
Introduction

With the rapid development of industrialization 
and urbanization, environmental pollution caused by 
industrial development is becoming more and more 
serious. Industry is not only an important part of 
China’s economic development, but also a source of 

high energy consumption and pollution. Although 
industrial added value accounted for 34% of GDP in 
2015, it consumes 65% of total energy consumption 
and produces about 68% of carbon dioxide in China. In 
fact, the essence of industrial pollution is the imbalance 
between industrial development and ecological 
environment. Under the pressure of environmental 
pollution and resource exhaustion, improving industrial 
sustainable development is an effective way to solve 
the conflict between industrial economic growth and 
ecology [1-3]. Industrial environmental efficiency 
refers to the environmental impact of unit value 
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created by an industrial system, which reflects the 
desirable and undesirable outputs. Hence, industrial 
environmental efficiency is selected to measure the 
sustainable development of industry [1]. Meanwhile, 
under the background of capital flow globalization, a 
large amount of foreign direct investment flows into 
China. China’s total foreign direct investment increased 
from $740652 million in 2007 to $5124.07 billion in 
2016 (based on the China Statistical Yearbook), which 
makes it the third largest foreign direct investment 
inflow country after the United States and Britain. As a 
result, the relationship between FDI and environmental 
performance has been discussed. One view is that 
FDI can bring an advanced technology spillover effect 
to host countries and promote industrial structure 
upgrading and total factor productivity [4]. Another 
view is that FDI also brings environmental pollution to 
the host country. In order to attract FDI inflows, some 
local governments loosen environmental regulations 
and lower environmental standards, thus leading to the 
inflow of highly polluting industries into the developing 
countries and aggravating environmental degradation 
[5, 6]. Therefore, FDI has both positive and negative 
impacts on the environment, which depends on the 
dominant channel [7]. Furthermore, whether there 
is another factor affecting the relationship between 
FDI and environmental efficiency deserves further 
discussion. 

Market-oriented reform plays an important role in 
the achievements of China’s economic development. 
The central government has taken many measures 
to realize the cross-regional flow of resources in the 
process of marketization. However, market-oriented 
reform fails to effectively improve the integrity of 
the domestic market [8]. China’s domestic market is 
far less integrated. Market fragmentation is caused 
by local protection, administrative monopoly power 
and fiscal  decentralization, which restricts the flow of 
factors and products to form intangible barriers and 
protect local industries, and reduces the efficiency 
of resource allocation. Resource allocation among 
provinces directly affects environmental performance 
[9, 10]. Market fragmentation reduces the R&D 
investment, results in slow technological progress and 
environmental uncertainty, and inhibits environmental 
efficiency. In this study, we try to identify whether FDI 
has an impact on environmental efficiency through the 
path of market fragmentation. 

Based on the above analysis, we analyzed the 
impact of FDI and market fragmentation on industrial 
environmental efficiency using the system GMM 
approach. Furthermore, we explore the effect of the 
interaction between FDI and market fragmentation 
on industrial environmental efficiency. Therefore, 
this study contributes to the existing literature in 
several aspects. First, few studies have been made on 
the relationship between market fragmentation and 
industrial environmental efficiency. Previous studies 
have considered only the relationship between market 

fragmentation and pollution emissions. To fill in this 
gap, we examined the effect of market fragmentation 
on industrial environmental efficiency base on the 
system GMM method. Second, there are few studies 
on the impact of FDI and market fragmentation on 
environmental efficiency in the integrated framework. 
Previous studies focused only on the effect of FDI on 
the environment and neglected the effect of institutional 
factors on the relationship between FDI and sustainable 
development. Market fragmentation is the institutional 
factor leading to resources misallocation, inefficient 
technology and management, and diseconomies of 
scale, which will inevitably affect the relationship 
between FDI and sustainable development. 

The structure of the study is organized as follows: 
Section 2 presents the literature review. Section 3 
outlines the empirical method, variable measurement 
and data. Section 4 reports and discusses  the empirical 
results. Section 5 concludes the conclusions and puts 
forward policy recommendations.

Literature Review

We divide the literature review into three parts, 
which include the relationship between FDI and 
industrial environmental efficiency, the relationship 
between market fragmentation and industrial 
environmental efficiency, and the effect of FDI and 
market fragmentation on industrial environmental 
efficiency. 

