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In this study, we examined the effect of health on the elderly's labor supply in rural China based on the data of the Chinese Health and Nutrition Survey (CHNS) from 1997 to 2006. We used simultaneous equations to address the endogeneity problem of health and estimate the models with censored data of labor supply by the full information maximum likelihood estimation. We found that the failing health does not significantly decrease the elderly's labor supply in rural areas when using both the subjective (self-reported health status) and objective (hypertension diagnosed or not) health indicators. Our finding indicates the phenomenon of “ceaseless toil” for the elderly in rural China, i.e., the elderly almost work their whole life even if they are not physically capable. The results remain robust when using a two-stage limited information maximum likelihood estimation.
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INTRODUCTION

With the decreasing fertility rate and rising life expectancy, the pace of population aging in China is much faster than that in the past (1). The aging problem may impose a heavy burden on society, and the easing of the burden mostly depends on when the elderly decide to retire (2). Although people eventually will be too sick to work, they may retire far before then. There are two possibilities of the retirement timing for the elderly, leading to different fiscal pressures. On the one hand, the elderly choose to retire and begin to receive pensions once they feel just slightly ill. This way of old-age care requires the government to allocate a great amount of fiscal budget to support the high level of social welfare. On the other hand, the elderly tend to work their whole life even if they are not physically capable to make a living as Benjamin et al. (3) found in China. Such a way of old-age care reduces the toil of the government but comes at the cost of reducing the welfare of the elderly. Therefore, it is a challenge for the government to find a balance between the welfare of the elderly and the growing pension burden when determining the retirement policy (4).

The key to addressing this policy challenge is to investigate how the elderly's labor supply will respond to their failing health. Therefore, this study examined the effect of health on the elderly's labor supply in rural China and investigated the retirement choice patterns of the elderly in rural China. We wanted the answer to whether the elderly in rural China retire in time when they feel just slightly ill, as the first pattern, or will work their whole life even if they are not physically capable, as the latter pattern. Holding other factors constant, if health has no significant effect on the elderly's labor, it means they follow the first pattern, but if there is a significantly negative effect, it is the second one.

Theoretically, the impact of health on the elderly's labor supply is uncertain. On the one hand, failing health will lead to lower labor productivity, which in turn results in unemployment (5). The less healthy a person is, the more likely he or she is to drop out of the labor market (6). On the other hand, poor health also has an income effect, which may increase the labor supply. Poorer health requires more medical care and health services (7). Therefore, the elderly need to provide more labor to afford the health services if they are limited in economic conditions, especially when the social security system is not well ensured. In this study, we attempted to test the theory that explains the elderly's labor supply with the data from rural China.

The data in China are suitable research sample to investigate the impact of health on the elderly's labor supply in developing countries. The economic conditions and retirement patterns differ remarkably in urban and rural China due to China's unique urban–rural dual social structure. The old-age security system in cities is relatively complete, while in rural areas, the system has not been fully established. In some poor families in rural areas, where the adult children cannot afford to support their parents, the older parents need to earn their own living by heavy farming work all their life, which leads to the phenomenon of “ceaseless toil” (3, 8). Therefore, the data on the elderly in rural China provide us with sufficient variations in the sample for estimation.

However, an empirical challenge lies in the measurement of health. In the current literature, scholars often use subjective and objective indicators to measure health. Subjective indicators include self-reported health status, self-reported days of disability, or limitations in activities. Objective health indicators are constructed based on medical tests of health conditions, such as height, weight, body mass index (BMI), grip strength, blood pressure, and limitations in activities of daily living (ADLs) (9–11). Nevertheless, both indicators have the endogeneity problem, which may cause biased estimation results when examining the effect of health on labor supply (12–14).

The endogeneity problem comes from several aspects: First, the reverse causation, which means that the health will affect people's labor supply, while the labor supply may also affect the health status. For example, the justification bias will lead to an endogeneity problem of reverse causation, which indicates that people may deliberately undervalue their health status for the excuse of their withdrawal from the labor market (15–17); second, the omitted variables, which means that health is often related to an individual's economic and social conditions, which also affect the labor supply behavior. If the factors of economic and social conditions are omitted in regressions, it will lead to biased estimation results. Compared to subjective health indicators, the objective health indicators do not have the endogeneity problem caused by justification bias but still have the reverse causality and omitted variable problems. Third, objective health indicators are more susceptible to measurement errors, which may lead to endogeneity as well (11). Since the measurements of objective health indicators mostly depend on medical instruments, people's emotions will sometimes be influenced by those instruments and then cause measurement errors.

In this study, we used simultaneous equations to solve the endogeneity problem in the health and labor supply model. The estimation of simultaneous equations not only reduces the difficulty of searching for proper instruments to address the endogeneity problem but also gets a more asymptotically efficient estimated result.

