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This study was based on research on the impact of environmental regulation on industrial efficiency in 30 provinces from 2005 to
2017 in China. For the explained variables, the industrial efficiency of the DEA-Malmquist method was utilized for the de-
composition and measurement of overall factor productivity, and government environmental governance variables were added as
instrumental variables for two-stage least-squares regression. In addition, environmental regulatory intensity and year were
utilized as threshold variables for the threshold test. In the benchmark regression, environmental regulation harms regional
industrial efficiency. However, according to the IV estimation of government environmental governance variables, environmental
regulation has a positive effect on the transformation of regional industrial efficiency. The influence of environmental regulation
on industrial efficiency will be first suppressed and then promoted with the gradual increase of regulatory intensity. Furthermore,

there is significant spatial heterogeneity in the impact of environmental regulations.

1. Introduction

Whether environmental regulation impedes industrial effi-
ciency is somewhat controversial in academic circles. On the
one hand, neoclassical research argues that environmental
regulation raises production costs, raises unemployment,
and reduces the competitiveness of economies. On the other
hand, environmentalists and others argue that stronger
environmental regulation policies can force firms to increase
research and development of clean technologies, thereby
reducing costs and environmental pollution. There are three
theories in these mentioned studies. In the first place, there is
the “Porter hypothesis-innovation compensation” effect, in
which environmental regulation promotes innovation,
which is generally based on overall factor productivity or its
subtechnological progression. Second, there is the “double
dividend” theory, in which environmental taxation will
cause a “green dividend” of curbing pollution, improving the
environment a “blue dividend” of increasing social em-
ployment, and promoting economic growth. Third, there is
the “pollution sanctuary” effect, in which economic activities
are relocated to areas with lax environmental regulations,

resulting in the increased environmental pollution in the
area in exchange for economic growth. The first two theories
illustrate the positive effect of environmental regulation on
industrial efficiency, while the last theory illustrates the
inhibiting effect of environmental regulation on local green
welfare. Since the “Porter hypothesis” [1] was proposed in
1991, a considerable number of scholars have started to
verify whether environmental regulation affects firm pro-
ductivity and innovation activities, but until now, the
“Porter hypothesis” has not reached a consensus. Chakra-
borty and Chatterjee [2] constructed a nonequilibrium panel
DID model using the German ban on azo dyes enacted in
July 1994 as a quasi-natural experiment and found that the
German dye ban had a significant effect on the innovation
expenditure of upstream fuel manufacturing firms (up-
stream firms) in India. Trevlopoulos et al., Yang et al., and
Zhang et al. explored the positive impact of environmental
regulation on enterprise innovation and industrial structure
upgrading [3-5]. Yu and Wang explained the economic
benefit of environmental control policies in the process of
industrial upgrading [6]. A considerable number of studies
focus on the existence of the “pollution sanctuary effect”, but
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there are some differences in the target population. Shi and
Xu studied the impact of environmental regulations on
import and export from the perspective of international
trade flow [7]. Some scholars employed the flow of inter-
national capital as the object to verify whether the “pollution
shelter effect” exists. For example, Lu and Wu utilized the
Air pollution Prevention and Control Law to verify whether
there is a pollution paradise effect [8]. Zhao et al. is the
representative literature of studies on the pollution haven
effect and the test of the double dividend hypothesis, who
proposed the effect of environmental regulation on the
spatial layout of industries and its effect through different
geographic locations of polluting industries. Their evidence
indicated that the water pollution industry migrates up-
stream after environmental regulation is enhanced [9].
Huang and Lei further studied how environmental regu-
lation affects green investment in enterprises [10], while
Stavropoulos et al. discussed the evolutionary relationship
between environmental regulation and industrial competi-
tiveness [11]. In addition, Zhang et al. made useful explo-
rations from sustainable development, reusing industrial by-
products, and green construction in civil engineering
[12-16], and further expanded the research scope of envi-
ronmental regulation and industrial development.

In summary, these authors employed scientific research
methods and instruments to scientifically determine the
direction and extent of the effect of environmental regula-
tion on industrial efficiency. The specific steps are as follows:
first, according to the “Porter’s hypothesis-innovation
compensation” hypothesis, the DEA-Malmgquist method is
utilized to measure the industrial overall factor productivity
(industrial TFP) index and its decomposition terms: effi-
ciency change, technological progress, the industrial TFP
index of 30 provinces, autonomous regions, and munici-
palities directly under the Central and Western regions of
China from 2005 to 2017. Next, the commonly utilized
composite index method was then employed to construct a
comprehensive measurement system for the intensity of
environmental regulations in Chinese industry to measure
the intensity of environmental regulations. Third, the panel
data of 30 Chinese provinces from 2005 to 2017 are selected,
and the backward effect of environmental regulations on
industrial efficiency is verified by using panel regression with
fixed effects and the least-squares instrumental variables
method [17]. Ultimately, through threshold regression [18],
the threshold characteristics and spatial heterogeneity of
environmental regulations are verified. Based on the spatial
heterogeneity and related literature studies, foreign direct
investment, regional economic development level, and
provincial intervention policies are used as control variables
to eliminate influencing factors besides the core explanatory
variable of environmental regulation.

