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Abstract: In this paper, the effects of changes in regional health, education, physical capital and opening policy on economic growth are studied with an extended Cobb-Douglas production function. Data from 1997 to 2003 of 31 provinces are used to analyze the situation in China. The results show that elasticity of economic growth to health is about 0.06, and its contribution takes a rising trend as the income increases. The contributions of physical capital and education are still the main resources of economic growth in China, and the elasticity of these two factors is 0.452 and 0.127 respectively. Especially, the effect of these two factors in middle income level region is the largest. Therefore, investment in these regions is most helpful to economic growth. Openness policy is another important factor to economic growth, and its elasticity is about 0.104 in high income level regions, which should be used as a reference by middle and low income level regions.
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1. Introduction

An important conclusion from the modern growth literature is the importance of human capital in determining the pace and character of economic growth (Bassanini, Scarpetta, 2002; McDonald, Roberts, 2002). Although health and education are the main incorporate elements of human capital, but the majority of empirical growth studies only focus on education as the measure of human capital (Boldrin, 2005; Charlot, Decreuse, Granier, 2005; Herbertsson, 2003; Self, Grabowski, 2004). It is only in the last decade that there has been a flurry of studies on the effect of health on economic in the empirical growth literature (Contoyannis, Forster, 1999; Fuchs, 2000; Temple, 1999). 
In fact, the 20th century has seen remarkable gains in health. Average life expectancy in China has increased from 68.55 years in 1990 to 71.4 years in 2000. Factors such as improved nutrition, better sanitation, innovations in medical technologies, and public health infrastructure have gradually increased the human life span. The relative contribution of these factors on economic growth has been recognized gradually. Thus, significant progress has been made in documenting the empirical evidence on the long lasting positive effect of changes in health status of population on economic performance. 
Evidences indicate that the effects of health on economic growth will be divided into direct and indirect effects. The direct effect is that deterioration of health status of population will result in decreasing of supply of effective labor force. The investment to production of health will exhaust limited resources which could be input into final production or simulation of human capital. Further more, health status will affect growth rate of population directly. The indirect effects of health on economic growth are similar to the impact of education on growth. The investment of government to education and health care determine the effective number of labor force together, which is the determined factor of economic growth. There are evidences show that better health status always compared with higher ability of mastering knowledge, which can contribute the economic growth greatly (Schultz, 1999, 2004).
The research on health and economic growth may be divided into three groups. The first is quantity study of effect machine of health on economic growth. For example, Sebnem (2003) pointed out that the balance of human capital’s quantity and quality and sustainable economic growth could be realized through reducing infant mortality and encouraging investment of parents to children education. Zon et al (2001) proved that health is a necessary condition of economic growth with an enlarged Lucas endogenous growth model. And Rosanna Tarricone et al (2005) assessed the economic burden of illness on social using Cost-of-illness model and bottom-up framework. 
The second category is mainly on damage of certain illness to economic growth. AIDS is one of the most focuses being studied in this field. Scott McDonald (2005) analyzed economic growth of Africa with an enlarged Solow model by introducing the health and education capital variables. The results show that 0.59 per cent decrease of AIDS incidence will result in 1 per cent increase of income per capita. Farquhar et al (2001) analyzed the cost and benefit of healthcare with cost-of-illness method. The result shows that economic lose will be 18.2 billion US dollars per year resulting from 24 kinds of HIV/AIDS-related diseases.
The third kind of research is on comparing different effects of health on income per capita and economic growth in various countries. Berta Rivera and Luis Currais (2004) studied expenditure on health and effect of the construction change of expenditure on economic growth with an enlarging Solow endogenous growth model. The conclusion was drawn that government expenditure on healthcare has positive and significant effect on economic growth, but insignificant effect on productivity. David E. Bloom et al (2004) constructed an production function and introduced the health investment variable under the assumption that education is not the only determinate factor of performance of labor force and productivity. The result shows that investment in health will also result in significant effect on economic growth, too.
As the budget which is used to enhance the health status of population has increasing rapidly in the last few years. Health has becoming the focus issue which attracts many international organizations’ and governments’ interesting as for its important contribution on economic growth. The proportion of expenditure on healthcare to all GDP in OECD countries has reached 10 per cent, and this proportion has a rising trend. While this proportion is less in developing countries, but its growth rate is faster. In fact, the investment to healthcare can not only contribute to accumulate human capital, but also is the basis and important resource of social economic development. So, it is necessary to analyze the contribution of health status of population on economic growth in order to allocate and take use of the health capital rationally.
The ratio of total expenditure on public health to GDP shows a rising trend, though there are some short-term decreases during 1991 to 2002 year in China (shown as Figure 1). The effect of this rising trend on economic growth in China should be studies too. Up to now, studies of relationship between health and economic growth mainly focus on the effect of income increasing on health in China. Weiping Liang et al (2004) survey the health status of rural households, and classified them into three groups according to their income level with systematic sampling method. The results showed that those whose health statuses are worse and with heavier burden of medical treatment always with lower income. Xuejie Zhang (2001) investigated the causal relationship between income and health using a new sample and introduced health store variable. He drew the conclusion that people with higher income status always have stronger active ability, less illness and has a better self-assessment on their health status. There are few quantity researches on the contribution of health on economic growth in China until now. Almost all of which are quality analyses, such as Benfeng Du(2005). He made a qualitative analysis on the effect of health investment on human capital accumulation and economic growth from health’s society character, health risk assessment and its economic benefit. 
Figure 1: Trends of total expenditure on public health and education in China (1991-2002).
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In order to fill the gap, we investigate the effect of health status of population on regional economic growth in China with panel data about health, education, physical capital and economic development of 31 regions from 1997 to 2003. Cobb-Douglas production function is enlarged in this paper, and comparing effects of health, education and other relative factors on economic growth are analyzed also. The remainder of this paper is divided into three sections. The enlarged Cobb-Douglas function and the whole data used in this paper will be introduced in the next part. The effects of health status of population on economic growth will be analyzed in the third sector. The 31 provinces will be classified according to income level, and various effects of health on regional economic growth will be investigated in this sector too. Conclusion and suggestions will be drawn in the last part of this paper.
2. Method and data

