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Abstract: A vast theoretical and empirical literature has been devoted to exploring the relationship
between environmental regulation and total factor productivity (TFP), but no consensus has been
reached and the reason may be attributed to the fact that the resource reallocation effect of environ-
mental regulation is ignored. In this paper, we introduce resource misallocation in the process of
discussing the impact of environmental regulation on TFP, taking China’s provincial industrial panel
data from 1997 to 2017 as a sample, and the spatial econometric method is employed to investigate
whether environmental regulation has a resource reallocation effect and affects TFP. The results
indicate that there is a U-shaped relationship between environmental regulation and industrial
TFP and a negative spatial spillover effect of environmental regulation on industrial TFP at the
provincial level in China. Both capital misallocation and labor misallocation will lead to the loss of
industrial TFP. Capital misallocation has a negative spatial spillover effect on industrial TFP, while
labor misallocation is just the opposite. Environmental regulation can produce a positive resource
reallocation effect, which in turn promotes the industrial TFP in the range of 28% to 33%, while
capital misallocation and labor misallocation are only partial mediator.

Keywords: environmental regulation; industrial total factor productivity; capital misallocation; labor
misallocation; spatial durbin model; resource reallocation effects

1. Introduction

Total factor productivity (TFP) is an important indicator to measure the quality of
economic development. The development history of the world’s major developed countries
shows that TFP has become increasingly important to the sustainable economic growth
with the succession of development stages. The 19th National Congress of the Communist
Party of China (CPC) held that “China’s economy has been transitioning from a phase
of rapid growth to a stage of high-quality development” and that we must “work hard
for better quality, higher efficiency, and more robust drivers of economic growth through
reform and raise TFP.” Industry plays a pivotal role in the national economy. Improving
the quality of industrial development is crucial to China’s overall economic development
in the future. Generally, there are two ways to promote TFP: one is to improve production
efficiency through technological progress; the other is to improve allocation efficiency
through resource optimization and reorganization. Since it is difficult to achieve major
breakthroughs in technological innovation in short term, it is important to seek TFP
improvement through resource reallocation. However, due to the inadequate development
of market economy, different degree of market distortions and resource misallocation can
be widely observed in the industrial field of China’s economy, which not only hinders
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the improvement of industrial TFP, and also aggravate the degree of regional industrial
development imbalance.

Although China’s industrial development achievements have attracted worldwide
attention since the reform and opening up, but the extensive growth model driven by
various factors has led to great damage to ecological environment. In recent years, with
the increasing severe resource and environmental problems, environmental regulation
has become an important policy instrument for government to deal with environmental
problems and improve the quality of development. As the main source of environmental
pollution, the government has attached great significance to the environmental regulation
in the industrial field. A large number of studies have shown that environmental regulation
will directly affect TFP, but the conclusions are different. One of the important reasons is
that the impact of environmental regulation is likely to produce asymmetry in the face of
heterogeneous enterprises or spatial units and this asymmetric rule may produce resource
reallocation effects. Therefore, if we pay attention to the impact of environmental regulation
on TFP, we must not ignore its possible reallocation effects.

Theoretically, the strength of environmental regulation and degree of resource misal-
location in different regions will not only affect their own TFP, but also affect other regions
through spatial spillover effects because of spatial heterogeneity and spatial dependence.
Meanwhile, different environmental regulation levels may induce the cross-regional flow
of resources, which has an impact on resource allocation among regions. So, for China’s
industry, what is the impact of environmental regulation and resource misallocation on
TFP? How much the spatial spillover effect of them on regional TFP? Will environmental
regulation improve the resource misallocation among regions? How does it affect industrial
TFP by acting on resource misallocation? These are theoretical and practical issues worthy
of in-depth discussion, which also constitute the aim and purpose of this paper.

2. Literature Review

Up to now, research on the relationship between environmental regulation and TFP
can be summarized as the verification of three hypotheses [1], but conclusions are still
controversial. The first is restriction hypothesis, which holds that environmental regula-
tion will lead to a rise in production costs and a crowding-out effect on investment, thus
damaging the TFP and competitiveness of enterprises based on the neoclassical frame-
work [2–6], and this constraint effect will be gradually transmitted to industrial level and
regional level. The second is the Porter hypothesis, whose main point is that well-designed
environmental regulation can encourage enterprises to improve their technological level,
partially or even completely offset the increase in costs caused by environmental regulation,
so as to improve TFP of enterprises, industries and macro-economy [7–12]. The last is
uncertainty hypothesis, and its core view is that the impact of environment regulation on
TFP is uncertain [13,14]. This uncertainty is manifested in two aspects: (i) The relationship
between environmental regulation and TFP shows nonlinear characteristics such as U-
shaped [15,16], inverted U-shaped [17–20], inverted N-shaped [21,22] and J-shaped [23]. (ii)
For heterogeneous regulatory types [24,25], industries [26,27] and regions [28], the impact
of environmental regulation on TFP is significantly different.