2. The Measurement of Industrial Overall
Factor Productivity

2.1. Research Methodology-Malmquist Index. The Malmquist
index has the advantage of further decomposing produc-
tivity changes into efficiency changes and technological
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progress. Among them, efficiency change refers to the
change in organizational and managerial efficiency within
the industry, which comes from the change in the efficiency
of the original technology use and the efficiency change
caused by the scale of production. Therefore, it can be
further decomposed into pure technical efficiency change
and scale efficiency change. Technological progress alludes
to the productivity change caused by the introduction or
upgrading of technology. This method has the advantages of
not requiring factor price information and a specific form of
a production function. It is effortless to calculate efficiency
and can deal with multiple input and output problems, so it
is more favored among scholars. Due to the limitation of
space, this study briefly introduces the construction method
of the Malmquist productivity index.

The Malmquist productivity index is defined using a
distance function and refers to the geometric mean of the
Malmquist productivity index in period ¢ versus period ¢ + 1.
Assuming the premise that each provincial district is a
decision unit, (x', y) and (x'*!, y'*!) represent the input-
output quantities in period ¢ and period ¢+ 1, respectively,
and the change in the input-output relationship means the
change in productivity, denoted by M!*:

Df(xt,yt) D:+l(xt)yt)
Dt-(le yt+1) XD&I(le yt+1)'

(1)

In equation (1), D! (x', y') is the hybrid distance func-
tion, which is the inverse of the technical efficiency.

Productivity changes do not only come from techno-
logical progress but also efficiency changes. When we say
efficiency, we mean the efficiency of utilizing the production
technology, that is, the distance between the production
frontier surface and the actual amount of output, denoted by
EFFCH!*'; the technological progress is the movement of the
production frontier surface, denoted by TECHCH!*":
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The Malmquist productivity index can be decomposed as
the product of efficiency changes and technical progress:

M{+1 (xt’ yt) xt+1, yt+1) _ EFFCH;H (xt, )/t, xt+1 , yt+1)

% TECHCH?—I (Xt, yt’ xt+1 , yt+1 )
(3)

If M > 1, it indicates overall productivity (TFP) growth;
otherwise, it indicates a decline. If EFFCH > 1, it represents
efficiency improvement, i.e., proper management style and
decision-making; if EFFCH < 1, it represents efficiency de-
terioration, i.e., improper management style and decision-
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making. If TECHCH > 1, it indicates an improvement in
production technology; if TECHCH < 1, it indicates a de-
cline in production technology.

2.2. Input-Output Variables Selection and Data Sources.
Based on the availability of data and the need for empirical
research, this study employed industrial enterprises above
the scale to represent the whole industrial industry. In the
research process, the overall industrial fixed assets of
above-scale enterprises were utilized to replace capital
input. In addition, the average annual number of all em-
ployees of industrial enterprises was utilized to replace
labor input, and the industrial value-added of above-scale
enterprises was selected as the expected output. The data
were obtained from the China Statistical Yearbook and
China Environmental Statistical Yearbook from 2005 to
2017.

2.3. Analysis of Measurement Results. This study employed
DEAP2.1 software to calculate the industrial data of 30
provinces and regions in China from 2005 to 2017 to derive
industrial TFP and its decomposition terms: efficiency
change and technological progress.

Overall, China’s industrial productivity from 2005 to
2017 generally indicated a slight fluctuation downward
trend, which is chiefly due to the decline of the technical
change index and is also in line with the current stage of
China’s economic adjustment into the “new normal” trend
(Table 1). Since 2010, China’s economic development has
entered a period of growth rate shift, ending nearly 20 years
of continuous economic growth. This can be seen as an
indication that China’s economy is being optimized and
diversified. International experience indicates that when
developing countries are in the development stage of
economic start-up, they often pursue rapid economic
growth and tend to neglect technological progress and
structural optimization, resulting in problems like the
imbalance between economic and social and urban and
rural income distribution. As a result, the economy stag-
nates or even declines severely, falling into the “middle-
income trap.” In addition, a comparative study found that
China’s industrial overall factor productivity achieved
positive growth in 2009-2010 and 2012-2013, which chiefly
depended on the growth of the technological progress
index.

As can be seen from Table 2, China’s regional industrial
TFP decreased in 2005-2017, with the eastern and western
regions declining more significantly and the central region
tending to be stable. Among the more economically de-
veloped provinces in the east of China, only Zhejiang
Province has significantly improved its efficiency, and only
Henan Province and Guizhou Province have improved their
overall factor productivity in the central and western re-
gions, but the efficiency of other provinces has not increased
or declined. These all reflect that China’s industrial enter-
prises are optimizing their industrial structure and seeking
space for industrial upgrading.

