (0.0729) (0.0632) 

Henan 0.0128 0.0013 0.0440 0.0448 0.1204* 0.0051 

 (0.0323) (0.0427) (0.0432) (0.0432) (0.0667) (0.0604) 

Hubei 0.1927*** 0.0626 0.2526*** 0.2532*** 0.3468*** 0.1855*** 

 (0.0333) (0.0471) (0.0429) (0.0429) (0.0665) (0.0587) 

Hunan 0.1005*** 0.0654 0.1271*** 0.1285*** 0.2448*** 0.0373 

 (0.0347) (0.0458) (0.0458) (0.0459) (0.0696) (0.0646) 

Guangxi 0.2235*** 0.0842* 0.2829*** 0.2830*** 0.3910*** 0.1936*** 

 (0.0332) (0.0463) (0.0426) (0.0426) (0.0646) (0.0602) 

Guizhou 0.2257*** 0.0866* 0.2799*** 0.2817*** 0.3563*** 0.2372*** 

 (0.0344) (0.0492) (0.0439) (0.0440) (0.0674) (0.0611) 

Interaction variables      

Girl_number    -0.0205   

    (0.0453)   

Girl_loghousehold 

income   

   0.0036   

   (0.0355)   

Girl_mummiddlesc

hool 

   0.0564   

   (0.0643)   

Girl_mumhighscho

ol  

   0.0047   

   (0.0965)   

Observations 5,488 1,737 3,751 3,751 2,038 1,713 

R-squared 0.1626 0.1110 0.1510 0.1521 0.1454 0.1742 

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 
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