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Abstract

Labor migration, which frequently results in family separations, is widely known as one of

the main ways of alleviating poverty in developing countries. In China, migrant workers

helped build the Chinese dream in cities across the country. But for their children, who

are left behind in the countryside, the potential health problems of their physical and

social development has becoming a national issue. This study uses the China Health and

Nutrition Survey (CHNS) to identify the impact of parents’ migration on children’s health

outcomes in rural China. The measurements of children’s health outcomes are weight-for-

age Z-score (WAZ), height-for-age Z-score (HAZ), nutrient intake (consumption of calories

and protein), children illness, and the number of immunization shots that children get

in the survey year. To identify the effect of changes in parental migration on changes in

child health, we instrument changes in migration status with county level historical average

migration rates. We find there are few significant effects of parents’ migration on children’s

outcomes and provide potential explanations for this phenomena.
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1 Introduction

The changing economic climate in China has caused a dramatic increase in labor migration,

which is characterized by rural residents move to bigger cities where higher-paying jobs are

available. In 2009, the floating population in China reached 211 million adults, leaving over

58 million children behind in home far from their parents.

The utility function of parents is composed by household consumption, children’s health

and education. The main reason for labor migration is to improve household financial

situation. As a result, they could increase household consumption, afford better education

for their children, and better health insurance. Conventional wisdom suggests that these left-

behind children are at risk of developing health problems and physical and psycho-social

stress1as a result of a lack of parental guidance and relevant health information. These

issues raise concerns for social workers and policy makers. Nevertheless, despite the fact that

migrated parents are spending less time with their children, these parents are able to provide

better remittances, nutrition and health relevant information as a result of their increased

income and the knowledge they obtain through their migration experiences. Little is known

about the extent to which the health of left-behind children is affected in China, particularly

those children who are too young to take care of themselves.

This paper aims to establish the overall consequences of parental migration on the health

outcomes and childcare of their left-behind children. The data used in the analysis are

primarily derived from four waves of the China Health and Nutrition Survey (CHNS),

collected in 2000, 2004, 2006 and 2009. The CHNS was designed to examine the effects of

Chinese health, nutrition, and family planning policies. The people of nine provinces that

vary substantially in geography, economic development, and access to public resources were

surveyed.

Growing evidence show that parents’ socio-economic status affect children’s intellectual,

health and behavioral development at early ages and these early development casts a long

shadow over subsequent achievements (Cunha and Heckman (2007), Heckman (2008), and

Heckman, Moon, Pinto, Savelyev, and Yavitz (2010)). Most of the evidences found so far are

from developed countries. This paper contributes to the literature by exploring early child

development in China where the economy is going through a dramatic change and the early

childhood interventions is still quite limited.

Particularly, we pay attention to the children whose parents migrate to urban areas and

leave them in rural areas. Their living conditions have been greatly influenced by the uneven
1 Currently, the schools in rural China do not have the adequate systems or a relevant curriculum in place to address these issues.
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economic growth between urban and rural areas. Two other papers studied the health

outcomes of left-behind children.2 One of them is Mu and van de Walle (2011), which

examined the weight of left-behind children, and found that older children (7-12 years) were

more likely to be underweight in migrant households than those who lived in non-migrant

household. Zhang (2012) used survey data from the 2000 wave of the CHNS to study the

impact of labor migration on children’s health. She found no significant health outcome

effects for children whose fathers had migrated. Both papers, however, do not consider the

potential endogeneity problem of parents’ migration. Therefore, their results might be biased.

The literature regarding labor migration in China usually emphasizes the financial benefits

of migration and suggests that the remittances forwarded to families by migrated members

largely increase household income. For instance, Du, Mroz, Zhai, and Popkin (2004) and

De Brauw (2008) found that labor migration increases family consumption level. Giles (2006)

also found that having migrated family members could improve the family’s risk-coping

ability. This paper contributes to the literature by expanding the effects of labor migration

into a new dimension.

The main methodological obstacle of quantifying the effects of parent’s migration is the

endogeneity problem. This may be manifested as a problem of reverse causation. Instead

of being affected by parents’ migration status, children’s health status could be a critical

factor for parents when making migration decisions. For example, parents whose children

are in poor health may have to stay home to take care of their children. However, at the

same time, they may have stronger financial incentive to migrate to earn extra money to

finance better medical care for their sick children. Moreover, parents’ migration decisions

could be correlated to children’s health through unobserved variables, such as genetically

inherited health deficiency, whereby sick parents would be too sick to leave their sick children

and migrate to urban areas for work. Therefore, the significant correlation between parents’

migration and children’s health status may not indicate causality.

To solve the endogeneity problem, we use instrumental variables (IV) estimation. To be

more specific, we instrumented father’s migration status with the average male migration

rate, using historical county data, instrument mother’s migration status with historical county

level female migration rate, and instrument household migration status with historical county

level household migration rate. The historical county level migration rate is calculated as

the average local migration rate from the previous survey year. The historical county level

2some papers focus on school-age children who are left behind. Chen, Huang, Rozelle, Shi, and Zhang (2009)

found that educational outcomes of children improved in migrant households. However, De Brauw and Mu

(2011) found that the nutrition of some school-age children from migrant households was negatively affected.
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migration rate by gender is a suitable indicator to reflect the local culture and network of

migration, where the network refers to a person’s exposure to migration information from her

migrated friends or family members. Intuitively, people living in the areas with a tradition

of migration or with a better migration network are more likely to migrate. The first stage

regression shows the instruments have strong prediction power on parents’ migration status.

One might be concerned that these instruments could influence child health directly, since

county level migration rates are also correlated with the local average income level. To address

this concern, we included the county level average income as an explanatory variable.

In this paper, we adopted the panel structure of the data and employed a fixed effects

model to study the overall health status of left-behind children. The causality effect of

migration is identified by two-stage estimation. The estimation results are presented with

and without the IV correction. Moreover, we conducted two robustness checks to support

our estimation results. In the first robustness check, we excluded household income as an

explanatory variable, as household income might be correlated with unobserved shocks that

could also affect children’s health. This correlation could lead to biases in estimation. In the

second robustness check, I excluded the number of elders in the household, as family size

could affect peoples’ migration decisions because children could be taken care of by other

family members. As a result, the estimation results might be biased.

Generally speaking, we found there were few significant effects of parents’ migration on

child outcomes. A possible explanation for this is that the coefficients capture the net effects

of parents’ migration. Children with migrated parents receive less physical care, but may

receive more financial support, access to better nutrition products sent from their mothers,

and better nutritional information. The negative effect of absent is mitigated the positive

income and information effects, which leads to small net effect. Though the regression results

on the whole sample were not significant, the regression results from subsamples provided

more insights. It showed that children aged between 5 and 10 are positively affected by

fathers’ migration, possibly because these children received higher remittance, better access

to nutrition information and products.

Our paper contributes to the literature in a number of ways. Firstly, we used novel

instrumental variables dealing with the endogenous nature of parents’ migration decisions,

which are able to predict the migration propensity of parents. Secondly, we distinguished

the causality effects of father’s and mother’s migration status on children’s health outcomes,

which are significantly different. Thirdly, in addition to the traditional measurements of child

health that only include height and weight, we also considered nutrient intake (consumption
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of calories and protein), immunization shots and child care. These measures provided a more

comprehensive picture of the impact of labor migration on children’s health.

The paper proceeds as follows: Section 2 discusses the history of labor migration and

children’s health condition in China; Section 3 describes the conceptual framework; Section 4

discusses the data; Section 5 describes the empirical specification; Section 6 presents the main

results regarding the effect of parent migration on the physical health of children; Section 7

goes through several robustness checks; Section 8 discusses the results from subsamples; and

a conclusion is provided in Section 9.

2 Background

According to the analysis report of labor migration in China by the National Bureau of

Statistics of China (2012)3, the total number of migrated labor from rural areas increased

from 225 million in 2008 to 252 million in 2011. The rapid growth of rural-to-urban migration

has been an important demographic trend in China. In this section, we first introduce the

background of labor migration in China and its impact on rural communities, followed by a

discussion on how the heath of rural children has changed over time.

2.1 Labor Migration and Children Left Behind in Rural China

Since 1958, under the central planned economy in China, China has used the household

registration system (HuKou system) to control the labor migration from rural to urban

areas. Under the HuKou system, households are divided to Agriculture HuKou and non-

Agriculture HuKou, where the rural-urban migration was strictly restricted. In the 1990s,

83% of households were classified under the Agriculture HuKou category, according to Mallee

(1995).

In 1988, the HuKou reform took place, whereby rural migrants were allowed to obtain a

temporary residence. However according to a World Bank report4, rural migrants were not

able to access the urban welfare system, including education, health and the social safety

net. Therefore, the rural migrants maintained a close tie to their hometown village, as their

benefits were linked to their household registration status.

3See National Bureau of Statistics of China. 2012. “Year 2011 Report on the Rural-Urban Labor Migration in

China.” stats.gov.cn, http : //www.stats.gov.cn/tj f x/ f xbg/t20120427 402801903.htm. for more details.
4From Poor Areas to Poor people: China’s Evolving Poverty Reduction Agenda (2009).
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According to Bao, Bodvarsson, Hou, and Zhao (2009), the large income gap between urban

and rural areas, created by decades of urban-rural segregation and uneven economic growth,

provided strong incentives for rural people to move to urban areas, especially after rural-urban

labor flow was officially permitted. As a result, China has experienced dramatic changes in its

labor market since the 1990s. Liang and Ma (2004) found that the migration population grew

from 20 million in 1990 to 45 million in 1995 and to 79 million in 2000 using the one percent

sample from the 1990 and 2000 waves of the Population Census and one percent sample from

the 1995 wave of population survey.

It is important to note the different migration rates by gender, as mother’s migration may

have different impact on child health from father’s migration. According to Zhao (1999) and

Rozelle, Guo, Shen, Hughart, and Giles (1999), there were substantially more migrated men

than women in the mid-1990s. Mu and van de Walle (2011) showed that the gender gap in

migration has increased over time. Our findings using CHNS data support this.

2.2 Health of Children in China

The health of children in China has improved with economy growth. Shen, Habicht, and

Chang (1996) showed that the average height of children aged two to five years had increased

by 3.8 cm in 1990 when compared with data from 1975. Chen (2008) found the prevalence of

underweight children and the rate of stunting (the percentage of children with Height-for-age

Z-scores below two) among Chinese children declined from 1990 to 1995. Svedberg (2006)

found that the stunting rate had decreased further by 2002. Additionally, Osberg, Shao, and

Xu (2009) showed that height-for-age Z-score in children increased between 1991 and 2000.

The changes in children’s health might be explained by the improvement of the diet quality

in China, which is supported by Du, Mroz, Zhai, and Popkin (2004). They showed that the

nutritional intake of children shifted from carbohydrates to high fat and high energy-density

foods.

Although the health of children in China has improved on average, malnutrition is still

an issue. According to De Brauw and Mu (2011), the stunting rate in 2002 was still nearly

15%, indicating a substantial portion of the population remain malnourished. There are also

other challenges in improving nutrition among children. Liu, Fang, and Zhao (2013) analyzed

urban-rural disparities of China’s child health and nutritional status using CHNS data from

1989 to 2006, and showed that on average, urban children have 0.29 higher height-for-age

z-scores and 0.19 greater weight-for-age z-scores than rural children.
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3 Conceptual Framework

There are at least three main channels through which migration might affect the health status

of children: the income effect, the time effect, and the information effect.

First of all, the primary reason for a member of a household to migrate is to increase

household income. We anticipate the increased family income will have a positive effect on

child health outcomes for various reasons. For example, extra income could increase diet

quality (Du, Mroz, Zhai, and Popkin (2004)), by switching from high carbohydrate food to

high fat and high energy-density foods. Therefore, the calorie intake may increase when

income increases. Moreover diet improvements might improve height-for-age Z-score and

weight-for-age Z-score. Finally, health service utilization for children may increase as well.