As the most major developed economies in the world, how to deal with the relationship
between environmental protection and economic development in the US, EU and Japan
has received continuous attention from the academic circle, and the research on their
environmental regulation and TFP has emerged in endlessly. Although part of the literature
has taken these regions as samples when we reviewed the three hypotheses, the main
research viewpoints have not been listed. Different from the Chinese scholars’ focus on the
impact of environmental regulation on TFP of medium-sized industries or macro-regions,
the relevant studies on the EU, Japan and US pay more attention to the relationship between
environmental regulation and TFP at the micro-enterprise level. Taking manufacturing
enterprises as the main research object, most of the research conclusions are deterministic,
which confirms the restriction hypothesis or the Porter hypothesis [29–33].
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Resource misallocation may lead to TFP loss and inter-departmental differences, which
has basically formed a consensus in academic circles, but the train of thought of theoretical
analysis is different. One way is called “direct method,” which chooses several factors
that are considered important in theory and experience, and tries to directly quantify
the degree of resource misallocation and TFP loss caused by these factors. Researchers
mainly examine them from the perspectives of policy distortion [34–37] and institutional
distortion [38,39]. The other way is called “indirect method,” which analyzes all potential
factors that may lead to resource misallocation and quantifies its impact on TFP by building
a theoretical model. Researchers generally examine how TFP changes with the resource
misallocation parameter faced by enterprises [40]. Hsieh and Klenow (2009) made a
pioneering contribution to this [41]. Starting from resource misallocation at the enterprise
level, they established a theoretical framework from micro to macro based on the degree of
TFP dispersion, and quantified its impact on aggregate TFP. Many scholars have followed
their idea to improve the theoretical framework of the impact of resource misallocation on
TFP after that [42–44].

As for the relationship between environmental regulation and resource misallocation,
it essentially stems from the discussion about restriction hypothesis and Porter hypoth-
esis of environmental regulation. The reason why the two hypotheses about the effect
of environmental regulation on TFP are opposite, is the ignorance of the resource reallo-
cation effect of environmental regulation, in addition to sample selection, measurement
errors and other factors [29]. In fact, due to the existence of heterogeneity, environmental
regulation is easy to produce asymmetry in the process of enterprise decision-making,
and this asymmetry is very likely to result in resource reallocation effect. As a pioneering
literature on the relationship between environmental regulation and resource misallocation,
Tombe and Winter (2015) pointed out that environmental regulation based on pollution
intensity may form a “wedge” that lead to resource misallocation in the factor market
equilibrium, which has an impact on aggregate TFP [45]. However, their research does not
seem to be suitable for China, and the root cause lies in the different backgrounds of the
implementation of China’s environmental policies. The existing research on the relation-
ship between environmental regulation and resource misallocation in China focuses on
the resource reallocation effect of binding pollution control environmental regulation [46].
Unfortunately, the research in this field has just started, and both theoretical explanation
and empirical evidence are not enough.

However, few literatures have comprehensively analyzed the relationship between
environmental regulation, resource misallocation and TFP, and no literature has inves-
tigated the spillover effects of environmental regulation, resource misallocation on TFP
and how environmental regulation affects TFP through resource misallocation under the
conditions of spatial heterogeneity and spatial dependence [47]. In this context, we will
take the Chinese provincial panel data as a sample and use the spatial econometric methods
to investigate the direct effect and spatial spillover effect of environmental regulation and
resource misallocation on industrial TFP, and the mechanism of environmental regulation
affecting industrial TFP via resource misallocation.

3. Research Hypotheses
3.1. Environmental Regulation and TFP

From a large number of studies on the relationship between environmental regulation
and TFP, the restriction hypothesis, Porter hypothesis and uncertainty hypothesis all take
enterprise as the starting point of theoretical analysis, and draw different conclusions that
environmental regulation affects TFP. Similarly, we can also regard “spatial unit” as specific
actors, and when they are faced with environmental regulation, like enterprises, their TFP
must be affected to a certain extent. In the following discussions, we regard each province
as a decision-making unit, and industrial TFP is calculated according to the aggregate input
and output, which is mainly due to the incomplete statistics of industrial sub-sectors at the
provincial level. Before empirical test, we cannot judge whether the impact of environmen-
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tal regulation on TFP is positive or negative, but according to the CGE (computable general
equilibrium) theory simulation proposed by Li et al. (2012), environmental regulation has a
higher probability that it will lead to regional TFP losses [48]. Moreover, local governments
in different regions may lead to competition in environmental regulation due to different
environmental protection situations, which makes environmental regulation have a spatial
spillover effect on TFP. It should be noted that the environmental regulation of a region
is usually not strengthened indefinitely [49], and it is difficult for the environmental per-
formance caused by overly stringent environmental regulation to make up for the loss of
economic performance. Accordingly, we put forward the following hypotheses:

Hypotheses 1a (H1a). The strengthening of environmental regulation will directly lead to the
decline of regional industrial TFP.

Hypotheses 1b (H1b). There is a strong spatial spillover effect of environmental regulation on
industrial TFP.

Hypotheses 1c (H1c). The direct impact and spillover effect of environmental regulation on
regional industrial TFP may be non-linear with the increase of regulation intensity.

3.2. Resource Misallocation and TFP

A large number of studies have proved that resource misallocation will lead to TFP
loss. At the region-level, if there exists serious resource misallocation in a specific region,
its industrial TFP will inevitably be negatively affected. Because of the resource mobility
among regions, resource misallocation in a region usually means the allocation of resources
in the neighborhood cannot meet the optimization conditions of equal marginal revenue,
which leads to resource misallocation and TFP loss in the neighborhood. Accordingly, we
put forward the following hypotheses:

Hypotheses 2a (H2a). Resource misallocation will lead to the decline of regional industrial TFP.