3. Selection, Measurement, and Analysis of
Environmental Regulation
Intensity Indicators

3.1. Environmental Regulation Intensity Indicator (FERI).
The implementation of environmental regulations depends
on the willingness of local governments, the level of regional
economic development, the current situation of environ-
mental pollution, etc. Even if a country formulates a uniform
regulatory policy, the intensity of implementation may vary
from region to region. This study applied the comprehensive
index method commonly utilized by scholars [8] to con-
struct a comprehensive measurement system of the envi-
ronmental regulation intensity of Chinese industries,
including a target layer and four evaluation index layers
(wastewater, waste gas, waste residue, and others) and
calculate the environmental regulation intensity of indi-
vidual pollutants and the comprehensive environmental
regulation intensity of each province by assigning different
weights to different pollutants. Based on the severity of
various pollutant emissions in China and the availability of
data, three individual indicators of wastewater treatment,
waste gas, and solid waste investment in each province are
selected to construct a comprehensive measurement system
of environmental regulation intensity. This indicator con-
struction method is as follows: in the first place, the three
single indicators are linearly standardized; that is, the values
of each indicator are converted to within the range of [0, 1]
by mathematical transformations to eliminate the incom-
mensurability between indicators and the contradiction
between indicators. The calculation formula is as follows:

PR, - PR;; mm(.PR]) , @

max(PRj) - mm(PRj)
where i refers to the province (i = 1,2, ...30) and j refers to
all types of pollutants (j=1,2,3); PR;; are the original
values of each indicator, while max (PR j) and min (PRj) are
the maximum and minimum values of the three individual
indicators for each province each year. In addition, PRj; are
the standardized values of each indicator.

The adjustment coefficient (w,»j) and the weight are
calculated for each indicator. For different provinces, the
proportion of pollution emissions of “three wastes” varies
greatly, so their treatment project investment also varies; for
a particular province, the degree of treatment of different
pollutant emissions also varies. Therefore, different weights
are provided to the indicators of wastewater, waste gas, and
solid waste in each province, and the weight of each indi-
cator is adjusted to reflect the changes in the treatment of
major pollutants in each province. The adjustment coeffi-
cients are calculated as follows:

_ By/2 By

=2 = 5
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where w;; is the adjustment factor of pollutant j in province
i. Ejjis tllle emission of pollutant j in province i, so } E;; is
the overall emission of the same pollutant in the country.



4 Advances in Civil Engineering

TaBLE 1: Industrial TFP index and its decomposition index from 2005 to 2017.

Years TEP changes Efficiency changes Technological advances Pure technical efficiency Scale efficiency
2006/2005 1.015 1.043 1.000 1.016 1.059
2007/2006 1.002 1.091 0.987 1.015 1.094
2008/2007 0.988 1.184 0.993 0.995 1.170
2009/2008 0.955 0.972 0.965 0.990 0.929
2010/2009 1.112 1.018 1.073 1.037 1.132
2011/2010 0.980 1.158 0.990 0.990 1.135
2012/2011 0.998 0.986 0.992 1.006 0.984
2013/2012 1.009 0.916 1.020 0.988 0.923
2014/2013 0.977 1.013 0.984 0.993 0.989
2015/2014 0.946 0.990 0.964 0.982 0.936
2016/2015 1.001 1.010 0.995 1.006 1.010
2017/2016 0.983 1.099 0.978 1.005 1.081
2005-2017 0.997 1.04 0.995 1.002 1.037

TaBLE 2: Average values of industrial TFP indices and their decomposition indices in the three major regions, 2005-2017.

Province TEP changes  Efficiency changes  Technological advances  Pure technical efficiency  Scale efficiency
Beijing 0.992 1.022 1.000 0.992 1.015
Tianjin 1.011 1.058 1.001 1.011 1.070
Hebei 1.000 1.037 1.000 1.000 1.037
Liaoning 0.989 1.050 0.983 1.006 1.039
Shanghai 1.011 1.058 1.000 1.011 1.070
Jiangsu 0.988 1.068 0.984 1.005 1.055
Zhejiang 1.025 1.033 1.014 1.011 1.059
Fujian 0.938 1.023 0.953 0.985 0.960
Shandong 0.984 1.073 0.988 0.996 1.056
Guangdong 0.991 1.067 1.000 0.991 1.057
Hainan 1.006 1.041 1.008 0.998 1.046
Eastern region (mean) 0.990 1.050 0.990 1.000 1.040
Shanxi 1.020 1.031 1.015 1.004 1.051
Jilin 1.002 1.022 1.002 1.000 1.024
Heilongjiang 0.988 1.024 0.988 1.000 1.012
Anhui 0.995 1.054 1.000 0.995 1.048
Jiangxi 0.968 1.028 0.975 0.994 0.996
Henan 1.043 1.041 1.038 1.004 1.085
Hubei 1.007 1.024 1.006 1.002 1.032
Hunan 1.000 1.036 1.000 1.000 1.036
Central region (mean) 1.000 1.030 1.000 1.000 1.040
Neimenggu 0.997 1.024 0.999 0.998 1.021
Guangxi 0.994 1.022 1.000 0.994 1.016
Chongging 0.983 1.021 0.983 0.999 1.003
Sichuan 0.993 1.027 0.994 1.000 1.020
Guizhou 1.031 1.023 1.018 1.013 1.055
Yunnan 0.959 1.028 0.959 0.999 0.986
Shanxi 1.009 1.028 1.001 1.008 1.037
Gansu 0.955 1.026 0.969 0.986 0.980
Qinghai 1.015 1.071 1.000 1.015 1.088
Ningxia 1.032 1.041 1.000 1.032 1.075
Xinjiang 0.973 1.018 0.966 1.007 0.990
Western region (mean) 0.990 1.030 0.990 1.000 1.020
Moreover, Y; is the industrial value-added in province i, so Ultimately, the standardized values and average weights
> Y, is the national industrial value-added. After calcu-  of each indicator are utilized to calculate the intensity of
lating the adjustment coefficients of exhaust gas, waste-  environmental regulations in each province as

water, and solid waste for each year, the average value of the

adjustment coefficients during 2005-2017 was then cal- FERI, =
culated as w;