We contribute to the literature in three ways: First, this study adds to the literature on the causal effect of health on the elderly's labor supply and in particular to the few studies that examine the effect in developing countries (6, 18–20). The effect of health on the elderly's labor supply is controversial in the literature. Some studies find that health has a significant positive impact on labor supply, but some conclude that there is no such effect (3, 21–24). The reason for the controversy lies in the endogeneity problem of health variables and the measurements of labor supply. Therefore, in this study, we used the simultaneous-equation Tobit models with both the subjective and objective health indicators to achieve more robust and efficient estimated results. Our results help to resolve the controversy in supporting the conclusion of Benjamin et al. (3) that there is a phenomenon of “ceaseless toil” among the elderly in rural areas in China.

Second, to reveal the impact of health from different aspects, we used both the objective and subjective health indicators to measure the health level of the elderly and considered the objective indicator (hypertension diagnosed or not) as a binary variable and the subjective indicator (self-reported health status) as an ordered variable in estimation, which enriches the measures of health in literature. Using hypertension as a health indicator has several advantages. Hypertension can be accurately measured and has fewer measurement errors. In addition, hypertension is a common chronic disease in older adults, which is mostly diagnosed when people who are not yet retired face the decision of retirement, so there are sufficient variations in the sample of older people with different decisions (25–27).

Third, in this study, we first derived a logarithmic likelihood function of the joint distribution for the simultaneous equations including both a Tobit-type limited dependent variable and a binary choice (or an ordered) variable and then used the full information maximum likelihood (FIML) estimation method to obtain a more asymptotically efficient estimated result. There is no previous research deriving the likelihood function of simultaneous equations in this type and using FIML to estimate them, which can be used for further research of relevant models. Besides the better asymptotically efficiency, another advantage of the FIML estimation is that the correlation coefficient of residuals in labor and health equations can be directly estimated. Therefore, we can test the significance of the correlation coefficient directly to verify the existence of endogeneity and address the endogeneity by FIML estimation.

The rest of this study is organized as follows: Section “MATERIALS AND METHODS” introduces the data, variable modeling and estimation strategies. Section “RESULTS” shows the results, and section “DISCUSSION” discusses our results compared with other related findings. The final section presents the concluding points.



MATERIALS AND METHODS


Data

We used the data from China Health and Nutrition Survey (CHNS) to investigate the effect of health on the labor supply of the elderly in rural China. Our sample includes individuals with rural household registration, comprising men aged 60 and above and women aged 55 and above. We gathered 3,535 observations from 1997, 2001, 2004, and 2006 with complete data on hypertension, self-reported health status, and working hours1.

For the age criteria of the sample, we used 60 years for men and 55 years for women, because the working-age population is defined as men aged 16–59 and women aged 16–54 as the benchmark in China2. The age criteria of the retirement policy for urban workers are the same as above, but there is no specific standard of retirement for many self-employed workers in rural areas. Therefore, we focused on the rural elderly who have reached the same age as urban workers and explored their health and labor hours.

Our sample from CHNS is representative of the elderly living in rural China for several reasons. First, the data from CHNS cover nine provinces (Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and Shandong) in China, which vary greatly in economy and geography of rural areas. Second, the samples from CHNS were selected by a multistage and random cluster design. Selected counties were stratified into three different levels of income, and a weighted random sampling technique was used to choose four counties in each province. Finally, during our research period from 1991 to 2006, China experienced large-scale social and economic reforms; the living standards of Chinese rural families changed a lot and related questions were included in the questionnaires of CHNS. Thus, the dataset in CHNS could cover the most representative population in rural China.



Variables
 
The Explained Variable: Labor Supply

From the data of CHNS, the annual working hours of the elderly in rural China are composed of three parts: the employed working hours, the self-employed agricultural working hours (including home gardening, collective and household farming, raising livestock and poultry, and collective and household fishing), and the self-employed non-agricultural working hours. We summed up these three parts of annual working hours to measure the variable of labor supply (Laborhour) and took it as the logarithmic form in regressions.

In our sample, about 31.5% (1,112/3,535 equals 31.5%) observations' annual working hours are zero, which means that, if some elderly quit the labor market after retirement, their labor supply will censor to zero, and the Tobit model addressing the censored data is more suitable for estimation than ordinary least square regressions. If we focus on the labor participation rate as a binary variable, it will underestimate the labor supply of the elderly. Therefore, we emphasized the detailed working hours of the elderly as censored data in estimation and used the Tobit model to reduce the estimation bias.

Figure 1 shows the average working hours of the rural elderly in different age groups. The working hours decline along with the increase of age. Before the age of 70, the average working hours stay over 800, but there are almost no elderly who participate in the labor market after their 80s.


[image: Figure 1]
FIGURE 1. The age distribution of average working hours. Data from the China Health and Nutrition Survey (CHNS) database. The figure presents the age distribution of average working hours for the elderly in rural China.




The Explanatory Variable: Health

In this study, we used both objective and subjective health indicators to investigate the effect of health on the elderly's labor supply from different perspectives. The objective indicator is hypertension diagnosed or not, and the subjective indicator is self-reported health status. Meanwhile, we emphasize the different data types of the indictors in estimation, i.e., hypertension as a binary variable and self-reported health as an ordered variable.