Hypotheses 2b (H2b). Resource misallocation has negative spatial spillover effect on regional
industrial TFP.

3.3. Environmental Regulation, Resource Misallocation and TFP

According to Tombe and Winter (2015), environmental regulation may produce a
“wedge” that leads to resource misallocation in the equilibrium of factor market, which in
turn has an impact on TFP [45]. In other words, resource misallocation can be regarded
as a transmission path for environmental regulation to affect industrial TFP. In view of
the differences in environmental regulation intensity in different regions, the factors of
production in areas with higher intensity of regulation tend to flow to areas with lower
intensity of regulation for profit, but how the resource allocation of the relevant areas will
change is uncertain, which mainly depends on their initial state of resource allocation. On
the one hand, environmental regulation may optimize resource allocation; on the other
hand, it may also aggravate the resource misallocation. If environmental regulation helps
to improve the resource allocation, the impact of environmental regulation on regional
industrial TFP has a positive resource reallocation effect; on the contrary, the impact of
environmental regulation on regional industrial TFP has a negative resource reallocation
effect. On the basis of this, we put forward the following two opposite hypotheses:

Hypotheses 3a (H3a). Environmental regulation is helpful to alleviate resource allocation and
thus improve regional industrial TFP.

Hypotheses 3b (H3b). Environmental regulation will aggravate resource misallocation and lead
to the decline of regional industrial TFP.
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4. Model Specification and Data Source
4.1. Model Specification

In order to verify Hypotheses H1a, H1b and H1c, the spatial durbin model (SDM),
which includes both dependent variable spatial lag and independent variables spatial lag,
is used as the benchmark model for spatial interaction analysis [50,51], i.e.,

TFPit = α+ ρWTFPjt + β1ERit + β2ER2
it + γXit

+ θ1WERjt + θ2WER2
jt + ηWXjt + µi + λt + εit

(1)

where TFPit is the industrial TFP level of the ith province in year t; ERit is the environ-
mental regulation intensity of the ith province in the tth year, and ER2

it is the square of
environmental regulation. X denotes a vector consisting of a series of control variables. µi,
λt and εit represent the provincial fixed effect, year fixed effect and random disturbance,
respectively. W is a spatial weight matrix, which is constructed based on queen adjacency.
If province i and province j have a common boundary or vertex, the element wij = 1 in
matrix W; otherwise, wij = 0.

In order to verify Hypotheses H2a and H2b, we set model (2) by imitating Equation (1).

TFPit = α+ ρWTFPjt + β1MisKit + β2MisLit + γXit
+ θ1WMisKjt + θ2WMisLit + ηWXjt + µi + λt + εit

(2)

where MisKit and MisLit are the degree of capital and labor misallocation of the ith province
in year t, respectively. The meanings of other variables and symbols are the same as above.

In order to verify Hypotheses H3a and H3b, a basic panel regression model is estab-
lished to investigate the impact of environmental regulation on resource misallocation.
Similarly, due to the existence of spatial dependence, the spatial interaction effect is intro-
duced to set Equation (3).

Misit = α+ ρWMisjt + βERit + γXit + θWERjt + ηWXjt + µi + λt + εit (3)

where Misit is the resource misallocation vector consisting of MisKit and MisLit. Equation
(3) actually contains two specific models to be tested. Furthermore, we construct spatial
mediating effect model Equation (4) as follows by taking resource misallocation as mediator
variable and introducing spatial factor to test whether environmental regulation affects
regional industrial TFP through resource misallocation.

TFPit = α+ ρWTFPjt + β1ERit + β2MisKit + β3MisLit + γXit + θ1WERjt
+θ2WMisKjt + θ3WMisLit + ηWXjt + µi + λt + εit

(4)

For Equation (4), if the parameters of mediator variables MisK and MisL are sig-
nificant, but the parameters of environmental regulation variables are not significant,
the resource misallocation is a complete mediator for environmental regulation to affect
regional industrial TFP, otherwise, it is a partial mediator.

4.2. Variable Selection, Data Source and Processing
4.2.1. Environmental Regulation Intensity

The measurement of the environmental regulation intensity mainly involves two kinds
of participants (enterprises and governments), from which the following commonly used
methods are derived. The first is based on enterprise emission reduction cost; the second is
based on enterprise pollution emission or energy consumption; and the third is based on
government pollution control investment, and so on. In recent year, the comprehensive
index method, which considers the multidimensionality, complexity and concurrency of
environmental problems, has been gradually developed and widely used in measuring
environmental regulation. Following Wang and Li (2015), we construct a comprehensive
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indicator to measure the intensity of environmental regulation (ER) in various provinces of
China as follows [52]:

ERit =
SPIit
TPEit

=
PIit/PIt

∑4
s=1 SPEist

(5)

where PIit is the industrial pollution control investment of the ith province in the tth year,
PIt is the average of industrial pollution control investment of all provinces in year t.
∑4

s=1 SPEist = ∑4
s=1(PEist/PEst) is the total pollution emission level of s kinds of pollution

emissions of the tth province in year t, in which PEist is the sth pollution emission of the
ith province in year t and PEst is the average of the sth pollution emission of all provinces
in year t. The larger ERit is, the greater intensity of environmental regulation for this
province becomes. The raw data to calculate environmental regulation is collected from
China Statistical Yearbooks on Environment and China Environment Yearbooks.

