
Introduction

With the rapid advancement of industrialization 
and urbanization, China has become the largest energy 
consumer in the world, as well as a major producer 
of greenhouse gases and atmospheric pollutants. The 
industrial sector is not only an important driving 

force for economic development, but also the largest 
sector of resource consumption and pollution emission.  
The industrial added value accounting for 40.1%  
of the country consumes 68% of the energy and 
produces 83% of the carbon dioxide during the period  
of reform and opening up [1]. The excessive 
consumption of resources and deterioration of 
environmental quality caused by industrial development 
have become obstacles to sustainable development 
in China. The goal of sustainable development is to 
improve environmental efficiency and reduce pollution 
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[2]. Industrial environmental efficiency refers to 
the impact of economic value created by industrial 
sectors on the environment, aiming at analyzing the 
coordination between industrial development and 
environmental impact. Therefore, it is worth further 
identifying the influencing factors of industrial 
environmental efficiency, which has reference value for 
improving green development and reducing pollution 
emissions.

Most of the studies on the influencing factors 
of environmental efficiency focus on technological 
progress, environmental regulation, and foreign direct 
investment and export [3-6]. However, factor price 
distortion, as an important factor affecting production 
cost and technology input, has not received enough 
attention. The serious factor market distortion in China 
has been confirmed by a large number of studies [7-
9]. Compared with the product market, the distortion 
of factor price is serious, which is determined by 
administrative power and government regulation. Factor 
price distortion reduces the efficiency of resource 
allocation and productivity [8]. On the one hand, factor 
price distortion fails to demonstrate the scarcity of 
productive factor. On the other hand, relatively low 
factor prices provide profits relying on low factor input 
cost [10] and high polluted resources. Therefore, we 
believe that factor price distortion will inevitably affect 
industrial environmental efficiency, which deserves 
further discussion.

Factor price distortion, characterized by price 
distortions and factor misallocation, has an impact 
not only on industrial structure, but also on industrial 
environmental efficiency. Based on the research 
framework, our study discusses the impact of factor 
price distortion on industrial environmental efficiency 
and analyzes the influence mechanism of industrial 
structure upgrading in factor price distortion affecting 
industrial environmental efficiency. We further 
investigate the heterogeneous effect of factor price 
distortion on industrial environmental efficiency.  

Based on the above research framework, our study’s 
main contribution can be highlighted as follows. First, 
there are few studies of the impact of factor price 
distortions on industrial environmental efficiency. 
The study considers the industrial environmental 
efficiency based on super-SBM method as dependent 
variable and uses the fixed effect model to identify 
the relationship between factor price distortion and 
industrial environmental efficiency. This study fills 
the gap of industrial environmental efficiency base on 
market distortion. Second, the study on the relationship 
between factor price distortion and industrial 
environmental efficiency from the perspective of 
industrial structure upgrading is also rare. Our study 
examines the influence mechanism of industrial 
structure upgrading on the factor price distortion 
affecting industrial environmental efficiency. Third, our 
study also analyzes the heterogeneous effect of factor 
price distortion in different economic development 

conditions. In general, our study fills the academic 
gap to analyze the industrial environmental efficiency 
from the perspective of market distortions and expands 
the empirical framework by discussing the structural 
transformation.

The rest of the study is organized as follows: Section 
2 introduces the literature review. Section 3 analyzes 
the methods, variable measurement and data. Section 4 
discusses and summarizes the empirical results. Section 
5 puts forward research conclusions.

Literature review

Based on the above research topic, the literature 
reviews are discussed from the following aspects. 
Firstly, we discuss the environmental impact of factor 
price distortion. Secondly, we analyze the impact of 
industrial structure upgrading on the environment. 
Finally, we summarize the relationship between factor 
market distortion and structure upgrading. 