For example, migrant parents may be able to afford to have their children immunized as a

result of increased income.

The second channel through which migration may affect the health status of children

is through the time allocated to child care. Mu and van de Walle (2011) found that when

one family member leaves for urban work, the remaining family members must take on an

increased farm work load. As a result, they may spend less time cooking and child rearing.

Consequently, child health outcomes may be affected. In cases where both parents have

migrated, children might be left in the care of relatives, usually their elderly grandparents. In

such cases, children might not have a regular diet routine and may eat poorly. As a result, the

child’s nutrient intake, and subsequently, their height and weight, may be affected.

The third channel is though better access to nutritional information from migrated parents.

People always migrate to urban areas that have better economic conditions and health services.

Therefore migrants should have better access to nutritional information. For example,

migrants may learn more about healthy diets, and encourage their children to eat more

nutritious foods. Moreover, they may learn more about the importance of immunization,

and have the incentive to let their children get immunized.

As explained above, the direction of the effect of parent migration on child health outcomes

is ambiguous. In the next section we present the data and empirical framework.

4 Data

The China Health and Nutrition Survey (CHNS) was designed to examine the effects of the

health, nutrition, and family planning policies and programs implemented by national and
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local governments and to check how the social and economic transformation of Chinese

society is affecting the health and nutritional status of the Chinese population. The

Survey covered nine provinces that vary substantially in geography, economic development,

and access to public resources. Demographic characteristics, household assets and other

information were also collected as part of the survey. The first round of the CHNS, including

household, community, and health/family planning facility data, was collected in 1989. Seven

additional panels were collected in 1991, 1993, 1997, 2000, 2004, 2006 and 2009.

From 1997 onwards, families were asked to provide reasons for migrated or absent family

members as part of CHNS. A migrant was defined as any individual who had left the home

at the time of the survey to seek employment. The data used in the analysis were primarily

derived from four waves of the CHNS, collected in 2000, 2004, 2006 and 2009. The reason

that we did not use data from the 1997 wave of the survey is because we used the historical

migration rate from the previous wave as instrument variables, and this information was not

available for the 1997 wave.

In the first wave (1997) of the CHNS, 15,917 individuals were surveyed. Survey response

rates and attrition are difficult to determine for two reasons: firstly, the participants who had

migrated in one survey year may have returned home in a later year; and secondly, new

participants were recruited following the 1997 survey, to replenish samples if a community

had less than 20 households, or if participants had formed a new household or separated

from their family into a new housing unit in the same community. If we calculated response

rate based on those who participated in previous survey rounds remaining in the current

survey, our response rates would be around 88% at individual level and 90% at household

level (Popkin, Du, Zhai, and Zhang (2010)). Mu and van de Walle (2011) showed that the

attrition was random and should not generate panel attrition bias.

The CHNS provides rich information on parents’ migration status and children’s health

outcomes, which make it possible to analyze the correlation between the two. However, this

data provides limited information for the purpose of testing the mechanisms behind the effect

of parents’ migration. For example, we can’t observe the how long the parents have been

away from home, how much money they send to home or how much time is spend on child

care every month, which makes it impossible to distinguish and quantify the size of income

effect and time effect.

For estimation purposes, we dropped observations where one or more of the following

critical pieces of information pieces were missing: (a) child’s height, (b) child’s weight,

(c) child’s calorie intake, (d) child’s protein intake, (e) parents’ education level, and (f)
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parents’ migration status. To calculate the height-for-age Z-score (HAZ) and weight-for-age

Z-score (WAZ), we used the most recent growth charts made available by the World Health

Organization (WHO). To measure child’s calorie and protein intake, we used a set of age

and gender-specific Recommended Dietary Allowances (RDAs) sanctioned by the Chinese

Nutrition Society (2000). RDAs are based on average energy allowances, i.e. calorie intake for

each specific age and gender group.

We randomly selected one child from families with several children to avoid any biases of

related children and other unobserved variables. In this paper, we focus on children under

ten years of age, because they are at greater risk of developing problems associated with

malnutrition and are more likely to respond to nutritional interventions (WHO, 1995). We

excluded households in which the children were older than ten. After the aforementioned

data altering procedures, the final sample data is unbalanced panel data, containing 1,600

children and 2,201 observations.

There are several reasons that only 40% of the children had more than one observation in

the data. The first is that we only kept the observation when we had both the child data and

their parent’s data. For instance, if the mother or father did not respond to the survey, the

child’s response was excluded as it could not be used. As the individual response rate is 88%,

the probability that the child is included in the next survey year is calculated by multiplying

the child’s response rate by their parents’ response rates, which equates to 0.68 (0.883). The

second is the individual response rate is not 88% for each survey year - it is 83% in year

2000, and 80% in year 2004 (Popkin, Du, Zhai, and Zhang (2010)). The third is that there are

missing variables. For instance, the response rate of the question for migration status is less

than 80%. After the exclusion of children who are younger than 10, there is approximately

40% probability that a child is included in more than one survey wave of the survey.

From table (4.1), we can see the migration rate kept increasing and reached a peak at year

2006. The table shows that fathers were more likely than mothers to migrate from households.

Both parents had migrated from relatively few families, implying that most families had one

parent left in the household to take care of the children. From the data, it is clear that labor

migration became quite common in rural areas after year 2000. In year 2006, 21% of children

had at least one parent who had migrated, and both parents of 4% of the children sampled

had migrated. However these figures likely underreport the true scale of migration because

we did not account for migration that took place over shorter periods of time (Cai, Park, and

Zhao (2004)).

Since the migrate rate in our sample is relatively small. To make sure our sample size
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is large enough to measure migration rate, we conduct power analysis for migration. The

default significance level (alpha level) is set at 0.05 and the power is set to be 0.9. Taking

father’s migration, which is 15% in the sample, as an example. We find the sample size that

need to test whether father’s migration rate is different from 13% or 17% are 354 and 378,

which are smaller than our sample size. The power analysis implies our sample size is large

enough to measure parent’s migration rate.

Table (4.2a) compares differences in health outcomes and care of children between children

with and without migrated parents. Children are defined as left-behind if one of their parents

was a migrant. According to the table, the left-behind children on average consumed less

protein than children who lived with both of their parents. At the same time, left-behind

children were shorter and weighed less on average than children who lived with both of their

parents. Table (4.2b) shows differences between children with and without migrated fathers in

health outcomes and care. By comparing the data from Table (4.2a) and (4.2b) it is evident that

there were fewer significant differences of child health outcomes and care for families with

migrant fathers and non-migrant fathers. Children with migrant fathers have significantly

smaller weight-for-age Z-score and protein/RDA. Table (4.2c) shows the differences between

children with and without migrated mothers. Unlike children with migrant fathers, children

with migrant mothers consumed significantly less protein and calories. Although the rates of

migration were smaller for mothers, they seemed to have more of a significant effect on child

outcomes than father migration or household migration.

We can also see that for both migrant and non-migrant households, the average height-for-

age Z-score and weight-for-age Z-score were less than 0. The z scores show that children

in China are on average shorter and lighter in weight compared to the WHO standards.

The WHO standards were formulated in the 1970s by combining growth data from two

distinct data sets in USA. The summary statistics show that children in China have relatively

poor health conditions compared to the children in USA, while left-behind Chinese children

are even more disadvantaged compared to Chinese children who live with both parents.

Moreover the average Calories/RDA and Protein/RDA ratios are under 1 for both migrant

and non-migrant households, which implies that children in China on average consume less

protein and calories than recommended.

Table (4.3) shows the summary statistics of the control variables. Household income is

lower in households with migrants. The difference in income could be explained by the fact

that the migrated household members’ income is not included in household income, although

the remittances provided by the migrant are included. The table also shows that migrated
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parents have lower education level and are younger. This trend could be a result of the local

economic conditions, as people who live in areas with better economic conditions are less

likely to migrate. They also tend to receive more education and have children later in life.

For similar reasons, county level average height and weight are lower for migrant households

because they are proxies for features of local economy development. Moreover the number of

females over 60 in the household is higher in households with migrants, which suggests that

the number of elders in the household influences families’ migration decisions. In general,

people who migrate are more likely to live in big families, and poor areas. At the same

time, they are more likely to have lower education levels and have children at younger ages.

The historical county level migration rates will be used as instrumental variables and will be

discussed later.

5 Empirical Specification

In this paper, we adopt three sets of measures of health status. The first includes child’s

weight-for-age Z-score (WAZ), height-for-age Z-score (HAZ). The second set includes child’s

daily calorie intake, child’s daily calorie intake/RDA, child’s daily protein intake, and child’s

daily protein intake/RDA. The third set includes the number of immunization shots that the

child received in the survey year, and whether the child has been cared for by non-household

members.

We aimed to identify cause-effect relationships of parents’ migration status on children’s

health outcomes. In addition to parents’ migration status, child health is also affected by

other demographic factors, such as gender, parents’ education level, family size, the number

of siblings, and household income. These were used as control variables in the estimation

model.

With panel data, two models could be applied: the fixed effects model or random effects

model. The Hausman test showed that the random effects model is inconsistent. The fixed

effects model is employed in this paper. The panel data is unbalanced. There are 480 children

with more than one observation in this data set, which is the effective sample. Among the

effective sample, there are 112 parents who changed their migration status. The number of

parents who changed their migration status in different survey years helped us to identify the

impact of migration on children’s health.

We employed three separate fixed effects models to identify the effects of household

migration, fathers’ migration and mothers’ migration on child health outcomes and care. The
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fixed effects model that we employed to identify the effect of household migration

Hit = αi + β1Mit + β2Xit + εit (1)

where Hit is child i’s health outcome at time t, Mit is child i’s household migration status at

time t. The dummy variable equals to 1 if either or both the child’s parents had migrated

out at time t, and 0 otherwise. Xit is a vector of demographic variables including gender

dummy (female as 1), parents education level, household income, the number of males aged

over 60 in the household, the number of females aged over 60 in the household, the number

of boys under age ten in the household, the number of girls under age ten in the household,

the county level average height, the county level average weight, the county level average

daily calorie consumption/RDA, the county level average protein consumption/RDA, and

the county level average income. Here εit is an error terms for individual i at time t. 5

The fixed effects models that we used to identify the effect of father’s and mother’s

migration on child health are similar to Equation (1). The only difference is the dummy

variable Mit. To capture the effect of fathers’ migration, the dummy variable Mit is redefined

to equal to 1 if the child’s father has migrated out at time t, and 0 otherwise. To capture

the effect of mothers’ migration, the dummy variable Mit is redefined to equal to 1 if child’s

mother has migrated out at time t, and 0 otherwise.

We did not include the number of working age males/females in the household as

explanatory variables for two reasons. The first is that we have already controlled the

household income and parents’ migration status. The second is the preliminary results show

that the number of working age males/females in the household does not have a significant

effect on children’s health outcomes. In the model, we use the number of boys/girls instead

of the number of siblings because many children come from large families in rural China and

often live with their cousins and their siblings. Therefore the total number of children in the

household could impact the child’s health.

Household income is used as a control variable instead of individual income. The reason

is that there are too many missing values for individual income, especially for migrants. The

remittances are included in household income but we cannot break them out, as the survey

did not ask about the amount of remittances. We included more variables that measure the

households’ assets as explanatory variables, but the coefficients are not significant. Finally, we

only kept household income in the regression.