4.2.2. Degree of Resource Misallocation

Most studies on measuring resource misallocation are based on the theoretical frame-
work proposed by Hsieh and Klenow (2009) [41], but it does not have strong suitability at
the regional level. We draw lessons from Aoki (2012) and Jin (2018) to construct an analy-
sis framework of “region (province)—country” to measure the degree of inter-provincial
resource misallocation in China [42,53].

The basic logic is as follows (refer to the Appendix A for the detailed calculation of
the degree of resource misallocation): Firstly, give a distorted shock for industrial input
indicators of capital and labor in each province, respectively. Secondly, solve the first-order
condition of profit maximization and obtain the capital and labor share of each province
in the case of resource misallocation based on national production function in form of
CES and provincial production function in form of Cobb-Douglas. Finally, divided by the
capital and labor share of each province when there is no resource misallocation, the degree
of industrial capital and labor misallocation of each province can be obtained.

Let ke
it and le

it represent the capital and labor share of each province under the condition
of optimal resource allocation. Let kit and kit represent the capital and labor share of each
province when resource misallocated. Then the capital misallocation degree and labor
misallocation degree for each province in different periods are

MisKit =
kit
ke

it
(6)

MisLit =
lit
le
it

(7)

The raw data used to calculate capital and labor misallocation is mainly collected
from China Statistical Yearbooks, China Compendium of Statistics 1949–2008, Statistical
Yearbooks of related provinces, and the National Bureau of Statistics. Some indicators are
deflated to the base period according to the relevant price index.

4.2.3. Industrial TFP

Solow residual (SR), data envelopment analysis (DEA) and stochastic frontier analysis
(SFA) are the three most widely used methods to measure TFP, in which SR and SFA belong
to parameter estimation, and DEA is non-parameter estimation. Because the measure
of resource misallocation is based on the estimation of production function, it may face
serious endogeneity if using parameter method to measure TFP [54]. Therefore, this paper
adopts the non-parametric DEA-Malmquist index to quantify the industrial TFP at the
provincial level in China. Since the main purpose of this paper is to investigate the effect of
environmental regulation and resource misallocation on industrial TFP level rather than on
its growth rate, the Malmquist index is converted into the cumulative TFP index following
Kumar and Managi (2008) [55]. Meanwhile, the cumulative Malmquist index can also
reflect the dynamic change of industrial TFP, to a certain extent, and it is embedded in the
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impact of external factors such as business cycle on TFP. When analyzing the impact of
environmental regulation and resource misallocation, it is not necessary to quantify the
effect of business cycle. The data for measuring industrial TFP is the same as that used for
quantifying resource misallocation, and we are not going to repeat it. It should be noted
that due to the serious lack of statistical data in provincial industrial sub-sectors (mining,
manufacturing and utilities), the industrial TFP calculated here is an aggregate indicator.
With the gradual improvement of the statistical system and the increase of data availability,
we are very happy to take sub-industry samples in the follow-up study to discuss the issue
of this paper.

4.2.4. Control Variables

In order to obtain a robust estimation, we consider some control variables in our
models, including the level of economic development, industrial structure, degree of
openness, and government regulation and control ability. They are measured by the
logarithm of GDP per capita (Lnpgdp), the proportion of the added value of secondary
and tertiary industries (Indstrc), the logarithm of foreign direct investment (Lnfdi) and
the logarithm of the local fiscal general budget expenditure (Lnexpdt). The raw data is
collected from the National Bureau of Statistics.

In addition, as provincial pollution emission data is only updated to 2017, and the Na-
tional Bureau of Statistics no longer publishes the absolute value of fixed asset investment
in each province since 2018. Before 1997, Chongqing was a part of Sichuan province and its
data was not independent. Therefore, the sample of this paper is a panel data consist of 31
provinces in China from 1997 to 2017. Table 1 summarizes the descriptive statistics of key
variables that are used in this study.

Table 1. Descriptive statistics of variables.

Variable Description Mean Std.Dev Min Max

TFP Industrial total factor productivity 3.028 2.179 0.066 17.041
ER Environmental regulation intensity 0.281 0.241 0.023 2.548

MisK Degree of capital misallocation 1.500 1.236 0.234 9.840
MisL Degree of labor misallocation 1.154 0.610 0.341 4.042

Lnpgdp The level of economic development 9.828 0.913 7.719 11.768
Indstrc Industrial structure 0.865 0.074 0.622 0.996
Lnfdi Degree of openness 11.792 2.000 0.693 15.090