The Objective Indicator of Health: Hypertension

We used hypertension diagnosed or not (Hypertension) as an objective health indicator to measure health. The definition of the variable Hypertension is based on the benchmark of the World Health Organization (WHO) in 1999. If an individual's systolic blood pressure is not <140 mm Hg or diastolic blood pressure is not <90 mm Hg or “has been diagnosed as hypertension by the doctor,” we then define that the binary variable Hypertension equals to one but is otherwise zero. In the survey of CHNS, the doctor measured blood pressure three times, both systolic and diastolic, for each respondent. Since the first measurement is more likely to be affected by emotional fluctuations, we chose the average of the last two measurements to calculate the systolic and diastolic blood pressures.

Using hypertension to measure health has two advantages. One advantage is that hypertension can be accurately measured with fewer measurement errors and justification bias (25, 26). Another advantage is that hypertension is a common chronic disease in older Chinese, which provides sufficient variations in the sample (27, 28).

Figure 2 displays the elderly's average working hours of different age groups in rural China with hypertension diagnosed or not. The solid line presents the working hours of the elderly without hypertension and the dashed line presents those of the elderly diagnosed with hypertension. We found that the average working hours of the two sub-samples are close, which implies that hypertension may not affect the elderly's working hours across different ages.


[image: Figure 2]
FIGURE 2. The age distribution of average working hours for the elderly with hypertension diagnosed or not. Data from the China Health and Nutrition Survey (CHNS) database. The figure shows the age distribution of average working hours for the elderly with hypertension diagnosed or not in rural China. The solid line shows the age path of the elderly without hypertension and the dashed line shows the ones with hypertension diagnosed.




The Subjective Indicator of Health: Self-Reported Health

We also used the self-reported health status (Selfhealth) as a subjective health indicator to measure health. The CHNS questionnaire includes the question: “Right now, how would you describe your health compared to that of other people at your age?” We defined the variable Selfhealth as an ordered variable, which equals to one if the respondent chooses the answer “excellent” or “good,” equals to two if the choice is “fair,” and equals to three if the choice is “poor.”

In Figure 3, we present a graph of the elderly's average working hours of age groups with different self-reported health statuses. We found that the elderly's working hours are virtually the same between the groups of “good” and “fair,” and there is a little gap between “good” and “poor.” Figures 2, 3 provide preliminary descriptive evidence that the elderly in rural China may continue to work regardless of their failing health.


[image: Figure 3]
FIGURE 3. The age distribution of average working hours for the elderly with different self-reported health statuses. Data from the China Health and Nutrition Survey (CHNS) database. The figure shows the age distribution of average working hours for the elderly with different self-reported health statuses in rural China. The solid line shows the age path of the elderly with “excellent” or “good” health, the dashed line shows the ones with “fair” health, and the dash-dotted line shows the ones with “poor” self-reported health status.





Other Control Variables

To examine the effect of health on the elderly's labor supply, the social and economic factors related to health and working hours are necessary to be controlled in regressions. Our control variables are from three aspects. First, for the individual characteristics, we controlled the age (Age, Age2), gender (Male), education levels (Edu), marital status (Marr1, Marr2, Marr3) of the elderly, and the year dummies. Age2 is the square of an individual's age (Age) to control a non-linear effect in regression. Male is a dummy variable, which equals to one if the individual is a man but is otherwise zero. Edu is the total number of years of education, Marr1 represents the marital status as divorced or separated, Marr2 as widowed, and Marr3 as married, respectively. We set the married individuals as the benchmark group in regressions.

Second, for the family factors, we controlled the family income (Hhinc) and wealth (Hwealth). Hhinc is defined as the annual household income and Hwealth is the accumulated family wealth, which were adjusted by CPI in 2009 and in the logarithmic form in regressions.

Third, according to the model settings of simultaneous equations, it is necessary to identify at least one variable only included in the health equation but not in the labor supply equation, which means that the identifying variables should affect health but not affect an individual's labor supply from other channels besides health. In this study, we used three variables, the amount of salt intake per person per meal (Salt), the square of the salt intake per person per meal (Salt2), and the alcohol consumption frequency (Alcohol_fre) as the identifying variables. Dahl (29) and MacMahon (30) indicated that high intake of salt and long-term alcohol consumption are positively correlated with hypertension.

Specifically, about the measurements, the nutrition survey of CHNS records the 3-day total actual salt consumption of the household, the 3-day total number of meals eaten at home per person, and the 3-day total number of persons who ate at home. Therefore, we divided the first value by the last two values to obtain the average amount of salt consumption per person per meal (Salt). In addition, the adult survey of CHNS records the frequency of alcohol consumption. We define the values of the variable Alcohol_fre as follows: 0 for never, 1 for not more than one time a month, 2 for one time or two times a month, 3 for once or twice a week, 4 for three to four times a week, and 5 for almost every day.