Labor force, capital, energy and other factors  
are important driving forces for economic growth. 
However, the gradual reform of the factor market has 
led to the lag of the development of factor market 
behind product market in China. The government uses 
administrative monopoly power to intervene in the 
pricing mechanism of the factor market [11], which 
causes serious factor price distortion in different 
ownerships enterprises and different sectors and 
areas [9]. Huang and Tao [12] observe that the factor 
market distortion is formed and the price of factors 
of production is depressed. Government officials 
artificially depress factor prices by intervening and 
controlling factor markets in order to promote economic 
growth [13-14]. 

Based on the impact of factor price distortion 
on the environment, Lin and Chen [10] find that 
factor market distortion affected by government 
intervention hinders the promotion of green total factor 
productivity. Yin et al. [7] empirically prove that factor 
price distortion increases electricity consumption in 
industrial enterprises. Dai and Cheng [15] find that 
there are market distortions in the energy sector, 
such as subsidies and price regulations. Energy prices 
are tightly regulated and underestimated to reduce 
the energy costs, and industrial enterprises benefit 
greatly from subsidies that further increase energy 
consumption [16]. Technological innovation can reduce 
energy consumption and pollution emissions, which has 
been confirmed in many studies [18-19]. The distorted 
financing structure and high financing cost in factor 
market are not conducive to the R&D investment 
and hinder technological innovation [20-22]. Factor 
price is an effective signal. As it rises, producers will 
improve efficiency by shifting to alternative factors 
[23]. It may also trigger energy-saving technological 
innovation to save costs and reduce pollution emissions 
[24]. Therefore, factor price distortion stimulates the 
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production activities, promotes the overuse of highly 
polluted resources, reduces willingness to invest in 
R&D and ultimately affects industrial environmental 
efficiency. 

Industrial structure and technology progress 
affect the environment [25]. Many studies argue that 
the secondary industry is the main sector of carbon 
dioxide emissions [26-27]. Li et al. [28] and Hao et 
al. [29] analyze the convergence of carbon intensity 
using the panel model and suggest that secondary 
industry is negatively correlated with carbon intensity. 
Xu and Jiang [30] and Shi [31] also conclude that 
industrial structure has an impact on energy intensity 
and energy efficiency. Zhou et al. [32] discuss the 
impact of industrial structural transformation and find 
that technological progress reduces carbon dioxide 
emissions through upgrading industrial structure. 
Cheng et al. [33] also propose that the upgrading 
of industrial structure is negatively correlated with 
carbon intensity. Fan [34] and Schafer [35] empirically 
confirm that structural transformation significantly 
influences energy efficiency. Zhou et al. [36] propose 
that the transformation of industrial structure promotes 
the balance between environmental protection and 
economic development. Therefore, we propose that the 
transformation of industrial structure inevitably affects 
the environment.

The underestimation of factor price reduces the 
production cost of backward production enterprises 
and subsidizes the investment in the form of excess 
profits [37]. Factor price distortion keeps the low-end 
industries profitable, which is not conducive to industrial 
upgrading and makes a large number of enterprises with 
high pollution and high energy consumption appear 
in China. Factor price distortion is not conducive to 
innovation, and hinders the upgrading of industrial 
structure [38]. In order to accelerate local economic 
development, the government attracts a large number 
of factors to capital-intensive, energy-intensive, heavy 
chemical industry or low-level processing industry  
by distorting factor price, which hinders the upgrading 
of industries to technology-knowledge-intensive 
industries. Therefore, factor price distortion hinders 
upgrading and transformation of industrial structure. 

Empirical methodology

Estimation of Factor Price Distortion

Serious factor price distortion in China has been 
confirmed, and is caused by government regulation 
and administrative power [6-8]. The distortion of factor 
price shows the deviation between actual factor price 
and marginal output. The factor price distortion can 
be divided into absolute distortion of factor price and 
relative distortion of factor price [39-40]. Production 
possibilities, frontier technology and production 

function method are used to evaluate the factor price 
distortion [7]. The production function method is the 
most commonly used to measure factor price distortion, 
which includes the Cobb-Douglas (C-D) production 
function, transcendental logarithmic production 
function and time-varying elastic production function 
[39]. Comparing the C-D production function with the 
transcendental logarithmic production function, we find 
that the measurement of C-D production function has 
a disadvantage of errors in the calculation of marginal 
output. Therefore, we choose the transcendental 
logarithmic production function to calculate the factor 
price distortion. 

