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ABSTRACT

Child Health and the Income Gradient: Evidence from China’

Though the positive income gradient of child health is well documented in developed
countries, evidence from developing countries is rare. Few studies attempt to identify a
causal link between family income and child health. Utilizing unique longitudinal data from the
China Health and Nutrition Survey, we have found a positive, age-enhancing income gradient
of child health, measured by height-for-age z scores. The gradient is robust to alternative
specifications and a comprehensive set of controls. Using the fact that the rural tax reform
implemented since 2000 created an exogenous variation in family income across regions and
over time, we explore a causal explanation for the income gradient, and find that it has a very
strong independent causal effect on child health.
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1. Introduction

The relationship between family income and child health is important, as it has
been shown in related literature that children in poorer health are less likely to attain
higher levels of education. Exacerbated by their poorer health, these less educated
children face a lower likelihood of success competing in the labor market in
adulthood (see Currie (2009) for an excellent review). Following two pioneering
papers by Case et al. (2002) and Currie and Stabile (2003) that utilize U.S. and
Canadian data respectively, and establishing that the gradient is greater for older
children than for younger children, a volume of literature has been devoted to
demonstrating the presence of the income gradient in different contexts, and to
investigating the underlying mechanisms. It has been shown that the gradient exists in
several developed countries, and even in those with a universal care system such as
the UK and Canada, though the age-enhancing effect is not always found (Currie et al.,
2007; Propper et al., 2007; Murasko, 2008; Condliffe and Link, 2008; and Khanam et
al., 2009). Mechanisms for translating family income to child health are identified to
include genetics, health at birth, child nutrition, family lifestyle, parental health,
insurance, and education, but no consensus has been reached on what the income
gradient’s driving force is, and what contributes to the residual effects of income
(Case et al., 2002; Currie et al., 2007, 2008; Khanam et al., 2009; Chen and L.i, 2009).

Existing empirical studies have focused primarily on the developed world. Few
studies have explored the problem in the context of developing countries. These
income gradients may be quite different from each other for at least three reasons.
First, while malnutrition is not common in developed countries, it can be prevalent in
developing countries, thus making the marginal effect of increased household income
relatively large. Second, regional differences in the child health income gradient are
generally not a serious concern in developed countries. However, the vast urban-rural
difference in almost every aspect may worsen the situation by enlarging the income
gradient in developing countries. Third, public health care systems are generally
poorly equipped (Eggleston et al., 2008), and medical services are unevenly
distributed in developing countries.

Another shortcoming of existing literature is the lack of depth in identifying the
causal effect of family income on child health. The majority of current studies apply
ordinary least squares (OLS) to identify the correlation between family income and



child health, and several papers attempt to exploit the panel nature of the data, or
include as many controls as possible to avoid the omitted variables bias (Currie et al.,
2007; Khanam et al., 2009). However, very few papers explicitly address the
endogeneity of family income.® There may be some unobserved heterogeneity that
affects both family earnings and child health. Poorer households may rely on their
children’s labor for additional income, which in turn negatively affects the children’s
health.

It is important to identify the causal effects of family income on child health,
because if these effects do not exist, or do not flow from family income to child health,
then policy interventions that increase family income will not necessarily improve
child health. However, attempting to identify a causal relationship is tremendously
difficult. The challenge is in finding exogenous sources of variation in family income
that are orthogonal to child health. This condition is rarely satisfied. For example, in
the United States, the welfare programs devoted to boosting income for poor families
generally encourage an increase in the parental labor supply, which in turn may
reduce the time spent on child care and thus negatively affect child health. Duflo
(2000) made use of the extension of the Age Pension Program in South Africa and
found that it had an impact on the weight-for-height and height-for-age z scores for
girls born after the reform.

In this paper, we reference the rural tax reforms that began in 2000 which
significantly increased farmers’ income, but were unrelated to children’s health in
rural areas. Prior to the reform, Chinese farmers suffered from paying extra fees to
village and township governments. During the 2000-2002 period, the Chinese central
government launched a tax-for-fee reform in rural areas to abolish all kinds of fees
implicitly or explicitly levied on farmers, despite an increase in the agricultural tax
rate. This reform succeeded in increasing farmers’ overall income.? We use the rural
tax reform as the instrumental variable for family income by exploiting the fact that it
was not universally, but gradually implemented across the whole country, which
creates exogenous variation in family income across regions and over time.

The key dataset used in this paper comes from the China Health and Nutrition
Survey (CHNS). This longitudinal household survey covers nine provinces, with

seven waves since 1989. It contains detailed information on family income, child

! Duflo (2000, 2003) and Himaz (2008) are notable exceptions in this regard.
2 See Section 5 for a detailed introduction of the tax reform.
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health, parental characteristics (such as education and health) as well as
socioeconomic indicators at the community level. We have 16,246 complete person-
year observations with which to conduct our empirical analysis.

With this dataset, we find a positive, age-enhancing income gradient of child
health measured by height-for-age z scores. The gradient is robust to alternative
specifications and a comprehensive set of controls. We also find a significant regional
difference in how health is affected: urban children are more sensitive to income than
are rural children. Using the rural tax reform as an instrumental variable, we find that
family income has a very strong independent causal effect on child health.

This study contributes to the current literature in three respects. It offers
systematic empirical evidence on the income gradient of child health in China—the
largest and most populous developing country—confirming the robustness of many
findings obtained in the context of developed countries. It explores multiple
mechanisms through which family income potentially affects child health, providing a
comparison with empirical results obtained from developed countries. Finally, we
utilize a natural experiment—the rural tax reform—to identify causality between
family income and child health, with which more policy relevant implications can be
drawn.

The remainder of the paper is organized as follows. Section 2 introduces the data
used for this paper and provides summary statistics. Section 3 examines the
correlation between family income and child health. Section 4 explores the channels
of the income gradient for child health. The IV estimation dealing with the
endogeneity problem is provided in Section 5. Section 6 concludes with policy

implications.

2. Data and Summary Statistics

Datasets Used

The main dataset used for this study was compiled from the China Health and
Nutrition Survey (CHNS)®. The CHNS is a longitudinal household survey conducted
in nine Chinese provinces: Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan,
Jiangsu, Liaoning, and Shandong. The survey is currently composed of seven waves,
from 1989, 1991, 1993, 1997, 2000, 2004 and 2006. Since the questionnaires and

% See http://www.cpc.unc.edu/projects/china for a detailed description of the CHNS data.
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sampling in the first wave are quite different from those used in the remaining six
waves, only the latter six are used in our analysis. The CHNS is one of the few
datasets from a developing country that provides extensive information on both child
anthropometrics and household income, as well as parental characteristics, such as
education and health. The survey sample typically consists of approximately 4,400
households for 19,000 individuals in each wave. After limiting the above sample to
children aged 0 to 17 years, and excluding observations without complete information
on height or household income of children, we end up with 16,246 person-year
observations for subsequent analysis, or 3,845, 3,416, 2,903, 2,682, 1,865 and 1,535
observations in the six waves, respectively. This by nature is not a balanced sample;
we can see that there is a significant drop in observations from the second wave to the
last one. However, the size of the overall sample without age restrictions varies little
across waves®. This is not a result of sample attrition, but of the fact that we restrict
our sample to children aged 0 to 17, leading to a substantial change in the age
structure in each subsequent wave. Note that this is consistent with the trend found in
the population. From Appendix Figure Al we see that the fraction of children aged 0
to 17 declines over time, from 32.5% in 1991 to 16.6% in 2006. From the China
Statistical Yearbook, those under 20 accounted for 34.1% of the total population in
1995, but this figure dropped to 27.3% in 2006. Moreover, from the 2007 China
Statistical Yearbook, the fraction of the population aged 15-19 in 2006 was much
higher than for those aged 0-4 (8.8% vs. 5.1%). To visualize, 877 total newborns
entered the sample over the five waves, while 2,601 adults left during the same
interval.