Descriptive Statistics

The definitions and descriptive statistics of variables are shown in Table 1. The number of years of schooling is small, with an average of only 2.7 years, and about one-third of the elderly did not receive any formal education in our sample. The mean value of the annual working hours of the sample is about 869.4 h, which is relatively small because more than half of the elderly in the sample do not work. The zero values indicate that the explained variable is censored, so the results obtained by ordinary least squares will be biased, and the Tobit model is more suitable to address the censored data.


Table 1. Descriptive statistics.

[image: Table 1]

Further, we compare the mean values of the variables grouped by different health levels (hypertension diagnosed or not) in Table 2 and report the t-test results. The average annual working hours of rural elderly of the two groups are 343.3 and 278.1 h, respectively. Table 2 shows that there is a significant yet small difference between these two groups, which may be different from the data seen in Figure 2. Therefore, we need to investigate the effect of health on labor supply in regression by holding other confounding factors fixed as well as addressing the endogeneity problem of health.


Table 2. T-test for the differences between the elderly with hypertension diagnosed or not.

[image: Table 2]

Compared with those who are not diagnosed with hypertension, the elderly with hypertension are averagely older and poorer and there are more men than women. The frequency of alcohol consumption does not differ significantly between the hypertension and non-hypertension samples. However, the salt consumption is significantly higher in the hypertension group at the 1% level, which suggests that salt consumption is a proper identifying variable.

In Table 3, we compare the mean values of variables grouped by different self-reported health statuses as “excellent” or “good,” “fair,” and “poor,” and the results are consistent with Table 2. The elderly in rural areas evaluated their own health to be worse as they became older, and the women with lower household income and less education evaluated their own health status as significantly worse. In particular, the higher the frequency of drinking, the better the self-reported health is. The higher the salt consumption, the lower the self-evaluated health status, which suggests that drinking frequency and salt consumption are proper identifying variables.


Table 3. T-test for the differences in the various groups of self-reported health status in the elderly.

[image: Table 3]



Modeling and Estimation Strategies
 
Simultaneous Equations of Health and Elderly's Labor Supply
 
The Equation of Labor Supply

For the labor supply equation in simultaneous equations, we set the Tobit model as follows:

[image: image]

Where Laborhour* is a latent variable, which can be interpreted as the elderly's actual willingness to work. We define the explained variable Laborhour as the observed labor supply, which is the actual working hours when Laborhour* >0, while Laborhour is 0 when Laborhour* ≤ 0, since we observe no actual working hours in this condition. In this sense, the data of the elderly's labor supply are censored to zero and the variable Laborhour is the Tobit-type limited dependent variable.

The variable Health representing an individual's health level is the key explanatory variable. We focused on the core coefficient α1, which indicates the effect of health on the elderly's labor supply. If α1 > 0, it means that the worse the health condition of the elderly, the more working hours they provide, since the higher value of the variable Health indicates a worse health condition (individual with hypertension or poorer self-reported health).

The vector Controls includes variables such as the age and its square (Age, Age2), gender (Male), education levels (Edu), two dummies of marital status (Marr1, Marr2), household income (Hhinc) and household wealth (Hwealth) of the elderly, and 3-year dummies, which meets the assumption Cov(Controls, μ1) = 0. δ1 is the vector of coefficients of Controls, and γ0is the constant term. μ1is the random disturbance term, which meets the assumption [image: image].

The variable Health may be endogenous due to its correlation with the disturbance term μ1, since the health status may be related to some unobservable factors affecting the elderly's willingness to work. Therefore, we cannot use the general method to estimate the Tobit model because the results will be biased and inconsistent.



The Equation of Health (Hypertension)

For the health equation in simultaneous equations, we set the health as a binary variable as in model (2). We used Hypertension to represent Health1of model (2) in estimation.

[image: image]

Where 1{.} is the characteristic function, which means that, when [image: image], Health1 equals to 1 but is otherwise 0. [image: image] is the latent variable, which can be interpreted as the actual health condition, and Health1is the observed health. If [image: image] is >0, we can observe that the individual has hypertension diagnosed as 1 but is otherwise 0.

The vector of control variables Varbs includes the vectors Controls and Identify, which satisfies the assumption Cov(Varbs, v2) = 0. Controls represents the individual and family factors, which is the same as that in the labor equation as Equation (1). Identify represents the identifying variables that affect health but not an individual's labor supply. Including these variables in the health equation will ensure the parameters in simultaneous equations are identified and could be estimated. δ21 and δ22 are the vector of coefficients Controls and Identify, respectively, and β0is the constant term. v2is the random disturbance term, and for convenience, we set that it meets the assumption Var(v2) = 1.