Lnexpdt Government regulation and control ability 6.941 1.270 3.515 9.618

5. Regression Results and Discussions
5.1. The Impact of Environmental Regulation on Industrial TFP

In order to check whether hypothesis 1 is valid, Equation (1) is employed to estimate
the impact of environmental regulation on industrial TFP at the provincial level in China.
Before estimating the model, we first perform (robust) Lagrange multiplier (LM) test
and fixed effect likelihood ratio (LR) test on the non-spatial model, and then estimate
SDM model to perform Wald test and Hausman test on it [56]. The results show that the
SDM model is the optimal model to estimate the impact of environmental regulation on
industrial TFP only with spatial fixed effect, namely model (2) in Table 2. In this model,
the random effect of year means that time-varying interference caused by business cycle is
controlled in the estimation process. According to LeSage and Pace (2009), the coefficients
of independent variables obtained by spatial regression model cannot represent the real
spatial effects, which need to be decomposed into direct effect and indirect effect (i.e., spatial
spillover effect) with the help of partial differential method [51]. The direct effect reflects
the influence of independent variables’ change of specific spatial unit on the dependent
variable itself, while the indirect effect indicates the influence of independent variables’
change of specific spatial unit on the dependent variable in other spatial units. Rows (1)
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and (2) in Table 3 report the direct and indirect effects of environmental regulation on
industrial TFP based on SDM model. We can obtain some interesting findings as follows.

Table 2. The impacts of environmental regulation and resource misallocation on industrial total factor productivity (TFP).

Variable
TFP

(1) (2) (3) (4)

ER −1.234 ** (0.483) −1.184 ** (0.485)
ER2 0.337 (0.264) 0.277 (0.264)

MisK −0.718 *** (0.114) −0.726 *** (0.117)
MisL −0.403 ** (0.180) −0.368 ** (0.175)

Lnpgdp 1.680 *** (0.425) 2.972 *** (0.557) 1.019 ** (0.518) 1.200 ** (0.544)
Indstrc −10.452 *** (1.915) −11.808 *** (2.329) −5.242 ** (2.306) −6.430 *** (2.287)
Lnfdi −0.863 *** (0.076) −0.832 *** (0.079) −0.678 *** (0.079) −0.662 *** (0.074)

Lnexpdt 0.962 *** (0.299) 0.660 (0.502) 0.378 (0.473) 0.254 (0.473)
W×ER −1.760 * (0.970)
W×ER2 1.335 *** (0.515)

W×MisK −1.142 *** (0.240)
W×MisL 0.011 * (0.006)

W×Lnpgdp −3.929 *** (0.742) −2.857 *** (0.918)
W×Indstrc −7.950 ** (3.287) −14.848 *** (4.377)
W×Lnfdi 0.367 ** (0.156) 0.903 *** (0.163)

W×Lnexpdt 2.118 *** (0.635) 0.166(0.909)
Spatial ρ 0.098 * (0.054) 0.187 *** (0.053)

R2 0.769 0.791 0.795 0.826
N. Observation 651 651 651 651
fixed effects of

provinces Yes Yes Yes Yes

fixed effects of years No No Yes Yes
Robust LM-lag 1.907 [0.167] 32.604 *** [0.000]

Robust LM-error 3.957 ** [0.047] 45.565 *** [0.000]
LR spatial FE 565.545 *** [0.000] 549.485 *** [0.000]

LR year FE 10.828 [0.966] 35.878 ** [0.023]
Wald spatial lag 60.682 *** [0.000] 99.919 *** [0.000]

Wald spatial error 55.955 *** [0.000] 78.281 *** [0.000]
Hausman test 32.119 *** [0.002] 80.843 *** [0.000]

Note: The value of standard errors is in the parenthesis, and that of p-values in the square bracket. ***, **, and * represent the significance
level of 1%, 5%, and 10%, respectively. The same is as below.

(i) The direct and indirect effects of environmental regulation (ER) are significantly
negative, indicating that environmental regulation will lead to the decline of industrial
TFP and produces a negative spatial spillover effect on industrial TFP at the provincial
level in China. These are consistent with the Hypotheses H1a and H1b. As far as the direct
impact of environmental regulation is concerned, the conclusion of this paper verifies the
restriction hypothesis, which is consistent with many research results in other countries.
For example, taking enterprises of the US as samples, Boyed and McClelland (1999) and
Greenstone et al. (2012) found that environmental regulation policies caused 9% and 2.6%
of TFP loss, respectively. The empirical study of Manello (2017) on Italy and Germany
also showed that environmental regulation was one of the important factors leading to
productivity decline in the short term [2,4,33].

(ii) The direct effect of the secondary term of environmental regulation (ER2) is not
significant, which means that there is no obvious nonlinear relationship between environ-
mental regulation and industrial TFP for a particular province. However, the indirect effect
of ER2 is significantly positive, meaning that environmental regulation of a province is
helpful to promote the surrounding provinces’ industrial TFP in the long term. On average,
the total effect of ER2 is significantly positive while the total effect of ER is significantly
negative. It shows that environmental regulation at the provincial level in China will lead
to the decline of industrial TFP in the short term, but in the long run, it will contribute
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to the improvement of industrial TFP. Therefore, the relationship between environmental
regulation and industrial TFP is U-shaped, which means that the hypothesis H1c can be
basically confirmed. The studies of Johnstone et al. (2017) on 20 OECD countries and
Shapiro and Walker (2018) on the US are consistent with our findings in this paper [15,57].