First, we set the transcendental logarithmic 
production function according to the input and output 
factors as follows: 
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      (1)

Second, the marginal output of labor and capital 
factors is further calculated as follows: 

( ), 0 4 5 /L it it it it itMP lnL lnK Y Lβ β β= + +
  (2)

( ), 1 3 5 /K it it it it itMP lnK lnL Y Kβ β β= + +
  (3)

Third, this study assumes that the price of labor is 
ω and the price of capital is γ. The absolute distortion 
of factor price is determined by the ratio of the 
actual factor price to the marginal output of factor. 
Specifically:

                     /L Ldist MP ω=                          (4)

                     /K Kdist MP γ=                          (5)

Formulas (4) and (5) represent the absolute distortion 
of labor factor and capital factor, respectively. 

Fourth, the ratio of absolute distortion of labor factor 
to absolute distortion of capital factor is relative factor 
price distortion:

K K

L L

dist MPdist
dist MP

ω
γ

= = ⋅
               (6)

…where dist indicates relative distortion of factor price. 
If dist is greater than 1, it means that there is a negative 
distortion of capital relative to labor, and dist less than 
1 means that there is a positive distortion of capital 
relative to labor.
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Calculating Industrial Environmental Efficiency

This study uses industrial environmental efficiency 
to examine the balance of industrial economy and 
environmental impact in different regions. Yang 
and Li [41] use the SBM-DEA to measure industrial 
environmental efficiency. Based on Gomez-Calvet 
et al. [42], our study selects the Super-SBM model 
considering the undesirable output to evaluate industrial 
environmental efficiency. We assume a production 
system with n DMUs – including the inputs, undesirable 
outputs and desirable outputs. Each unit (DMU) makes 
use of m input factors and produces s1 desirable output 
and s2 undesirable output. Three vectors are defined:  
x ∈ Rm, yg ∈ RS1 and yb ∈ RS2, the matrices X, Y gand Y b 
are defined as follows:

...

...

...

Then, the production possibility set (PPS) is defined 
as follows:

…where λ = (λ1, λ2, ..., λL)
' ∈ R+

L is a weight vector, 
e = (1, 1, ..., 1) ∈ R+

L. 
Based on tone [43], the SBM model dealing with 

undesirable outputs is described as follows: 

1 2

1 0

1 11 2 0 0

11
min

11 ( )

m
i

i i
s s bg

tr
g b

r tr t

s
m x

ss
s s y y

β

−

=

= =

−
=

+ +
+

∑

∑ ∑
    

0. .s t x X sλ −= +

0
g g gy Y sλ= −

0
b b by Y sλ= +

0, 0, 0, , 0g bs s s l e uλ λ− ≥ ≥ ≥ ≤ ≤ ≥        (7)

…where the vector sg ∈ R+
S1 represents the loss of 

desirable outputs, sb ∈ R+
S2 represents the slacks in 

undesirable outputs, and s– ∈ R+
m represents the slacks 

in inputs. The target function value of β is solution of 
the optimization, and its range of value is 0≤β≤1. If  
β = 1, s– = sb = sg = 0, it indicates that the evaluated 
decision making the unit is effective.

According to Charnes and Cooper [44], the above 
formulas are transformed into equivalent linear 
programming problems.