Therefore, when health is a binary variable, combining Equations 1, 2, we can obtain the following simultaneous equations:

[image: image]

In Equation (3), the existence of endogeneity of Health1 is determined by the correlation between μ1 and ν2. If μ1 and ν2 are not correlated, there is no endogeneity in model (3); otherwise, the variable Health1 is endogenous. Therefore, we set μ1 and ν2 as jointly normal distributions with zero mean value and their covariance matrix is as follows:

[image: image]

We also set μ1 = ρ1v2+e1, where ρ1 = cov(μ1, v2). When ρ1 = 0, Health1 is exogenous, otherwise Health1 is endogenous in model (3). In this way, the omitted variables and potential reverse causality, which may lead to the endogeneity problem, are addressed in the model settings. We assume that e1 is independent to ν2, and then, it can be derived that [image: image].

Therefore, in Equation (3), we need to estimate the coefficients γ0, α1, β0, ρ1, and σ1, as well as the coefficient vectors δ1 and δ2. The core coefficient α1is what we focus on most, which indicates the effect of hypertension on the rural elderly's working hours.



The Equation of Health (Self-Reported Health)

In the health equation, we set the health level of the elderly as an ordered variable as in model (5). We use Selfhealth to represent Health2of model (5) in estimation.

[image: image]

Where [image: image] is the latent variable. Similar to Equation (2), [image: image] can be interpreted as the actual health condition, and Health2 is the correspondingly observed ordered variable with three values: 1 means the health condition is good, 2 means normal, and 3 means poor. ε2is the random disturbance term, and for convenience, we set that it meets the assumption Var(ε2) = 1. The other settings are the same as in Equation (2).

Therefore, when health is an ordered variable, combining Equations 1, 5, we can obtain the following simultaneous equations:

[image: image]

In model (6), we also set μ1 and ε2 as jointly normal distribution with zero mean value, and their covariance matrix is as follows:

[image: image]

Similarly, as model (4), we set μ1 = ρ2ε2+e2, where ρ2 = cov(μ1, ε2). When ρ2 = 0, Health2 is exogenous, otherwise, it is endogenous in model (6). We also assume that e2 is independent of ε2 and derive that [image: image]. The same as above, in Equation (6), we will estimate the coefficients γ0, α1, χ0, ρ2, and σ1, as well as the coefficient vectors δ1 and η2.We focus mostly on α1, since it reveals how self-reported health affects the rural elderly's labor supply.




The Estimation

There are two main methods to estimate simultaneous equations as model (3) and model (6). The first is the full information maximum likelihood (FIML) estimation method. By maximizing the logarithmic likelihood function of the joint distribution f(Labor, Health|Varbs), we obtained the consistent and efficient estimation results of the parameters. Another method is the limited information maximum likelihood (LIML) method as a two-stage estimation. We will introduce the two methods, respectively, in the following sections.


Full Information Maximum Likelihood (FIML) Estimation

We used the binary variable and the ordered variable to measure health; therefore, we derived the FIML functions of these two cases, respectively.

When we set health as a binary variable, we have [image: image], and

[image: image]

Then, we arrive at:

[image: image]

Given Varbs, we can derive the joint distribution of Laborhour and Health1 as follows:

[image: image]

When we set the health as an ordered variable, following the similar excise as above, we can derive the joint distribution of Laborhour and Health2 as follows:

[image: image]

Appendixes A1 and A2 show the detailed probability definitions and derivation process of models (10) and (11), respectively. We wrote a GAUSS program to estimate the parameters (coefficients γ0, α1, β0, ρ1, σ1, and the coefficients vectors δ1, δ2) in model (10) and in model (11) (coefficients γ0, α1, χ0, ρ2, σ1, and the coefficients vectors δ1, η2), since the standard econometric packages do not include this type of model.



Two-Stage Limited Information Maximum Likelihood (Two-Stage LIML) Estimation

Besides the FMIL method, we also used the two-stage LIML method as a robustness check. Using the two-stage LIML method, we can avoid the difficulties of the convergence of the estimation and the derivation of the joint distribution, while the estimation results are still consistent.

For example, when the health is a binary variable as Equation (3), compared with the FIML method, we no longer estimated the joint distribution of Laborhour and Health1 directly but estimated the distributions of f2(Health1|Varbs, β0, δ2, σ1) and f1(Laborhour|Varbs, β0, δ2, σ1, γ0, α1, δ1, ρ1) by two steps. In the first step, we used the maximum likelihood method to get the estimated parameters in the health equation ([image: image]), The conditional likelihood function is:

[image: image]

In the second step, we took [image: image] and [image: image] to construct [image: image] and used the maximum likelihood method to estimate parameters in the labor equation, and the conditional likelihood function is:

[image: image]

It can be proved that all the estimated parameters are consistent estimators. However, the problem with the two-stage LIML method is that, in the second step, the predicted value of health ([image: image] is taken into the labor equation, and then the prediction error will affect the disturbance term of the labor equation and cause bias; thus, we need to correct the prediction error. Specifically, we estimated the covariance matrix (V) following Murphy and Topel (31), which presents a correction method of the asymptotic covariance matrix in the two-stage estimation. We set the unknown parameter vector [image: image] and [image: image], and then the asymptotic covariance matrix (V) of θ1 is:

[image: image]

where [image: image], which is obtained by the estimation of ll2, [image: image] obtained by the estimation of ll1, [image: image] and [image: image]. The detailed proofs are in Murphy and Topel (31).