2.1 Model introduction
In this paper, we assume that the production function obey Cobb-Douglas form. It is a function about physical capita and human capital:
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Where A is a factor about exogenous knowledge and technology level, α and β are elasticity of GDP to physical capital and human capital, respectively, t is time. This function will be changed to a linear function after being taken logarithm of equation (1):
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Panel data are used in this paper in order to observe the economic growth character of 31 provinces at two or more points in time. We assume that not only education level of population but also health status can affect economic growth trend of a region. So the Cobb-Douglas function is enlarged following method of Dean, and health status variable is introduced into the function (Jamison, Lau, Wang, 2004). The function used in this paper would be like this:
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The variables and parameters in equation (3) are listed in table 1. Fixed-effect (FE) and random-effect (RE) models are tested with STATA software too.
Table 1: List of variables and parameters 
	i
	the region number, i=1, 2,…,31

	t
	time variable, t=1, 2, …,7, including data from 1997 to 2003 year

	LYPCit
	logarithm of GDP per capita in region i at t time point

	LKPCit
	logarithm of physical capital per capita in region i at t time point

	EDUit
	average education years of population 6 years old and above in region i at t time point 

	MORit
	mortality per 1000 persons in region i at t time point

	LOPENit
	level of openness of region i at t time point, logarithm of total value of imports and exports divided by GDP in region i at t time point

	β0i
	intercept of region i

	β1
	elasticity of GDP per capita to physical capital per capita

	β2
	elasticity of GDP per capita to average education years

	β3
	elasticity of GDP per capita to morality per thousand persons

	β4
	elasticity of GDP per capita to openness policy 

	εit
	residua of region i at t time point


2.2 Data
Data of GDP, physical capital, labor force, education and health store come from China statistical yearbook, China labor statistical yearbook and China population yearbook from 1998 to 2004. Under the limitation of availability of data, we select the samples from 1997 to 2003. Table 2 provides the overall means and standard deviations of the variables used in this analysis. Means of these variables in 1997 and 2003 are also included in the table to give the reader a sense how the variables have changed across time.
Table 2: variable means and standard deviations, overall and for 1997 and 2003
	Variable
	Definitions
	1997-2003
	1997
	2003

	
	
	Mean
	Std. Dev.
	Mean
	Std. Dev
	Mean
	Std. Dev.