2
*

1 12

1min
sm

i k
i k

t
m s

β
= =

  
= + ϒ + Ω  +  

∑ ∑
   

1

11

1. . 1=
s

r
r

s t t
s =

 
− Θ 

 
∑

0
1, 0

0, ( 1, , )
L

ij j io i i
j

x x x t i m
= ≠

Λ − ϒ − ≤ =∑ K

0 0 1
1, 0

0, ( 1, , )
L

g g g
rj j r r r

j
y y y t r s

= ≠

Λ + Θ − ≥ =∑ K

0 0 2
1, 0

0, ( 1, , )
L

b b b
kj j k k k

j
y y y t k s

= ≠

Λ − Ω − ≥ =∑ K

0( ), 0( ), 0( )i i r kϒ ≥ ∀ Θ ≥ ∀ Ω ≥ ∀

0, , 0, 0j lt e ut tΛ ≥ ≤ Λ ≤ Λ ≥ >
            (8)

…where Λj = tλ, ϒ = tϕ, Θ = tφ, Ω = tη, and β* is the 
environmental efficiency measured by the super-SBM 
method taking undesirable outputs. 

According to Yang and Li [41] and Li et al. [45], we 
choose capital, labor, water consumption and energy 
consumption as input indicators, industrial value added 
as desirable output indicator, sulfur dioxide emissions, 
waste water emissions and waste gas emissions as 
undesirable output indicators. 

Empirical method

According to the research framework, our study 
aims to evaluate the impact of factor price distortion on 
industrial environmental efficiency using the panel data 
of 29 provinces in China during the period 2007-2015. 
The regression model is as follows.

                
, 0 1 ,i t i t it i itefficiency distortion X Tλ λ α ε= + + + +

           
(9)

…where i represents province and t represents 
year; efficiencyi,t measures industrial environmental 
efficiency, which captures the dependent variable;  
distortioni,t represents the factor price distortion, which 
captures the independent variable; X and  represents the 
vectors of control variables that also affect industrial 
environmental efficiency according to the previous 
studies. Subsequently, we further analyze the interaction 
between factor price distortion and industrial structure 
upgrading and establish the model as follows. 
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(10)

…where structurei,t represents the industrial structure 
upgrading. We add the interaction of factor price 
distortion and industrial structure upgrading. The 
meanings of other variables are consistent with the 
baseline regression model. 

We used the input and output indicators to evaluate 
industrial environmental efficiency using the super-SBM 
method considering the undesirable outputs. Factor price 
distortion is calculated using transcendental logarithmic 
production function based on Eq. (1)-(6). According 
to the previous literature, economic development, 
urbanization, foreign direct investment, R&D, import 
and export are selected as control variables. Per capita 
GDP captures regional economic development, which 
is expressed as pgdp. Urbanization is measure by the 
ratio of urban population to total populations, which is 
expressed as urban. R&D is evaluated by the ratio of 
R&D investment to GDP, open is represented as the 
ratio of import and export to GDP, and fdi is evaluated 
by the ratio of FDI to GDP. 

Data Source and Descriptive Statistics

All the data are from the China Environmental 
Yearbook, China Statistical Yearbook, and China 
Environmental Statistics Yearbook. Marketization index 
is collected from the China Province Marketization 
Index report. The objects of this study are 29 provinces 
during the period of 2007-2015 in China (excluding 
Tibet and Hainan due to lack of data). The descriptive 
statistics are displayed in Table 1.

Empirical Analysis

The Preliminary Analysis Based on 
the Different Model

This study makes a preliminary analysis of the static 
panel data, and observes the influence of independent 
variables in order to provide reference for baseline 
analysis. Subsequently, according to the results of the 
Hausman test, the random effect model or the fixed 
effect model are determined. Table 2 displays the 
regression results based on different models. 

According to Table 2, we observe that the effect of 
factor price distortion is significantly negative in the 

Table 1. Descriptive statistics of main variables.

N Mean Std Dev Min Max

Efficiency 261 0.5049 0.2017 0.1530 1.0000

Distortion 261 2.2131 1.0570 0.1400 5.9900

Pgdp 261 10.4294 0.5461 8.8414 11.5895

Urbanization 261 0.5306 0.1390 0.2800 0.9000

Fdi 261 0.3475 0.2662 0.0108 1.2778

R&d 261 0.1462 0.1047 0.0284 0.6013

Open 261 0.4803 0.5757 0.0500 2.4400

Market 261 5.3879 2.7642 -0.0900 18.5800

Table 2. Comparison of regression results based on different models.