Besides, according to Cameron and Trivedi (32), we used another bootstrap method to correct the standard error in the two-stage estimation. The bootstrap method is based on the empirical distribution; so it is easier to obtain a consistent estimation of the standard error without the correction step in non-linear models (32). When estimating Equation (6) where the health is an ordered variable, we used the same LIML estimation method.






RESULTS

We first tested the endogeneity of the variables Health1 and Health2 to decide whether we need to address the endogeneity problem when estimating the simultaneous equations. Then, we analyzed the results to see the impact of health on the elderly's labor supply in rural areas.


The Endogeneity Test

Whether the variables Health1 and Health2 in models (3) and (6) are endogenous can be determined by testing the significance of ρ1 and ρ2, which represents the correlations of the disturbance terms in the labor equation and the health equation. For example, in model (3), if the null hypothesis ρ1 = cov(μ1 , ν2) = 0, it means that there is no endogeneity; otherwise, Health1 is endogenous. Following Wooldridge (33), the test of model (3) includes two steps: First, we estimated the health equation and got the predicted residual [image: image]. Second, we estimated the labor equation by taking [image: image] into it and then using t-test to determine whether ρ1 is significantly different from zero.

The test results show that when health is the binary variable as hypertension diagnosed or not, the t-value is −2.16 and the p-value is 0.031. For the ordered variable as self-reported health, the t-value is −3.55 and the p-value is 0. This implies that the variables Health1 and Health2 in models (3) and (6) are endogenous. Therefore, in the following section, we will use the FIML and LIML estimation methods to examine the effect of health on the elderly's labor supply.



The Effect of Health on the Elderly's Labor Supply

Table 4 shows the estimation results of the simultaneous equations using the binary variable Health1. We found that the coefficients of Health1 are all negative but not significant in the labor equations [columns (2), (4), (5) and (6)], which means that the failing health does not significantly decrease the elderly's labor supply in rural China. Our finding indicates the phenomenon of “ceaseless toil” for the elderly in rural China, i.e., the elderly almost work their whole life even if they are not physically capable.


Table 4. The effect of health on the elderly's labor supply (using the objective indicator of health: Hypertension diagnosed or not).

[image: Table 4]

For the robustness of the results, we provided both the FIML and two-stage LIML estimation results with three kinds of corrected standard errors. For the size of the standard errors with three methods [column (4)–(6)], the original standard error without correction and the standard error corrected following the method of Murphy and Topel (31) were similar, while the standard error corrected by the bootstrap method seems significantly greater than the other two ones. However, the differences in standard errors do not affect the robustness of our results.

For the control variables, first, the coefficients of Age2 were significantly negative, which means that the relationship between age and labor supply is non-linear as the inverted U shape. Second, the coefficients of Male are significantly positive in labor equations, which reveal that elderly men work more hours than women. This is consistent with the studies of Wang (34), Ling and Chi (35). For this reason, the elderly men in rural areas spend more working hours in family agricultural production. Third, the significantly negative coefficients of the variable Edu in labor equations indicate that the elderly with higher education levels work less. They may have better jobs and positions and enjoy higher welfare, so they tend to spend less time working when getting older. Forth, for the coefficients of household income (Hhinc) and wealth (Hwealth), we found that the income significantly increases the labor supply while the wealth lowers it. It means that the elderly work more to increase family income, but if the family is rich in assets, they may work less.

Table 5 shows the estimation results of the effect of self-reported health on the elderly's labor supply. In column (2), it shows that health does not significantly affect the working hours of the elderly in rural China when using the FIML estimation method. We found that there is a positive correlation between self-reported health and working hours, which means the poorer the self-evaluated health, the longer the working hours. Although the positive correlation is not statistically significant, it also indicates the phenomenon of “ceaseless toil” of the elderly from a subjective measurement of health.


Table 5. The effect of health on the elderly's labor supply (using the subjective indicator of health: Self-reported health).

[image: Table 5]

However, the results of the two-stage LIML estimation are shown inconsistently in columns (4) to (6). It is worth mentioning that if we use the original standard error in column (4) to make a statistical inference, the effect of health on labor supply is significant at a 5% level. However, we cannot give enough credit to this empirical result because the standard error has not been corrected. As we introduced in Section “The Estimation”, the problem of the two-stage LIML method is that the prediction error will affect the disturbance term of the labor equation and cause estimation bias. If we do not correct the prediction error, the hypothesis tests based on the estimated covariance matrix of the second-step estimator are biased (31).

Therefore, in columns (5) and (6), we use the Murphy and Topel (31) standard error and the bootstrapped standard error, respectively, and the significance disappears. This also indicates that the correction and robustness check are necessary in two-stage estimation.