	YPC
	GDP per capita a
	8565.22
	5656.90
	6652.77
	4253.28
	11019.33
	6978.35

	KPC
	physical capital per capita a
	3946.42
	3088.23
	3086.42
	2667.89
	5484.9
	3815.89

	EDU
	education level of population of 6 years old and above
	7.42
	1.26
	6.98
	1.13
	7.89
	1.15

	MOR
	morality
	6.3
	0.67
	6.53
	0.69
	6.01
	0.54

	LYPC
	logarithm of YPC
	8.9
	0.54
	8.66
	0.51
	9.16
	0.53

	LKPC
	logarithm of KPC
	9.65
	0.66
	9.32
	0.69
	10
	0.58

	OPEN
	openness policy
	2752.36
	3854.38
	2590.19
	3623.09
	3440.73
	4694.35

	LOPEN
	logarithm of Open
	7.27
	1.04
	7.26
	1.02
	7.49
	1.06

	sample numbers: 31


a adjusted for purchasing power in 1997
(1) GDP per capita (LYPC). The value of this variable is adjusted by “Indices of Gross Domestic Product” in 1997. In order to compute conveniently, we take logarithm of it, and the unit is Yuan.
(2) Physical capital store per capita of various regions (LKPC). The value of this variable is estimated from investment to fixed capital formation, investment in fixed assets price index and discount rate. Logarithm is taken too here, and the unit is Yuan.
(3) Education store (EDU). Education store is usually expressed as average formal education years of labor force. For the data limitation, we choose the sample of people 6 years old and above. Various educational levels are converted to certain education years and multiplied with corresponding population number. The sum of various education levels is divided by total population of 6 years old and above. According to Chinese formal education system, the education year of primary schooling, junior middle schooling, senior middle schooling, higher education level is 6, 9, 12 and 16 years respectively
.
(4) Health store (MOR). Life expenditure and population morality are indicators often used to express health status of residents (Barro, 1991; Bhargava, Jamison, Lau, Murray, 2001). The two indicators have little difference when they are used to analyze effect of health on economic growth with all other variables holding fixed according to the result of Kwabena (2004). Morality (‰) is used to indicate the health status of various regions in this paper for the data limitation. The omitted data because of census 2000 in some regions are replaced by the average value of former and later year in this region.
(5) Level of openness policy (LOPEN). This variable is used to value the extent of regional openness policy. It comes from the ratio of total value of imports and exports by location of China’s foreign trade managing units to GDP, and then takes logarithm of it.
3. Empirical analysis
3.1 The contribution of various factors on Chinese economic growth
Firstly, corresponding factors of Chinese economic growth was analyzed with regression function. Table 3 reports growth equation in a form of more closely related to much of the literature and predictors of Chinese growth from 1997 to 2003. The results indicate the potential importance of most of the variables we are examining. Physical capital, education and health status are taken into account in model (1), and their contribution on economic growth is analyzed here too. Model (2) which is based on model (1) introduces variable of openness policy to examine its effect on Chinese economic growth. Tests of these models show variables used in this paper have significant contribution on Chinese economic growth. So, the enlarged Cobb-Douglas function is suitable for this examination. 
Table 3: Determinants of economic growth rates, 1997-2003

	Independent Variables
	Model（1）
	Model（2）

	
	Coef.
	Std. Err.
	Coef.
	Std. Err.

	Constant
	2.276***
	9.14
	2.645***
	2.178

	LKPC
	0.719***
	28.36
	0.568***
	16.77

	MOR
	-0.018
	0.91
	-0.025*
	1.33

	EUD
	0.094***
	6.66
	0.095***
	7.3

	LOPEN
	
	
	0.110***
	6.17

	R-square
	0.898
	
	0.914
	

	F value
	627.62
	
	562.07
	


	P-value
	0.000
	
	0.000
	


*significant at α=0.1 confidence level; **significant at α=0.05 confidence level; ***significant at α=0.01 confidence level
GML fixed-effects and random-effects test methods are used in model (3) and (4) respectively. Results show that contribution of all variables used in this function is significant at 0.99 confidence level, and corresponding parameters in these two models are similar. Conclusion can be drawn that Chinese economic growth is resulted from investment of physical capital greatly. One per cent increase in physical capital will result in 0.464-0.507 per cent increase in GDP per capita in China. One more formal education year of total population of 6 years old and above will result in about 14 per cent increase in GDP per capita. These results are similar to international study in this research field. Health status variable is introduced into this paper. Its contribution on Chinese economic growth is significant. The test shows that 1‰ decrease of morality will result in about 5 per cent increase in GDP per capita. Negative relationship between morality and Chinese economic growth shows that improvement of health status of population can contribute to Chinese economic growth.
F-test, LM-test and Hausman-test are examined in model (3) and (4) respectively in order to confirm a suitable model to analyze Chinese situation. F-test is usually used to judge whether the fixed-effects model is suitable for this research; while LM-test is used to judge whether the random-effects model is suitable. If they are all effective, Hausman-test can be used to confirm which model is better. Test results show that F-test value of model (3) is 59.08 and Prob>F is zero. So, the null hypothesis is rejected here which means FE model is suitable. LM-test value of model (4) is 459.98, so RE model is suitable too. Hausman-test value is 22.49 and the Prob>chi2 value is 0.0001. The result shows that FE model is favored in this research.
Openness policy variable is introduced into this enlarged Cobb-Douglas function here, because evidences show that regional openness policy can accelerate economic growth in a great degree(Edwards, 1998; Frankel, Romer, 1999). The results show that additional 1 unit increase in “LOPEN” variable will result 0.088 per cents increase in GDP per capita.
Table 4: Determinants of Chinese economic growth: the effects of physical capital, health, education, and openness policy (31 regions with 217 observations, 1997-2003)
	Independent Variable
	Model