The Relationship between FDI and Industrial 
Environmental Efficiency

Foreign direct investment indirectly affects the 
environment by influencing economic growth [11]. 
The impact of FDI inflow on economic growth has 
been confirmed in many studies. Frankel and Romer 
[12] propose that FDI not only promotes economic 
growth, but also affects environmental performance. 
However, there is no consensus on the impact of FDI 
inflow on the environment. FDI has both positive and 
negative impacts on the environment, which depends 
on the dominant channel [7]. Pao and Tsai [13] argue 
that there are three channels to the relationship between 
FDI and the environment: the pollution-halo hypothesis, 
the pollution haven hypothesis and the scale effect 
hypothesis. Some scholars believe that FDI inflows 
bring positive technology spillovers such as advanced 
production technology, management technology and 
marketing experience to the host country [14]. The 
innovation of clean technology through FDI inflow 
is conducive to improving the environmental quality 
of the host country [15]. Liu et al. [11] suggest that 
FDI inflow may directly hinder pollutant emissions, 
which may due to the funding and technology for 
environmental protection through FDI. Al-mulali and 
Tang [16] find that FDI inflow has a negative impact 
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on carbon dioxide emissions in the long term. Mielnik 
and Goldemberg [17] prove that FDI inflow decreases 
the energy intensity, which is associated with the 
technological innovation brought by FDI. FDI inflow 
also promotes green technology to host countries and 
improves environmental quality in developing countries 
[13]. Zeng and Eastin [18] argue that the FDI inflows 
enhance environmental awareness in developing 
countries. Zhang and Zhang [19] identify the validity 
of EKC and suggest that the effect of FDI inflows on 
carbon emissions is positive. 

Another view is that FDI inflow also brings 
environmental pollution to the host country. In order 
to attract FDI inflows, local governments loosen the 
environmental regulations and lower the environmental 
protection standards, thus leading to the inflow of highly 
polluting industries into the developing countries [5, 6, 
20]. That is to say, FDI reduces environmental quality, 
thus supporting the pollution-haven hypothesis. FDI 
inflows increase the capital stock of the host country 
and expand the production scale and economic scale 
of the host country, thus increasing the consumption 
of resources. The growth of output results in more 
pollutant emissions, increases environmental pressure 
in host countries and hinders the improvement of 
environmental efficiency. Shahbaz et al. [7] indicate 
that FDI has a significant positive impact on carbon 
dioxide emissions in France. Ren et al. [21] analyze the 
relationship between FDI and carbon dioxide emissions, 
and suggest that FDI inflow increases carbon dioxide 
emissions. Sbia et al. [22] find that FDI increases the 
green energy consumption and carbon dioxide emissions 
in UAE. Solarin et al. [23] suggest that FDI positively 
affects carbon dioxide emissions. Shahbaz et al. [7] 
prove that FDI aggravates environmental degradation 
and confirms the pollution haven hypothesis. Zhang 
and Zhou [24] and Jiang et al. [25] also report that FDI 
has a negative impact on carbon dioxide emissions 
based on the Chinese city-level data. Tang and Tan [26] 
prove that FDI inflow positively increases the carbon 
dioxide emissions in Vietnam. Sun et al. [27] find that 
foreign direct investment increases by 1%, and carbon 
emissions increase by 0.058% based on the ARDL 
model. 

The Relationship between Market Fragmentation 
and Industrial Environmental Efficiency

China’s domestic market is far less integrated. 
Compared with developed market economies, China’s 
fragmented market is controlled by officials [8]. 
The fiscal  decentralization and promotion incentive 
mechanism have driven local governments to compete 
for benefits, which has led to market fragmentation 
and the non-integration of the domestic market [28]. 
Many studies have analyzed the relationship between 
market fragmentation and economic growth [29, 30], 
and confirm the efficiency losses caused by local 
protection and market fragmentation [8, 28]. Yang  

et al. [31] point out that market fragmentation reduces 
the quality of economic development. Regional energy 
market fragmentation may become an obstacle to 
economic growth. Zhang and Zhang [32] argue that 
market fragmentation distorts energy allocation. Energy 
trade barriers increase the transport costs for energy-
deficient regions to trade with other regions. Market 
fragmentation also increases incentives for low-level 
technologies to exploit resources in energy-deficient 
regions.

