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Abstract
In this paper, the human capital is divided into two kinds of types: heterogeneous human capital
and coessential human capital, and the environmental impact mechanism of FDI in different human capital is studied by using the panel data from 1999 to 2012. The research shows that, in
general, the FDI investment will not produce pollution effect on the environment; but in fact, it is
the heterogeneous human capital in the human capital, which leads to the emission reduction effect of FDI. In contrast, FDI investment in high homogeneous human capital will lead to environmental degradation.
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1. Introduction
The rapid growth of foreign direct investment in the past thirty years has made great contributions to the development of China’s economy. Foreign investors bring capital, technology and management experience to China,
but also lead to a dispute about the environmental impact of FDI. Given the fact that FDI plays an important role
in Chinese economy, question arises as to whether FDI has turned China into “pollution haven”. The answers
have come with a fair bit of ambiguity as the empirical findings. For example, Sha and Shi [1] showed that FDI
caused the deterioration of China’s environment, and 1% of the foreign capital enterprise asset growth would
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lead to 0.358% of the industrial waste gas growth. Fu and Li [2] showed that the relation between environmental
regulation and FDI was negative, which indicated that environmental regulation was a very important factor affecting FDI’s location and pollution haven effect existed among China’s provinces. Zhang and Jiang [3] found
that the inflow of FDI didn’t promote the environmental protection technology while it entered mainly into the
heavily polluting industries. Simultaneously, it also led to the loose of the environment regulation. To sum up,
the inflow of FDI has a negative impact on the environmental in China. Other findings, however, do not lend
support to “pollution haven hypothesis”. He [4] was directly to the opposite point of view: because of foreign
technology and the higher efficiency of energy use, the technical spillover effect of foreign enterprises improved
the host country environmental protection technology, so as to improve the host country’s environment quality.
Xu and Deng [5] indicated that FDI was conducive to the improvement of China’s environmental pollution,
which was mainly due to the FDI tend to use more advanced production technologies and pollution emission
system, the optimization and upgrading of industrial structure have helped to reduce resource consumption and
pollution emissions. Nie and Liu [6] suggested FDI helped to improve the environment of the city, from the
view of city regional distribution in China, compared with the eastern city, FDI was more conducive to the improvement of ecological environment in central and western city. Many scholars have attempted to explore
whether FDI turns China into “pollution heaven”, but empirical research has been difficult to get a clear answer.
In order to study the problem of China, the paper briefly describes the main research results of Chinese and foreign scholars in this field, and the research ideas of this paper are drawn from these studies.

2. Literature Review
Scholars mainly from two angles to confirm the “pollution heaven hypothesis”, the first was to study the relationship between the strength of environmental regulation and FDI location choice. List and Co [7] use logit
model to study the impact of environmental regulation on the location decision of multinational enterprises;
Xing and Kolstad [8] study the extent to which FDI from the United States is influenced by the host country’s
environmental regulation; Zhang and Fu [9] verify the sensitivity of FDI on regional environmental regulation
by using regional analysis so as to provide evidence for China as “pollution heaven”. The second is to study the
relationship between FDI and pollutant emission; He [4] used the panel data of 29 provinces and cities in China
to establish simultaneous equations to analyze the relationship between pollutant emissions and FDI; Baek and
Koo [10] examined the long-term and short-term relationship between FDI and environmental pollution in China and India by using time series cointegration analysis and vector autoregressive model; Cole et al. [11] investigate the relationship between economic growth and industrial pollutants emission for 112 major cities in China
between 2001 to 2004.
However, some scholars have questioned the hypothesis. Birdsall and Wheeler [12] believed that the more
open economies, the more easy to attract foreign clean industrial investment, the mechanism of impact of FDI
on the host environment was complex, and was not direct as “pollution heaven hypothesis” described; Esleland
and Harrison [13] took Latin America as an example to point out that foreign companies were more inclined to
adopt clean, high energy efficiency technology. Furthermore, some studies have pointed out that multinational
companies in Asia will adopt environment friendly technologies to reduce environmental damage [14]-[16]. And
this conclusion is particularly significant in China, South East Asia and Taiwan [17].
Some studies researched the mechanism of FDI’s environmental effects. Copeland and Taylor [18] concluded
that FDI affect the host environment from three ways, including scale effect, structure effect and technology effect; Dean et al. [19], Eskeland and Harrison [13] argued that the foreign capital can weaken the damage to the
environment through technology diffusion effect; Caselli and Coleman [20] showed that developing countries
hoped that environment friendly enterprise from technical leader bring in advanced technologies, but the absorption and application capabilities of such environmental friendly technologies are limited to the level of human
capital of the country or region. Therefore, the level of human capital can affect the ability of the country or region to absorb the advance technologies, including emission reduction technology [21]. Lian et al. [22], Li and
Liu [23], Yang and Lu [24] showed that in the region of abundant human capital, FDI tended to produce the effect of emission reduction, and in region of barren human capital, FDI will cause the deterioration of the quality
of the environment.
Most research focused on the impact of FDI on the environment in the view of human capital, but ignored the
ingredient of human capital. This paper argues that human capital has the characteristics of heterogeneity, and
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different ingredient of human capital lead to different environmental effects of FDI in the end. Heterogeneous
human capital may be the essential factor to absorb advance environmental friendly technology. What’s more,
foreign enterprises will choose the technology and make location decision on the basis of heterogeneous human
capital level. If heterogeneous human capital level in area is higher, foreign enterprises tend to adopt efficient
technology to reduce energy consumption cost, and even to layout of high-tech industry in the region. Based on
the above analysis, this paper try to measure of heterogeneous human capital and coessential human capital, inspect in different environmental effects of FDI under different types of human capital level, find out the key
factors of the emission reduction effects of FDI.