W | =

3
zwij'PRfj' (6)
j* j=1
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The higher value indicates the more severe environ-
mental regulation.

3.2. Analysis of Measurement Results. From Table 3, it can be
seen that the average intensity of environmental regulations
in the western region is significantly higher than that in the
central and eastern regions, which laterally reflects that the
industrial structure in the western region is significantly
lower than that in the eastern and central regions. In the
eastern region, the intensity of environmental regulations in
Liaoning Province is significantly higher than that in other
provinces, which is in line with the current industrial de-
velopment of Liaoning Province as an old industrial pro-
duction base whose urgent need is for industrial
restructuring. In the central region, the environmental
regulation intensity is higher in Anhui Province, and in the
western region, the environmental regulation intensity is
higher in Guizhou and Gansu Provinces, both of which
possess a unique industrial structure and need to upgrade
their industrial structures. In terms of years, from 2009, local
governments in all provinces increased the intensity of
environmental pollution control, which continued to a high-
intensity status in 2014. After 2015, the domestic industrial
structure was significantly improved, and the intensity of
environmental regulations was significantly moderated and
improved.

4. The Impact of Environmental Regulation
Intensity on Industrial Efficiency: Model
Setting and Transmission
Mechanism Analysis

4.1. Setting of the Measurement Model

4.1.1. Model Variable Design. To chiefly explore the impact
of environmental regulation on industrial efficiency in
China, a panel data regression method was utilized for
empirical testing, and 30 provincial and urban adminis-
trative units across China from 2005 to 2017 were selected as
the research objects. Formal environmental regulation in-
dicators were incorporated into the measurement equation
as the core explanatory variables, while other factors af-
fecting industrial efficiency were introduced in the form of
control variables. To prevent heterosexuality and multidis-
ciplinary, the variables were logarithmically treated, and the
specific variable design is shown in Table 4.

4.1.2. Model Setting Test

(1) Model 1. The cross-sectional individual variable coeffi-
cient model, or the variable coefficient model, is described in
the following way:

Yy=o;+X;i+uy i=1...,nt=1...,T, (7)
where X, is the 1 x K vector, f3; is the 1 x K vector, and K is

the number of explanatory variables.

(2) Model 2. The cross-sectional individual variable-intercept
model, or the variable-intercept model, is described as
follows:

Yy=o;+XyB+py i=1...,mt=1,...,T. (8)

The model indicates that there are individual effects
(variable intercepts) but no variation in the economic
structure among cross-sectional individuals, so the structural

parameters are the same across cross-sectional individuals.

(3) Model 3. The cross-sectional individual intercept, or
coeflicient invariant model, is described as follows:

Yi=a+X;B+pp i=1...,nt=1,...,T. 9)

The model indicates that there are no individual effects
(variable intercepts) and no changes in economic structure
among cross section individuals; therefore, both the inter-
cept and structural parameters of the model are the same.

For all three models, it is tested whether the parameters
inscribing the explanatory variables are constant at all cross-
sectional sample points and at a time; that is, it is tested in
which of the previous three cases the problem under study
falls to determine the form of the model. The widely utilized
test is the covariance analysis test, also known as the F-test,
which tests the following two main hypotheses.

Hypothesis 1. The slopes are the same at different cross-
sectional sample points and times, but the intercepts are not
the same:

Hy: yy = o + Xy + pye (10)

Hypothesis 2. The intercept and slope are the same at dif-
ferent cross-sectional sample points and at a time:

Hy: yy = a+ Xy + phye (11)

To test the parametric constraint of the multiple linear
regression model, if Hypothesis 2 is accepted, no further
testing is required; if Hypothesis 2 is rejected, Hypothesis 1
should be tested to see if the slopes are all equal. If Hy-
pothesis 1 is rejected, Model 1 should be utilized.

The results show that the hypothesis of “intercept and
slope are the same across cross-sectional sample points and
time” is rejected at the 5% significance level with F=1.273,
while the hypothesis of “the slope is the same across cross-
sectional sample points and time, but intercept is different”
is accepted at the 5% significance level with F=1.293 with
different intercepts. Therefore, the fixed effects model should
be chosen:

IVA, = a; + FERIf + FDL,y, + GDPyy, + EPyy; + y; + £, + &
(12)

In the previous model, the corresponding parameters 3,
V1> V2> and p; vary with cross-sectional individuals, where
the explanatory variable is IVA;, with the industrial value-
added of the region i in year t, characterizing industrial
efficiency. The core explanatory variable FERI; is the
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TaBLE 3: Environmental regulation intensity in 30 Chinese provinces, 2005-2017.