Market fragmentation hinders the free flow of 
factors and commodities, distorts the allocation of 
resources and inhibits the economic growth brought 
about by diseconomies of scale [33]. Lin and Chen 
[9] suggest that factor market distortion affected by 
government intervention hinders the promotion of 
green total factor productivity. The protection of local 
government reduces the willingness to invest in R&D 
and technological innovation, leading to the slow 
development of green energy-saving technology [31]. 
Market fragmentation leads to inefficient technology and 
management, diseconomies of scale and misallocation 
of resources. It is believed that market distortions 
hinders the improvement of energy industry efficiency 
[10]. Chang et al. [34] argue that political power has 
an important impact on environmental protection, 
and government efficiency significantly affects energy 
efficiency. Market fragmentation leads to collusion 
between local governments and enterprises. Energy is 
a natural resource with state-owned attributes. Local 
governments have the right to initial allocation. Those 
politically connected enterprises are more likely to 
get preferential access at lower prices, while efficient 
enterprises fail to get enough energy allocation, which 
seriously reduces energy efficiency [35]. Therefore, 
market fragmentation decreases the R&D investment, 
results in slow technological progress and environmental 
uncertainty, and inhibits environmental efficiency. 

The Effect of FDI and Market Fragmentation 
on Industrial Environmental Efficiency

Few studies have explored the impact of FDI and 
market fragmentation on the environment. Market 
fragmentation restricts the flow of resources and factors 
in different regions, resulting in the invalid market price 
signal and distorting the optimal allocation of resources 
in the domestic market [33]. One of the reasons why local 
governments divide the market is to protect some local 
state-owned enterprises. In addition, local governments 
also protect local backward enterprises for the purpose 
of economic growth and employment stability [36]. 
These low-efficiency and high-pollution enterprises are 
difficult to eliminate, and are even still profitable. In 
order to obtain political promotion, local officials take 
the way of imitating economic development strategy to 
maximize their own interests, intervene in enterprise 
investment through subsidies, and ultimately lead to 
low-level duplication and industrial isomorphism. Most 
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of these duplicate developments are heavy chemical 
industries with high energy consumption and pollution, 
which aggravates environmental pollution and resource 
waste [37].  

Methodology 

Calculation of Industrial Environmental 
Efficiency

We use industrial environmental efficiency to reflect 
sustainable industrial development. Many studies use a 
single indicator to measure environmental efficiency, 
such as energy intensity [38], pollution emissions [39] 
and so on. A single indicator fails to reflect the impact 
of economic output on the environment. Considering 
the industrial economic performance and undesirable 
outputs, this study uses the industrial environmental 
efficiency to examine the balance of industrial  
economy and environment in different regions. The 
DEA method is a radial model for input or output,  
but it does not consider non-radial relaxation  
and undesirable output [40]. Based on Gomez-Calvet 
et al. [41], we use the super-SBM model with the 
undesirable outputs to evaluate industrial environmental 
efficiency. We assume the production system within 
DMUs. Each unit (DMU) has three factors: inputs, 
desirable outputs and undesirable outputs. Each DMU 
makes use of m input factors and produces s1 desirable 
output and s2 undesirable output. Three vectors are 
defined: x ∈ Rm, y g ∈ RS1 and y b ∈ RS2, and the matrices 
X, Y g and Y b are defined as follows:

Then the production possibility set (PPS) is defined 
as follows:
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L is a weight vector, 

e = 1,1,..., 1) ∈ R+
L. 

Based on Tone [42], the SBM model dealing with 
undesirable outputs is described as follows: 
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desirable outputs, s– ∈ R+
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outputs. The target function value of β is the solution 
of the optimization, and its range of value is 0≤β≤1. If 
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…where , , ,j t t t tλ φ ϕ ηΛ = ϒ = Θ = Ω = , and *β is 
environmental efficiency measured by the super-SBM 
method taking undesirable outputs. 

According to Yang and Li [1] and Li et al. [44], 
the input and output indicators from basic economic 
development and environmental pollution are used 
to accurately assess the industrial environmental 
efficiency. We chose labor, capital, energy consumption 
and water consumption as input indicators, with 
industrial value added as desirable output indicator, 
and sulfur dioxide emission and dioxide emissions as 
undesirable output indicators. 
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Estimation of Market Fragmentation

Market fragmentation seriously hinders the cross-
regional flow of factors (such as labor, capital and 
energy) in the national market. There are five main 
methods to measure market fragmentation, which 
includes the production method [8], trade law method, 
price method, economic cycle method and market 
survey method. Based on the method proposed by 
Parsley and Wei [45], this study uses price indices of 
9 commodities1 to evaluate the market fragmentation 
index in China during the period of 2007-2015. The 
detailed calculation steps are as follows. 