3. Human Capital, Heterogeneous Human Capital and the Mechanism of FDI’s
Environmental Effect
3.1. The Definition of Heterogeneous Human Capital
Human capital is the condensation of health, knowledge, experience and professional skills and other factors in
labor. Idiosyncratic human capital is a kind of human capital with the property of increasing marginal returns to
productivity in specific stage; on the contrary, coessential human capital stage is a kind of human capital with
the property of diminishing marginal returns in specific stage. Actually, the stock of heterogeneous human capital is not steady and it will turn into coessential human capital as the property of increasing marginal returns
disappear [25].
As a special human capital, heterogeneous human capital is difficult to measure. We believe that the higher
education is the major way for the formation of idiosyncratic human capital, there are two reasons with it. Firstly,
idiosyncratic human capital has the attribute of increasing marginal returns to productivity, which determines
that it is a kind of human capital with knowledge in large quantity and high quality. Elementary and secondary
education can only provide the necessary knowledge to save life, but only the higher education can make people
obtain revolutionary and advanced knowledge and skills. In practical terms, universities are such place with
large amount of knowledge. Secondly, institutions of higher education can summarize knowledge so that people
can learn it with high efficiency. But in addition to provide stereotyped knowledge, higher education can improve people’s thinking and judgment ability to innovate. So, based on these reasons above, in this paper we define the human capital owned by highly educated labors as “heterogeneous human capital”, and human capital
owned by no highly educated labors as “coessential human capital”.

3.2. Heterogeneous Human Capital and FDI Entry
Blomstrom (1994) examined the relationship between FDI and human capital in Mexico, found that the higher
the labor quality, the more advanced the technology level of the foreign capital enterprises. It is true that the
stock of human capital under open economy is an important concern for foreign enterprises to enter. As a kind
of special capital, human capital exists not only differences in “quantity”, is the difference between “quality”,
and this in the “quality” of the differences in human capital is heterogeneous human capital [26]. In addition to
the stock level, foreign companies will determine their own use and transfer technology base on the quality of
the host country’s human capital quality, the so-called quality is the human capital structure and the heterogeneity of human capital level. The higher level of heterogeneous human capital in a country, the foreign capital enterprises will transfer more advanced technology, and accordingly determine the construction of Corporation
R&D institutions to improve the market competitiveness. On the contrary, the higher level of coessential human
capital in a country, the higher the cost of personnel training, lead to the lack of technology transfer, and the
transfer of labor-intensive industries to the host country.

3.3. Heterogeneous Human Capital and Technology Absorptive Capacity
FDI technology spillover is uncertain, the key is whether the host country has absorptive capacity and application ability. The stronger absorptive capacity of technology in one country is, the stronger the ability of absorption and transformation of external knowledge and technology is. In addition, the absorption capacity depends
on a country’s economic system and other factors, but also depends on a country’s technological capability and
R&D capability, idiosyncratic human capital is key factor to these abilities. Because, firstly, the absorption and
application of foreign technologies will need to be done by people, only combined with human capital can this
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technologies or knowledge work. Secondly, from the micro perspective, the research works on absorption and
application of foreign technologies are highly specialized, and these works can only done by professionals in
higher education, so, as mentioned in section 3.1, human capital owned by these professionals is part of heterogeneous human capital stock. To sum up, heterogeneous human capital is the technical power of economic
growth in the region, directly determine the host country absorptive capacity of technology level.
As a result, the uncertainty of the environmental effects of FDI comes from the technical level of the host
country, or the technical absorption level of the host country. According to different technology absorption capacity, foreign enterprises choose to make technology transfer and industrial transfer and entry decisions. To
determine a country’s technological absorptive capacity is the level of heterogeneous human capital in the human capital.