DISCUSSION


The Effect of Health on the Elderly's Labor Supply

The effect of health on the elderly's labor supply is controversial in the literature. While some studies found that health has a significant positive impact on labor supply (6, 18–20, 36), some other studies found that there is no significant effect (3, 21–24). Benjamin et al. (3) and Tan and Zhou (22) hold that there is the phenomenon of “ceaseless toil” existing among the elderly in rural China. French (21) found that the declining health explains only a small fraction of retirement, and the number of unhealthy adults above age 55 is far smaller than the number of those who drop their employment. Coile et al. (23) also found that the declines in health are much too small to explain the declines in the employment of older people.

The reason for the controversy is two-fold. One is that the literature varies in the ways in dealing with the endogeneity problem of health variables. In Section “The Endogeneity Problem of the Health,” we will discuss it in detail. The second is about the measurements of labor supply. Most studies focus on labor participation rather than labor hours (18–20, 37). Since people always choose to work either full time or not at all, this may lead to a significant effect of health on labor participation but not on labor hours. In this study, we addressed this issue in two ways. First, the sample we used is the rural older adults who are mainly self-employed and therefore they have a more flexible working hours. Second, the equation of labor supply we used is a Tobit model, which takes into account both the continuous working hours and zero working hours to avoid the estimation bias.

Therefore, by using the simultaneous-equation Tobit model with both the subjective and objective health indicators, this study adds to the literature on the causal effect of health on the elderly's labor supply and in particular to the few studies that examine the effect in developing countries. We found that failing health does not significantly decrease the elderly's labor supply in rural areas. The results further support the conclusion of Benjamin et al. (3) that there is a phenomenon of “ceaseless toil” among the elderly in rural areas in China. That is to say that the rural elderly almost work their whole life even if they are not physically capable.



The Endogeneity Problem of the Health

Alleviating the endogeneity problem of health variables is essential for examining the effect of health on the elderly's labor supply. Some studies used self-reported health status to measure health and found that it is strongly associated with early retirement (38–41). However, as a subjective health indicator, the self-reported health status is susceptible to the influence of an individual's heterogeneous characteristics, which may cause omitted variables and measurement errors (25).

Other studies used objective health indicators as the instrumental variables for health, such as hospital stay, BMI index, parental health indicators, and health behaviors, such as current or past smoking experience, physical exercise frequency, and alcohol abuse (9, 10). However, the information advantage of subjective health indicators may be lost and lead to a weak-instruments problem. In addition, some studies directly investigate the impact of objective health indicators on labor supply. Kalwij and Vermeulen (11) used the physical function limitations to measure health, but the study has some drawbacks as the physical function limitations tend to occur in the senior elderly. The young elderly, however, as the main participants of the elderly's labor supply, are less likely to have physical function limitations.

Some scholars used both objective and subjective health indicators in their studies. Mete and Schultz (6) analyzed the effect of health on the elderly's labor participation in Taiwan using three types of health indicators as self-reported health, ADLs, and specific diseases. Besides, some researchers used principal component analysis to construct composite health indicators (42, 43). However, such composite indicators may lack economic meaning and become inaccurate when single indicators are not highly correlated.

In this study, we used both objective and subjective health indicators, i.e., hypertension and self-reported health status. In the simultaneous-equation Tobit model, we emphasized hypertension as a binary variable by setting the equation of health as a Probit model and self-reported health as an ordered variable by setting an ordered Probit model. In this way, we investigated the effect of health on the elderly's labor supply from different perspectives and enriched the measures of health in the literature.



The Estimation Strategies

To address the endogeneity problem of the variable health in estimation, some studies used the method of instrumental variables. However, it is very difficult to find a proper instrumental variable that can affect health but not affect labor supply through channels except health. Scholars mainly used objective health indicators as the instrumental variables for subjective health indicators. For example, Campolieti (9) studied the impact of physical disability on labor force participation among the Canadian elderly using specific disease indicators and BMI as the instrumental variables for physical disability. Sheran (44) used regional prices of food and health service as instrumental variables for subjective health indicators. Latif (45) used health information as diabetes diagnosed or not of the individual's father, mother, and siblings as the instrumental variables for the individual's own diabetes.

Some studies used simultaneous equations to address the endogeneity problem (10, 46–48). Different from the single equation model usually estimated by two-stage least squares, in simultaneous equations, the correlation of the residuals between the labor equation and the health equation is sufficiently considered. Therefore, the omitted variables and reverse causality that may lead to the endogeneity problem are addressed in simultaneous equations.

In general, the simultaneous equations are usually estimated by the two-stage LIML or the FIML method. Essentially, the two-stage LIML method is the instrumental variable method, and each equation is estimated separately using exogenous instruments. We can obtain a consistent but not efficient estimator using this method because the correlation of residuals in simultaneous equations is not fully taken into consideration. However, the FIML method fully considers the correlation of residuals, i.e., the unobserved factors affect both labor and health simultaneously. Thus, the estimation results are not only consistent but also efficient.