The second dataset used is the China Sub-Provincial Public Finance Statistics
(1998 - 2006), compiled by the Budget Department of the China Ministry of Finance.
This dataset provides approximately 2,000 financial statistics observations per year
(e.g., fiscal revenue, fiscal expenditure, etc.) for each county and prefecture-level city
in China. This information can be used to construct the instrumental variable

necessary for identification, which will be described in detail later.

* The sample sizes in six waves are, respectively, 12,834, 11,895, 11,800, 12,517, 11,359, and 10,953.
The sample size increases from 1997 to 2000 because one more province is included in the survey
since 2000.



Variable Definition

In this paper, the key measure for child health is the height-for-age z score, which
has long been shown to be a particularly good short and long term health indicator for
children in developing countries (Thomas et al., 1991; Strauss and Thomas, 1998),
and has been widely used as a proxy for health status for Chinese children (Chen and
Li, 2009; Mangyo, 2008). It has been shown in related literature that taller children
tend to attain higher levels of education, earn more money, and are more likely to be
employed in the future (Case and Paxson, 2010). They also tend to live better lives in
adulthood (Deaton and Arora, 2009) and are more likely to be in better health and
cognitive shape in mid-life to old age (Case and Paxson, 2008a, 2008b). For
robustness purposes, weight-for-age will also be used as an alternative measure.

The height-for-age score is defined as:

Where h;; represents the height of the ith child in group j, and the group is defined

over the children’s gender and age (in months), respectively. Hj and o; are the

international mean and standard error of height in group j from the WHO Multicentre
Growth Reference Study (MGRS)>. Weight-for-age z scores can be calculated
accordingly®. We exclude the top 0.5% and bottom 0.5% height-for-age z scores of
the sample because these extreme values are most likely caused by measurement or
coding errors’ (Mangyo, 2008). In addition, the children’s self-rated health (only
available for children over 12 in survey waves after 1993) will be applied as an
alternative measure for a child’s health. It is a categorical variable with the values
1=Excellent, 2=Good, 3=Fair, and 4=Poor. Although there is solid evidence
supporting self-rated health to be a strong predictor of mortality in adults (Idler and
Angel, 1990; Idler and Kasl, 1995; Idler and Benyamini, 1997), much less is known
about whether it is as efficient in evaluating the health of children. In previous

literature, parent-rated child health has been widely applied as a proxy for child health

> For details of the study visit the WHO website at http://www.who.int/childgrowth/mgrs/en/

¢ Since the WHO provides the standard of weight only for children below 10, we automatically restrict
the sample to children under 10 when turning to weight-for-age z scores.

" Our basic results are robust to the including of these extreme values, except the standard errors are a
bit larger because of the measurement error.



(Case et al. 2002; Currie and Stabile, 2003; Currie et al., 2007%), but this subjective
measure can be colored by a parent’s own health status (Currie, 2002). Admittedly, it
is hard for children to evaluate their own general health conditions precisely and
comprehensively because of their limited cognitive abilities. However, we still have
reason to believe that it provides information not otherwise captured by the
anthropometric z scores. Furthermore, it can reveal supplementary insight into
children’s mental conditions to compensate for the lack of mental health measures in
the data.

The CHNS provides detailed information on the sources of household income
including wages, business operations, subsidies, pensions, and agricultural activities
(all expressed in 2006 Chinese yuan). To control for families’ sanitary situations, we
define dummy variables to indicate whether or not a family drinks tap water and uses
a flush toilet. We represent household health investments in children with whether the
children have health insurance, and whether they had received preventive health
service in the past year. To proxy for access to medical facilities, the distance to the
nearest medical facility (at the community level), and whether the facility is a beyond-
county-level hospital are used to represent convenience and quality of the medical
services available. Parental characteristics include age, level of education, health
condition, and health behavior (smoking and drinking)®.

One particularly noteworthy feature of the CHNS is its extensive record of family
diet (including how much is wasted), so the actual nutritional intake of each child can
be derived from the data. Specifically protein, fat, calories, and carbohydrates are
taken into account. The z scores for nutrition can be defined in a manner similar to the
anthropometric z scores, except that the mean and standard error of each group are

derived directly from the CHNS sample, as there is no international standard for it.

Summary Statistics

Table 1 shows the summary statistics. The first column illustrates the general
picture of the entire sample of children under 18, while the remaining two sets of
columns disaggregate the sample by residency and gender. The children are on
average 10 years old, with 53 percent being boys and 27 percent living in urban areas.

8 Children of 13-15 years rated themselves in this paper.
® Some of the variables have a missing value. For detailed information on missing values, see Table
Al in the Appendix.



Anthropometric z scores show that Chinese children are generally below the
international growth standard. Although a large proportion of them had received
immunizations in the past year, only a few had a certain type of medical insurance.
Preventive health service is extremely rare amongst Chinese children. As for family
income, thanks to the astonishing growth of the Chinese economy, the average per
capita income rose from 2,141 yuan in 1991 to 5,431 yuan in 2006 (overall household
income per capita is 3,331 yuan). Most households drink tap water (61%) but just a
few (22%) have in-house flush toilets. As expected, very few mothers had ever
smoked (2%), but the proportion is much larger for fathers (71%).

There is a large difference between urban and rural residents. The urban are
wealthier and enjoy better social welfare. This is also reflected in their offspring.
Urban children are taller and heavier than their rural counterparts®. They take in more
nutrition except for carbohydrates, which are contained in foods such as rice and
bread and are more frequently consumed in low-SES families. Rural children are also
subject to worse sanitary conditions than their urban counterparts (51% versus 87%
have access to tap water, while 13% versus 43% have access to flush toilets). Rural
parents typically attain less education, with only 20% of rural fathers having
graduated from senior high school or above, compared to 35% in urban areas. The
difference in mothers’ education is even larger, at 12% rural versus 29% urban, and
fewer rural children are covered by medical insurance (18% versus 29%). Gender
differences in these variables are in general less obvious than regional differences.

Figure 1 illustrates the univariate correlation between child health and household
income using the locally weighted polynomial regression (Lowess). It is clear that
child health, as measured by anthropometric z scores, improves with household
income, while the height score increases at a faster pace. Self-rated health (not plotted)

shows a similar pattern.

3. Correlation between Family Income and Child Health

Basic Regression Results

In this section the income gradients will be analyzed in a multivariate framework.