	
	(3)
	(4)
	(5)

	Constant
	4.098***

(16.38)
	4.429***

(17.08)
	4.051***

(15.31)

	LKPC
	0.507***

(18.18)
	0.464***

(15.68)
	0.452***

(15.83)

	EDU
	0.133***

(7.99)
	0.144***

(8.01)
	0.127***

(7.2)

	MOR
	-0.044**

(-2.70)
	-0.055***

(-3.29)
	-0.061***

(-3.79)

	LOPEN
	
	
	0.088***

(4.16)

	Model Statistics

	within R-sq
	0.8996
	0.9005
	0.9091

	between R-sq
	0.8762
	0.8622
	0.8921

	F test/ chi2(1)
	1792.95
	551.96
	455.09

	Prob>F
	0.000
	0.000
	0.000


*significant at α=0.1 confidence level; **significant at α=0.05 confidence level; ***significant at α=0.01 confidence level
3.2 Contributions of factors on economic growth of various regions with different income level 

In order to analyzing different effect of health status of population on various regions, the 31 provinces are divided into high, middle and low income level groups according to the GDP per capita in 1997. The character is shown in Figure 2. FE model is used to analyze the effects of determinate factors on economic growth in these three groups. The model is examined in a similar way to the model (1) and (2).
Figure 2: Dividing 31 samples into three groups according to their income level
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The characters of GDP per capita, morality, physical capital per capita and education level of population are analyzed firstly, as shown in figure 3. Figure 3-A, 3-B show that difference of GDP and physical capital per capita between high income group and middle and low income level group are very large, while the difference between middle and low income group is much smaller. The difference between high income group and middle income group and low income group shows a rising trend as the time passing, which indicates that deteriorative trend of unbalance in regional development. Figure 3-C and 3-D show large difference of human capital store between low income group and high and middle income groups. The health status and education level of population in low income group are much lower than the other two groups. While there is only little difference between middle income group and high income group in human capital store aspect. The health status of population in middle income group was a little better than those of high income group in some time points. If we can improve the economic growth in middle income regions by filling the little gap of human capital between middle and high income groups is still a problem should be analyzed deeply.
3.2.1 Effects of physical capital, health and education on economic growth of various regions

Model (6) is used to analyze elemental factors’ effects on economic growth of these three groups; while the openness policy variable is introduced into model (7). The results of examinations show that physical capital, education level and health status of population in these three groups have positive and significant relationship with economic growth at 99 per cent confidence level. The contributions of all determinate factors have a little different between various groups, and are all similar to the mean level. Health status is really an important determinate factor to economic growth as Table 5 shows.

Conclusion can be drawn from Table 5 that physical capital is the most important factor to economic growth in all regions at 99 per cent confidence level. The elasticity of GDP per capita to physical capital per capita shows an upward trend from low income group to high income group. Additional 1 per cent increase in physical capital per capita will result in 0.69, 0.545 and 0.377 per cents of GDP pre capita increase in high, middle and low income group respectively. This result is a little less than those researches in contribution of education on economic growth. In fact, we may draw a conclusion that people in high income regions always have received high level schooling. So, physical capital should be input into high income regions because the exogenous of education may strengthen the effect of physical capital on economic growth. 
Figure 3: The characters of factors which affect economic growth in various groups.
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Education level of population also has a positive and significant relationship with regional economic growth. The results of examinations show that one year additional average formal education of population could result in 8.4, 16.2 and 11.7 per cents increase in average GDP per capita in high, middle and low income level groups. The average formal education years of population in high, middle and low income group are 8.94, 8.04 and 7.64 respectively. This shows that average 8 years of formal education is a milestone for economic growth. Economy will growths with more rapidly speed when the education level of population is beyond this milestone. So, Chinese government should pay more attention to education and training in the middle and low income level regions, in order to accumulating human capital which is the bedrock of economic growth.
Table 5: Determinate factors’ effect in different groups