In addition, using the FIML method, the correlation coefficient of residuals in the labor equation and the health equation can be directly estimated, and we can test the significance of the correlation coefficient directly to verify the existence of endogeneity. If we used the two-stage LIML estimation, the endogeneity can only be partially tested based on the second step in the labor Equation (10). Using the FIML method, Cai and Kalb (10) estimated the simultaneous equations of the binary variable (labor participation) and the ordered variable (health) and analyzed the impact of self-reported health on labor participation of Australian adults. Zhang et al. (46) estimated the simultaneous equations of five simultaneous binary variables using the FIML method and investigated the effect of diabetes, cardiovascular disease, mental illness, and other chronic diseases on labor force participation in Australia.

The difference between our simultaneous equations model and the previous ones is that, in the labor equation, our explained variable is a Tobit-type limited dependent variable rather than a binary variable. In the health equation, we used two types of variables to measure the health level, the binary variable (hypertension diagnosed or not) and the ordered variable (self-reported health status). Based on these variables, we derived the logarithmic likelihood function of joint distribution and then used the FIML method to estimate the results. As we could not find the literature that use FIML method to estimate simultaneous equations of this type, our study is a beneficial supplement to current literature.




CONCLUSION

In this study, we used the four-period CHNS data in the years 1997, 2001, 2004, and 2006 to estimate the impact of health on the working hours of the elderly in rural China. The results showed that neither the objective indicator (hypertension diagnosed or not) nor the subjective indicator (self-reported health status) has a significant impact on the labor supply of the rural elderly. This means that the rural residents have to keep working even if they are suffering from chronic diseases or failing health. We focused on the endogeneity of health variables in the Tobit model of working hours and used the FIML and two-stage LIML estimation methods to conduct simultaneous estimations of labor supply (Tobit model) and health (Probit model and Ordered-Probit model) equations. Our estimation strategy can be used for further empirical research of relevant models.

The split between the urban and rural social security systems in China has lasted for a long time. The conflict between labor supply and the health welfare of the elderly living in rural China raises a lot of compelling questions. For instance, how to better design the social security system in rural China? Due to the reduced fertility rates and increasing medical costs, many countries have great fiscal pressures and seek policy reforms for the later retirement of older people (24). In rural China, these policy reforms may not be applicable. Our study is meaningful to policymakers for the medical and retirement policies in China.
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FOOTNOTES

1We used the above four years because the questions of self-reported health status were surveyed only in these four years.

2China has implemented a compulsory regulation of retirement age in urban areas since the 1950s, with 60 for male and 55 for female professionals or cadres (including teachers, medical personnel, other professionals, and administrators), and 50 for the rest of the female workers (2). Correspondingly, in this study, we used a narrower sample by defining the age 55 or above as the elderly for women in rural areas.
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Variable Definition

Laborhour  The annual working hours of each older person
Hypertension  Dummy variable. Equals to 1 if the individual is diagnosed with hypertension, otherwise is O
Self-health Ordered variable. Equals to 1 if the individual's self-reported health is “excellent” or “good”, 2 for the “fair”, and 3 for the “poor”

Age The age of each older person

Male Dummy variable. Equals to 1 if the individual is a man and 0 for women

Edu Number of years of schooling

Marr1 Dummy variable. Equals to 1 if the marital status is divorced or separated, otherwise is O

Marr2 Dummy variable. Equals to 1 if the marital status is widowed, otherwise is O

Marr3 Dummy variable. Equals to 1 if the marital status is married, otherwise is O

Hhinc The annual household income adjusted by CP in 2009

Hwealth The acoumulated household wealth adjusted by CP in 2009

Drink_fre The alcohol consumption frequency. Equals to O if the individual never drinks, 1 for not more than one time a month, 2 for once or twice a month,
3 for one time or two times a week, 4 for three to four times a week, and 5 for almost every day

Salt The average amount of salt consumption per person per meal

Variable Observations ~ Meanvalue  Standard deviation ~ Minimum  Median Maximum

Laborhour 3,535 869.437 1,175.701 0 390 5824

Hypertension 3,535 0566 0.496 0 1 1

Selt-health 3535 1.76 0.684 1 2 3

Age 3,535 66.008 7.545 55 65 87

Male 3,535 0.386 0.487 0 0 1

Edu 3,535 2718 3244 0 1 12

Marr1 3,535 0,029 0.167 0 0 1

Marr2 3,535 023 0.421 0 0 1

Marr3 3,535 0.728 0.445 0 1 1

Hhinc_cpi 3,535 9.068 1.146 5055 9.477 11.47

Hwealth 3,535 0.419 0972 0 0.114 6308

Drink_fre 3,535 0523 1.421 0 0 5

Salt 3535 528 2712 1.389 463 17.778

Descriptive statistics of the sample, including 3,535 individuals with rural household registration in China from 1997, 2001, 2004, and 2006. The sample contains men aged 60 and
above and women aged 55 and above.
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