OLS OLS RE RE FE FE

Distortion -0.0554***
(-4.60)

-0.0686***
(-6.17)

-0.0515***
(-5.10)

-0.0539***
(-5.41)

-0.0521***
(-4.93)

-0.0522***
(-4.86)

Control variables N Y N Y N Y

Constant 0.6276***
(19.08)

-0.5768*
(-1.66)

0.4594***
(10.63)

-0.6677
(-0.69)

0.4610***
(3.55)

-0.4160
(-0.34)

Sample size 261 261 261 261 261 261

R2 0.4844 0.4800 0.4226 0.4594 0.4226 0.4623

Note: * indicates significance at the 10% level; ** indicates significance at the 5% level; *** indicates significance at the 1% level.
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OLS model. We also find that factor price distortion 
inhibits industrial environmental efficiency at the 1% 
level in the random effect model and fixed effect model. 
These empirical results are in line with expectations. 
According to the results of Hausmann test, the fixed 
effect model is more effective than the random effect 
model. Therefore, this study uses the fixed effect 
model to analyze the relationship between factor price 
distortion and industrial environmental efficiency.

Baseline Regression Analysis Based on 
the Two-Way Fixed Effects Model

Table 3 further presents the empirical results 
of the effect of factor price distortion on industrial 
environmental efficiency based on the two-way 
fixed effects model. We find that the estimation 
coefficient of factor price distortion is negative and 
statistically significant without control variables in 
model (1). Subsequently, we gradually add control 
variables and report the empirical results. We observe 
that the negative effect of factor price distortion is 
still significant in model (6). The results imply that 
the factor price distortions significantly hinder the 
improvement of industrial environmental efficiency. 
Factor price distortion increases by 1%, resulting in a 
5.22% reduction in efficiency in model (6). 

According to the empirical results, we claim that 
the factor price distortion inhibits the improvement 
of industrial environmental efficiency. We explain the 
empirical result from the following aspects. Factor price 
distortion caused by imperfect market and government 

intervention reduces resource allocation efficiency. 
Factor price distortion reduces production costs, 
stimulates production activities [6], increases resource 
consumption, and reduces the willingness of enterprises 
to make technological progress. Distortion of factor 
price leads to a large flow of resources to heavily 
polluted and energy-intensive industries. In addition, 
factor price distortion leads to rent-seeking behavior. 
Enterprises with high production efficiency fail to get 
the normal cost of factor allocation. Enterprises with 
political connections but low productivity can use 
low factor costs to produce. Misallocation of factors 
results in waste of resources and loss of environmental 
efficiency. Low factor price allows inefficient industrial 
enterprises to continue production and increase 
pollution emissions. All these indirectly lead to the 
reduction of industrial environmental efficiency.

Analysis of the Interaction between Factor Price 
Distortion and Industrial Structure Upgrading

We further analyze the interaction between factor 
price distortion and industrial structure upgrading on 
industrial environmental efficiency. Table 4 reports 
the empirical result. We find that the coefficient 
of factor price distortion is significantly negative, 
which is consistent with baseline regression. The 
effect of industrial structure upgrading on industrial 
environmental efficiency is positive and statistically 
significant, which indicates that industrial structure 
upgrading significantly promotes the improvement of 
industrial environmental efficiency. We pay attention 

Table 3. Results of factor price distortion on industrial environmental efficiency based on the two-way fixed effects model.