4. Empirical Model and Variable
4.1. Empirical Model
In order to explore the relationship between different human capital levels and FDI’s environmental effect, referring to Lian et al. [22], we set the following three models:

Pit = α + β1FDIit + β 2 H it × FDIit + β X X it + ηi + τ t + ε it

(1)

Pit = α + β1FDIit + β 2 CH it × FDIit + β X X it + ηi + τ t + ε it

(2)

Pit = α + β1FDIit + β 2 DH it × FDIit + β X X it + ηi + τ t + ε it

(3)

The index i and t are on behalf of the area and the year, Pit represents the industrial pollutant per capita emissions, the pollutants in this paper are industrial sulfur dioxide and industrial soot. Hit, CHit and DHit are the agent
variables of total human capital, homogeneous human capital and idiosyncratic human capital. Xit is a set of regional controls, including energy consumption (energyit), capital intensity (capitalit), the degree of industrialization (industryit), unemployment rate (unemployit), population density (densityit). The variable ηi stands for
time-invariant regional specific effect whilst τ t denotes to location-invariant time specific effect.

4.2. Main Variable Descriptions
4.2.1. Pollution Variables
Because the level of per capita emission pollution is able to reflect the quality of the local environment and taking into account the differences of different pollutants, this paper selects industrial sulfur dioxide emissions per
capita and industrial soot per capita emissions as pollutant variables. These data come from China Statistical
Yearbook (1999-2012).
4.2.1. FDI and Human Capital
Referring to the existing researches, this paper selects the utilization of per GDP foreign capital in each region to
measure the strength of foreign investment.
This paper adopts the average year of schooling to measure the educational attainment of labor as an indicator
of human capital stock at the provincial level. We categorize six levels of schooling for labor as follows: no
school, primary, junior secondary, senior secondary, college degree and undergraduate and higher. Human capital can be calculated as follow:

H = 2n1 + 6n2 + 9n3 + 12n4 + 15n5 + 16n6

(4)

ni in Equation (4) is the proportion of labor in the level of education in the i level. Heterogeneous human capital
as an abstract concept itself is difficult to measure. We will be defined as “heterogeneous human capital” by the
human capital that is owned by the employment of Higher Education (College and above). Human capital
owned by those who have not a higher education (illiteracy, primary, secondary and high school) is defined as
homogeneous human capital. Referring to Luo [27] and Liu [28] practices, we use the ratio of average year of
schooling accumulated by labor in higher education to total average year of schooling as a reference index for
heterogeneous human capital, the equation is as follow:
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DH =

15n5 + 16n6
2n1 + 6n2 + 9n3 + 12n4 + 15n5 + 16n6

(5)

Similar to the calculation method of heterogeneous human capital index, we use the ratio of average year of
schooling accumulated by labor without a higher education to total average year of schooling as an agent for
coessential human capital, the equation is as follow:
CH =

2n1 + 6n2 + 9n3 + 12n4
2n1 + 6n2 + 9n3 + 12n4 + 15n5 + 16n6

(6)

The data used to construct the variables H, DH and CH are derived from the statistical yearbook of China’s
labor force (1999-2012).
4.2.1. Regional Controls
1) Energy consumption
Since the reform and opening up, China’s economic take-off, but before entering the new path to industrialization, China’s industrial production is highly dependent on fossil energy consumption. Energy consumption is
an important influence factor on the discharge of pollutants from industrial production, especially in the gaseous
pollutants. In this paper, the ratio of energy consumption to area GDP is chosen as the index of energy consumption (Table 1).
2) Physical capital intensity
In this paper, the index of material capital density is divided by the amount of labor input in the area capital
stock. It is generally believed that the level of industrial pollution is affected by the capital density. Traditional
industry will use more large-scale equipment in production, so higher capital density means that more high density of pollution exists in the industrial sector of the economy. But to the other point of view, the increase in the
density of material capital is the embodiment of technological progress, which means higher technical efficiency,
so as to speed up the technical progress of the industry and improve the capacity of emission reduction technology. Therefore it is difficult to determine the influence of material capital density on environmental pollution.
The calculation to physical capital stock refers to the perpetual inventory method. We take 1986 as the base period to eliminate price factor, the economic depreciation rate is 9.6%. We use the amount of labor input by the
end of the year to measure the number of employment.
3) Unemployment rate
The unemployment rate is likely to affect regional environmental regulation through two ways. Firstly, high
unemployment will lead to the local government to mobilize a large number of resources to solve the problem of
unemployment, which leads to the reduction of investment in environmental governance. Second, it is because of
the high unemployment rate, the regional government and the people are more likely to accept the introduction of
Table 1. Summary statistics.
Variable