Region 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008 2007 2006 2005 Mean
Beijing 0.04 004 004 0.01 002 002 002 002 003 009 007 029 025 0.07
Tianjin 0.03 002 023 011 006 009 111 027 031 018 019 027 038 025
Hebei 023 008 031 047 047 040 050 022 026 028 027 035 062 034
Liaoning 1.03 034 072 088 282 227 147 384 280 280 176 251 044 1.82
Shanghai 057 039 069 134 279 050 119 035 065 030 047 072 005 0.77
Jiangsu 0.06 008 062 0.09 0.10 0.07 022 038 010 036 010 012 018
Zhejiang 0.04 001 004 0.3 005 002 011 016 014 006 005 002 006 0.06
Fujian 026 023 016 0.05 013 020 006 015 006 028 002 004 013
Shandong 623 069 012 020 005 007 007 005 021 021 024 131 018 0.74
Guangdong 041 030 028 012 0.51 023 015 021 018 054 026 045 0.31
Hainan 018 024 029 018 030 024 007 007 034 005 006 013 005 017
Eastern region (mean)  0.83 022 032 032 066 037 046 049 050 039 039 054 024 044
Shanxi 015 028 010 0.05 013 0.06 007 015 013 011 012 022 013
Jilin 0.05 031 033 020 035 015 031 021 010 0I1 051 096 0.29
Heilongjiang 046 030 053 023 038 025 028 020 021 025 032 025 0.29
Anhui 080 083 129 073 055 092 141 066 068 125 097 078 119 093
Jiangxi 013 032 017 017 093 007 026 027 027 026 036 053 027 031
Henan 0.08 342 0.05 0.06 0.1 010 128 098 013 017 052 023 0.56
Hubei 0.06 005 008 0.07 020 026 015 053 024 017 039 061 042 025
Hunan 0.06 004 012 0.04 007 022 006 009 009 002 021 020 019 011
Central region (mean) 022 0.69 033 019 034 026 031 044 035 028 032 045 047 0.36
Neimenggu 0.01 005 202 09 0.05 0.05 111 015 005 128 0.06 012 046
Guangxi 0.06 001 004 0.04 003 006 005 007 006 002 003 008 000 0.04
Chonggqing 0.01 0.01 004 0.07 0.04 028 015 009 015 023 016 025 0.12
Sichuan 0.05 002 004 0.06 008 008 020 008 013 026 026 045 034 016
Guizhou 0.02 003 009 010 032 028 779 079 686 073 081 109 025 147
Yunnan 0.04 015 058 536 08 073 058 099 088 1.62 037 055 015 0.99
Shanxi 0.05 006 010 010 037 046 047 164 056 009 032 018 019 035
Gansu 0.01 022 001 007 o016 874 038 150 138 051 067 112 017 115
Qinghai 0.05 022 059 036 026 004 022 040 023 0.02 001 001 000 019
Ningxia 051 072 054 498 129 034 031 043 057 033 044 038 003 0.84
Xinjiang 0.05 003 014 020 017 004 020 017 074 0.03 002 001 000 014
Western region (mean) 0.08 014 038 111 033 099 09 067 106 035 040 037 034 054
Mean 039 032 035 057 045 057 060 054 066 035 038 046 0.26

TaBLE 4: Model variable design.

Variable type Variable Name

Variable indicators Variable representation

Explained variables
Core explanatory
variables

Industrial efficiency

Environmental regulation

Foreign direct investment

Regional economic
development level
Provincial intervention
policies

Control variables

Industrial value-added IVA
Environmental regulation intensity FERI
Actual utilization of foreign direct investment (USD FDI
million)
Overall GDP after deflating by region (billion yuan) GDP
The number of state-owned industrial enterprise units EP

above the scale (a)

intensity of environmental regulations in region i in year f.
The control variables FDI,,, GDP,;, and EP;, are the actual
amount of foreign direct investment utilized by the region i
in year t. The overall GDP of each region, the number of
industrial enterprise units above the scale, characterizing
foreign direct investment, the GDP of each region, and the
intervention policy of each province are shown, respectively,
in addition to controlling for individual fixed effects y; and
time-fixed effects ¢,.

Due to the association causality between the explanatory
variables and the core explanatory variables, to mitigate their

endogeneity, the authors employed a method of Chen and
Chen [15] and selected the government environmental
governance variable as an instrumental variable to measure
the full picture of government environmental governance by
the frequency of environment-related terms in provincial
government work reports. This indicator not only measures
the strength of local government environmental governance
but also mitigates the endogeneity problems arising from the
use of existing metrics.

To summarize, to quantitatively examine the impact of
government environmental governance on industrial
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efficiency in China, the two-stage least-squares regression
model (2SLS) is set as follows:

FERI, = §,Z, + FDL,A,; + GDP,Ay; + EP, As; + vy,
IVA, = a; + FERIL,$ + FDL,y, + GDP,y, (13)

+EPyy; +u; +t, + &

Z, is the number of environment-related terms, “en-
vironmental protection,” “environmental protection,”
“pollution,” “energy consumption,” “emission reduction,”
“sewage,” “ecology,” “green,” and the sum of the word
frequencies of “low carbon.” The previous 2SLS model is able
not only to assess the impact of government environmental
governance on environmental regulation but also to further
screen the resulting impact on industrial efficiency.