First, we construct a three-dimensional (t × i × k) 
panel data covering year (t), region (i) and commodities 
(k). Subsequently, we calculate the relative absolute 
value (|∆Qk

ijt|) of region i and region j in year t of 
commodity k. The formula used is as follows.

1 1( / ) ( / )k k k k k
ijt it it jt jtQ ln p p ln p p− −∆ = −

   (3)

…where ∆Qk
ijt is the fluctuation of the relative price of 

product k at time t between two provinces, p is the actual 
price, i and j indicate two provinces, t represents time 
periods, and k indicates 9 categories of commodities 
in our study. Transportation costs are closely related to 
the difference in the price of the same goods between 
the two regions in an integrated market. Considering 
the relative stability of transport costs, the smaller the 
fluctuation of ∆Qk

ijt , the more integrated the market 
between two provinces.

Due to market fragmentation, the price ratio of the 
two provinces shows the characteristics of fluctuating 
up and down. If the difference is greater than the 
transportation cost, the two regional markets will 
be more or less fragmented. The band of arbitrage is 
measured by the absolute value.

1 1( / ) ( / )k k k k k
ijt it it jt jtQ ln p p ln p p− −∆ = −

   (4)

The De-mean method is used to eliminate 
system errors caused by fixed effects associated with 
commodity heterogeneity. We assume that:

                                 
k k ijk
ijtQ a ε∆ = +

                           (5)
 
…where ak is the price change caused by the 
characteristics of product k, and εijk is related to 
economic relations between two provinces.

1	 These commodities are food, tobacco and alcohol, clothing, 
shoes and hats, cultural office supplies, daily necessities, 
Chinese and Western medicine and medical and health care 
supplies, books, magazines and electronic publications, and 
fuel.

( ) ( )
kk k k k ijk ijk

ijt ijt ijtq Q Q a a ε ε− −= ∆ − ∆ = − + −
      

(6)

              (7)

…where the variance var(qk
nt) reflects the all 

commodities price fluctuations, which is caused by 
market fragmentation between provinces i and j at time 
t, and connotes the market fragmentation between two 
regional markets. In order to ensure that the estimated 
coefficients in subsequent estimates are not too small, 
we multiply the estimated original market fragmentation 
index by 100.

Empirical Method

This section provides the empirical method to 
discuss the impact of FDI and market fragmentation on 
industrial environmental efficiency. Considering that 
environmental performance and economic development 
may influence each other, there may be bilateral 
causality. At the same time, some influencing factors of 
environmental quality variables are inevitably neglected 
in the evaluation, and there may be endogenous bias in 
the evaluation. Therefore, the generalized method of 
moments (GMM) is employed to analyze the estimation 
model. Consequently, we consider it necessary to add 
the first-lagged industrial environmental efficiency to 
the model and construct a dynamic model to control the 
difference of the initial states of each province. Based 
on Lin and Chen [9], we estimate the dynamic model 
as follows:

  

, 0 1 , 1 2 , 3 ,+i t i t i t i t it i itefficiency efficiency fdi segment X Tλ λ λ λ α ε−= + + + + +
                  

, 0 1 , 1 2 , 3 ,+i t i t i t i t it i itefficiency efficiency fdi segment X Tλ λ λ λ α ε−= + + + + +
           (8)      

This study focuses on the moderating effect of 
market fragmentation, and examines the influencing 
mechanism of market fragmentation on the impact of 
FDI on industrial environmental efficiency. To this end, 
the interaction between market fragmentation and FDI 
is added to Eq. (8), and the model is set as follows: 

 
(9) 

…where i indexes province and t indexes year; efficiecyi,t 
measures the industrial environmental efficiency, which 
is a dependent variable; fdii,t is the indicator of foreign 
direct investment; segmenti,t measures the intensity 
of market fragmentation; and X are vectors of control 
variables that also affect industrial environmental 
efficiency. 