5To control for the trend effect of migration, year dummies can be added to the regression model for a trend

analysis.
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Plenty of literature mentioned the biases that may be caused due to the endogenous nature

of labor migration. In our CHNS sample, endogeneity mainly arose because a child’s health

status also affects parents’ migration decisions. The common methodology adopted to correct

such biases has been used as an instrumental variable approach, isolating exogenous variation

in parents’ migration status. We adopted an IV approach and used historical county level

migration rates as instruments. The historical county level migration rate is calculated as the

local migration rate from previous survey year. The historical migration rate could proxy

the migration network. The difference between the average male migration rate and female

migration rate could also be a proxy for local culture.

6 Estimation Results

6.1 Results of Ordinary Least Squares model

As a baseline, Table (4.4a) and Table (4.4b) present the baseline effects of the household

migration status on child health outcomes and care from the ordinary least squares

regressions. Here, the child household migration status dummy variable equals one if either

or both the child’s parents have migrated. Table (4.5a) and Table (4.5b) present the effects of

the fathers’ migration status on child health outcomes and care from the ordinary least squares

(OLS) regressions. Table (4.6a) and Table (4.6b) present the effects of the mothers’ migration

status on child health outcomes and care from the ordinary least squares regressions.

Though the OLS regression analysis may not be able to capture the exact relationship

between labor migration and children’s health, the results give us an idea of the correlation

between children’s health and the explanatory variables. It shows that parental migration

does not necessarily negatively correlate with children’s health outcomes. Firstly, coefficients

are similar for father’s migration and household migration status because the majority of

household migrations are fathers’ migration. Father’s migration and household migration

are positively correlated with children’s height-for-age Z-score, and negatively correlation

with the number of immunization shots that children received. However father’s migration

and household migration have no significant correlation with children’s nutrient intake.

Secondly, compared with father’s migration, a mother’s migration has a higher correlation

with children’s health outcomes, although the rate of migration is smaller for mothers. For

instance, mothers’ migrations is positively correlated with children’s height-for-age Z-score

and negatively correlated with children’s daily calorie and protein intakes. The fact that
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migrated mothers are more likely to access child care knowledge may explain this correlation,

as childcare knowledge is positively correlated with children’s physical outcomes. However,

a mother’s absence from home means they are not able to pay attention or take care of their

child’s diet, which leads to lower calorie and protein consumption in their children.

When the OLS regression results are compared to Table (4.2a), Table (4.2b) and Table

(4.2c),the coefficients of parents’ migration and household migration cease to be significant for

some measures of child health outcomes and care in the OLS results. This may be because both

parents/household migration and children’s health outcome are correlated with the added

explanatory variables in the OLS regression. For instance, children’s weight-for-age Z-score is

significantly different for migrant household and non-migrant household in Table (4.2a), but

the coefficient of household migration on children’s weight-for-age Z-score is not significant in

Table (4.4a). It can be seen that in Table (4.4a) children’s weight-for-age Z-score is significantly

correlated with fathers’ education, county level average weight and height. At the same time,

we can see from Table (4.3) that fathers’ education, county level average weight and height

are all significantly different for migrant household and non-migrant household. Therefore

the correlation between those control variables and household migration status explains the

difference in the OLS results and the summary statistics. Unlike father’s migration and

household migration, mother’s migration remain significant in Table (4.6a) and Table (4.6b)

for the variables that are significantly different for children with migrant mothers and non-

migrant mothers in table (4.2c). The correlations between mothers’ migration status and some

child outcomes remain significant when variables are added.

6.2 Results of Fixed Effects model

Table (4.7a) and Table (4.7b) shows the effects of household migration status on the

health outcomes and care using the fixed effects model approach without considering the

endogeneity of migration. Similarly, Table (4.8a) and Table (4.8b) show the effects of father’s

migration status on children’s health outcomes and care. Table (4.9a) and Table (4.9b) show

the effects of mother’s migration status on children’s health outcomes and care.

With the aid of the fixed effects model, we considerably reduced the threat of omitted

variable bias. From the OLS regression results we can see that most of the coefficients of

parents’ migration and household migration become insignificant in the fixed effects model

results, especially the coefficients of mothers’ migration. The results imply that there must be

some omitted variables that are correlated with parents’ migration decisions and may have

casual effects on children’s outcomes. Even though we have tried to include most of the
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relevant variables for children’s outcome, due to the limitations of the data available, some

factors may still be left out. For instance, we cannot observe whether the child has a chronic

health condition. Chronic health conditions are defined as a health problems that persist for

over three months, affects the child’s normal activities, and require hospitalization and/or

home health care and/or extensive medical care 6. Children with chronic health conditions

usually require more time and care from their parents, as well as increased financial support.

Within Chinese families, the mother usually spends more time taking care of the child while

father is the main income provider. Therefore, in households with a chronically ill child,

compared to households with healthy children, the mother is more likely to stay at home

(less likely to migrate), while father is more likely to migrate for higher wages. For the above

reason, the results from the fixed effects model show that household migration and father’s

migration are now negatively correlated with children’s weight-for-age Z-score, and they are

not significant in the OLS model. For the same reason, the coefficients of mothers’ migration

become insignificant in the fixed effects model results.

6.3 Results of Fixed Effects model with instrument variable

Besides omitted variable bias caused by children with chronic health conditions, endogeneity

bias may be partially responsible for the insignificant fixed effects results. First of all, the

endogeneity could be a result of reverse causality. Parents’ migration decisions may depend

on children’s health status. For instance, mothers are less likely to migrate when children

have relatively poor health status. Moreover both parents’ migration decisions and children’s

outcomes could be correlated with local environment and development level. Though we

have tried to control those local factors by adding county average variables such as income

as independent variables, it is hard to control all the local differences using current data. For

example, the available data provided little information on the availability and condition of

local transport. In towns that have railways or paved roads, people are more likely to migrate,

and the local market is more prosperous, factors which could favor children’s health. In

this case, both parent migration and children’s outcome are positively correlated with these

unobservable factors, which may strengthen the positive correlation between them.

To solve this endogeneity problem and identify the potential causality effects of migration

on children, we adopted the instrument variable method. The three endogenous variables

are the household migration status dummy variable, the father’s migration status dummy

variable and the mother’s migration status dummy variable. The child’s household migration

6 such as Asthma (the most common) and Sickle cell anemia
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status dummy variable equals to one if either or both their parents have migrated. The

instrumental variables are the historical county level average household migration rate, the

historical county level average male migration rate, and the historical county level average

female migration rate respectively. The instruments are gender specific. In the survey data,

there are between 20 to 30 households in each county. The instruments capture the migration

network and local culture. It is conceivable that the migrant network affects migration

decisions. From Table (4.3), we can see that households with higher historical migration

rates are more likely to have migrant household members. The local average migration rates

may affect children’s health and care as a result of the income the parent earned from the

urban job. Once we control for the household income directly in the regression, the local

average migration rate is unlikely to affect children’s anthropomorphic outcomes. Another

threat to the validity of the IV is that both IV and children’s health outcome may be correlated

with unobserved variables. For instance, the government policy may affect both the historical

migration rate and children’s health. In China, the change of the HuKou system is the biggest

change in government policy that affects labor migration. The policy may affect children’s

health through the development of the local economy and labor migration. As we have already

controlled the county level average income in the regression, the change of the HuKou system

is unlikely to effect children’s health.

Table (4.10) presents the first-stage results from the fixed effects regression. The historical

average migration rate is strongly correlated with individual and household migration status.

We have calculated the F-statistics against the null that the excluded instruments are irrelevant.

The F-statistics are 6.65, 5.09 and 7.19 on 1 and 821 degrees of freedom for historical county

level male migration rate, historical county level female migration rate, and historical county

level household migration rate respectively. A common rule of thumb for models with one

endogenous regressor is: the F-statistic against the null that the excluded instruments are

irrelevant in the first-stage regression should be larger than 10 (Stock, Wright, and Yogo

(2002)). The instruments we use are not strong instruments, and it may cause bias towards

the OLS estimator. However the coefficients estimated on the instrumental variables are still

significant at the five percent level, which shows the predictive power of the historical county

level migration rate. As the average migration rate is a measure of the local migration network,

the regression results support the hypothesis that the local migration network is a crucial

factor that affects individuals’ migration decisions in the corresponding local area.

The effects of household migration status on children’s health outcome and care from the

fixed effects model using the IV approach are presented in Table (4.11a) and Table (4.11b).
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The effects of father’s migration status on children’s health outcome and care from the fixed

effects model using the IV approach are presented in Table (4.12a) and Table (4.12b). The

effects of mother’s migration status on children’s health outcome and care are presented in

Table (4.13a) and Table (4.13b).

After the correction of the endogeneity, there are few significant effects of parents’

migration on children’s outcomes. There are three possible reasons. The first is that the

IV approach removes the reverse causality between parents’ migration and children’s health.

The second is that the weak instrument we use may cause bias toward the OLS estimator. As

a result, household migration and father’ migration may lead to an even higher increase in

children’s weight than reported in the tables. The third is that IV usually reduces significance.

It is not surprising that after applying the IV, more coefficients became insignificant. So

correcting for endogeneity did not change the results.

We have discussed that parental migration effects a child’s health in three major ways:

the income effect, the allocation of time and the information effect. As we have controlled

the income effect by including household income as one of the explanatory variables, the net

effect of the parents’ migration here is the combined effect of the time allocation (the time

a parent spends with their child) and information effect. The estimation results show that

the net effect of parent’s migration is not significant for most measures of children’s health

outcome.

It is surprising to see that the number of elderly in the household only has a few

significant effects on children’s health. The elderly in the household are likely to be children’s

grandparents. Intuitively, the care from grandparents could compensate the leave of children’s

parents. From the regression results, children who live with grandfathers take more calories.

Children who live with their grandmothers do not have significantly better health outcome

than those who do not live with their grandmothers. However the analysis in this paper

focuses only on the measures of children’s physical health, grandparents may have positive

effects on children’s mental health when children’s parents are absent, which could be studied

by future research.

The variances of the coefficients in the IV approach are obviously larger than the ones

in the fixed effects model without correcting for the endogeneity. This is a sign that the

instruments are not adding much variation. The variance is especially large for the dependent

variable of child care. as the effective sample size is relatively small due to missing values

for the child care variable. A total of 1048 observations were used to analyze the child care

variable. There are 118 individuals that have more than one observation in the sample, among
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which 33 children’s parents have changed their migration status.

Overall, the IV approach suggests that there were few significant causality effects of

parents’ migration on children’s health outcomes. In contrast to the concern that left-behind

children might suffer health problems without sufficient care from migrated parents, our

empirical results show that the net effect of parents’ migration on children’s health is not

necessarily negative. These results suggest that the effects of health information provided by

migrated parents are important, and cannot be ignored.

7 Robustness Check

Of primary concern is that changes in household characteristics reflected in our data may

be endogenous to children’s health status. For instance, the changes in household income

may be correlated with unobserved shocks that could also lead to changes in children’s

health. Moreover, household income may be correlated with migration decisions of household

members. Such correlation may lead to biased estimates of migration. To rule out the

possibility that the above results are driven by changes in endogenous household income,

we estimated the regressions without including household income as a control variable. The

effects of households’ migration on children’s health outcome and care are reported in Table

4.14a and Table 4.14b. The effects of fathers’ migration on children’s health outcomes and care

are reported in Table 4.15a and Table 4.15b. The effects of mothers’ migration on children’s

health outcomes and care are reported in Table 4.16a and Table 4.16b.

Compared to the previous estimates with household income as a control variable, the

coefficients on migration are very similar in all regression analysis, with only small variations

in the coefficients. The existence of the small variations might due to the coefficients of

parents’ migration also capturing the income effect from labor migration when we exclude

the household income as a control variable.