Column (1) of Table 2 displays results from the ordinary least squares estimation in

101t is interesting to note that despite lower anthropometric z scores, rural children tend to rate their
health higher. There is still no satisfactory explanation for this seemingly contradictory phenomenon.
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which the height-for-age z scores are regressed on household income and a set of
basic demographic variables, including age, gender, residency, and family size. The
estimated coefficient on household income is statistically significant at the 1 percent
level. The effect of household income on child health turns out to be economically
important: a doubling of household income is associated with a 0.086 standard
deviation growth in height''. This can be translated to a 0.55 centimeter increase in
height. Prior literature has shown that childhood height has a very important impact
on future performance. For example, Thomas and Strauss (1997) showed that a 1%
increase in a man’s height is associated with a 2.4% increase in wage. This result is
robust to setting household income in the linear form, or using height directly instead
of the standardized z-score?.

The coefficients for age are statistically insignificant, indicating that the gap
between Chinese children’s height and the international standard does not vary
significantly across age. There is no significant observed difference between boys and
girls. The urban-rural discrepancy, as pictured in Table 1, is much greater than the
gender difference. Conditional on household income, urban children are 0.279
standard deviations taller than rural kids.

We next examine whether age-enhancing effects exist in China. Due to the
limited size of the sample, we divide it into three age categories: ages 0-6, ages 7-11,
and ages 12-17. The results, shown in Columns (2)-(4), strongly support a steepening
gradient, and the coefficients for the three groups are, respectively, 0.087, 0.134, and
0.137, and they are all significant at the 1 percent level.

Columns (5)-(7) explore the time trend of the gradient. To increase estimation
efficiency, we combine two waves together to generate a period. The correlation
between family income and child health falls in the passing decades, which is
consistent with the trend in the United States (Currie et al., 2008). This may be partly
due to the efforts that the Chinese government has made in recent years to improve

medical services for poor and rural residents.

Regional Difference in the Income Gradient

In the previous table, we see a significant coefficient for the “urban” dummy for

10.123*In2~0.086.

12 1f income is set in linear form, result indicates a 10,000 yuan increase in income leads to a 0.0491
SD increase in height. And using height directly shows that a doubling of income is associated with a
0.73 centimeters increase in height.



all specifications, indicating a large regional difference in child health. In this section,
we analyze urban and rural samples separately to further investigate this difference.
Figure 2 plots the relationship between height-for-age z scores and income, by
residence. From this graph we find that urban children are much healthier than their
rural counterparts regardless of income levels. This indicates that given the same level
of family income, rural children may suffer from other disadvantages, which are
likely to be worse sanitary conditions, lower quality medical access, and inadequate
nutrition. In addition, we observe a positive income gradient in both urban and rural
areas, implying the positive correlation between family income and child health is
independent of location and income levels. Third, the income gradient in rural areas is
flatter at lower income levels, resulting in a smaller gap in income gradients at these
levels. This may be because for very poor rural families, an increase in income is
mainly used for basic living expenses and not on child health. Only when income
reaches a certain threshold such that the basic needs of the family are met, will
additional income be spent on non-necessities such as better nutrition.

Table 3 shows regression results by residence. Despite the different gradients
observed in the figure, after controlling for basic demographic variables, the income
gradient at the mean level appears slightly larger in urban areas than in rural areas,
which is consistent with the steeper slope of urban children in Figure 2.

Alternative Income & Health Measures

The measure for household income that we have thus far used is current total
family income. Theoretically, child health may be more closely correlated with the
permanent income of a household if parents make consumption decisions primarily in
accordance with their permanent income streams. In order to examine the effects of
permanent income on child health, we take advantage of the panel nature of CHNS
and its rich information on income sources to construct multiple measures of the
permanent income. These measures include: 1) income from the previous wave; 2) the
average of the incomes from current and previous waves; and 3) income from more
permanent sources, such as wage earnings and retirement income.

Table 4 investigates the correlation between different income measures and child
health. Besides current household income, Column (1) adds family income from the
previous wave, irrespective of whether the child had been born at the time. Both

income measures are positively correlated with child health, and the coefficients of
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the two income measures are very similar (0.103 versus 0.098), indicating that the
income effect is not temporary, but is sustained over time. Column (2) uses the
average of these two income measures, and unsurprisingly, the coefficient is roughly
equal to the sum of the two coefficients found in Column (1). Column (3) separates
family income into several categories by source. Among these different sources, wage
and retirement income reflects income from work and pension funds, and subsidies
include one-child subsidy, gas subsidy, electricity subsidy, and other subsidies
provided by the work unit or local government. These two categories of income
stream embody the more permanent nature of family incomes. Income from family
businesses may be more unstable across years and may be a transitory income. We see
that different income measures have different correlations with child health:
coefficients of wage income, retirement income, and subsidies are significantly
positive, while that of family businesses are insignificant. This result indicates that
permanent income is a more important determinant of child health. Farming income
even shows a negative effect. This may be because having higher farming income
actually indicates that a family relies more on agriculture, and thus is poorer.

We next explore alternative health measures (the weight-for-age z score and self-
rated health) in addition to the height-for-age z score. As shown in the left hand panel
in Table 5, the income gradient is positive and statistically significant in terms of
weight-for-age z scores, and the effect exhibits an age-enhancing pattern: children
aged 6-9 have a coefficient four times that of ages 0-5. Self-rated health data are only
available for children over age 12. We examine both the ratings (ranging from one to
four) directly as well as the dummy variable “bad health” indicating whether self-
rated health is fair or poor. As shown in Column (4), self-rated health, where a lower
value is healthier, improves with income. From Column (5), we can see that children
in families with higher incomes are less likely to rate their health as fair or poor.

In summary, multiple incomes and health measures all show a positive and age-
enhancing gradient. In the next section, we will investigate the mechanisms

underlying the income gradient.

4. Mechanisms Underlying the Income Gradient

The previous section presents robust results on the income gradient in China. In
this section we will explore the channels through which family income correlates with

11



child health, with results reported in Table 6.

Column (1) is the basic regression with control of household income and age, age
squared, gender, the urban dummy, and household size. In Columns (2)-(5), we add
variables indicating potential channels, and Column 6 reports the results including all
related variables.

Column (2) adds variables for sanitary conditions, health investment, and access
to medical facilities. As expected, children living in families with better sanitary
conditions turn out to be healthier. Having medical insurance also has a large positive
effect, in contrast to findings for industrialized countries (Currie and Lin, 2007),
where insurance generally does not matter. These effects are robust when parental
education and health are included (Column (6)), the inclusion of which only reduces
the coefficient slightly (from 0.148 to 0.122), indicating that insurance has a relatively
independent effect on child health. A possible interpretation for the difference is that
China still lacks a well-functioning nationwide medical insurance system. The
scarcity in medical resources has made it extremely expensive and difficult to visit a
doctor. Therefore, if illness occurs, children with insurance coverage are able to afford
better medical treatment and recover more quickly. Furthermore, access to medical
services also improves a child’s health. Children are healthier where they live closer
to a medical facility, or where their nearest facility is of higher quality (beyond-county
level). Including these variables reduces the magnitude of, but does not eliminate the
income gradient, implying that the income gradient we previously identified partly
captures the effects of medical access on child health.