Zhou X., et al.2974

This study uses the system GMM estimator proposed 
by Blundell and Bond [46]. The GMM method has two 
advantages compared with the fixed effect and random 
effect estimation of panel data. First, the GMM method 
takes the lags of regressors as predefined explanatory 
variables to the dynamic model. Second, the GMM 
method can also deal with potential endogenous 
problems by introducing predefined and exogenous 
variables as system instruments [11]. The estimator 
combines in a system the equation in first-differences 
with an equation in levels [47]. Blundell and Bond [46] 
argue that adding the original equation to the system 
and using the additional moment condition significantly 
improve the efficiency and reduce the finite sample 
bias compared with the simple first-differenced GMM. 
We consider all regression variables as endogenous 
regression variables in the model, and test them by 
using their lag levels in differential equations and their 
lag differences in horizontal equations. We consider 
the year dummies and province dummies in all our 
regression models and instrument sets, and use Sargan 
statistics to assess the validity of the instruments.

The super-SBM model is employed to evaluate the 
industrial environmental efficiency of 29 provinces 
in China during the period of 2007-2015. According 
to Parsley and Wei [45], we used price indices of 9 
commodities to calculate the market fragmentation 
based on Eq. (1)-(5). FDI is measured by the ratio 
of foreign direct investment to GDP. Industrial 
environmental efficiency is also affected by other 
factors. Economic development is closely related to 
technological innovation and energy consumption. 
Therefore, it must be included in the regression model. 
Per capita GDP is used to evaluate economic growth [1, 
19], which captures economic development. Industrial 
structure affects the allocation and flow of resources, 
and also includes the distribution of heavy industrial 
enterprises, which affects environmental efficiency. 
The ratio of the output value of the tertiary industry to 
that of the secondary industry is a proxy for industrial 
structure, which is represented as industry. Human 
capital affects the application of new technologies 
and pollution emissions. Per capita average years of 

education are used to measure human capital (edu), 
which captures the quality of labor force. R&D 
investment is closely related to the innovation and 
application of energy-saving technology. The ratio 
of R&D investment to GDP is a proxy for technical 
progress, which is represented as R&D. Environmental 
governance investment increases investment in 
environmental protection and provides subsidies for 
equipment renewal. The ratio of the environmental 
governance investment to GDP is employed to measure 
the environmental governance investment, which is 
represented as einvestment. 

Data and Descriptive Statistics

All data are collected from the China Compendium 
of Statistics (1949-2008), the China Statistical 
Yearbook, the China Environmental Yearbook, the 
China Environmental Statistics Yearbook, the China 
Labor Statistics Yearbook, the China Population and 
Employment Statistics Yearbook, the China Industrial 
Science and Technology Statistical Yearbook and the 
China Energy Statistics Yearbook. Table 1 shows the 
summary statistics of key variables in 29 provinces 
during 2007-2015. 

According to the market fragmentation index 
obtained above, Fig. 1 shows the average market 
fragmentation index of 29 provinces in China from 
2007 to 2015. Based on the estimated results, there is 
a serious market fragmentation in China caused by 
local protection, administrative monopoly power and 
fiscal decentralization. We find that the lowest average 
market fragmentation is 0.1572 in Liaoning Province. 
Generally speaking, the average market fragmentation 
in the western region is higher than that in the eastern 
and central regions. These results indicate that market 
fragmentation still has great room for improvement.

This study calculated the regional industrial 
environmental efficiency from 2007 to 2015, which 
is shown in Fig. 2. The results show that the overall 
level of industrial environmental efficiency in China is 
relatively low, showing an upward trend in time.

Table 1. Statistical descriptions of main variables.

Variable N Mean Std Dev Min Max

efficiency 261 0.5031 0.2031 0.1530 1.0400

fdi 261 0.3475 0.2662 0.0108 1.2778

segment 261 0.3321 0.2998 0.0013 1.9221

gdp 261 10.4294 0.5461 8.8414 11.5895

industry 261 1.2199 0.3148 0.2478 2.0119

edu 261 8.7619 0.9570 6.7639 12.2813

einvestment 261 1.4325 0.7515 0.0500 4.6600

R&D 261 0.1465 0.1045 0.0284 0.6013
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Empirical Results and Discussion

Preliminary Analysis Based on the Static Panel

Based on the above research framework, we made a 
preliminary analysis to discuss the effect of explanatory 
factors, and provide a comparison for further analysis. 
Meanwhile, we chose the random effect model or fixed 
effect model according to the Hausman test. Table 2 
displays the empirical results using the random effect 
model and fixed effect model.