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

Distortion -0.0521***
(-4.93)

-0.0495***
(-5.47)

-0.0483***
(-4.47)

-0.0533***
(-4.96)

-0.0523***
(-4.87)

-0.0522***
(-4.86)

Pgdp 0.1136
(1.17)

0.2359**
(1.93)

0.2603**
(2.17)

0.1539
(1.13)

0.1559
(1.15)

Urbanization -1.0582
(-1.64)

-1.1333*
(-1.78)

-1.0016
(-1.57)

-0.9618
(-1.48)

Fdi -0.2410***
(-2.99)

-0.2285***
(-2.83)

-0.2276***
(-2.81)

R&d -0.8676
(-1.67)

-0.8998
(-1.70)

Open -0.0259
(-0.34)

Constant 0.4610***
(3.55)

-0.6677
(-0.69)

-1.3698
(-1.30)

-1.4767
(-1.43)

-0.3937
(-0.32)

-0.4160
(-0.34)

Sample size 261 261 261 261 261 261

R2 0.4226 0.4262 0.4330 0.4551 0.4620 0.4623

Time Fixed Effect Y Y Y Y Y Y

Regional Fixed Effect Y Y Y Y Y Y

Note: * indicates significance at the 10% level; ** indicates significance at the 5% level; *** indicates significance at the 1% level.
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to the effect of the interaction between factor price 
distortion and industrial structure upgrading. We 
observe that the coefficient of interaction between factor 
price distortion and industrial structure upgrading is 
significantly negative in model (1), which indicates 
that the negative impact of factor price distortion is 
stronger in regions with low-level industrial structure. 
Subsequently, we gradually add control variables and 
report the empirical results and find that there is no 
significant change. Therefore, the inhibiting impact 
of factor price distortion on industrial environmental 
efficiency has been improved through the upgrading of 
industrial structure.

The upgrading of industrial structure promotes 
the gradual transfer of factors to high-tech sectors. 
The upgrading of industrial structure increases R&D 
investment, realizes technological upgrading, and 
improves the quality of industrial development, which 
promotes the redistribution and flow of factors, makes 
the factors flow to more efficient departments, reduces 
pollutant emissions and improves environmental  
quality. 

Factor price distortion makes low-level industries 
with high energy consumption and slow advancement 
of technology in China still profitable, which makes 
the transformation and upgrading of industries fall 
into a dilemma. It is difficult for backward industrial 
structures to achieve high economic output with low 

resource consumption. Upgrading industrial structure 
influences efficiency through factor allocation, which 
stems from the flow and allocation of factors (such 
as capital, labor, and energy) among the sectors [46]. 
Therefore, factor price distortion hinders the upgrading 
of industrial structure, thus inhibiting industrial 
environmental efficiency. The inhibitory effect of factor 
price distortion is stronger in areas with slow upgrading 
of industrial structure. 

Heterogeneity Test

In order to further clarify the differences of 
industrial environmental efficiency among regions, the 
eastern region, the central region and western region 
are discussed based on China Statistical Yearbook. This 
study examines the non-linear relationship between 
factor price distortions and industrial environmental 
efficiency. Table 5 reports the results in different 
regions. We observe that the estimation coefficient of 
factor price distortion is not significant in the eastern 
region. Models (2) and (3) indicate that the estimation 
coefficient of factor price distortion is significantly 
negative in central and western regions. These 
results show that the inhibiting effect of factor price 
distortion is more significant in the central and western  
regions. 

Table 4. Results of the interaction between factor price distortion and industrial structure upgrading. 

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

Distortion -0.0286**
(-2.05)

-0.0286***
(-2.05)

-0.0283**
(-2.02)

-0.0326**
(-2.37)

-0.0303**
(-2.22)

-0.0303**
(-2.21)

Distortion* structural upgrading -0.0236**
(-1.98)

-0.0237**
(-1.98)

-0.0238**
(-1.99)

-0.0248**
(-2.11)

-0.0253**
(-2.17)

-0.0254**
(-2.17)

Structural upgrading 0.1894***
(3.04)

0.1929***
(2.78)

0.1718**
(2.38)

0.1905***
(2.68)

0.2248***
(3.12)

0.2258***
(3.10)

Pgdp -0.0121
(-0.11)

0.0815
(0.58)

0.0898
(0.66)

-0.0890
(-0.57)

-0.0907
(-0.57)

Urbanization -0.6861
(-1.03)

-0.7193
(-1.10)