	Independent Variables
	Model（6）

	
	all regions
	high income regions
	middle income regions
	low income regions

	Constant
	4.430***

(17.08)
	3.682***

(7.93)
	3.785***

(9.15)
	5.305***

(5.52)

	LKPC
	0.464***

(15.06)
	0.690***

(14.72)
	0.545***

(10.92)
	0.377***

(10.39)

	EDU
	0.144***

(8.01)
	0.084***

(2.72)
	0.162***

(5.44)
	0.117***

(5.52)

	MOR
	-0.055***

(-3.29)
	-0.144***

(-4.41)
	-0.081**

(-2.61)
	-0.075***

(-3.67)

	Model statistics

	within R-sq
	0.9005
	0.9611
	0.9284
	0.9259

	between R-sq
	0.8622
	0.7629
	0.6270
	0.4231

	F test/ chi2(1)
	551.96
	321.15
	246.21
	312.49

	Prob>F
	0.000
	0.000
	0.000
	0.000


*significant at α=0.1 confidence level; **significant at α=0.05 confidence level; ***significant at α=0.01 confidence level
3.2.2 Results after introducing openness policy variable

The results show that additional 1 unit increase in “LOPEN” variable will result in 8.8 per cent increase in GDP per capita in China. And further research is done to analyze the different effect of openness policy on economic groups in various income level regions. The results are listed in Table 6.
Table 6: Analysis results of introducing “LOPEN” variable

	independent variables
	Model（7）

	
	all regions
	high income regions
	middle income regions
	low income regions

	constant
	4.051***

(15.31)
	3.494***

(7.9)
	3.668***

(8.30)
	5.075***

(15.26)

	LKPC
	0.452***

(15.83)
	0.482***

(13.26)
	0.538***

(10.55)
	0.374***

(10.51)

	EDU
	0.127***

(7.2)
	0.031*

(1.74)
	0.156***

(5.01)
	0.110***

(5.25)

	MOR
	-0.061***

(-3.79)
	-0.152***

(-4.92)
	-0.083**

(-2.64)
	-0.081***

(-4.01)

	LOPEN
	0.088***

(4.16)
	0.104**

(2.51)
	0.033

(0.77)
	0.051**

(2.02)

	Model statistics

	within R-sq
	0.9091
	0.9666
	0.9291
	0.9298

	between R-sq
	0.8921
	0.7144
	0.6205
	0.4299

	F test/ chi2(1)
	455.09
	275.17
	183.48
	244.97

	Prob>F
	0.000
	0.000
	0.000
	0.000


*significant at α=0.1 confidence level; **significant at α=0.05 confidence level; ***significant at α=0.01 confidence level

Figure 4: Effects of determinate factors on economic growth in various regions
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There is a little difference after introducing openness policy factor to explain Chinese economic growth in various regions. Openness policy factor has positive and significant relationship with economic growth only in the high and low income regions at 95 per cents of confidence level. And GDP per capita will increase 10.4 and 5.1 per cents in the high and low income regions when LOPEN variable increase 1 unit. This result shows that openness policy of Chinese government has succeed in some degree. The contribution of physical capital and education in the high income region is less after the openness policy factor is introduced into this model. Detail information in figure 4 shows that government should transfer its interesting to the middle and low income regions to mitigate unbalance between these regions. 
4. Conclusions
 (1)Health is one of the most determinate factors of economic growth in China which has seldom been measured before. One unit decrease in morality per thousand will result in 6 per cent increase in GDP per capita in China. And this value will be 15.2, 8.3 and 8.1 in the high, middle and low income regions. So, not only education but also health should be focused by Chinese government. More investment to healthcare should be input to improve health status of population.

(2) Physical capital and education are the largest contributors to Chinese economic growth. More than half of Chinese economic growth comes from these two factors. Increase in one per cent of physical capital will result in 0.45 per cents increase in GDP per capita; while additional one more formal education year will result in 13 per cent increase in GDP per capita in China. The contribution of physical capital and education on economic growth are both larger in the middle income regions than in the other two groups. The results show that China should invest more resources to the middle income region in order to reduce unbalance situation.
(3) Openness policy has positive and significant relationship with Chinese economic growth. The effect of opening policy is most active in the high income regions. One unit increase in “LOPEN” variable will result in 10 per cents increase GDP per capita. Chinese government should accelerate opening pace in the middle and low income regions to develop these region.
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