Mean

Std.dev

Min

Max

Unit

SO2

0.01594

0.010410

0.002422

0.060656

Tones per capita

soot

0.00704

0.005447

0.000416

0.0311248

Tones per capita

FDI

0.02524

0.022545

0.000673

0.1140181

——

H

8.77742

1.091149

6.378

13.119

Year

CH

0.84788

0.087101

0.362222

0.981284

%

DH

0.15211

0.087101

0.018716

0.6377773

%

industry

0.47030

0.076266

0.197596

0.615

——

capital

2.35680

2.230162

0.244085

13.6143

10,000 Yuan per capita

unemployment

0.03606

0.007370

0.006

0.065

%

energy

5.75917

3.238355

1.611788

17.5761

Tonnes of standard coal/Yuan
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high pollution industries to promote employment. Therefore, the local government will lose its independence
because of the high unemployment rate. This paper selects the registered unemployment rate to show the employment situation in various regions.
4) Degree of industrialization
Different industries have different demand of capital and energy and the impacts on the environment is different. The second industry, especially the industrial sector, is an important factor to cause environmental pollution. In this paper, we select the ratio of second industry output value to GDP to measure the impact of regional
industrial structure on the quality of the environment.
5) Population density
At the same level of income and pollution, the population density is higher in the region will enlarge the pollution of the marginal damage, which will lead to higher pollution industries against the sound. It is because of
this forced mechanism to force enterprises to update the technology to use clean production and encourage local
governments to introduce environmentally friendly enterprises.
The data used in this paper come from China Statistical Yearbook, China Environmental Statistics Yearbook
and China Statistical Yearbook of labor force. In order to eliminate the impact of price factor, monetary variables are used in 1986 base period. Considering the data available and sample consistency, finally the 19992012 national 29 provinces, municipalities and autonomous regions panel data is used (because of the problem
of missing data, excluding Tibet Autonomous Region, Hong Kong, Macao and Taiwan regions, and computed
data of Chongqing City in Sichuan Province).

5. Estimation Result
In this paper, we use Stata 12 to estimate the Equations (1), (2), (3), and the regression is based on the double
fixed effect model.
Table 2 is the estimation result. Firstly, the coefficients and symbols of the main variable FDI and the interaction terms of human capital and FDI are analyzed. Under the condition of total human capital stock (H), the
coefficient of FDI is positive, which indicates that the increase of FDI will aggravate the environmental pollution, but to verify whether the “pollution heaven hypothesis” is work, we must also analyze the coefficient of
interaction. In order to make the analysis more intuitive, we take the industrial sulfur dioxide as an example,
three regression coefficients are substituted into the model (1), (2), (3). And then, we can get the marginal effects of FDI on the environment pollution under the condition of different types of human capital with respect to
FDI variable, the results are follow:

∂Pso 2
= 0.612 − 0.0675 H
∂FDI

(7)

∂Pso 2
=
−0.533 + 0.652CH
∂FDI

(8)

∂Pso 2
= 0.119 − 0.652 DH
∂FDI

(9)

Equation (7) shows that the coefficient of FDI is positive, while the interaction variable (FDI × H) is negative,
and the total human capital (H) decide the total marginal effect of symbols, when total human capital (H) higher
than a certain degree, the sign of the total marginal effect is negative, that to say, in the area of higher total human capital, FDI has emission reduction effect, “pollution heaven hypothesis does not hold, and vice versa. Here
the conclusion consistent with Lian et al. [18]. We pay more attention on the environmental effects of FDI,
which is based on the constraints of heterogeneous human capital and homogeneous component, and the equation (8) and (9) show these results. First look at the equation (8), under the homogeneous human capital constraints (CH), although the FDI coefficient is negative, but the interaction term coefficient (FDI × CH) is positive, which means that with the increase of the homogeneous human capital, FDI is inclined to aggravate the deterioration of the quality of the environment. And then look at equation (9), which FDI coefficient is positive,
the coefficient of the interaction term (FDI × DH) is negative, whether marginal effect of FDI the environment
pollution is positive depends on the size heterogeneity of human capital, in the area of higher idiosyncratic human capital, FDI has emission reduction effect, and vice versa. In summary, FDI combine with high regional
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Table 2. Results of estimate.
(1)
Variables
FDI