5.2. The Impact of Resource Misallocation on Industrial TFP

To test the validity of hypothesis 2, Equation (2) is used to estimate the impact of
resource misallocation on industrial TFP at the provincial level in China. Models (3) and (4)
in Table 2 report the regression results. The difference is whether it is capital misallocation
or labor misallocation, the impact on industrial TFP should keep spatial and time-period
fixed effects of the model at the same time. Similarly, the impact of resource misallocation
on industrial TFP is decomposed into direct and indirect effects, and the results are shown
in rows (3) and (4) in Table 3.

It can be seen that the direct and indirect effects of capital misallocation (MisK) are
significantly negative, which is consistent with the Hypotheses H2a and H2b. In fact,
almost all studies in this field have shown that misallocation of capital or labor may lead
to significant losses in aggregate TFP. The representative studies such as Restuccia and
Rogerson (2008), Hsieh and Klenow (2009) and Bartelsman et al. (2013) not only confirmed
this conclusion in theory, but also compared cross-county productivity differences using
empirical data [41,43,58]. Kim et al. (2020) also got the similar results in the study of South
Korea, which is highly comparable with China [59]. However, the indirect effect of labor
misallocation (MisL) is significantly positive, which is contrary to the hypothesis H2b. This
may be related to the strong mobility of labor factors and regional competition. The reason
for labor misallocation in a region is likely to be the siphon of labors in its surrounding areas.
In the case of little change in the total amount of labor resources in a short term, the flow of
labor factors between regions often presents the characteristics of “beggar-thy-neighbor.”
Overall, the total effects of capital misallocation and labor misallocation are significantly
negative, which means that resource misallocation causes significant losses of industrial
TFP at the provincial level in China.

Table 3. Spatial effects of environmental regulation and resource misallocation on industrial TFP.

Direct Effect Spatial Spillover Effect Total Effect

(1) ER –> TFP −1.221 ** (0.477) −2.040 * (1.064) −3.261 *** (1.114)
(2) ER2 –> TFP 0.304 (0.271) 1.474 *** (0.571) 1.778 *** (0.641)
(3) MisK –> TFP −0.678 *** (0.124) −1.195 *** (0.284) −1.873 *** (0.312)
(4) MisL –> TFP −0.372 ** (0.176) 0.015 ** (0.007) −0.357 *** (0.097)
(5) ER –> MisK −0.381 *** (0.096) −0.092 (0.202) −0.473 ** (0.223)
(6) ER –> MisL −0.083 (0.061) −0.243 ** (0.121) −0.325 ** (0.133)

5.3. The Resource Reallocation Effects of Environmental Regulation and Its Impact on
Industrial TFP

In order to verify whether hypothesis 3 is valid, we first use Equation (3) to estimate
the impact of environmental regulation on the degree of resource misallocation, and
investigate whether environmental regulation has the effect of resource reallocation. The
results are shown in Table 4. Models (1) and (2) are the regression results of environmental
regulation for capital misallocation, while models (3) and (4) are the regression results of
environmental regulation for labor misallocation. According to the results of LM test, LR
test, Wald test and Hausman test, models (2) and (4) are suitable for estimating the impact
of environmental regulation on capital misallocation and labor misallocation, respectively.
In addition, we decompose the impact of environmental regulation on capital misallocation
or labor misallocation, as shown in rows (5) and (6) in Table 3.

On one hand, the direct effect of environmental regulation (ER) on capital misalloca-
tion is significantly negative, indicating that environmental regulation helps to improve
capital allocation in a particular area. However, the indirect effect of ER on capital misal-
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location is not significant, which means that the environmental regulation of a province
does not have a significant capital reallocation effect on its surrounding areas. On the other
hand, the direct effect of ER on labor misallocation is not significant, indicating that the
labor reallocation effect of environmental regulation is not obvious for a particular region,
that is, it does not cause an obvious change in the allocation of labor factors. However,
the indirect effect of ER on labor misallocation is significantly negative, which shows that
environmental regulation of a province can improve the labor allocation in surrounding
areas through the spillover effect. Overall, the total effects of environmental regulation
on capital misallocation and labor misallocation are significantly negative, which means
that environmental regulation can produce a positive resource reallocation effect at the
provincial level in China from the perspective of average situation.

Table 4. The impacts of environmental regulation on resource misallocation.

Variable
MisK MisL

(1) (2) (3) (4)

ER −0.597 *** (0.097) −0.338 *** (0.093) −0.087 (0.061) −0.083 (0.060)
Lnpgdp −0.115 *** (0.019) −0.788 *** (0.208) −1.181 *** (0.119) −1.212 *** (0.133)
Indstrc 5.359 *** (0.890) 6.519 *** (0.893) 2.688 *** (0.561) 2.503 *** (0.577)
Lnfdi 0.171 *** (0.030) 0.144 *** (0.030) 0.084 *** (0.019) 0.087 *** (0.019)

Lnexpdt −1.308 *** (0.181) −0.822 *** (0.188) −0.496 *** (0.114) −0438 *** (0.121)
W × ER −0.097(0.189) −0.253 ** (0.122)

W × Lnpgdp 2.176 *** (0.331) 2.090 * (1.132)
W × Indstrc −1.151 (1.757) −0.262 (0.227)
W × Lnfdi 0.185 *** (0.067) 0.136 *** (0.044)

W × Lnexpdt −2.141 *** (0.365) −0.317 (0.231)
Spatial ρ 0.529 *** (0.057) 0.046 ** (0.021)