4.2. Analysis of the Impact of Environmental Regulation
Intensity on Industrial Efficiency and Its Transmission
Mechanism

4.2.1. Fixed Effects Model Regression. The results of the fixed
effects model estimation indicate that the coefficient of the
environmental regulation variable is significantly negative,
indicating that the increase in the intensity of environmental
regulation has a significant negative impact on regional
industrial efficiency. In other words, the more stringent
government environmental protection measures and the
higher demands on industrial enterprises will increase the
operational pressure on enterprises, therefore reducing in-
dustrial efficiency. In contrast, the regression coeflicients for
foreign direct investment, gross regional product, and
provincial intervention policies are all significantly positive
and passed the 1% significance test, suggesting that these
three factors contribute significantly to improving industrial
efficiency (Table 5).

4.2.2. Regression Analysis of Instrumental Variables.
Considering that the regression results of the baseline model
are likely to have endogeneity problems, the frequency of
words about environmental vocabulary in government work
reports was utilized as an instrumental variable for envi-
ronmental regulation, drawing on the approach of Chen
Shiyi’s scholar [6]. This indicator not only measures the
strength of local government environmental governance but
also mitigates the endogeneity problem of the model.

The parametric results of the instrumental variables
regression indicate that the F-test values of the first stage
regression, although small, are large enough to reject the
initial hypothesis due to the large enough sample size, in-
dicating that the selected instrumental variables are highly
correlated with the endogenous variables. In the two-stage
least-squares estimation model, the core explanatory vari-
ables of both Model 1 and Model 3 passed the 1% signifi-
cance test with positive coeflicients, indicating that
environmental regulation has a significant positive impact
on industrial efficiency when instrumental variables are
added for correction. The increased environmental pro-
tection efforts by the government have forced local industrial

TaBLE 5: Baseline model (fixed effects) estimation results.

) Explained variable: industrial efficiency
Explanatory variables

FE(1) FE(Q) FE(3) FE(4)
Environmental 9545 -14658 -90.06  —85.62
regulation
Foreign direct 0.0029%** 0.0009*** 0.0007***
Investment
Gross regional product 1144 1.154***
Provincial . 0.085%**
intervention policies
Individual fixed effects  Yes Yes Yes Yes
Time-fixed effects Yes Yes Yes Yes
Observations 390 390 390 390
Modified R-square 0.90 0.92 0.97 0.97

enterprises to transform and upgrade using technology,
eliminating end-use industries and “screening” them, which
greatly increases the proportion of green and high-tech
enterprises and improves the industrial productivity of the
whole region. Compared with the baseline regression, GDP
and provincial intervention policies have a significant
positive effect on the improvement of industrial efficiency.
The higher the GDP is, the more favorable the construction
of infrastructure and the introduction of a labor force is.
Therefore, the more favorable the increase in industrial
efficiency is, the higher the provincial intervention policy is.
In other words, the higher the number of state-owned in-
dustrial units above the regional scale, the more conducive it
is to uploading orders and implementing local government
policies related to environmental protection. In the process
of implementing environmental protection policies, sub-
sidies will be provided for R&D technology, which is more
conducive to industrial efficiency (Table 6).

4.3. Spatial Heterogeneity of Environmental Regulation and
Industrial Efficiency

4.3.1. Setting of the Panel Threshold Model. Empirical studies
indicate that the backward effect of environmental regula-
tion on industrial efficiency does exist, but the stronger the
environmental regulation is, the more significant the
backward effect on industrial efficiency is. When ques-
tioning the Porter hypothesis, Xu [19] pointed out that the
Porter hypothesis is based on the premise of “properly
designed environmental regulations.” In a certain period, a
country or region can withstand the impact of how many
enterprises are eliminated at a certain limit. If more than a
certain limit, such regulatory intensity and standards are not
feasible. Too harsh or too relaxed regulatory intensity may
not be conducive to the improvement of industrial effi-
ciency. Therefore, there may be several “thresholds” for
environmental regulations to affect industrial efficiency, and
the impact on industrial efficiency may differ significantly
depending on whether the relevant variables in each
province cross the corresponding threshold. At the same
time, considering the differences in the level of economic
development, foreign investment, and the number of state-
owned enterprises in each province, the relationship
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TABLE 6: Estimation results of instrumental variables (2SLS).

Explanatory variables

Explained variable: industrial efficiency

IV_2SLS (1) IV_2SLS (2) IV_2SLS (3) IV_2SLS (4)
Environmental regulation 14580.75*** —34490.77 1605.082"** 363.87
Foreign direct investment 0.0073 0.0003*** 0.0006
Gross regional product 1.312%** 1.163***
Provincial intervention policies 0.086""*
Phase I F-statistic 3.16 3.10 3.04 2.96
Phase II F-statistic 76.77 173.50 288.66 298.53
Observations 390 390 390 390
Modified R-square 0.28 0.32 0.74 0.97

between the two may be spatial, indicating there may be
spatial heterogeneity in the relationship between the two.