According to Table 2, the coefficient of FDI 
is significantly negative in all models. Market 
fragmentation significantly hinders the improvement of 
industrial environmental efficiency, which is consistent 
with our expectation. The Hausman test indicates that 
the fixed effect model is more suitable for analysis 
compared to the random effect model. Therefore, we 
select the fixed effect model for further investigation in 
our study. In model (4), we observe that the coefficient 
of FDI is -0.2015 at the level of 5%, which indicates that 
FDI has a significantly negative impact on industrial 
environmental efficiency. The coefficient of market 

fragmentation is -0.0573 at the level of 5%, which 
demonstrates that market fragmentation significantly 
inhibits industrial environmental efficiency based on 
the fixed effect model. 

GMM Method of Dynamic Panel

The first-lagged dependent variable is added to 
construct dynamic model in Eq. (1). However, the 
dynamic panels have weaknesses in endogenous 
problems. Dynamic panel endogeneity and excessive 
recognition of instrument variables are effectively 
solved by using the GMM method. Two tests are carried 
out before using the GMM model. First, the first- and 
second-order autocorrelation AR (1) and AR (2) of the 
perturbation term need to be confirmed. We also make 
sure that the null hypothesis has no residual correlation. 
Second, we continue to test whether the GMM model 
is over-recognition. The Sargan test is used to test the 
validity of variable estimation.

According to Table 3, the Wald test of all models is 
significant, which suggests that the regression results 
are significant. AR (1) and AR (2) suggest that the first-
order correlation is significant and that the second-order 
correlation is not significant, which is consistent with 
the requirement of the GMM method. The Sargan test 
indicates that all regression models do not reject the null 
hypothesis that the selected instrumental variables are 
valid, which indicates that the instrumental variables 
used in the estimation are reasonable and valid.

Table 3 shows the empirical results based on the 
system GMM method. We use the method of adding 
one control variable at a time to represent the results. 
According to Table 3, the regression coefficients of FDI 
are significantly negative in all models. The results 
confirm that FDI suppresses the improvement of 
industrial environmental efficiency. We also find that the 
coefficients of market fragmentation are significantly 
negative in all models, which indicate that market 

Fig. 2. Average of industrial environmental efficiency in China 
during 2007-2015.

Fig. 1. Average of market fragmentation index of 29 provinces during 2007-2015.
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Table 2. Regression of market fragmentation on ecological efficiency by RE and FE models.

RE Model (1) RE Model (2) FE Model (3) FE Model (4)

fdi -0.2561***
(-4.19)

-0.2306***
(-3.54)

-0.1830**
(-2.19)

-0.2015**
(-2.42)

segment -0.0749**
(-2.52)

-0.0541*
(-1.91)

-0.0594**
(-1.98)

-0.0573**
(-1.96)

gdp 0.0403
(0.65)

-0.1002
(-0.77)

industry 0.1754***
(3.36)

0.2315***
(3.40)

edu 0.0312
(0.90)

0.0128
(0.27)

einvestment -0.0115
(-0.91)

-0.0112
(-0.82)

R&D -0.8040***
(-3.03)

-1.3922**
(-2.56)

constant 0.4337***
(11.66)

-0.3501
(-0.71)

0.4041***
(11.03)

1.1796
(0.95)

time fixed effect Y Y Y Y

region fixed effect Y Y Y Y

sample size 261 261 261 261

R2 0.3753 0.4277 0.3779 0.4334

Note: * indicates significance at the 10% level; ** indicates significance at the 5% level; *** indicates significance at the 1% level.

Table 3. Regression of market fragmentation on ecological efficiency based on GMM.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7)

fdi -0.3532***
(-2.65)

-0.3019**
(-2.09)

-0.3114**
(-2.24)

-0.3113**
(-2.25)

-0.3078**
(-2.18)

-0.2947**
(-2.04)

-0.2709**
(-1.79)

segment -0.0381*
(1.70)

-0.0950***
(-3.29)

-0.0955***
(-3.36)

-0.0959***
(-3.43)

-0.0962***
(-3.39)

-0.0962***
(-3.28)

-0.0622**
(-2.25)

gdp -0.0867*
(-1.90)

-0.0767
(-1.39)

-0.0734
(-1.00)

-0.0756
(-1.03)

-0.0652
(-0.72)

-0.0522
(-0.58)

industry 0.0490*
(1.72)