R2 0.899 0.907 0.835 0.841
N. Observation 651 651 651 651
fixed effects of

provinces Yes Yes Yes Yes

fixed effects of years Yes Yes Yes Yes
Robust LM-lag 8.654 *** [0.003] 5.148 ** [0.023]

Robust LM-error 10.351 *** [0.001] 8.262 *** [0.004]
LR spatial FE 1153.430 *** [0.000] 948.556 *** [0.000]

LR year FE 81.025 *** [ 0.000] 160.132 *** [0.000]
Wald spatial lag 50.950 *** [0.000] 16.761 *** [0.005]

Wald spatial error 50.965 *** [0.000] 16.401 *** [0.006]
Hausman test 81.895 *** [0.000] 31.947 *** [0.002]

Furthermore, the Equation (4) is used to test whether the impact of environmental
regulation on regional industrial TFP has the effect of resource reallocation. First of all,
we examine the transmission path of “environmental regulation—capital misallocation—
industrial TFP” and the results are shown as model (1) in Table 5. It can be seen that
the impact of environmental regulation on industrial TFP is still significantly negative,
but the degree of impact is greatly reduced. It means that environmental regulation has
a positive impact on industrial TFP by improving capital allocation, increasing China’s
inter-provincial industrial TFP by an average of 28.29% ((−1.184 + 0.849)/(−1.184) * 100%).
Since the coefficients of capital misallocation (MisK) and environmental regulation (ER)
meet the significance test, capital misallocation is only a partial mediator in the process of
environmental regulation affecting industrial TFP.

Secondly, we examine the transmission path of “environmental regulation—labor
misallocation—industrial TFP” and the results are shown as model (2) in Table 5. Although
it shows that the coefficient of ER for labor misallocation is not significant in Table 4, the
total effect is significantly negative, indicating that environmental regulation can have
a positive effect on the reallocation of labor resources. In such a case, environmental
regulation can increase China’s industrial TFP at the provincial level by an average of
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30.74% ((−1.184 + 0.820)/(−1.184) * 100%) by improving labor allocation. Similarly, because
the coefficients of MisL and ER are significant, labor misallocation also constitutes only
partial mediator of the impact of environmental regulation on industrial TFP.

Finally, considering the capital and labor reallocation effects of environmental regula-
tion at the same time, environmental regulation can bring about a further improvement of
industrial TFP, with a range of about 32.13% ((−1.184 + 0.803)/(−1.184) * 100%). In terms of
mediating effects, the basic conclusion is similar to the above, that is, capital misallocation
and labor misallocation are the common partial mediators for the transmission path from
environmental regulation to industrial TFP.

Table 5. The resource reallocation effects of environmental regulation on industrial TFP.

Variable
TFP

(1) (2) (3)

ER −0.849 *** (0.222) −0.820 *** (0.234) −0.803 *** (0.225)
MisK −0.852 *** (0.095) −0.729 *** (0.111)
MisL −1.028 *** (0.150) −0.358 ** (0.173)

Lnpgdp 1.598 *** (0.510) 2.010 *** (0.492) 1.947 *** (0.479)
Indstrc −6.250 *** (2.262) −9.7605 *** (2.183) −5.776 *** (2.173)
Lnfdi −0.671 *** (0.073) −0.680 *** (0.075) −0.631 *** (0.073)

Lnexpdt 0.442 (0.466) 0.180 (0.352) −0.103 (0.353)
W × ER 0.581 (0.455) 0.746 (0.486) 0.660 (0.468)

W × MisK 1.225 *** (0.207) 0.936 *** (0.229)
W × MisL 1.629 *** (0.339) 1.385 *** (0.381)

W × Lnpgdp −2.597 *** (0.823) −2.189 *** (0.860) −2.155 *** (0.837)
W × Indstrc −16.768 *** (4.311) −8.839 ** (4.287) −13.192 *** (4.225)
W × Lnfdi 0.855 *** (0.162) 0.839 *** (0.160) 0.891 *** (0.155)

W × Lnexpdt 0.125 (0.900) −0.028 (0.736) 0.101 (0.761)
Spatial ρ 0.196 *** (0.052) 0.121 ** (0.053) 0.174 ***(0.051)

R2 0.829 0.696 0.719
N. Observation 651 651 651

fixed effects of provinces Yes No No
fixed effects of years Yes Yes Yes

Wald spatial lag 105.767 *** [0.000] 98.668 *** [0.000] 96.965 *** [0.000]
Wald spatial error 81.402 *** [0.000] 85.108 *** [0.000] 76.138 *** [0.000]

Hausman test 20.138 * [0.092] 7.287 [0.887] 19.705 [0.184]

5.4. Robustness Test

Considering that the estimation results of spatial econometric model are sensitive
to the setting of spatial weight matrix, we use the inverse distance matrix based on the
Euclidean distance between provincial government stations instead of the adjacency matrix
to test the robustness. The re-examination of Hypotheses H1, H2 and H3 shows that the
parameter symbols and significance still maintain a strong consistency, although there are
differences in the absolute magnitude between the estimated values of variable coefficients
and the decomposition of spatial effects. The latter is what we concern, and it is enough
to ensure that the previous analysis results are of robustness and credibility. For detailed
results of robustness test, please refer to Appendix D.