To empirically test this hypothesis, this study drew on
Hansen [18], Wang [20], and other scholars to first en-
dogenously group 30 Chinese provinces through threshold
tests, followed by estimation and significance tests of the
threshold characteristics of the environmental regulation
effect for each subsample, which not only ensures the re-
liability of the threshold value but also enables examining the
relationship between environmental regulation intensity and
industrial efficiency in China “threshold effect.” On this
basis, a panel threshold regression was conducted to
quantitatively analyze the spatial heterogeneity in the rela-
tionship between the two. The panel threshold regression
model was set as follows:

IVA;, = a; + FERI; 8, x d (g < w;) + FDLyy, xd(q> w;)
+ GDPyy, + EPyys +p; + £, + &
(14)

where d(*) is the equation sex function, g denotes the
threshold variable, and w; is the specific threshold value; f3,
and f, denote the elasticity coefficients of the backward
industrial efficiency of environmental regulation intensity at
q <w,; and g > w;, respectively. The sign or estimates of 5, and
B, should be significantly different if the threshold choice is
reasonable and the threshold estimates passed the
significance.

4.3.2. Selection and Testing of Threshold Variables.
According to the principle of the threshold regression
model, it is known that the threshold variables can be either
explanatory variables or other independent variables in the
model. The intensity of environmental regulation and the
level of economic development differ greatly among prov-
inces, so the intensity of environmental regulation and its lag
period, as well as the GDP of each province and its lag
period, were selected as alternative threshold variables
(Table 7).

Based on the threshold value, the 30 provinces are di-
vided into three groups: “weakly regulated,” “moderately
regulated,” and “strongly regulated” (Table 8). For the
“weakly regulated” and “medium regulated” groups, they
include the major economically developed provinces in
China, like Guangdong, Zhejiang, Shanghai, Jiangsu,

Beijing, and other eastern provinces, which not only have a
higher degree of marketization by their location advantages
and economic policy inclination but also have a higher
degree of their location advantages and economic policies.
These provinces not only have a higher degree of market-
ization but also can optimize resource allocation and guide
industrial restructuring with the help of market forces,
therefore improving industrial efficiency. Moreover, the
higher level of economic development makes these prov-
inces more capable of introducing advanced foreign tech-
nology, high-end equipment, and advanced management
experience. Consequently, the improvement of industrial
efficiency relies more on the adjustment of factor input
structure, upgrading, and technology than on environmental
regulation. On the other hand, the implementation of en-
vironmental regulations is bound to cause increased costs for
enterprises and at a given stage of economic development.
There is always a limit to the ability of enterprises to bear
rising costs, so the intensity of environmental regulations
should be increased within a certain limit. Therefore, we
cannot blindly increase regulation without causing the
extinguishing of many enterprises, especially small- and
medium-sized ones, because too much regulation leads to
too a few enterprises.

“Strong regulation” has a positive backward elasticity
coeflicient; that is to say, the intensity of environmental
regulation has a significant positive driving effect on industrial
efficiency. In this group, typical industrial and resource-based
provinces, like Jilin, Anhui, and Yunnan, are dominant. Based
on the unique natural resource endowments of these prov-
inces, primary industries like extractive industries, raw ma-
terial processing industries, and traditional heavy industries
with high energy consumption and pollution occupy an
important position in economic development, forming a path
to dependence on the “environment-for-growth” develop-
ment model and an energy-driven development model. As the
implementation and intensity of environmental regulations
increase, severe environmental constraints are imposed on the
existing industrial pattern of this group of provinces to es-
tablish an effective push-back mechanism, which not only
helps this group of provinces prevent the dilemma of “re-
source curse” but also provides a strong driving force to break
away from the established industrial structure and industrial
pattern.

According to the threshold regression results, the
backward effect of environmental regulation intensity on
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TaBLE 7: Threshold variable selection and self-sampling test.
i Single threshold Double threshold Triple threshold
Threshold variable o o o
F-statistic P value F-statistic P value F-statistic P value
Feri 14.25 0.0233* 6.95 0.2833 8.27 0.4267
Feri(-1) 52.34 0.0033** 41.15 0.0467** 34.13 0.6267
GDP 213.13 0.2400 7.34 0.2400 7.32 0.4367
GDP(-1) 211.13 0.0001*** 5.24 0.4267 3.49 0.7933
TaBLE 8: Results of sample grouping based on threshold values.
Subgroups ThreSh\f:ﬁll :sarlable Provinces included in each group Sample size
Weak Beijing, Hebei, Zhejiang, Liaoning, Fujian, Henan, Guangdong, Shanxi,
. Feri(-1)<0.69 Heilongjiang, Hubei, Hunan, Guangxi, Chongqing, Sichuan, Qinghai, Xinjiang, 17
regulation .
Shaanxi
Medlulrn 0.69 < Feri(-1)<1.38 Shanghai, Inner Mongolia, Tianjin, Jiangsu, Hainan 5
regulation
Strongly . - o . s
Feri(-1)>1.38 Anhui, Jiangxi, Ningxia, Gansu, Yunnan, Guizhou, Jilin, Shandong 8
regulated
TaBLE 9: Panel threshold regression results.
Explanatory variables Parameter estimates OLS standard error t value
Foreign direct investment -0.309"" —-0.136 -2.27
Regional economic development level 0.309 0.304 1.02
Provincial intervention policies —-0.201 —-0.165 -1.22
Feri (-1) <0.69 -3.567 1.388** -2.57
0.69 < Feri (-1)<1.38 -0.112 0.048** -2.32
1.38 < Feri (-1) 1.362 1.221 -1.12