Besides the household income, the number of elders in the household might be endoge-

nous because this may be a factor in parents’ migration decision-making. Therefore the

estimates of the coefficients of migration might be biased. In order to address this issue,

we estimated the effects of households’ migration on child health outcomes and care from the

fixed effects model without including the number of males/females over 60 in the household

as control variables in Table 4.17a and Table 4.17b. The effects of fathers’ migration on

children’s health outcomes and care in Table 4.18a and Table 4.18b, and the effects of mothers’

migration on children’s health outcomes and care in Table 4.19a and Table 4.19b.
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The estimation results showed that the magnitude of the coefficients were very similar. It

is worth noting that there were small changes in the standard deviation of some coefficients.

One of the possible explanations is that the number of elders is positively correlated with

migration decisions. As a consequence of multicollinearity, the variance is smaller in this

robustness check. Albeit the change, the results are consistent with the previous findings.

8 Regression Results on Subsamples

Although the regression results show that there are few significant effect of parents’ migration

on children’s health outcomes and care in general, parent’s migration may have a significant

effect on children in particular groups. In this section, we present the regression results from

fixed effects model and IV approach on subsamples.

In total, we studied ten subgroups:7 a) children who live in low income households, where

low income is defined as household income level less than the average annual income level;

b) children who live in high income households, where high income is defined as household

income level higher than the average annual income level; c) children whose parents did not

finish high school; d) children whose parents finished high school; e) children younger than

age 5; f) children between ages 5 and 10; g) children who live with their grandparents; h)

children who live in nuclear families; i) children who live in north China; j) children who live

in south China. In addition, the regression results might be different in one-child families

and families with more than one child. The income effect of parent migration is smaller for

families with more than one child because the remittances spend for each child is less than

those in one-child family. This smaller income effect might not be large enough to offset the

negative effect caused by lacking of parenting time.8

Due to limitations of the data, some of the coefficients are not identifiable, particularly

the coefficients of mother’s migration, as the effective sample size is too small for some

subsamples. The effective sample contains the children who have more than one observation

in the data. Moreover the IVs are the county level average migration rate, not much variation

was added by the IVs especially when the effective sample size was small. This problem is

more serious for mother’s migration because males migrate more often than females, and

there is less variation in female’s migration status than male’s migration status. For the above

7I will add interactions instead of complete stratification for subgroup analysis in the future work.
8Regressions in the subgroups of one child families and families with more than one child will be added in

future work.
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reason, the regression results of mothers’ migration are not reported here. The regression

results for the subsample of children under age 5 and children with highly educated parents

are not available for the same reason. A second problem is that due to the missing value

problem, the effective sample size was too small in some subsamples for some variables to

conduct fixed effect model analysis. For instance, child care data for several subsamples were

not available.

Table (4.20a) and Table (4.20b) show the results of fixed effects model of household

migration on children’s health and care on subsamples using the IV approach. Table (4.21a)

and Table (4.21b) show the results of fixed effects model of fathers’ migration.

Generally speaking, the IV approach shows that children between age 5 and 10 are

significantly affected by fathers’ migration. The effects are positive on children’s calories

and protein intake for children aged between 5 and 10 years. As I have mentioned, the effects

of parents’ migration can be both positive and negative. Positive effects include better access

to nutritional information and products. Negative effects may include children not being

in the care of either their mother or father. The results show that there are more positive

effects of fathers’ migration than negative effects for children aged between 5 and 10 years.

No significant positive effects were found for other subsamples, possibly because children

between the ages of 5 and 10 were in the midst of a crucial period of physical development.

Most of the other coefficients were not significant due to the large standard deviations in the

IV approach.

The regressions on subsamples show that parents’ migration had significant effects on

children’s health outcome and care for children in particular groups. The results showed that

the positive effects of parents’ migration could offset the negative effects of parents’ migration.

Additionally, the positive effects outnumber the negative effects for children’s nutrient intake

in some subsamples.

9 CONCLUSION

In this paper, we studied left-behind children’s health outcomes including height-for-age Z-

score (HAZ), weight-for-age Z-score (WAZ), daily calorie intake, daily protein intake, the

number of immunization shots received by children and whether children have been sick

during the survey year. The evidence presented above showed that children with migrated

parents did not necessarily have poorer health outcomes than children who lived with both

parents. The robustness checks on the endogeneity assumption supported the findings that
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labor migration had no causal effect on the health of left-behind children. The fact that the

results changed so little after excluding household income and the number of elders in the

household suggests that parents’ migration had no significant impact on children’s health,

that children’s health is independent of household income and the number of elders in the

household.

The regression results on subsamples showed that fathers’ migration had significant

positive effects on children’s nutrient intake for children between 5 and 10 years of age. It

showed that the positive effects of parents’ migration out-number and could offset the negative

effects of parents’ migration. The regression results on subsamples provide some insights of

the insignificance of the effects of parents’ migration. The negative effects on children’s health

of parents’ migration are possibly compensated by better access to nutrition information and

products, the care from grandparents and the remittances that migrated parents are able to

provide.

We have explored the possible mechanisms that may lead to better access to nutritional

information. Future research should examine whether parental migration effects the social

support that children receive and how children’s health outcomes vary based on the duration

of parents’ migration. Nevertheless, these first steps into the investigation of this important

topic cast further doubt on the view that those left-behind children in China always suffer

from their parents’ absence. These findings should encourage policy makers in areas of high

migration to provide alternative sources of support for left-behind children.
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Table 4.1: Parents Migration Rate for Children under age ten(CHNS)

1997 2000 2004 2006 2009

Any Parent Migrated 0.06 0.10 0.17 0.21 0.14
Father Migrated Only 0.05 0.09 0.14 0.18 0.12
Mother Migrated Only 0.02 0.03 0.07 0.06 0.05
Both Parents Migrated 0.01 0.02 0.04 0.04 0.03

Number of Observations 927 785 614 585 531

Table 4.2a: Descriptive Statistics (CHNS)

Variables Migrant Non-Migrant t-stats of
household Household the difference

Weight (kg) 21.04 21.17 −0.32
(0.36)9 (0.16) (0.74)10

Height (cm) 114.90 113.94 0.98
(0.89) (0.37) (0.33)

Weight-for-age Z-score −0.49 −0.25 −3.41∗∗∗

(0.07) (0.03) (0.00)
Height-for-age Z-score −0.65 −0.50 −1.80.

(0.08) (0.03) (0.07)
Calories (Kcal) 1362.68 1374.04 −0.34

(30.00) (13.87) (0.73)
Protein (g) 40.65 42.75 −1.90.

(1.00) (0.48) (0.06)
Calories/RDA 0.81 0.84 −1.26

(0.02) (0.01) (0.21)
Protein/RDA 0.72 0.78 −3.03∗∗

(0.02) (0.01) (0.00)
Number of immunization shots 6.53 8.97 −1.88.

(1.15) (0.60) (0.06)
Whether the child has been cared by 0.39 0.47 −1.06

non-family member for the past week (0.07) (0.03) (0.29)
Num.obs 330 1871 2201

1standard deviation of the sample mean;
2p-value, *** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.2b: Descriptive Statistics (CHNS)

Variables Migrant Father Non-Migrant Father t-stats
Weight (kg) 21.08 21.16 −0.18

(0.39)11 (0.15) (0.86)12

Height (cm) 115.04 113.95 1.04
(0.97) (0.37) (0.30)

Weight-for-age Z-score −0.48 −0.25 −2.86∗∗

(0.07) (0.03) (0.00)
Height-for-age Z-score −0.63 −0.51 −1.45

(0.08) (0.03) (0.15)
Calories (Kcal) 1379.47 1371.43 0.21

(33.35) (13.63) (0.83)
Protein (g) 41.22 42.62 −1.07

(1.10) (0.47) (0.29)
Calories/RDA 0.82 0.83 −0.58

(0.02) (0.01) (0.56)
Protein/RDA 0.73 0.77 −1.90.

(0.02) (0.01) (0.06)
Number of immunization shots 6.42 8.92 −1.58

(1.22) (0.59) (0.11)
Whether the child has been cared by 0.39 0.47 −0.83

non-family member for the past week (0.08) (0.03) (0.41)
Num.obs 211 1990 2201

1standard deviation of the sample mean;
2p-value, *** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.2c: Descriptive Statistics (CHNS)

Variables Migrant Mother Non-Migrant Mother t-stats
Weight (kg) 20.63 21.18 −0.87

(0.57)13 (0.15) (0.38)14

Height (cm) 113.73 114.10 −0.24
(1.38) (0.36) (0.81)

Weight-for-age Z-score −0.49 −0.27 −1.95.

(0.11) (0.03) (0.05)
Height-for-age Z-score −0.69 −0.52 −1.39

(0.12) (0.03) (0.16)
Calories (Kcal) 1265.22 1378.60 −2.03∗

(44.74) (13.10) (0.04)
Protein (g) 37.65 42.73 −2.67∗∗

(1.52) (0.45) (0.01)
Calories/RDA 0.77 0.84 −2.16∗

(0.02) (0.01) (0.03)
Protein/RDA 0.68 0.77 −2.73∗∗

(0.03) (0.01) (0.01)
Number of immunization shots 5.52 8.79 −1.44

(1.59) (0.57) (0.15)
Whether the child has been cared by 0.38 0.47 −0.68

non-family member for the past week (0.06) (0.03) (0.50)
Num.obs 119 2082 2201

1standard deviation of the sample mean;
2p-value, *** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.3: Descriptive Statistics (CHNS) of Control Variables

Variables Migrant household Non-Migrant Household t-stats
Household annual income (10000$) 2.30 2.82 −2.38∗

(0.20) (0.08) (0.02)
Father’s education 2.03 2.37 −6.75∗∗∗

(0.04) (0.02) (0.00)
Mother’s education 1.79 2.15 −6.34∗∗∗

(0.05) (0.03) (0.00)
County level average 0.71 0.83 −3.45∗∗∗

income (0.03) (0.01) (0.00)
County level average 56.72 58.85 −7.47∗∗∗

weight (0.26) (0.12) (0.00)
County level average 158.48 160.12 −8.51∗∗∗

height (0.18) (0.08) (0.00)
Number of male over 0.28 0.26 0.60
60 in the household (0.03) (0.01) (0.55)

Child’s gender 0.47 0.48 −0.06
(girls=1) (0.03) (0.01) (0.95)

Number of female over 0.32 0.29 1.00.