0.0487*
(1.76)

0.0467*
(1.85)

0.0399*
(1.75)

0.0401**
(1.98)

edu -0.0026
(-0.07)

-0.0044
(-0.11)

-0.0041
(-0.11)

-0.0055
(-0.15)

einvestment 0.0060*
(1.74)

0.0049*
(1.79)

0.0020**
(2.13)

R&D -0.2187*
(-1.73)

-0.3461*
(-1.79)

fdi*segment 0.0939**
(2.09)

efficiencyt-1
-0.3053***

(-4.47)
-0.2896***

(-4.71)
-0.2967***

(-4.76)
-0.2966***

(-4.75)
-0.2940***

(-5.01)
-0.2927***

(-4.85)
-0.2929***

(-4.82)

constant 0.8130***
(11.18)

1.7179***
(3.44)

1.5597**
(2.37)

1.5495**
(2.29)

1.5795**
(2.32)

1.5052**
(2.00)

1.3984*
(1.89)

sample size 261 261 261 261 261 261 261

AR(1) 0.0318 0.0343 0.0244 0.0208 0.0275 0.0362 0.0172

AR(2) 0.5173 0.6939 0.4255 0.2389 0.3237 0.2353 0.2375

Sargan Value 28.797 27.465 26.874 25.267 23.005 22.173 21.813

Note: * indicates significance at the 10% level; ** indicates significance at the 5% level; *** indicates significance at the 1% level.
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fragmentation inhibits the improvement of industrial 
environmental efficiency. In model (7), the interaction 
between FDI and market fragmentation is significantly 
positive, which indicates that market fragmentation 
improves the negative effect of FDI affecting industrial 
environmental efficiency. 

Discussion

According to the empirical results, further discussion 
is carried out. Economic performance directly affects 
the promotion of local officials in China. In order to 
promote local economic growth, governments can loosen 
environmental regulations and lower environmental 
protection standards and entry barriers to attract foreign 
direct investment and encourage the inflow of highly 
polluting industries. Some multinational enterprises 
produce some highly polluting products, but they are 
not subject to administrative penalties because of low 
environmental regulations. Meanwhile, FDI inflows 
increase the capital stock, expand the production scale 
and promote the resource consumption and pollution 
emissions. Therefore, we believe that FDI has a negative 
impact on the improvement of industrial environmental 
efficiency.

Market fragmentation distorts the resource 
allocation and reduces the factor productivity. First, 
market fragmentation hinders the upgrading of 

industrial structure, which results in high pollution 
emissions. Market fragmentation caused by the local 
protectionism breaks down production activities 
based on comparative advantages in different regions, 
resulting in slow upgrading of industrial structure. 
Second, R&D investment is the key to technological 
progress. Market fragmentation reduces the willingness 
to increase R&D investment, which slows down the 
green and clean production technology and increases 
pollution emissions. Third, enterprises use excessive 
resources for rent-seeking to maintain monopoly 
behavior, resulting in distortion and waste of resource 
allocation. Therefore, market fragmentation inhibits the 
industrial environmental efficiency.

Market fragmentation leads to resource 
misallocation, reduces the efficiency of factor allocation, 
hinders the promotion of technological innovation, and 
further affects the ability and motivation of domestic 
enterprises to obtain FDI technology spillover effect. 
Market fragmentation hinders the formation of the 
domestic competition mechanism, weakens the 
competitiveness of domestic enterprises and leads 
to more multinational companies entering the host 
country through the FDI to compete for market share. 
In the regions with low market fragmentation, FDI is 
interfered with by less government intervention or low-
cost factors. The inflow of foreign direct investment 
brings advanced production management experience, 

Table 4. Robustness test for alternative measurement.

Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)

fdi 0.0835***
(2.64)

0.0839**
(2.39)

0.0644** 
(2.37)

0.0590*
(1.89)

0.0634**
(2.17)

0.0766***
(3.25)

segment 0.0260***
(3.20)

0.0250***
(3.10)

0.0235***
(2.98)

0.0236***
(3.01)

0.0225***
(3.03)

0.0246***
(2.89)

gdp -0.0011
(-0.13)

0.0107
(0.99)

-0.0020
(-0.17)

-0.0057
(-0.45)

-0.0006
(-0.07)

industry 0.0434***
(3.26)

0.0460***
(3.06)

0.0459***
(3.06)