-0.4456
(-0.68)

-0.4543
(-0.68)

Fdi -0.2589***
(-3.25)

-0.2449***
(-3.09)

-0.2452***
(-3.09)

R&d -1.1802**
(-2.26)

-1.1724**
(-2.22)

Open 0.0075
(0.10)

Constant 0.2307***
(2.62)

0.3471
(0.34)

-0.2228
(-0.19)

-0.2060
(-0.18)

1.5151
(1.12)

1.5308
(1.12)

Sample size 261 261 261 261 261 261

R2 0.4491 0.4491 0.4518 0.4771 0.4892 0.4892

Time Fixed Effect Y Y Y Y Y Y

Regional Fixed Effect Y Y Y Y Y Y

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

We use the alternative regression model to test 
robustness. The system generalized method of 
moments (GMM) estimator is selected, which helps to 
control for simultaneous and endogeneity problems. 
We regard all regression variables as endogenous 
regression variables in the model, and test them by 
using their lag level in differential equations and their 
lag differences in horizontal equations. Table 6 presents 
the results based on the system GMM method. We find 
that the coefficients of the factor price distortion are 
significantly negative, indicating that the estimation 
results are consistent with the baseline results. 
Therefore, we believe that the result of factor price 
distortion hindering industrial environmental efficiency 
is robust.

Conclusions

The government uses administrative monopoly 
power to intervene in the pricing mechanism of the 
factor market, resulting in factor price distortion. This 
study identifies the relationship between factor price 
distortion and industrial environmental efficiency using 
the fixed effect model. Meanwhile, we also examine 
the influence mechanism of industrial structure 
upgrading on factor price distortion affecting industrial 
environmental efficiency. The results show that 
factor price distortion significantly inhibits industrial 
environmental efficiency. Moreover, the inhibitory 
effect of factor price distortion is weakened in areas 
with better upgrading of industrial structure. Further 
investigation of the heterogeneity effect shows that 
the inhibitory impact of factor price distortion is more 
significant in central and western regions. 

Compared with the product market, the factor 
market plays a fundamental role in improving economic 
development. We should improve the negative impacts 
of factor price distortion on the misallocation of 
resources and industrial structure. The government 
should actively promote the marketization process of 
the factor market and reduce market intervention. Local 
governments should eliminate market segmentation and 
regional barriers to form a unified national market to 
the allocation of production factors. 

Our research shows that upgrading industrial 
structure improves industrial environmental efficiency. 
The government should encourage the development 
of environmental protection sectors and high-tech 
industries, reduce environmental damage in energy-
intensive and pollutant-intensive industries, increase 
the investment in technological innovation and phase 
out backward industrial enterprises and improve the 
transfer of industrial structure. 

The government should increase policy support for 
industrial cleaner production, energy conservation and 
emission reduction, provide financial, technological and 

Table 5. Results of heterogeneity test in different regions.

Model (1) Model (2)

Distortion -0.0410***
(-3.56)

-0.0614***
(-4.69)

Control variables N Y

Efficiencyt-1
-0.3193***

(-6.84)
-0.3125***

(-6.49)

Constant 0.7758***
(23.55)

1.3106***
(2.78)

Sample size 232 232

AR(1) 0.0570 0.0160

AR(2) 0.4837 0.2351

Sargan Value 21.766 20.813

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

Model (1) Model (2) Model (3)

East region Central region West region

Distortion -0.0296
(-1.54)

-0.0694***
(-5.22)

-0.0761***
(-5.47)

Control variables Y Y Y

Constant -2.3774
(0.67)

0.5397***
(11.93)

1.7005
(1.14)

Sample number 90 54 117

R2 0.4405 0.5247 0.5690

Time Fixed Effect Y Y Y

Regional Fixed Effect Y Y Y

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

Table 6. Robustness test using the system GMM.
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human resources support for resource conservation, 
encourage the elimination of backward technologies, 
and strengthen environmental regulation in order to 
reduce pollution emission and promote environmental 
efficiency.
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