industrial efficiency is neither monotonically increasing nor
decreasing, and the backward elasticity coefficient of envi-
ronmental regulation intensity varies significantly across
provinces. That is to say, as the intensity of regulation
changes from weak to strong, it will have an impact on
industrial efficiency that is first inhibited and then pro-
moted. When the industrial value-added is higher than 1.38
units, each unit increase in environmental regulation in-
tensity will promote the regional industrial value-added to
1.362 units. When the environmental regulation intensity
crosses the second threshold value of 0.69, the backward
elasticity coeflicient decreases from 1.362 to —0.112 and
passes the 5% significance test. As the threshold variable
crosses the threshold value of 0.69, the backward elasticity
coefficient decreases further, from —0.112 to —3.567, and this
result still passes the 5% significance test (Table 9).

5. Discussion and Conclusion

At present, China’s economic development has shifted
toward a “new normal,” the goal of which is to establish
sustainable economic growth through establishing a
symmetrical economic structure emphasizing the structure
of economic growth rather than the overall economy, such
as greening industrial efficiency adjustment. Using panel
data of 30 Chinese provinces from 2005 to 2017, this study
employed panel regression of fixed effects and the least-
squares instrumental variables method to test whether

environmental regulation can promote industrial efficiency
and the push-back mechanism and verified the threshold
characteristics and spatial heterogeneity of environmental
regulation through threshold regression. This study indi-
cated environmental regulation would effectively improve
industrial production efficiency. As different industries
have different marginal cost functions when environmental
regulations impose severe environmental constraints on
emitting enterprises, enterprises with lower marginal costs
gain comparative advantages in “green” development,
while enterprises with higher marginal costs will gradually
shrink in size due to their poor ability to bear rising costs.
Severe formal environmental regulations enable the
elimination of pollution-intensive backward and overca-
pacity, therefore creating a driving force for industrial
efficiency improvement. Next, this study discovered 30
Chinese provinces could be classified into “strong,” “me-
dium,” and “weak” regulations according to whether the
intensity of environmental regulations crosses the corre-
sponding threshold. It was found that the majority of
Chinese provinces fall into the “weak regulation” group.
Further threshold regressions indicated that the impact of
environmental regulation on industrial efficiency shows a
significant threshold characteristic. That is to say, as the
intensity of regulation gradually increases, it will have a
suppressive and then promotional impact on industrial
efficiency, as well as producing significant spatial
heterogeneity.



10

With the findings of related studies, the following
policy insights are obtained. On the one hand, differen-
tiated environmental regulation policies should be de-
veloped. To fully exploit and utilize the potential of
environmental regulation to improve industrial efficiency,
it is necessary to consider the pollution characteristics of
different provinces and the spatial heterogeneity of en-
vironmental regulation to push-back industrial efficiency
and to develop differentiated regulatory policies and in-
tensity. It is not appropriate to raise environmental reg-
ulations in provinces where they do not facilitate industrial
restructuring. Environmental controls should also be re-
laxed, relying more on the innovation of industrial policies
and the resource allocation and competitive functions of
the market, deepening the reform of market mechanisms,
and taking full advantage of the market’s power to pro-
mote dynamic industrial restructuring. For provinces
where environmental regulation can effectively improve
industrial efficiency, environmental regulation should be
utilized as a driving force to establish a long-term
mechanism by using higher flexibility of pushback. Local
governments should appropriately increase the intensity of
existing regulations, set stricter environmental standards,
and improve the exit mechanism of enterprises to fun-
damentally curb resource-depleting production patterns
and traditional path dependence, therefore contributing to
a sustainable and clean industrial structure. Within a
certain period, the increase in the intensity of environ-
mental regulations must be limited to what enterprises can
afford because promoting industrial efficiency through
environmental constraints is a long-term process that
cannot be achieved overnight but should be designed
gradually and on a rolling basis based on what enterprises
can afford.

On the other hand, we should promote reliance on
technology and optimize resource allocation through the
market. With the gradual increase of environmental
awareness in the public mind, people now have a conscious
preference for “technology,” “clean,” and “environmental
protection” products. Therefore, as a producer of industrial
enterprises, it should also be time to seize the public’s fa-
vorite taste, production of environmentally friendly prod-
ucts, and then use technology to differentiate production.
This is also a reverse behavior to guide consumers to green
consumption. When designing environmental regulation
policies, the government should not only restrict the pro-
duction and emission behavior of producers but also con-
sider consumer behavior and influence resource allocation
by guiding and encouraging “green” consumption, thereby
forming a new path for industrial transformation.
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