0.0348**
(2.17)

edu 0.0106
(0.89)

0.0098
(0.88)

0.0154
(1.34)

einvestment 0.0078*
(1.73)

0.0075*
(1.76)

R&D -0.2585*
(-1.71)

efficiencyt-1
0.0260
(0.37)

0.0278
(0.38)

0.0303
(0.48)

0.0194
(0.32)

0.0273
(0.40)

0.0452
(0.62)

constant 0.0295***
(3.67)

0.0412
(0.46)

-0.1288
(-1.04)

-0.0897
(-0.82)

-0.0566
(-0.55)

-0.1135
(-0.95)

sample size 261 435 435 435 435 435

AR(1) 0.0415 0.0223 0.0136 0.0365 0.0178 0.0102

AR(2) 0.8622 0.7214 0.4875 0.4355 0.3167 0.4136

Sargan Value 26.772 26.219 25.378 24.567 23.620 21.465

Note: * indicates significance at the 10% level; ** indicates significance at the 5% level; *** indicates significance at the 1% level.
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technology and knowledge innovation to the green 
development of the region. Hence, market fragmentation 
hinders the upgrading of industrial structure and the 
technological progress through FDI, which leads to the 
non-optimal loss of factor allocation, and affects the 
relationship between FDI and environmental efficiency. 

Robustness Test

We develop the robustness test to increase the 
reliability of empirical results. According to the 
indicators of measuring industrial environmental 
efficiency, we selected the single-factor efficiency 
index to evaluate industrial environmental efficiency 
[48]. In this study, the ratio of SO2 emissions to GDP 
is used to measure industrial environmental efficiency 
as an alternative index, which means that the more 
sulfur dioxide emissions, the lower the environmental 
efficiency. The results of the effect of alternative 
proxy on industrial environmental efficiency are 
presented in Table 4 as a comparison. The results 
indicate that FDI has negative impact on industrial 
environmental efficiency. Market fragmentation inhibits 
the improvement of industrial environmental efficiency. 
These estimation results are similar to the earlier 
findings, which show that the empirical results are 
robust.

Conclusions

Improving the sustainable development of the 
industrial sector and achieving industrial energy 
conservation and emissions reduction have become the 
focus of attention. Industrial environmental efficiency 
was selected to measure the sustainable development 
of industry. We used the super-SBM model to 
evaluate the industrial environmental efficiency of 29 
provinces during 2007-2015 and found that there is 
still much room for improving industrial environmental 
efficiency. We selected the relative price method to 
measure market fragmentation and found that market 
fragmentation is indeed a serious problem in China. 
Our study analyzed the impact of FDI and market 
fragmentation on industrial environmental efficiency 
based on the system GMM approach. The results 
indicate that FDI hinders industrial environmental 
efficiency. Market fragmentation significantly inhibits 
industrial environmental efficiency. These results 
are confirmed by a series of robustness tests. We 
also investigated the effect of the interaction between  
FDI and market fragmentation on industrial 
environmental efficiency. The results show that the 
negative effect of FDI on industrial environmental 
efficiency is stronger in provinces with more severe 
market fragmentation. 

Based on the above empirical results, our study 
puts forward the following recommendations. First, the 
government should eliminate market fragmentation, 

reduce local protection and promote market integration. 
On the one hand, the government reduces market 
intervention, promotes the free flow of factors, and 
improves the efficiency of factor allocation. On the 
other hand, the central government should strengthen 
the punishment of market segmentation, establish 
a mechanism of market integration, and speed up 
the integration of regional markets into the national 
market. Second, the government should continue to 
attract high-quality foreign investment, actively learn 
foreign advanced technology and green production 
processes, and guide FDI to develop high technology 
and high added value. In addition, the government 
should also inspect the types and technical levels of 
FDI and whether it meets environmental standards, 
and encourage the inflow of high-quality production 
experience to promote the environmental protection 
effect of FDI. Third, local governments should improve 
the innovative ability of resource-intensive utilization 
and ecological environment management, increase 
financial and policy support, actively introduce 
advanced technology and equipment, and build a 
resource-saving and environment-friendly production 
system. The government should implement relevant 
environmental protection measures as soon as possible 
and urge manufacturing enterprises to strictly abide by 
environmental laws and regulations in order to optimize 
an environmentally friendly economic structure, and 
realize low pollution, low energy consumption and high 
output. 
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