60 in the household (0.03) (0.01) (0.32)
Number of boys in 0.93 0.79 3.39∗∗∗

the household (0.04) (0.01) (0.00)
Number of girls in 0.82 0.72 2.03∗

the household (0.04) (0.02) (0.04)
County level average 1.02 1.00 1.16
calorie intake/RDA (0.01) (0.00) (0.25)

County level average 1.30 1.30 0.04
protein intake/RDA (0.02) (0.01) (0.97)

Children’s age 6.22 5.94 2.006∗

(0.13) (0.05) (0.05)
Father’s age 32.60 34.16 −3.05∗∗

(0.47) (0.19) (0.00)
Mother’s age 31.25 32.32 −2.10∗

(0.46) (0.22) (0.04)
Historical county level 0.26 0.15 9.50∗∗∗

male migration rate (0.01) (0.00) (0.00)
Historical county level 0.16 0.09 8.58∗∗∗

female migration rate (0.01) (0.00) (0.00)
Historical county level 0.32 0.20 10.00∗∗∗

household migration rate (0.01) (0.00) (0.00)
Num.obs 330 1871 2201

1standard deviation;
2p-value *** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1,
3historical county level migration rate: the average local migration rate from previous survey year.
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Table 4.4a: OLS regression results: the effects of the household migration status
WAZ HAZ Immunization shots Childcare by non-family member

Household migration status 0.07 0.13· −2.95· −0.03
(0.06) (0.07) (1.51) (0.04)

Household income 0.00 0.01 −0.35· 0.00
(0.01) (0.01) (0.20) (0.00)

Father education 0.07∗∗ 0.10∗∗ −0.52 0.04∗
(0.03) (0.03) (0.68) (0.02)

Mother education 0.02 0.06· −0.92 0.01
(0.03) (0.03) (0.69) (0.02)

County average income 0.10∗ 0.24∗∗∗ 4.06∗ −0.03
(0.05) (0.05) (1.84) (0.03)

County average weight 0.05∗∗∗ 0.03∗∗ 0.11 0.01∗
(0.01) (0.01) (0.22) (0.01)

County average height 0.08∗∗∗ 0.08∗∗∗ −0.42 −0.02·
(0.01) (0.01) (0.32) (0.01)

Male in household with age over 60 −0.06 −0.05 3.53∗ −0.08∗
(0.06) (0.07) (1.42) (0.04)

Female in household with age over 60 0.11∗ 0.10 0.52 −0.02
(0.05) (0.06) (1.32) (0.04)

Gender −0.20∗∗ −0.19∗ −0.14 0.06
(0.07) (0.08) (1.66) (0.05)

Number of boys in household −0.09· −0.10· 0.78 −0.02
(0.05) (0.05) (1.11) (0.03)

Number of girls in household −0.01 0.01 −0.88 −0.05·
(0.04) (0.05) (1.07) (0.03)

County average calorie consumption −0.22 0.00 −8.67 0.30∗
(0.21) (0.24) (5.34) (0.14)

County average protein consumption 0.14 0.24 3.95 −0.12
(0.15) (0.18) (3.89) (0.10)

Child age −0.05∗∗∗ 0.03∗∗ −0.10 0.02·
(0.01) (0.01) (0.23) (0.01)

Intercept −15.46∗∗∗ −16.22∗∗∗ 74.37· 1.68
(1.67) (1.92) (41.52) (1.09)

R2 0.25 0.19 0.02 0.04
Adj. R2 0.25 0.19 0.02 0.04
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.

Table 4.4b: OLS regression results: the effects of the household migration status
Calorie Protein Calorie/RDA Protein/RDA

Household Migration status −30.15 −1.67 −0.02 −0.03
(31.22) (1.06) (0.02) (0.02)

Household income −2.16 0.07 0.00 0.00
(3.35) (0.11) (0.00) (0.00)

Father education 29.90∗ 1.19∗∗ 0.02∗∗ 0.03∗∗
(13.12) (0.45) (0.01) (0.01)

Mother education 28.58∗ 1.30∗∗ 0.02∗ 0.02∗∗
(13.17) (0.45) (0.01) (0.01)

County average income 9.06 0.52 0.00 0.01
(21.97) (0.75) (0.01) (0.01)

County average weight 0.41 0.02 0.00 0.00
(4.28) (0.15) (0.00) (0.00)

County average height 0.99 0.08 0.00 0.00
(6.24) (0.21) (0.00) (0.00)

Male in household with age over 60 12.53 0.32 0.01 0.01
(27.41) (0.93) (0.02) (0.02)

Female in household with age over 60 −0.19 −0.20 0.00 −0.01
(26.26) (0.89) (0.02) (0.02)

Gender −80.79∗ −3.89∗∗∗ −0.01 −0.04·
(33.45) (1.14) (0.02) (0.02)

Number of boys in household 3.52 −0.41 0.00 0.00
(22.30) (0.76) (0.01) (0.01)

Number of girls in household −10.36 −0.23 −0.01 0.00
(21.16) (0.72) (0.01) (0.01)

County average calorie consumption 738.90∗∗∗ −10.95∗∗ 0.42∗∗∗ −0.22∗∗∗
(99.30) (3.38) (0.06) (0.07)

County average protein consumption 195.62∗∗ 35.16∗∗∗ 0.13∗∗ 0.65∗∗∗
(73.58) (2.51) (0.05) (0.05)

Child age 111.98∗∗∗ 3.21∗∗∗ 0.01∗∗∗ 0.01∗
(4.58) (0.16) (0.00) (0.00)

Intercept −566.10 −28.08 −0.29 −0.50
(805.99) (27.45) (0.51) (0.53)

R2 0.29 0.30 0.11 0.18
Adj. R2 0.29 0.30 0.11 0.18
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.
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Table 4.5a: OLS regression results: the effects of the father’s migration
WAZ HAZ Immunization shots Childcare by non-family member

Father’s migration status 0.07 0.14· −3.05· −0.03
(0.07) (0.08) (1.60) (0.05)

Household income 0.00 0.01 −0.35· 0.00
(0.01) (0.01) (0.20) (0.00)

Father education 0.07∗∗ 0.10∗∗ −0.53 0.04∗
(0.03) (0.03) (0.68) (0.02)

Mother education 0.02 0.05· −0.91 0.01
(0.03) (0.03) (0.69) (0.02)

County average income 0.10∗ 0.24∗∗∗ 4.09∗ −0.03
(0.05) (0.05) (1.84) (0.03)

County average weight 0.05∗∗∗ 0.03∗∗ 0.11 0.01∗
(0.01) (0.01) (0.22) (0.01)

County average height 0.08∗∗∗ 0.08∗∗∗ −0.41 −0.02·
(0.01) (0.01) (0.32) (0.01)

Male in household with age over 60 −0.06 −0.06 3.58∗ −0.08∗
(0.06) (0.07) (1.42) (0.04)

Female in household with age over 60 0.11∗ 0.10 0.48 −0.02
(0.05) (0.06) (1.32) (0.04)

Gender −0.20∗∗ −0.19∗ −0.14 0.06
(0.07) (0.08) (1.66) (0.05)

Number of boys in household −0.09· −0.10· 0.81 −0.02
(0.05) (0.05) (1.11) (0.03)

Number of girls in household −0.01 0.01 −0.85 −0.05·
(0.04) (0.05) (1.07) (0.03)

County average calorie consumption −0.22 0.00 −8.55 0.30∗
(0.21) (0.24) (5.34) (0.14)

County average protein consumption 0.14 0.24 3.88 −0.12
(0.15) (0.18) (3.89) (0.10)

Child age −0.05∗∗∗ 0.03∗∗ −0.11 0.02·
(0.01) (0.01) (0.23) (0.01)

Intercept −15.44∗∗∗ −16.18∗∗∗ 73.12· 1.68
(1.67) (1.92) (41.47) (1.09)

R2 0.25 0.19 0.02 0.04
Adj. R2 0.25 0.19 0.02 0.04
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.

Table 4.5b: OLS regression results: the effects of the father’s migration
Calorie Protein Calorie/RDA Protein/RDA

Father’s Migration status −12.72 −1.05 −0.01 −0.02
(33.16) (1.13) (0.02) (0.02)

Household income −2.12 0.07 0.00 0.00
(3.35) (0.11) (0.00) (0.00)

Father education 30.27∗ 1.20∗∗ 0.02∗∗ 0.03∗∗
(13.13) (0.45) (0.01) (0.01)

Mother education 28.74∗ 1.31∗∗ 0.02∗ 0.02∗∗
(13.17) (0.45) (0.01) (0.01)

County average income 9.00 0.52 0.00 0.01
(21.98) (0.75) (0.01) (0.01)

County average weight 0.41 0.02 0.00 0.00
(4.29) (0.15) (0.00) (0.00)

County average height 1.30 0.09 0.00 0.00
(6.24) (0.21) (0.00) (0.00)

Male in household with age over 60 12.82 0.34 0.01 0.01
(27.42) (0.93) (0.02) (0.02)

Female in household with age over 60 −0.31 −0.21 0.00 −0.01
(26.26) (0.89) (0.02) (0.02)

Gender −80.83∗ −3.89∗∗∗ −0.01 −0.04·
(33.46) (1.14) (0.02) (0.02)

Number of boys in household 3.06 −0.42 0.00 0.00
(22.32) (0.76) (0.01) (0.01)

Number of girls in household −10.66 −0.24 −0.01 0.00
(21.17) (0.72) (0.01) (0.01)

County average calorie consumption 740.12∗∗∗ −10.90∗∗ 0.42∗∗∗ −0.22∗∗∗
(99.32) (3.38) (0.06) (0.07)

County average protein consumption 194.04∗∗ 35.10∗∗∗ 0.13∗∗ 0.65∗∗∗
(73.58) (2.51) (0.05) (0.05)

Child age 111.88∗∗∗ 3.20∗∗∗ 0.01∗∗∗ 0.01∗
(4.58) (0.16) (0.00) (0.00)

Intercept −617.76 −30.21 −0.31 −0.53
(805.08) (27.42) (0.51) (0.53)

R2 0.29 0.30 0.11 0.18
Adj. R2 0.29 0.30 0.11 0.18
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.
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Table 4.6a: OLS regression results: the effects of the mother’s migration
WAZ HAZ Immunization shots Childcare by non-family member

Mother’s migration status 0.18· 0.20· −3.47 0.02
(0.10) (0.11) (2.28) (0.06)

Household income 0.00 0.01 −0.33· 0.00
(0.01) (0.01) (0.20) (0.00)

Father education 0.07∗∗ 0.10∗∗ −0.44 0.04∗
(0.03) (0.03) (0.68) (0.02)

Mother education 0.02 0.06· −0.94 0.01
(0.03) (0.03) (0.69) (0.02)

County average income 0.10∗ 0.24∗∗∗ 4.00∗ −0.03
(0.05) (0.05) (1.84) (0.03)

County average weight 0.05∗∗∗ 0.03∗∗ 0.09 0.01∗
(0.01) (0.01) (0.22) (0.01)

County average height 0.08∗∗∗ 0.08∗∗∗ −0.39 −0.01·
(0.01) (0.01) (0.32) (0.01)

Male in household with age over 60 −0.06 −0.05 3.51∗ −0.08∗
(0.06) (0.07) (1.42) (0.04)

Female in household with age over 60 0.11∗ 0.10 0.59 −0.02
(0.05) (0.06) (1.32) (0.04)

Gender −0.20∗∗ −0.19∗ −0.19 0.06
(0.07) (0.08) (1.66) (0.05)

Number of boys in household −0.08· −0.09· 0.63 −0.02
(0.05) (0.05) (1.11) (0.03)

Number of girls in household 0.00 0.02 −0.98 −0.05·
(0.04) (0.05) (1.07) (0.03)

County average calorie consumption −0.23 −0.02 −8.33 0.30∗
(0.21) (0.24) (5.34) (0.14)

County average protein consumption 0.14 0.25 3.69 −0.13
(0.15) (0.18) (3.88) (0.10)

Child age −0.05∗∗∗ 0.03∗∗ −0.12 0.02·
(0.01) (0.01) (0.23) (0.01)

Intercept −15.56∗∗∗ −16.16∗∗∗ 70.76· 1.58
(1.67) (1.92) (41.44) (1.08)

R2 0.25 0.19 0.02 0.04
Adj. R2 0.25 0.19 0.02 0.04
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.