Parental age and education are included in Column (3), and parental health and
behaviors are included in Column (4). Parental education, especially maternal
education, has been shown to be an important determinant of child health (Strauss and
Thomas, 1998; Currie and Moretti, 2003; Chen and Li, 2009). We achieve a similar
result, as shown in Column (3). Children with mothers who have completed primary
school are 0.151 standard deviations taller than those with mothers who are illiterate
or did not graduate from primary school. The effect is magnified with each successive
education level, from 0.245 for junior high school to 0.389 for senior high and above.
A similar pattern is observed with respect to fathers’ education, albeit uniformly with
a smaller magnitude. This confirms the well-documented finding that a mother’s
education is more important in determining a child’s health. With respect to parental

health status and health behaviors, as expected, taller parents generally have taller
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offspring. The smoking behavior of fathers does not have a significant effect, while
maternal smoking severely affects a child’s health. This is possibly due to the fact that
mothers in general spend more time with their children. Whether the father or mother
is a heavy drinker does not affect a child’s height'®. In addition, inclusion of these
variables (parental education and health) reduces the income gradient from 0.123 to
0.098 and 0.094 respectively, implying that the income gradient actually reflects part
of the effects of parental characteristics on a child’s health.

Column (5) discusses the role of nutrition, which turns out to be an important
determinant of a child’s height (particularly protein and fat). Its importance in
explaining the income gradient is similar to that of parental health. After controlling
for nutritional intake, the coefficient of income falls from 0.123 to 0.093, similar to
the case when parental height and health behaviors are controlled.

Column (6) controls for all of the relevant variables mentioned above, which
account for approximately 59.4% of the overall income gradient. In Column (7), we
exclude variables that follow closely with household income (such as insurance and
nutrition) and only include predetermined (or exogenous) variables. For instance,
sanitary conditions and medical facilities are determined mainly by the supply of
public infrastructure, and parental education is a predetermined characteristic
independent of family income. The income effect estimated from this specification
likely reflects the genuine income effect, regardless of the channels through which it
works (e.g., insurance and nutrition). We can see that the log of family income has a

coefficient of 0.066, and all other control variables have expected signs.

5. From Correlation to Causality

Section 4 analyzed the relationship between child health and family income in a
multivariate context. However, the question is whether the estimated coefficient on

income reflects the real causal effect. Omitted variables and the simultaneity problem

3 Due to the nature of the household survey, CHNS does not have information on parents who are not
living with their children. Therefore, children with a parent missing are dropped from the regression in
these two columns. For rural and urban areas, the underlying reasons for missing may be different. In
rural areas it is more likely due to parents’ migration while in urban areas it is more likely due to
parents’ divorce or separation. This may cause bias towards different directions. We compare the
characteristics of the two subsamples with and without parent missing both for urban and rural areas
and find that the difference is not large (see Appendix Table A2). We also compare the basic
regressions (Column (1) in Table 6) with those two subsamples and find no significant difference,
which means including parental information and excluding the sample with parents missing may not
cause significant bias in our results.
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may bias our estimation. Perhaps the most plausible omitted variable here is health
status at birth, which is correlated with both family income and current health status.
However, this variable is not available in our dataset. This omitted variable may lead
to upward bias as the gradient increases with age, and even worse, we cannot exclude
other omitted variables confounding our estimation. As for the simultaneity problem,
children in developed countries are normally assumed not to contribute to family
income. Child health thus mainly casts influence on family income via parental labor
supply; that is, parents need to spend more time taking care of sick children, and thus
reduce their labor supply. Or, they may have to work more to earn enough money for
medical expenses. However, in developing countries, child labor supply is not
negligible. Thus, there can be an additional source of simultaneity for our study;
healthier children may earn more in the labor market and can contribute more to
family income. They may otherwise be more successful in pursuing higher education,
and thus enter the labor market later™*,

In short, although we have obtained the correlation between family income and
child health, the omitted variable and simultaneity issues limit our ability to interpret
the correlation as causal. More effort is needed to achieve a causal interpretation.

In this section, we exploit a unique tax reform undertaken by the Chinese
government to identify the causal effects of family income on child health. Searching
for exogenous variation in family income to identify causal effects has been explored
by very few researchers, as it is difficult to find such an exogenous shock that is not
directly correlated with child health™. Let us start with background on the Chinese

rural tax reform.

The Tax-for-fee Reform and Family Income

Since the mid-1990s, China’s intergovernmental finance has moved from fiscal
revenue sharing to tax sharing, resulting in a sharp drop in the fiscal capacity of local

governments.*® In order to meet the challenges of shrinking revenues and increasing

% We run regressions of child health on the labor supply of their parents as well as their own and find
the correlations are in generally significant, indicating the possibility of endogeneity due to the reverse
causality. Results are available from the authors upon request.

> The policy experiments explored in the literature which potentially provide exogenous variations in
household income include the age pension program in South Africa ( Duflo, 2000, 2003; Case, 2001),
Samurdhi in Sri Lanka (Himaz, 2008), and the Aid to Families with Dependent Children Program in
the United States (Currie, 1995; Mayer, 1997).

16 See Ter-Minassian and Fedelino (2008) for more details about China’s fiscal reform and its
consequences on the financial conditions of local governments.
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fiscal liabilities, local governments had to increase their dependence on fee
collection.’” As a result, local fees, together with an agriculture tax, placed a huge
burden on farmers. Beginning in the early twenty-first century, Chinese central
government launched the rural “tax-for-fee” reform, eliminating all local fees levied
on farmers, and legitimizing only a single agricultural tax (see Yep (2004) for details
of the reform). The agricultural tax was modestly increased to help compensate for the
subsequent loss in local governments’ revenues. The reform was first introduced in
Anhui province in 2000, and gradually expanded to cover the entire country. As for
the nine provinces involved in CHNS, Jiangsu underwent reform in 2001, Liaoning
and Guangxi in 2003, with all others earlier in 2002.

For the purposes of our analysis, this reform has one important feature worth
noting. The pre-reform local fees charged on farmers were only partly legitimate. A
significant part of fee collection stemmed from the selfish impulses of village or
township leaders and was not permitted by a higher-level authority. The increased
agricultural tax to compensate for losses in local fiscal revenues could only match
those fees that were legitimate. Thus, the reform succeeded in reducing financial
burden on farmers, and increased their disposable incomes (Sato et al., 2006).

We do not have the information on local fees collected at each county to measure
the potential increase in farmers’ income caused by the reform, since fees were mostly
informal and thus rarely recorded. However, we do have information on local
revenues collected from agriculture taxes. As previously mentioned, agriculture taxes
had increased to partially compensate for the loss in local fiscal revenues from
abolished fees (Yep, 2004). To the extent that the agricultural tax rate and base in
China had been quite stable over time, the big change in the agricultural tax
immediately after the reform should largely represent the amount compensating the
loss in local fees. A county with a larger increase in agricultural tax means that it had
previously charged even larger fees, and thus there was a larger reduction in fiscal
revenue due to the reform, as well as a larger reduction in the financial burden on
farmers in that county. We then argue that the increased agricultural taxes (on a per
capita basis) due to the reform can be used as a proxy for the extent to which famers’
disposable incomes increased due to the reform.

Table 7 shows the trend for the average county-level agricultural tax per capita

7" Local fees are mainly composed of charges for public utilities, fees in return for service, surcharges
on agricultural taxes, and earmarked levies for specific purpose funds (such as education).
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(CPI adjusted) in each province sampled in CHNS. The dark line illustrates the timing
of the reform in each province. Note that all nine sample provinces have exhibited a
relatively stable agricultural tax (on the per capita basis), but experienced a notable
rise after the reform, with variations in magnitude. This is reinforced in Figure 3
where we plot mean agricultural taxes across time, and the reform year for each
province is marked as zero for comparison purposes. The significant decline in
agricultural taxes after the reform was due to a policy launched by the central
government that mandated all agricultural taxes to be phased out by 2006.