H × FDI

(2)

SO2
0.612

(3)

Soot

***

0.221

SO2

(2.13)

−0.0675

−0.0243

(−4.83)

(5)

Soot

−0.533

*

(5.12)
***

(4)

***

SO2

−0.271

*

(−4.06)

(−2.40)

0.652***

0.325*

(4.40)

(2.55)

0.119

0.0286

(4.71)

0.0539*

(4.87)

(2.56)

−0.652***

−0.325*

(−4.40)

(−2.55)

(−2.00)

DH × FDI

industry

Soot

***

*

CH × FDI

***

(6)

0.00349

0.0239

(0.66)

***

(3.89)

0.0239

(0.25)

(3.89)

0.000557

(3.88)

(2.58)

(4.10)

(2.93)

(4.10)

(2.93)

density

−0.00000906
***

−0.00000155

−0.00000749***

−0.000000902

−0.00000749***

−0.000000902

(−5.88)

(−1.16)

(−4.86)

(−0.68)

(−4.86)

(−0.68)

0.0108

0.0226

0.00457

0.0181

0.00457

0.0181

(0.09)

(0.42)

(0.09)

(0.42)

(0.22)
energy

0.000999

(0.52)
***

0.000602

*

0.000897

**

0.000654

**

(0.25)

0.000965***

0.00107

***

0.00130

capital

unemployment

*

0.00130

***

0.000586

*

0.00107

***

0.000897

**

0.000654**

0.000586*

(3.54)

(2.46)

(3.19)

(2.43)

(3.19)

(2.43)

N

401

401

401

401

401

401

r2

0.471

0.304

0.465

0.309

0.465

0.309

r2_a

0.398

0.209

0.392

0.214

0.392

0.214

F

15.65

7.677

15.30

7.855

15.30

7.855

Note: *Significant at 10% level; **significant at 5% level; ***significant at 1% level. The value in bracket is T-statistics.

human capital has emission reduction effect, but in human capital, really caused by FDI’s positive environmental effects is idiosyncratic human capital, and improve the coessential human capital will result in FDI has effect
of the environmental deterioration.
For the analysis of control variables, results show that the density of material capital raises to exacerbate the
deterioration of the environment, suggests that the material capital density increase mainly from the increase of
high energy consumption, high pollution of industrial equipment, do not produce the emission reduction effect
of technological progress. In the aspect of industrial structure, although increase in the proportion of the second
industry will improve both industrial pollutant emissions, but only industrial sulfur dioxide results is at the 5%
level significance, which may due to the sulfur dioxide is main emission in the process of industrial production.
Industrial production cannot be avoided energy use, the use of fossil energy is an important reason leading to
pollutant generation and deterioration of the environment, so consistent with expectation, the increase in energy
consumption have exacerbated the emissions of two pollutants. The empirical results of unemployment rate and
population density are in line with expectations, but the results are not significant, so they cannot determine their
impact on industrial pollution emissions.

6. Conclusions
This paper is the first study of FDI impact on environmental pollution from the perspective of heterogeneous
human capital. It has used provincial socioeconomic and environmental data and has investigated how human
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capital and its different components influence the relationship between FDI and pollution emissions in China.
Our results have show that the impact of FDI on pollution emissions is highly dependent on the level of human.
But each part of human capital has different effects on the environmental effects of FDI. In the total human capital, the key of FDI emission reduction effect is the heterogeneous human capital. Coessential human capital
formed by the middle and lower education of the total human capital is not conducive to the spread of emission
reduction technology, which leads to the deterioration of the environment of FDI. The findings suggest “pollution heaven hypothesis” holds only in provinces.
For provinces with a high level of heterogeneous human capital, FDI is negatively related to pollution emissions. In contrast, for provinces with a low level of heterogeneous human capital, FDI is positively related to
pollution emissions.
The findings in this study have important policy implication. The fast economics growth has turn off China
into one of the largest pollution producers in the world, and FDI is regarded as an engine or catalyst for this
growth process. Evidence from this study suggests that “pollution heaven hypothesis” is appropriate only to
provinces with a low level of heterogeneous human capital. Therefore, if China needs to maintain fast growth
and reduce pollution emissions, the government shall be encouraged to develop high education to raise the national level of heterogeneous human capital rather than the stringency of environmental regulation or standard.
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