Table 4.6b: OLS regression results: the effects of the mother’s migration
Calorie Protein Calorie/RDA Protein/RDA

Mother’s Migration status −116.12∗ −3.45∗ −0.06∗ −0.06·
(47.71) (1.63) (0.03) (0.03)

Household income −2.19 0.07 0.00 0.00
(3.34) (0.11) (0.00) (0.00)

Father education 30.43∗ 1.22∗∗ 0.02∗∗ 0.03∗∗
(13.08) (0.45) (0.01) (0.01)

Mother education 27.60∗ 1.28∗∗ 0.02∗ 0.02∗∗
(13.16) (0.45) (0.01) (0.01)

County average income 9.35 0.53 0.00 0.01
(21.95) (0.75) (0.01) (0.01)

County average weight 0.23 0.01 0.00 0.00
(4.28) (0.15) (0.00) (0.00)

County average height 0.50 0.07 0.00 0.00
(6.23) (0.21) (0.00) (0.00)

Male in household with age over 60 11.15 0.28 0.01 0.01
(27.39) (0.93) (0.02) (0.02)

Female in household with age over 60 0.52 −0.18 0.00 −0.01
(26.23) (0.89) (0.02) (0.02)

Gender −81.57∗ −3.91∗∗∗ −0.01 −0.04·
(33.42) (1.14) (0.02) (0.02)

Number of boys in household 1.49 −0.50 0.00 −0.01
(22.25) (0.76) (0.01) (0.01)

Number of girls in household −12.25 −0.31 −0.01 −0.01
(21.13) (0.72) (0.01) (0.01)

County average calorie consumption 744.00∗∗∗ −10.74∗∗ 0.43∗∗∗ −0.22∗∗∗
(99.18) (3.38) (0.06) (0.07)

County average protein consumption 193.20∗∗ 35.02∗∗∗ 0.13∗∗ 0.65∗∗∗
(73.44) (2.50) (0.05) (0.05)

Child age 111.85∗∗∗ 3.20∗∗∗ 0.01∗∗∗ 0.01∗
(4.57) (0.16) (0.00) (0.00)

Intercept −471.22 −27.27 −0.23 −0.49
(804.12) (27.40) (0.51) (0.53)

R2 0.29 0.30 0.11 0.18
Adj. R2 0.29 0.30 0.11 0.18
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, · p < 0.1.
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Table 4.7a: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care

WAZ HAZ Immunization Childcare by
shots non-family member

Household migration status −0.20· −0.13 −5.11 −0.02
(0.10) (0.12) (3.78) (0.13)

Household income −0.03∗ −0.02 −0.28 −0.01
(0.01) (0.01) (0.57) (0.01)

County average income 0.27∗∗ 0.08 3.84 0.05
(0.09) (0.10) (5.60) (0.10)

County average weight 0.03 −0.04 −0.10 0.02
(0.03) (0.03) (1.13) (0.04)

County average height 0.03 0.05 −1.65 −0.01
(0.03) (0.04) (1.21) (0.04)

Male in household with age over 60 −0.07 0.08 0.75 0.06
(0.16) (0.18) (6.52) (0.23)

Female in household with age over 60 0.13 0.30 11.13 0.10
(0.19) (0.21) (7.50) (0.28)

Number of boys in household −0.04 −0.17 9.50∗ 0.07
(0.12) (0.13) (4.12) (0.17)

Number of girls in household −0.08 −0.21 −0.78 −0.03
(0.12) (0.14) (5.21) (0.18)

County average calorie consumption 0.28 0.14 1.27 0.87
(0.35) (0.39) (14.05) (0.54)

County average protein consumption 0.08 0.29 −4.57 −0.36
(0.25) (0.29) (9.00) (0.38)

Child age −0.04∗ 0.09∗∗∗ 1.35∗ 0.00
(0.02) (0.02) (0.62) (0.03)

R2 0.04 0.10 0.07 0.03
Adj. R2 0.01 0.03 0.02 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.7b: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care

Calorie Protein Calorie/RDA Protein/RDA

Household Migration status −25.15 1.20 −0.01 0.03
(69.77) (2.26) (0.05) (0.05)

Household income −3.97 −0.24 0.00 −0.01
(7.34) (0.24) (0.00) (0.00)

County average income −28.54 −0.04 −0.02 −0.01
(60.74) (1.97) (0.04) (0.04)

County average weight 7.94 0.29 0.01 0.01
(20.05) (0.65) (0.01) (0.01)

County average height 12.92 1.15· 0.01 0.02·

(20.71) (0.67) (0.01) (0.01)
Male in household with age over 60 207.50· 3.46 0.13· 0.07

(107.41) (3.48) (0.07) (0.07)
Female in household with age over 60 48.21 −1.87 0.02 −0.08

(125.27) (4.06) (0.09) (0.08)
Number of boys in household 43.85 −0.55 0.02 −0.02

(78.20) (2.54) (0.05) (0.05)
Number of girls in household 27.00 −0.89 0.02 −0.03

(82.23) (2.67) (0.06) (0.06)
County average calorie consumption 1159.18∗∗∗ 4.22 0.65∗∗∗ 0.02

(232.22) (7.53) (0.16) (0.16)
County average protein consumption 47.99 26.66∗∗∗ 0.07 0.54∗∗∗

(170.03) (5.51) (0.12) (0.12)
Child age 97.59∗∗∗ 2.56∗∗∗ 0.00 0.00

(11.05) (0.36) (0.01) (0.01)

R2 0.27 0.23 0.09 0.10
Adj. R2 0.07 0.06 0.02 0.03
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.8a: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care

WAZ HAZ Immunization Childcare by
shots non-family member

Father migration status −0.19· −0.20 −4.19 −0.06
(0.11) (0.12) (3.80) (0.14)

Household income −0.02∗ −0.02 −0.27 −0.01
(0.01) (0.01) (0.57) (0.01)

County average income 0.27∗∗ 0.07 3.90 0.05
(0.09) (0.10) (5.60) (0.10)

County average weight 0.03 −0.04 −0.07 0.02
(0.03) (0.03) (1.13) (0.04)

County average height 0.03 0.04 −1.60 −0.01
(0.03) (0.03) (1.21) (0.04)

Male in household with age over 60 −0.06 0.09 1.02 0.06
(0.16) (0.18) (6.52) (0.23)

Female in household with age over 60 0.12 0.30 11.00 0.10
(0.19) (0.21) (7.51) (0.28)

Number of boys in household −0.03 −0.16 9.68∗ 0.07
(0.12) (0.13) (4.12) (0.17)

Number of girls in household −0.08 −0.21 −0.84 −0.02
(0.12) (0.14) (5.21) (0.18)

County average calorie consumption 0.27 0.13 0.77 0.87
(0.35) (0.39) (14.07) (0.54)

County average protein consumption 0.08 0.29 −4.36 −0.36
(0.25) (0.29) (9.01) (0.38)

Child age −0.04∗ 0.09∗∗∗ 1.31∗ 0.01
(0.02) (0.02) (0.62) (0.03)

R2 0.04 0.11 0.07 0.03
Adj. R2 0.01 0.03 0.02 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.8b: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care

Calorie Protein Calorie/RDA Protein/RDA

Father Migration status 7.54 3.18 0.01 0.07
(72.23) (2.34) (0.05) (0.05)

Household income −3.80 −0.24 0.00 −0.01
(7.33) (0.24) (0.00) (0.00)

County average income −28.19 0.11 −0.02 −0.01
(60.84) (1.97) (0.04) (0.04)

County average weight 8.14 0.31 0.01 0.01
(20.05) (0.65) (0.01) (0.01)

County average height 13.89 1.19· 0.01 0.02·

(20.67) (0.67) (0.01) (0.01)
Male in household with age over 60 208.81· 3.35 0.13· 0.07

(107.36) (3.48) (0.07) (0.07)
Female in household with age over 60 46.34 −1.87 0.02 −0.08

(125.21) (4.05) (0.09) (0.08)
Number of boys in household 44.25 −0.63 0.02 −0.02

(78.21) (2.53) (0.05) (0.05)
Number of girls in household 24.85 −1.03 0.02 −0.03

(82.27) (2.66) (0.06) (0.06)
County average calorie consumption 1161.00∗∗∗ 4.44 0.65∗∗∗ 0.03

(232.30) (7.52) (0.16) (0.16)
County average protein consumption 46.13 26.49∗∗∗ 0.07 0.54∗∗∗

(170.09) (5.51) (0.12) (0.12)
Child age 96.94∗∗∗ 2.52∗∗∗ 0.00 0.00

(11.08) (0.36) (0.01) (0.01)

R2 0.27 0.23 0.09 0.10
Adj. R2 0.07 0.06 0.02 0.03
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.9a: Fixed effects model results of the effects of the mother’s migration status on
children’s health outcome and care

WAZ HAZ Immunization Childcare by
shots non-family member

Mother migration status 0.00 −0.10 −4.31 0.23
(0.15) (0.17) (5.85) (0.22)

Household income −0.02∗ −0.02 −0.25 −0.01
(0.01) (0.01) (0.57) (0.01)

County average income 0.27∗∗ 0.08 3.96 0.06
(0.09) (0.10) (5.61) (0.10)

County average weight 0.03 −0.04 0.01 0.02
(0.03) (0.03) (1.12) (0.04)

County average height 0.03 0.05 −1.57 −0.01
(0.03) (0.03) (1.21) (0.04)

Male in household with age over 60 −0.06 0.08 0.85 0.06
(0.16) (0.18) (6.54) (0.23)

Female in household with age over 60 0.12 0.30 10.94 0.13
(0.19) (0.21) (7.52) (0.28)

Number of boys in household −0.03 −0.18 9.03∗ 0.09
(0.12) (0.13) (4.20) (0.18)

Number of girls in household −0.10 −0.22 −0.97 −0.03
(0.12) (0.14) (5.21) (0.18)

County average calorie consumption 0.29 0.14 1.53 0.92·

(0.35) (0.39) (14.09) (0.54)
County average protein consumption 0.07 0.29 −4.57 −0.43

(0.25) (0.29) (9.02) (0.38)
Child age −0.04∗ 0.09∗∗∗ 1.23∗ 0.00

(0.02) (0.02) (0.61) (0.03)

R2 0.04 0.10 0.06 0.04
Adj. R2 0.01 0.03 0.02 0.01
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

33



Table 4.9b: Fixed effects model results of the effects of the mother’s migration status on
children’s health outcome and care

Calorie Protein Calorie/RDA Protein/RDA

Mother Migration status −113.18 −1.52 −0.06 0.00
(102.70) (3.33) (0.07) (0.07)

Household income −4.11 −0.25 0.00 −0.01
(7.32) (0.24) (0.00) (0.00)

County average income −27.98 −0.03 −0.02 −0.01
(60.68) (1.97) (0.04) (0.04)

County average weight 8.15 0.28 0.01 0.01
(20.03) (0.65) (0.01) (0.01)

County average height 12.55 1.10 0.01 0.02
(20.60) (0.67) (0.01) (0.01)

Male in household with age over 60 198.61· 3.26 0.12· 0.07
(107.65) (3.49) (0.07) (0.07)

Female in household with age over 60 56.99 −1.65 0.03 −0.08
(125.43) (4.07) (0.09) (0.09)

Number of boys in household 30.20 −0.76 0.01 −0.02
(79.17) (2.57) (0.05) (0.05)

Number of girls in household 22.48 −0.85 0.02 −0.02
(82.07) (2.66) (0.06) (0.06)

County average calorie consumption 1155.05∗∗∗ 4.09 0.65∗∗∗ 0.02
(232.03) (7.53) (0.16) (0.16)

County average protein consumption 55.93 26.84∗∗∗ 0.08 0.54∗∗∗

(170.04) (5.52) (0.12) (0.12)
Child age 97.88∗∗∗ 2.60∗∗∗ 0.00 0.00

(10.98) (0.36) (0.01) (0.01)

R2 0.27 0.23 0.09 0.10
Adj. R2 0.07 0.06 0.02 0.03
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.10: First Stage fixed effects Regression Results
Father’s migration Mother’s migration Household migration

status status status

County level male migration rate −0.3185∗

(0.1236)
County level female migration rate −0.2548∗

(0.1131)
County level household migration rate −0.3266∗∗

(0.1212)
Father’s age −0.1506∗ −0.1538∗

(0.0667) (0.0692)
Mother’s age 0.0132 0.0260

(0.0577) (0.0842)
Household income −0.0031 −0.0028 −0.0048

(0.0041) (0.0030) (0.0043)
Male in household with age over 60 0.0214 −0.0854∗ −0.0472

(0.0606) (0.0431) (0.0628)
Female in household with age over 60 0.0038 0.0902· 0.0456