For the reform to be a valid instrument for family income, two conditions must be
satisfied. First, the reform must significantly influence family income. Second, it
should not have a direct effect on child health other than through family income.

To evaluate its effect on income, a difference-in-differences (DID) model is
employed:

Yij=aRi+SAfteri+yR;- Afteri+dXijrt+v

Yij refers to the family income of jth child in ith county in period t. After;
indicates whether county i has experienced the reform in period t. Xjj; represents other
control variables.

R represents the extent to which county i was affected by the reform. It is defined
as the difference in agricultural tax per capita immediately before and after the reform
in each county. In order to correct for the changes in trends that may not be due to the
reform itself, we further add a de-trend term in the calculation. Specifically, R; is
defined as follows:

R;i=0 for urban areas
Ri=taxir-taxicr-1)+( taXizooo -taXiige7)/3 for rural areas
where T represents the year of the reform. The first difference is the before-after
change in tax, and the second difference is the mean level of difference across time
prior to the reform. Then the value of R; represents the potential of county i for the
reform to have an effect on the reduction in local fees. In the regression, we will use
the log form of R;. Notice that the way we define R; treats urban areas as a comparison
group not subject to the policy change. The DID method identifies the effect of the
reform on family income where y is the parameter of interest. The results, reported in
Table 8, show that the reform does have a positive and significant effect on household
income. The first stage F statistic in Column (4) where sufficient variables are

controlled is 18.34, which is well-beyond 10 (rule of thumb for weak instruments
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proposed by Staiger and Stock (1997)) and also exceeds the threshold value under
10% relative bias toleration (16.38 for our case, see Stock and Yogo (2005) for

details), suggesting our instruments are unlikely to be weak.

Validity Tests
To check the validity of the instrument, we split time ranges as follows: 1991-

2000, 2000-2004, 2004-2006 (the first three columns in Table 9). We expect that the
reform should only have an effect on income during the 2000-2004 range, since all
nine provinces implemented their reforms during that period. In the meantime, we
should not see significant effects during the period in which there were no reforms
(i.e., before 2000 and after 2004). This lets us exclude the possibility that the positive
DID outcome may be due to some unobserved local factors. As seen in Table 9, only
the effect during the reform period (2000 through 2004) is significant, while it is not
in other periods (before 2000 and after 2004). This lends strong support to our
hypothesis that the DID result accurately captures the reform effect.

Additionally, the reform occurred only in rural areas, so it should not affect
family income in urban areas. The last two columns in Table 9 show that if R; in urban
areas were set equal to the value of rural areas in the same county instead of zero, the
reform does not have any effect, but it does affect rural areas. This finding further
supports our hypothesis.

A second condition for a valid instrument is whether or not the reform has a direct
effect on child health other than through family income. Two related issues should be
addressed here. First, while the reform relieved some financial burden for farmers,
local governments were expected to have a harder time because of shrinking revenue
sources, which may lead to a drop in the supply of public goods, including public
medical facilities (Kennedy, 2007), thus affecting public health. We deal with this
problem by controlling for families’ access to medical facilities. Another issue is that
reform may change the behavior of children and their parents. For example, by
changing the marginal cost of farming, the reform may affect the labor supply of
children, which is shown to be correlated with child health (Beegle et al., 2004;
O’Donnell et al., 2005; Wolff and Maliki, 2008). It may also impact child health
through parental behavior; if parents spend more time on farming, they have less time
for child care. From Table 10, however, it seems that the reform does not have a

significant effect on labor force participation, either for children or for parents.
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In summary, we find a strong correlation between the reform and family income,
but do not find evidence of a direct effect of the reform on child health. We therefore

can use it as an instrument for family income to identify its health effects.

Instrumental Variable Estimation Results

Table 11 gives estimation results, using the reform as an instrument for family
income. The four columns include progressively more controls. The results show that
family income does have an important causal effect on child health. The magnitudes
of the effects fall with the inclusion of more controls but always remain significant.
The 1V estimates are much larger than the previous OLS ones. For example,
comparing the OLS estimate in Column (1) of Table 2 with the IV estimate in Column
(1) of Table 11, we see that the effect of household income substantially increases
from 0.123 to 1.071. The IV estimate shows that if household income is doubled, it
will translate into a 4.8 centimeter increase in child height, which is equivalent to 3.7
percent of the mean height of children. This finding confirms that family income does
capture some of the effects of parental characteristics (education, health, etc.),
household facilities, and access to medical services, but it also has a direct causal
effect on child health. There must be other sources through which income plays a
significant role.

6. Conclusions

Existing literature has found a positive correlation between family income and
child health mostly in developed countries, and the age-enhancing effect in some
contexts. Using the China Health and Nutrition Survey, this paper confirms the
existence of a significant positive and age-enhancing income gradient for child health
in China, the largest of the developing countries. The results are robust to using
different health and income measures. We also compare the income gradient patterns
between different subgroups by residence. We find that the gradient is larger for urban
children than for their rural counterparts.

The study reveals several important factors that play a significant role in
protecting child health in China. These factors include parental education and health,
mothers’ smoking behavior, household sanitary conditions, access to medical facilities,
health insurance coverage, and nutritional intake. Some of these are consistent with
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findings from other studies, but some are not. For example, there is evidence that
insurance is not important in protecting child health in the United States (Case et al.,
2002). The income gradient remains robust after all of these factors are included,
implying that income has both direct and indirect effects on child health.

We also attempt to identify causal effects using an experiment implemented in
China. The panel nature of the dataset enables us to use a DID method to identify the
effect of the exogenous tax-for-fee reform on family income, and then to further
identify the causal effect of family income on child health. Through this process, we
find that family income does have a significant positive effect on child health. We also
find that under the 1V specification, the effect of income on child health becomes
much larger than under the OLS specification. This effect remains positive and
significant even when the predetermined familial environments (sanitary conditions,
access to medical services, etc.) and parental characteristics (health, education, etc.)
are controlled.