(0.0702) (0.0499) (0.0727)
Number of children in the family 0.0001 −0.0132 −0.0050

(0.0135) (0.0096) (0.0140)
County average income −0.0353 0.0134 0.0092

(0.0344) (0.0248) (0.0363)
Children’s age 0.1724∗∗ −0.0067 0.1475

(0.0665) (0.0581) (0.1086)

R2 0.0381 0.0264 0.0373
Adj. R2 0.0103 0.0071 0.0100
Num. obs. 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

35



Table 4.11a: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care: IV approach

WAZ HAZ Immunization Childcare by
shots non-family member

Household Migration status 2.07 0.19 26.62 0.08
(1.35) (1.14) (39.20) (18.46)

Household income −0.01 −0.02 −0.08 −0.01
(0.02) (0.01) (0.67) (0.16)

County average income 0.27∗ 0.08 5.88 0.05
(0.12) (0.10) (6.61) (0.61)

County average weight 0.05 −0.03 0.98 0.02
(0.04) (0.03) (1.81) (0.36)

County average height 0.10· 0.06 −0.91 −0.01
(0.06) (0.05) (1.60) (0.30)

Male in household with age over 60 0.05 0.10 3.47 0.05
(0.23) (0.19) (7.88) (0.65)

Female in household with age over 60 −0.02 0.28 7.55 0.11
(0.27) (0.23) (9.31) (0.54)

Number of boys in household 0.01 −0.16 10.28∗ 0.06
(0.16) (0.14) (4.60) (1.24)

Number of girls in household −0.23 −0.23 −2.53 −0.04
(0.19) (0.16) (6.08) (2.15)

County average calorie consumption 0.38 0.16 0.24 0.88
(0.47) (0.40) (15.41) (1.19)

County average protein consumption −0.04 0.27 −6.11 −0.37
(0.35) (0.30) (10.02) (1.53)

Child age −0.08∗ 0.08∗∗ 0.27 0.00
(0.03) (0.03) (1.49) (0.39)

R2 0.00 0.09 0.01 0.03
Adj. R2 0.00 0.03 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.11b: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care: IV approach

Calorie Protein Calorie/RDA Protein/RDA

Household Migration status 1060.38 20.23 0.49 0.20
(799.13) (23.09) (0.50) (0.46)

Household income 2.16 −0.14 0.00 −0.01
(9.80) (0.28) (0.01) (0.01)

County average income −28.57 −0.04 −0.02 −0.01
(72.15) (2.08) (0.05) (0.04)

County average weight 13.89 0.39 0.01 0.01
(24.21) (0.70) (0.02) (0.01)

County average height 46.75 1.74· 0.03 0.03
(34.91) (1.01) (0.02) (0.02)

Male in household with age over 60 268.37∗ 4.53 0.16· 0.08
(135.15) (3.90) (0.08) (0.08)

Female in household with age over 60 −24.43 −3.14 −0.01 −0.09
(158.03) (4.57) (0.10) (0.09)

Number of boys in household 67.18 −0.14 0.03 −0.01
(94.45) (2.73) (0.06) (0.05)

Number of girls in household −42.95 −2.11 −0.01 −0.04
(110.29) (3.19) (0.07) (0.06)

County average calorie consumption 1209.77∗∗∗ 5.11 0.67∗∗∗ 0.03
(278.32) (8.04) (0.17) (0.16)

County average protein consumption −8.44 25.67∗∗∗ 0.05 0.53∗∗∗

(206.16) (5.96) (0.13) (0.12)
Child age 76.80∗∗∗ 2.20∗∗∗ −0.01 −0.01

(20.10) (0.58) (0.01) (0.01)

R2 0.12 0.17 0.03 0.08
Adj. R2 0.03 0.04 0.01 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.12a: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care: IV approach

WAZ HAZ Immunization Childcare by
shots non-family member

Father Migration status 2.12 0.87 37.40 −14.95
(1.38) (1.25) (41.49) (229.20)

Household income −0.02 −0.01 −0.05 −0.16
(0.02) (0.01) (0.69) (2.32)

County average income 0.37∗∗ 0.12 6.59 −0.23
(0.14) (0.12) (7.00) (4.43)

County average weight 0.05 −0.03 1.30 0.19
(0.04) (0.04) (1.88) (2.75)

County average height 0.09 0.07 −0.89 −0.28
(0.05) (0.05) (1.56) (4.12)

Male in household with age over 60 −0.09 0.07 2.72 0.45
(0.21) (0.19) (7.71) (6.34)

Female in household with age over 60 0.07 0.27 6.59 −0.41
(0.25) (0.23) (9.70) (8.33)

Number of boys in household −0.08 −0.18 9.10· 0.98
(0.16) (0.14) (4.79) (14.10)

Number of girls in household −0.24 −0.28 −3.02 1.75
(0.19) (0.17) (6.39) (27.34)

County average calorie consumption 0.47 0.22 4.03 0.02
(0.48) (0.43) (16.55) (14.02)

County average protein consumption −0.09 0.21 −8.85 −0.13
(0.35) (0.32) (11.31) (5.04)

Child age −0.09∗ 0.07∗ −0.04 0.35
(0.04) (0.03) (1.52) (5.37)

R2 0.00 0.04 0.00 0.00
Adj. R2 0.00 0.01 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.12b: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care: IV approach

Calorie Protein Calorie/RDA Protein/RDA

Father Migration status 943.30 14.45 0.40 −0.03
(788.91) (22.98) (0.50) (0.47)

Household income −0.29 −0.20 0.00 −0.01
(8.82) (0.26) (0.01) (0.01)

County average income 14.92 0.63 0.00 −0.01
(77.86) (2.27) (0.05) (0.05)

County average weight 15.98 0.40 0.01 0.01
(23.66) (0.69) (0.01) (0.01)

County average height 36.80 1.47· 0.02 0.02
(30.31) (0.88) (0.02) (0.02)

Male in household with age over 60 195.99 3.20 0.12 0.07
(122.17) (3.56) (0.08) (0.07)

Female in household with age over 60 23.31 −2.14 0.01 −0.08
(143.24) (4.17) (0.09) (0.09)

Number of boys in household 26.73 −0.84 0.01 −0.02
(89.86) (2.62) (0.06) (0.05)

Number of girls in household −40.25 −1.81 −0.01 −0.02
(108.06) (3.15) (0.07) (0.06)

County average calorie consumption 1242.30∗∗∗ 5.42 0.68∗∗∗ 0.02
(272.01) (7.92) (0.17) (0.16)

County average protein consumption −22.23 25.66∗∗∗ 0.04 0.55∗∗∗

(201.15) (5.86) (0.13) (0.12)
Child age 76.80∗∗∗ 2.28∗∗∗ 0.00 0.00

(21.05) (0.61) (0.01) (0.01)

R2 0.15 0.21 0.04 0.10
Adj. R2 0.04 0.06 0.01 0.03
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.13a: Fixed effects model results of the effects of the mother’s migration status on
children’s health outcome and care: IV approach

WAZ HAZ Immunization Childcare by
shots non-family member

Mother Migration status 2.21 −0.58 21.18 1.76
(2.11) (2.07) (47.55) (4.04)

Household income −0.02 −0.02 −0.26 −0.01
(0.01) (0.01) (0.58) (0.01)

County average income 0.26∗ 0.09 5.20 0.11
(0.11) (0.10) (6.20) (0.17)

County average weight 0.03 −0.04 0.35 0.03
(0.03) (0.03) (1.31) (0.06)

County average height 0.06 0.04 −1.33 0.00
(0.04) (0.04) (1.32) (0.05)

Male in household with age over 60 0.14 0.03 2.87 0.10
(0.27) (0.26) (7.68) (0.29)

Female in household with age over 60 −0.08 0.34 8.66 0.31
(0.29) (0.29) (8.79) (0.56)

Number of boys in household 0.24 −0.24 12.53 0.27
(0.30) (0.29) (7.78) (0.52)

Number of girls in household −0.04 −0.23 −1.51 −0.04
(0.15) (0.15) (5.44) (0.21)

County average calorie consumption 0.39 0.12 −1.02 1.26
(0.42) (0.41) (15.21) (1.08)

County average protein consumption −0.11 0.33 −6.01 −0.87
(0.34) (0.34) (9.63) (1.24)

Child age −0.06∗ 0.09∗∗∗ 0.93 −0.03
(0.02) (0.02) (0.84) (0.07)

R2 0.00 0.09 0.03 0.02
Adj. R2 0.00 0.03 0.01 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.13b: Fixed effects model results of the effects of the mother’s migration status on
children’s health outcome and care: IV approach

Calorie Protein Calorie/RDA Protein/RDA

Mother Migration status 1742.55 26.08 0.95 0.47
(1514.51) (43.02) (0.96) (0.86)

Household income 0.49 −0.19 0.00 −0.01
(9.87) (0.27) (0.01) (0.01)

County average income −37.09 −0.17 −0.02 −0.01
(76.02) (2.09) (0.05) (0.04)

County average weight 6.85 0.26 0.01 0.01
(24.99) (0.69) (0.02) (0.01)

County average height 31.53 1.38· 0.02 0.03
(29.97) (0.83) (0.02) (0.02)

Male in household with age over 60 367.56· 5.77 0.21· 0.11
(192.07) (5.37) (0.12) (0.11)

Female in household with age over 60 −114.50 −4.20 −0.07 −0.12
(209.53) (5.85) (0.13) (0.12)

Number of boys in household 262.89 2.70 0.14 0.04
(213.42) (6.02) (0.14) (0.12)

Number of girls in household 70.07 −0.14 0.04 −0.01
(109.40) (3.02) (0.07) (0.06)

County average calorie consumption 1241.91∗∗∗ 5.39 0.69∗∗∗ 0.04
(297.79) (8.21) (0.19) (0.17)

County average protein consumption −95.71 24.59∗∗∗ 0.00 0.51∗∗∗

(245.26) (6.80) (0.16) (0.14)
Child age 85.21∗∗∗ 2.41∗∗∗ 0.00 −0.01

(17.13) (0.48) (0.01) (0.01)

R2 0.09 0.16 0.01 0.06
Adj. R2 0.03 0.04 0.00 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.14a: Robustness Check 1: the effects of the household migration status on children’s
health outcome and care without household income as a control variable

WAZ HAZ Immunization shots Childcare by non-family member

Household Migration 2.09 0.22 26.66 0.48
status (1.34) (1.13) (39.02) (12.48)

R2 0.00 0.09 0.01 0.00
Adj. R2 0.00 0.02 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.14b: Robustness Check 1: the effects of the household migration status on children’s
health outcome and care without household income as a control variable

Calorie Protein Calorie/RDA Protein/RDA

Household Migration status 1056.39 20.48 0.50 0.21
(789.50) (22.87) (0.50) (0.46)

R2 0.12 0.16 0.03 0.08
Adj. R2 0.03 0.04 0.01 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.15a: Robustness Check 1: the effects of the father’s migration status on children’s
health outcome and care without household income as a control variable

WAZ HAZ Immunization shots Childcare by non-family member

Father Migration status 2.13 0.89 37.42 −8.80
(1.38) (1.25) (41.37) (83.99)

R2 0.00 0.04 0.00 0.00
Adj. R2 0.00 0.01 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.15b: Robustness Check 1: the effects of the father’s migration status on children’s
health outcome and care without household income as a control variable

Calorie Protein Calorie/RDA Protein/RDA

Father Migration status 943.60 14.66 0.41 −0.02
(785.27) (22.90) (0.50) (0.47)

R2 0.15 0.21 0.04 0.09
Adj. R2 0.04 0.06 0.01 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.16a: Robustness Check 1: the effects of the mother’s migration status on children’s
health outcome and care without household income as a control variable