The policy implications of this paper are clear. First, the positive income effect on
child health implies that the subsidy programs that increase income for the poor may
be an effective way to improve the health of children from poorer families. Given the
importance of child health on future career performance, this implies a relief for
future income inequality. The age-enhancing effect further indicates a long-term
health benefit from these subsidy programs. Second, the less desirable health
conditions in the rural areas, given the same levels of income, indicates that although
reducing income-inequality is a major focus of currently policies, equally important is
to improve those health-related conditions in the rural areas. Third, the flatter income
gradient among the very poor rural population highlights the fact that a proportion of
Chinese people may still struggle for basic necessities, and are unable to invest in
their children’s health. Public welfare programs need to be large enough to meet basic
needs before they can help improve child health. Fourth, the multiple channels
identified also highlight the specific ways that child health can be improved. Some
factors that may not be a problem in developed countries, such as improving access to
medical services, household sanitary conditions, and increasing health insurance

holding, are still important tasks to undertake in developing countries such as China.
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Table 1: Summary Statistics

All By Residence By Gender
Urban Rural Male Female
Basic Demographic Variables
Age 10.01  10.30 9.90%** 9.95 10.07°
Male 0.53 0.51 0.54***
Urban 0.27 0.26 0.28°°°
Height (cm) 130.25 133.17 129.18***  130.84 129.59°°°
Weight (kg) 31.09 3310 30.35*** 3152  30.62°°°
Health-Indicating Variables
Height for age z-score -1.01 -0.78 -1.10%*** -1.02 -1.01
Weight for age z-score (age<10) -0.32 -0.20  -0.36*** -0.30  -0.34°°°
Self-rated health® (age =12) 197 2.05 1.947* 1.96 1.98
Nutrition Intake Variables
Daily protein intake (g) 54.60 5751  53.50*** 56.87  52.08°°°
Daily fat intake () 51.81 6298  47.60*** 53.67  49.75°°°
Daily calorie intake () 1857.93 1859.67  1857.27 1933.64 1773.68°°°
Daily carbohydrate intake (g) 290.81 263.89 300.99***  303.30 276.91°°°
Medical Service Variables
Have medical insurance 0.21 0.29 0.18*** 0.21 0.21
Receive immunizations last year (age<12) 0.72 0.68 0.74%** 0.72 0.72
Receive preventive health service last year 0.05 0.08 0.04*** 0.05 0.05
The nearest facility is a beyond-county level hospital 0.32 0.31 0.32 0.32 0.32
Distance to the nearest facility (km) 0.38 0.41 0.38** 0.39 0.38
Family Background Variables
Household income per capitab (yuan) 3330.98 4489.03 2905.65***  3356.47 3302.48
Drinking tap water 0.61 0.87 0.51%>** 0.60 0.62°°
Using in-house flush toilet 0.22 0.43 0.13*** 0.21 0.22
Mother's age 36.50 36.60 36.46 36.45 36.56
Mother's height 155.49 155.76 155.39*** 15564 155.31°°°
Mother-Illiterate 0.27 0.18 0.30%** 0.26 0.28°°°
Mother-Primary school 0.24 0.16 0.26*** 0.24 0.23°°
Mother-Junior high school 0.33 0.36 0.31%** 0.33 0.32
Mother-Senior high school or above 0.17 0.29 0.12%** 0.17 0.17
Mother ever smoked 0.02 0.02 0.02 0.02 0.02
Mother being heavy drinker® 0.02 0.04 0.01*** 0.02 0.02
Father's age 3813 3865  37.95%** 38.04 38.24°
Father's height 165.98 166.46 165.80***  165.96 165.99
Father-llliterate 0.11 0.10 0.11** 0.10 0.11
Father-Primary school 0.23 0.15 0.26*** 0.23 0.23
Father-Junior high school 0.42 0.40 0.43*** 0.42 0.43
Father-Senior high school or above 0.24 0.35 0.20%** 0.24 0.24
Father ever smoked 0.70 0.71 0.70 0.69 0.72°°°
Father being heavy drinker 0.28 0.32 0.27*** 0.27 0.29°
Observations 16246 4364 11882 8574 7672

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. Age 0-17 if not specified. * indicate
regional difference significant at 10%; ** significant at 5%; *** significant at 1%. °,°°,°°° refer to gender difference.

Missing variables not imputed in this table.

a. Self-rated health: 1-excellent, 2-good, 3-fair, 4-poor. b. Income all inflated to 2006 CPI. c. heavy drinkers are defined as

people who drink 3-4 times or more per week.
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Table 2: Age Profiles of the Income Gradients of Children's Health

Dependent Variable: By Age By Wave
Height-for-Age z scores All Age 0~6 Age 7~11 Age 12~17 1991&1993 1997&2000 2004&2006
©) (2) 3) 4) ©) (6) Q)
Household income (log) 0.123***  (0.081*** 0.134*** 0.137*** 0.156*** 0.114*** 0.078***
(0.009) (0.018) (0.017) (0.014) (0.015) (0.017) (0.017)
Age 0.006 -0.320*** 0.029 -0.075 -0.013 -0.015 0.058***
(0.008) (0.040) (0.137) (0.130) (0.011) (0.014) (0.017)
Age squared/100 -0.035 3.909*** -0.234 0.250 0.086 0.027 -0.301***
(0.038) (0.490) (0.714) (0.431) (0.056) (0.067) (0.081)
Male -0.002 0.001 0.068** -0.075*** -0.011 -0.012 0.028
(0.015) (0.030) (0.027) (0.023) (0.023) (0.026) (0.034)
Urban 0.279***  (.278*** 0.339*** 0.223*** 0.306*** 0.291*** 0.190***
(0.018) (0.035) (0.0312) (0.027) (0.027) (0.030) (0.039)
Household size -0.044*** -0.011 -0.049*** -0.091*** -0.047*** -0.071*** -0.016
(0.007) (0.011) (0.012) (0.0112) (0.010) (0.012) (0.014)
Observations 16165 4663 5385 6117 7251 5557 3357
R-Squared 0.172 0.152 0.183 0.203 0.126 0.153 0.160
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant at 10%; ** significant at 5%; *** significant at 1%.
Robust standard errors are in the parenthesis. Wave dummies and province dummies are included in all regressions.
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Table 3: Regional Difference in the

Income Gradient

1) 2)
Dependent Variable: Height-for- Urban Rural
Age zscores
Household income (log) 0.126*** 0.117%**
(0.017) (0.011)
Age 0.027* -0.002
(0.016) (0.009)
Age squared/100 -0.140* 0.006
(0.074) (0.044)
Male 0.007 -0.003
(0.029) (0.018)
Household size -0.081*** -0.033***
(0.013) (0.008)
Observations 4346 11819
R-Squared 0.205 0.148
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006.
* significant at 10%; ** significant at 5%; *** significant at 1%. Robust standard
errors are in the parenthesis. Wave dummies and province dummies are included

in all regressions.
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Table 4:The Relationship between Child Health and Family Permanent Income

Dependent Variable: Height-for-Age z scores

@) @) (©)

Household income (log)

Household income last wave (log)

Average household income in last two wave (log)

Non-retirement wage income (log)

Retirement income (log)

Income from subsidies? (log)

Net income from household business (log)

Income from farming (log)
Income from other sources (log)
Age

Age squared/100

Male

Urban

Household size

0.103%**

(0.010)

0.008***

(0.010)

0.207%+*
(0.013)

0.013%**
(0.002)
0.018%**
(0.004)
0.028%**
(0.003)
0.003
(0.002)
-0.029%**
(0.002)
0.001
(0.002)

0.007  0.005 0.009

(0.008)  (0.008)  (0.008)

-0.041  -0.031  -0.043

(0.041)  (0.041)  (0.038)

-0.002  -0.002  0.003

(0.016)  (0.016)  (0.015)

0.242%%%  0.241%%%  0,120%**

(0.019)  (0.019)  (0.019)

-0.048%** -0,049%**  -0,013*

(0.007)  (0.007)  (0.007)

Observations
R-Squared

14146 14359 15940
0.173 0.171 0.200

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant at
10%; ** significant at 5%; *** significant at 1%. Robust standard errors are in the parenthesis.
Wave dummies, and province dummies are included in all regressions.



Table 5: The Income Gradient using Other Measures of Health Status

Dependent Variable: Weight-for-Age z scores® Self-Rated Health® Bad Health®
Age 0~9 Age 0~5 Age 6~9 Age 12~17 Age 12~17
1) 2) ©) (4) ()
Household income (log)  0.034*** 0.013 0.052*** -0.067*** 0.075**
(0.009) (0.015) (0.0112) (0.022) (0.030)
Age -0.205%**  -0.334*** 0.023 0.458*** -0.329**
(0.014) (0.035) (0.118) (0.108) (0.167)
Age squared/100 1.439%*** 3.278*** -0.082 -1.548*** 1.130**
(0.114) (0.490) (0.726) (0.371) (0.569)
Male 0.047*** 0.046** 0.045** -0.044 -0.016
(0.014) (0.022) (0.018) (0.042) (0.055)
Urban 0.199*** 0.200***  (0.199*** 0.206*** -0.315%**
(0.017) (0.026) (0.023) (0.047) (0.059)
Household size 0.003 0.017** -0.014* 0.037* -0.036
(0.006) (0.008) (0.008) (0.020) (0.026)
Observations 7543 3622 3921 3002 3002
(Pseudo) R-Squared 0.218 0.215 0.221 0.037 0.033

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant at 10%; ** significant at 5%; ***
significant at 1%. Robust standard errors are in the parenthesis. Wave dummies and province dummies are included in all

regressions.

a. OLS model used. b. Order probit model used and coefficients reported. Self-rated health - available only for children older
than 12 since wave 1997. 1-excellent, 2-good, 3-fair, 4-poor. c. Probit model used and coefficients reported. Bad rated health
defined as self-rated health either being fair or poor.
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Table 6: The Mechanism of Translating Household Income into Child Health

Dependent Variable:
Height-for-Age z scores 1) ) ©) “) ) ©) )
Log-household income 0.123*** 0.087*** 0.098*** 0.094*** (.093*** (.050*** 0.066***
(0.009) (0.009) (0.010)  (0.010)  (0.009)  (0.010) (0.010)
Drinking tap water 0.109%** 0.018 0.029
(0.018) (0.018) (0.018)
Using in-house flush toilet 0.260*** 0.106***  0.135***
(0.022) (0.023) (0.023)
Have medical insurance 0.148*** 0.121*>**
(0.020) (0.020)
Receive preventive health service last year 0.041 0.031
(0.037) (0.037)
Distance to the nearest often-visited medical ~ -0.018** -0.024**  -0.024***
facility (0.009) (0.009) (0.009)
The nearest often-visited medical facility isa ~ 0.069*** 0.037**  0.037**
beyond county-level hospital (0.018) (0.018) (0.018)
Mother's age 0.008*** 0.004 0.004
(0.003) (0.003) (0.003)
Mother-primary school 0.151%** 0.064***  0.066™**
(0.025) (0.023) (0.023)
Mother-junior high school 0.245*** 0.100***  0.107***
(0.025) (0.024) (0.024)
Mother-senior high school or above 0.389*** 0.149***  0.160***
(0.030) (0.029) (0.029)
Mother's height 0.035*** 0.033***  0.033***
(0.002) (0.002) (0.002)
Mother ever smoked -0.179%** -0.161*** -0.168***
(0.054) (0.055) (0.055)
Mother being a heavy drinker -0.092* -0.106**  -0.099*
(0.054) (0.053) (0.054)
Father's age -0.003 0.006**  0.006**
(0.003) (0.003) (0.003)
Father-primary school 0.113*** 0.059**  0.069**
(0.031) (0.029) (0.029)
Father-junior high school 0.165*** 0.077***  0.089***
(0.031) (0.029) (0.029)
Father-senior high school or above 0.259*** 0.110***  0.126***
(0.033) (0.032) (0.032)
Father's height 0.039*** 0.036***  0.037***
(0.002) (0.002) (0.002)
Father ever smoked -0.009 -0.006 -0.003
(0.018) (0.018) (0.018)
Father being a heavy drinker 0.002 -0.009 -0.001
(0.018) (0.017) (0.018)
Protein z score 0.142***  0.064***
(0.016)  (0.016)
Fat z score 0.126***  0.081**
(0.032)  (0.032)
Calorie z score -0.135**  -0.082
(0.068)  (0.067)
Carbohydrate z score -0.005 0.033
(0.049)  (0.048)
Observations 16165 16165 14184 14184 16165 14184 14184
R-Squared 0.172 0.189 0.196 0.259 0.187 0.276 0.269
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant at 10%; ** significant at 5%;
*** significant at 1%. Robust standard errors are in the parenthesis. Corresponding dummy variables indicating missing of a
variable (see Table Al). Wave dummies and province dummies are included in all regressions. Other control variables includes

age, age squared, male, urban dummy and household size.
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Table 7: The Time Trend of Average County-Level Agricultural Tax Per Capita

Year Liaoning Heilongjiang Jiangsu Shandong Henan Hubei Hunan Guangxi Guizhou
1997 51.41 153.28 37.15 39.30 25.15 49.07 32.56 45.09 46.22
1998 55.39 155.47 39.57 42.61 25.19 47.57 28.13 44.35 39.02
1999 51.00 217.76 38.85 47.74 25.07 49.49 27.24 40.11 33.73
2000 53.67 204.52 46.87 50.55 25.57 50.02 28.12 37.63 31.57
2001 56.22 167.01 7174 54.58 22.13 46.65 28.19 36.00 27.45
2002 71.09 236.93 81.55 90.64 52.17 66.98 47.76 | 49.55 | 35.09
2003 90.71 177.87 121.11 112.73 52.44 70.25 58.65 60.60 36.93
2004 51.12 76.19 134.42 90.92 41.41 53.47 42.43 37.64 34.46
2005 6.04 13.91 0.01 8.93 5.41 8.01 11.77 2.25 18.31

Source: Author's calculation based on China Sub-Provincial Public Finance Statistics (1998-2006)
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Table 8: The Effect of Tax-for-Fee Reform on Household Income

Dependent Variable:
Household Income (Log) (1) (2) (3) (4)
Log(Aagricultural tax p.c.) -0.081*** -0.084*** -0.103*** -0.103***
(0.015) (0.015) (0.016) (0.016)
After 0.501***  0.374*** (0.350***  (.353***
(0.042) (0.041) (0.044) (0.044)
Log(Aagricultural tax p.c.)*After 0.044*** (0.042*** 0.060*** 0.059***
(0.013) (0.013) (0.014) (0.014)
Age -0.017** -0.016**  -0.010 -0.011
(0.007) (0.007) (0.007) (0.007)
Age squared/100 0.114***  0.103***  0.098***  (0.099***
(0.034) (0.033) (0.034) (0.034)
Urban 0.158***  -0.015 -0.093*  -0.095*
(0.050) (0.050) (0.052) (0.052)
Male -0.010 -0.003 -0.007 -0.009
(0.014) (0.014) (0.014) (0.014)
Household size 0.112*%**  0.126*** 0.125*** (0.125***
(0.006) (0.006) (0.006) (0.006)
Hous_ehold Fa'C|I|ty and Access to No Yes Yes Ves
Medical Service
Parental Education No No Yes Yes
Parental Health No No No Yes
Observations 14006 14006 12269 12269
R-Squared 0.144 0.180 0.216 0.220
Cragg-Donald F statistic 11.09 10.51 18.89 18.34

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant
at 10%; ** significant at 5%; *** significant at 1%. Robust standard errors are in the
parenthesis. Corresponding dummy variables indicate missing of a variable (see Table Al).