WAZ HAZ Immunization shots Childcare by non-family member

Mother Migration status 2.11 −0.67 20.95 2.22
(2.12) (2.11) (47.46) (4.57)

R2 0.00 0.09 0.03 0.01
Adj. R2 0.00 0.02 0.01 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.16b: Robustness Check 1: the effects of the mother’s migration status on children’s
health outcome and care without household income as a control variable

Calorie Protein Calorie/RDA Protein/RDA

Mother Migration status 1745.04 26.43 0.94 0.44
(1533.75) (42.86) (0.97) (0.86)

R2 0.09 0.16 0.01 0.06
Adj. R2 0.03 0.04 0.00 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.17a: Robustness Check 2: the effects of the household migration status on children’s
health outcome and care without the number of elders as control variables

WAZ HAZ Immunization shots Childcare by non-family member

Household Migration 2.07 0.19 28.87 0.13
status (1.35) (1.15) (39.34) (20.97)

R2 0.00 0.09 0.00 0.02
Adj. R2 0.00 0.02 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.17b: Robustness Check 2: the effects of the household migration status on children’s
health outcome and care without the number of elders as control variables

Calorie Protein Calorie/RDA Protein/RDA

Household Migration status 1064.49 20.31 0.50 0.20
(802.52) (23.11) (0.50) (0.46)

R2 0.12 0.16 0.02 0.08
Adj. R2 0.03 0.04 0.01 0.02
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.18a: Robustness Check 2: the effects of the father’s migration status on children’s
health outcome and care without the number of elders as control variables

WAZ HAZ Immunization shots Childcare by non-family member

Father Migration status 2.11 0.85 38.06 −14.87
(1.38) (1.25) (41.67) (225.42)

R2 0.00 0.04 0.00 0.00
Adj. R2 0.00 0.01 0.00 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.18b: Robustness Check 2: the effects of the father’s migration status on children’s
health outcome and care without the number of elders as control variables

Calorie Protein Calorie/RDA Protein/RDA

Father Migration status 940.20 14.63 0.40 −0.02
(790.83) (23.02) (0.50) (0.47)

R2 0.15 0.21 0.04 0.09
Adj. R2 0.04 0.06 0.01 0.03
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.19a: Robustness Check 2: the effects of the mother’s migration status on children’s
health outcome and care without the number of elders as control variables

WAZ HAZ Immunization shots Childcare by non-family member

Mother Migration status 2.20 −0.55 23.11 2.30
(2.10) (2.06) (46.78) (5.39)

R2 0.00 0.09 0.03 0.01
Adj. R2 0.00 0.02 0.01 0.00
Num. obs. 2201 2201 1491 1048
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.19b: Robustness Check 2: the effects of the mother’s migration status on children’s
health outcome and care without the number of elders as control variables

Calorie Protein Calorie/RDA Protein/RDA

Mother Migration status 1741.51 26.72 0.95 0.47
(1513.70) (43.79) (0.96) (0.85)

R2 0.09 0.16 0.01 0.05
Adj. R2 0.02 0.04 0.00 0.01
Num. obs. 2201 2201 2201 2201
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.
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Table 4.20a: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care on subsamples: IV approach

WAZ HAZ Immunization Childcare by
shots non-family member

Household Migration status 3.39 0.08 75.25 −0.44
(Low income household) (3.59) (2.37) (133.99) (1.91)

Household Migration status 3.25 −4.97 N.A.15 N.A.
(High income household) (8.35) (9.78) N.A. N.A.

Household Migration status 2.45 1.68 65.05 N.A.
(Parents with low education level) (1.57) (1.42) (71.59) N.A.

Household Migration status 1.49 0.48 5.30 N.A.
(Child above age 5) (0.98) (0.92) (21.14) N.A.

Household Migration status 4.08 2.79 64.27 2.65
(Child who lives with grandparents) (4.28) (3.80) (89.56) (10.77)

Household Migration status 1.79 −0.90 19.33 1.49
(Child who lives in nuclear family) (1.99) (1.64) (48.11) (7.00)

Household Migration status 2.52 0.42 13.07 −0.07
(North China) (2.04) (1.62) (64.06) (1.74)

Household Migration status 1.87 0.00 24.85 N.A.
(South China) (1.76) (1.55) (45.25) N.A.
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1, 9 the regression results are not available due to missing
values for the variables immunization shots and childcare. In some subsamples, the effective sample
sizes for those two variables are too small to produce reliable regression results, where the effective
sample contains the individuals that have more than one observation in the data.
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Table 4.20b: Fixed effects model results of the effects of the household migration status on
children’s health outcome and care on subsamples: IV approach

Calorie Protein Calorie/RDA Protein/RDA

Household Migration status 3032.80 71.07 1.66 1.09
(Low income household) (2878.64) (70.86) (1.66) (1.22)

Household Migration status −346.98 −18.25 −0.14 −0.25
(High income household) (3812.96) (126.21) (2.66) (2.66)

Household Migration status 1305.09 27.13 0.66 0.39
(Parents with low education level) (931.02) (25.21) (0.56) (0.47)

Household Migration status 1722.03∗ 48.37∗ 0.94· 0.77·

(Child above age 5) (867.25) (24.18) (0.48) (0.40)

Household Migration status 187.62 31.20 0.03 0.45
(Child who lives with grandparents) (1696.92) (55.35) (1.12) (1.05)

Household Migration status 1957.27 31.99 0.99 0.34
(Child who lives in nuclear family) (1513.14) (37.61) (0.89) (0.72)

Household Migration status 1653.92 29.98 0.78 0.35
(North China) (1402.55) (35.05) (0.88) (0.72)

Household Migration status 767.37 18.74 0.40 0.18
(South China) (917.81) (30.35) (0.56) (0.58)
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

Table 4.21a: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care on subsamples: IV approach

WAZ HAZ Immunization Childcare by
shots non-family member

Father Migration status 2.49 1.43 76.41 −2.24
(Low income household) (2.05) (1.90) (93.55) (6.24)

Father Migration status 2.14 −1.77 N.A. N.A.
(High income household) (4.54) (3.99) N.A.16 N.A.

Father Migration status 2.07 2.28 68.83 N.A.
(Parents with low education level) (1.34) (1.51) (69.92) N.A.

Father Migration status 1.38 0.68 11.26 N.A.
(Child above age 5) (0.91) (0.92) (25.00) N.A.

Father Migration status 4.50 5.22 54.56 5.24
(Child who lives with grandparents) (5.91) (6.99) (70.88) (20.42)

Father Migration status 1.79 0.17 38.97 −0.68
(Child who lives in nuclear family) (1.58) (1.30) (49.99) (3.53)

Father Migration status 2.29 1.57 18.89 −3.07
(North China) (1.92) (1.84) (75.66) (7.08)

Father Migration status 2.42 0.85 37.96 N.A.
(South China) (2.22) (1.88) (41.46) N.A.
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1, 10 the regression results are not available due to missing
values for the variables immunization shots and childcare. In some subsamples, the effective sample
sizes for those two variables are too small to produce reliable regression results, where the effective
sample contains the individuals that have more than one observation in the data.
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Table 4.21b: Fixed effects model results of the effects of the father’s migration status on
children’s health outcome and care on subsamples: IV approach

Calorie Protein Calorie/RDA Protein/RDA

Father Migration status 2029.88 45.86 1.10 0.64
(Low income household) (1476.19) (37.03) (0.88) (0.67)

Father Migration status −1831.69 −89.18 −1.44 −2.19
(High income household) (3122.73) (127.10) (2.30) (2.97)

Father Migration status 1286.81 31.95 0.66 0.42
(Parents with low education level) (859.56) (24.21) (0.52) (0.44)

Father Migration status 1354.02· 36.92· 0.72· 0.54
(Child above age 5) (749.43) (20.53) (0.41) (0.33)

Father Migration status −37.47 58.81 0.06 1.00
(Child who lives with grandparents) (2240.88) (87.28) (1.49) (1.65)

Father Migration status 1322.39 11.15 0.56 −0.18
(Child who lives in nuclear family) (1009.21) (26.99) (0.60) (0.58)

Father Migration status 1318.14 17.74 0.57 0.04
(North China) (1284.92) (32.55) (0.83) (0.70)

Father Migration status 886.57 21.65 0.41 0.02
(South China) (1065.57) (34.84) (0.64) (0.66)
*** p < 0.001, ** p < 0.01, * p < 0.05, ·p < 0.1.

De Brauw, A. (2008): Policy Research Working Paper Migrant Labor Markets and the Welfare

of Rural Households in the Developing World: Evidence from China, vol. 4585. World Bank

Publications.

De Brauw, A., and R. Mu (2011): “Migration and the overweight and underweight status of

children in rural China,” Food Policy, 36(1), 88–100.

Du, S., T. A. Mroz, F. Zhai, and B. M. Popkin (2004): “Rapid income growth adversely affects

diet quality in Chinałparticularly for the poor!,” Social science & medicine, 59(7), 1505–1515.

Giles, J. (2006): “Is life more risky in the open? Household risk-coping and the opening of

China’s labor markets,” Journal of Development Economics, 81(1), 25–60.

Heckman, J. J. (2008): “Role of income and family influence on child outcomes,” Annals of the

New York Academy of Sciences, 1136(1), 307–323.

Heckman, J. J., S. H. Moon, R. Pinto, P. A. Savelyev, and A. Yavitz (2010): “The rate of return

to the HighScope Perry Preschool Program,” Journal of Public Economics, 94(1), 114–128.

Liang, Z., and Z. Ma (2004): “China’s floating population: new evidence from the 2000

census,” Population and development review, 30(3), 467–488.

47



Liu, H., H. Fang, and Z. Zhao (2013): “Urban–rural disparities of child health and nutritional

status in China from 1989 to 2006,” Economics & Human Biology, 11(3), 294–309.

Mallee, H. (1995): “China’s household registration system under reform,” Development and

Change, 26(1), 1–29.

Mu, R., and D. van de Walle (2011): “Left behind to farm? Women’s labor re-allocation in

rural China,” Labour Economics, 18, S83–S97.

Osberg, L., J. Shao, and K. Xu (2009): “The growth of poor children in China 1991–2000: why

food subsidies may matter,” Health economics, 18(S1), S89–S108.

Popkin, B. M., S. Du, F. Zhai, and B. Zhang (2010): “Cohort Profile: The China Health

and Nutrition Surveyłmonitoring and understanding socio-economic and health change in

China, 1989–2011,” International journal of epidemiology, 39(6), 1435–1440.

Rozelle, S., L. Guo, M. Shen, A. Hughart, and J. Giles (1999): “Leaving China’s farms:

survey results of new paths and remaining hurdles to rural migration,” The China Quarterly,

158, 367–393.

Shen, T., J.-P. Habicht, and Y. Chang (1996): “Effect of economic reforms on child growth in

urban and rural areas of China,” New England Journal of Medicine, 335(6), 400–406.

Stock, J. H., J. H. Wright, and M. Yogo (2002): “A survey of weak instruments and weak

identification in generalized method of moments,” Journal of Business & Economic Statistics,

20(4).

Svedberg, P. (2006): “Declining child malnutrition: a reassessment,” International Journal of

Epidemiology, 35(5), 1336–1346.

Zhang, S. (2012): “Migration and Childrens Health: Evidence From Rural China,” .

Zhao, Y. (1999): “Leaving the countryside: rural-to-urban migration decisions in China,”

American Economic Review, pp. 281–286.

48


	Introduction
	Background
	Labor Migration and Children Left Behind in Rural China
	Health of Children in China

	Conceptual Framework
	Data
	Empirical Specification
	Estimation Results
	Results of Ordinary Least Squares model
	Results of Fixed Effects model
	Results of Fixed Effects model with instrument variable

	Robustness Check
	Regression Results on Subsamples
	CONCLUSION