Wave dummies and province dummies are included in all regressions.
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Table 9: Robustness Check on the Effect of Tax-for-Fee Reform

Dependent Variable:

Test by Waves

Test by Region

2000 1991, 1993 2004
Household Income (Log) Versus Versus Versus Rural Urban
2004 1997, 2000 2006
@) (2) ©)] (4) ®)

Log(Aagricultural tax p.c.) -0.063** -0.094*** -0.037 -0.112%** 0.089**

(0.031) (0.017) (0.038) (0.017) (0.036)
After 0.030 0.285*** 0.082 0.373*** 0.312*

(0.055) (0.030) (0.068) (0.109) (0.186)
Log(Aagricultural tax p.c.)*After 0.038* 0.016 0.019 0.077** 0.027

(0.020) (0.010) (0.025) (0.033) (0.062)
Age -0.022 -0.012 -0.039** -0.021*** -0.014

(0.013) (0.007) (0.016) (0.008) (0.016)
Age square/100 0.105 0.092** 0.195** 0.135*** 0.061

(0.067) (0.036) (0.082) (0.040) (0.081)
Urban 0.233** 0.137** 0.163

(0.100) (0.054) (0.126)
Male -0.038 -0.007 -0.036 -0.004 -0.066*

(0.029) (0.015) (0.036) (0.017) (0.036)
Household size 0.121*** 0.121*** 0.068*** 0.105*** 0.105***

(0.012) (0.006) (0.015) (0.007) (0.016)
Observations 3878 11135 2871 9926 2152
R-Square 0.114 0.126 0.105 0.124 0.167
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. Age 0-17. * significant at 10%; **
significant at 5%; *** significant at 1%. Robust standard error in the parenthesis. Wave dummies and province
dummies are included in the regression but not reported.
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Table 10: The Effect of Tax-for-Fee Reform on Family Labor-Force Participation

Father Mother Child
@) 2) (©)
Log(Aagricultural tax p.c.) -0.081 -0.080** 0.034
(0.050) (0.040) (0.050)
After -0.935*** -0.967*** 0.059
(0.089) (0.076) (0.116)
Log(Aagricultural tax p.c.)*After 0.041 0.024 0.029
(0.027) (0.022) (0.036)
Age 0.131*** 0.145*** -1.284%**
(0.018) (0.015) (0.269)
Age square/100 -0.187*** -0.197*** 5.495%**
(0.022) (0.020) (0.885)
Urban -0.738*** -0.600*** -0.566***
(0.165) (0.132) (0.170)
Household size -0.045** -0.011 0.086***
(0.018) (0.015) (0.020)
Household income (log) 0.189*** 0.143*** -0.114%**
(0.023) (0.019) (0.028)
Primary school 0.094 -0.239***
(0.084) (0.057)
Junior high school -0.147* -0.456***
(0.077) (0.054)
Senior high school or above -0.110 -0.413***
or above (0.082) (0.061)
Child being male 0.002 0.011 -0.144***
(0.042) (0.034) (0.046)
Observations 12621 12998 5291
R-Square 0.123 0.117 0.241

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. Age 0-17. *
significant at 10%; ** significant at 5%; *** significant at 1%. Robust standard error in the
parenthesis. Wave dummies and province dummies are included in the regression but not reported.
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Table 11: IV Estimation of the Effect of Household Income on Child Health

@) (2 (©) 4
Log-household income 1.071** 1.102** 0.673** 0.541**
(0.423) (0.451) (0.284) (0.268)
Log(Aagricultural tax p.c.) 0.064* 0.071* 0.033 0.022
(0.038) (0.042) (0.034) (0.031)
After -0.185 -0.164 -0.059 -0.012
(0.304) (0.249) (0.178) (0.167)
Age 0.020 0.020 0.009 0.008
(0.013) (0.013) (0.011) (0.010)
Age squared/100 -0.130* -0.130* -0.056 -0.058
(0.072) (0.071) (0.056) (0.052)
Urban 0.101 0.162** 0.121 0.129*
(0.103) (0.079) (0.075) (0.070)
Male 0.010 0.007 -0.010 -0.026
(0.022) (0.022) (0.019) (0.018)
Household size -0.161*** -0.168*** -0.118*** -0.100%**
(0.048) (0.058) (0.036) (0.034)
Household Facility and
Access to MedicZI Service No Yes Yes Yes
Parental Education No No Yes Yes
Parental Health No No No Yes
Observations 14006 14006 12269 12269

Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. * significant at 10%;
** significant at 5%; *** significant at 1%. Robust standard errors are in the parenthesis.
Corresponding dummy variables indicate missing of a variable (see Table A1). Wave dummies and
province dummies are included in all regressions.
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Table Al: Missing Variables in CHNS

Variables Percentage of Missing
Drinking tap water 0.65%
Using in-house flush toilet 0.65%
Have medical insurance 1.66%
Receive preventive health service last year 2.30%
Distance to the nearest medical facility 4.67%
The type of the facility 4.67%
Mother's education level 0.85%
Mother's height 4.44%
Mother ever smoked 3.42%
Mother being a heavy drinker 3.91%
Father's education level 0.52%
Father's height 13.09%
Father ever smoked 9.23%
Father being a heavy drinker 9.62%
Protein intake 5.21%
Fat intake 5.37%
Calorie intake 5.16%
Carbohydrate intake 5.26%
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004,
2006. Age 0-17.
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Table A2: The Differnce of Children between Families with Both Parents Live in and Families with
either Parent not in Home

Urban Rural
Both parents  Either Both parents  Either
live in home parents not live in home parents not
Basic Demographic Variables
Age 10.27 10.53 9.89 9.97
Male 0.51 0.48 0.54 0.53
Height (cm) 132.89 135.23* 129.14 129.55
Weight (kg) 32.91 34.49** 30.33 30.51
Health-Indicating Variables
Height for age z-score -0.80 -0.70* -1.10 -1.09
Weight for age z-score -0.21 -0.11* -0.36 -0.35
Self-rated health (age =12) 2.05 2.08 1.92 2.02
Nutrition Intake Variables
Daily protein intake (g) 57.31 58.92 53.77 51.01
Daily fat intake (g) 62.59 65.82* 47.38 49.70
Daily calorie intake (g) 1855.57 1889.65 1862.74 1806.09
Daily carbohydrate intake (g) 264.00 263.12 302.49 286.91
Medical Service Variables
Have medical insurance 0.29 0.24** 0.17 0.22
Receive immunizations last year (age<:12) 0.68 0.67 0.74 0.72
Receive preventive health service last year 0.08 0.08 0.04 0.04
Family Background Variables
Household income per capita (yuan) 4571.97 3882.55*** 2888.91 3059.95
Drinking tap water 0.86 0.90** 0.50 0.63
Using in-house flush toilet 0.42 0.48** 0.13 0.16
Observations 3839 525 10719 1163
Notes:

Source: China Health and Nutrition Survey, 1991, 1993, 1997, 2000, 2004, 2006. Age 0-17. * significant at 10%; **
sianificant at 5%: *** sianificant at 1%.
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