6. Conclusions and Policy Implications

In this paper, we try to empirically test the impacts of environmental regulation and
resource misallocation on China’s industrial TFP at the provincial level. The panel spatial
durbin model is first used to identify these effects and mechanisms. The main conclusions
of this paper are as follows.

Firstly, environment regulation directly leads to the decline of industrial TFP for
a certain province and has a negative spatial spillover effect on industrial TFP of its
surrounding areas. This verifies the constraint hypothesis of the relationship between
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environmental regulation and TFP, and is consistent with the main research conclusions
of developed economies such as Europe and the United States in this field [2,33]. On the
average, environmental regulation has a negative impact on China’s provincial industrial
TFP in the short term, but it will be helpful to improve industrial TFP as time goes by,
and there is a U-shaped relationship between environmental regulation and industrial
TFP at the provincial level in China. In the long run, the U-shaped relationship between
environmental regulation and TFP is not only based on the empirical conclusion of China’s
provincial data, but also consistent with foreign major studies, such as Johnstone et al.
(2017) [15], Shapiro and Walker (2018) [57].

Secondly, both capital misallocation and labor misallocation will lead to significant
loss of China’s provincial industrial TFP. This is basically a consensus in academia. In
particular, international authoritative scholars such as Restuccia and Rogerson (2008), Hsieh
and Klenow (2009) and Bartelsman et al. (2013) also supported this conclusion [41,43,58].
Capital misallocation is not conducive to the promotion of local industrial TFP, but leads
to the decline of industrial TFP in other provinces, while the spatial spillover effect of
labor misallocation on industrial TFP is significantly positive. In terms of the spatial
spillover effects of resource misallocation on TFP, there is no relevant achievement in
foreign countries, while this is an important innovation point of this paper.

Thirdly, environmental regulation helps to improve the allocation of capital and labor
at the provincial level in China, resulting in a positive resource reallocation effect, which in
turn promotes the industrial TFP. In this sense, capital misallocation and labor misallocation
are important mediator variables for environmental regulation to affect industrial TFP. If
only by improving the allocation of capital (or labor) factor, environmental regulation can
increase China’s provincial industrial TFP by an average of about 28.29% (or 30.74%). If
both capital and labor reallocation effects are considered, the industrial TFP revenue driven
by environmental regulation is about 32.13%.

Based on the conclusions drawn above, some useful policy recommendations can
be put forward. First, improve the pertinence of environmental regulation policy and set
appropriate regulation intensity according to the actual industrial development of each
province, so as to make the impact of environmental regulation on industrial TFP from
negative to positive as soon as possible. Second, the government should speed up the
reform of market-oriented allocation of factors, promoting the free flow of capital and
labor factors across regions. In addition, make environmental regulation play a better role
in resource reallocation, so as to restrain the impairment effect of resource misallocation
on China’s provincial industrial TFP. Third, strengthen the coordination and cooperation
of regional industrial development and weaken the adverse impact of environmental
regulation and resource misallocation on industrial TFP at the provincial level to promote
the coordination and linkage of environmental regulation policies and factor allocation
control through regional cooperation.
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Appendix A. Detailed Calculation of the Degree of Resource Misallocation at the
Provincial Level in China

At present, the academia usually adopts the indirect method represented by Hsieh
and Klenow (2009) to measure the resource misallocation [41], which is to add all the
potential distortion factors to a “tax wedge” generated by the first-order condition of the
enterprise optimization problem. The “tax wedge” reflects the loss of TFP caused by all
input factors affected by distortion factors. However, the theoretical framework of Hsieh
and Klenow (2009) is based on micro-enterprises, and is not precisely applicable to the
resource misallocation measurement at the regional level. Therefore, this paper, drawing
on the method in Aoki (2012), enriched the theoretical model for resource misallocation
measurement from the meso-industrial level to the macro-regional level [42]. Actually, it
is to simplify the three-layer theoretical framework of Hsieh and Klenow (2009), namely,
modify “enterprise-industry-country” to a two-layer analytical framework of “region
(province)—country.” The basic theoretical logic is as follows:

The total national output is assumed to be the CES aggregation of 31 provinces’ output,
i.e.,

Yt =
(
∑ ρitYσ

it

) 1
σ

(A1)

where Yt represents the national industrial added value during the t period; Yit is the
industrial added value of various provinces during the same period; ρit refers to the share
of industrial added value of each province out of the national total; σ measures the elasticity
of industrial output substitution between provinces. This paper took σ = 1

3 by following
Brandt et al. (2013) [60].

Yit, the industrial added value of each province, is defined as the capital, labor, and
TFP in the form of Cobb-Douglas function, and the scale return is assumed variable, namely,

Yit = AitKα
itL

β
it (A2)

In Equation (A2), Kit and Lit respectively represent the industrial fixed capital stock
and the total number of industrial practitioners in each province during the t period; α and
β respectively demonstrate the capital and labor production elasticity of each province in
the same period; Ait is the actual industrial TFP of each province.

Based on the capital factor input Kit and the labor factor input Lit of each province, the
overall capital input and labor input of the whole country were expressed as Kt = ∑ Kit
and Lt = ∑ Lit, respectively, and the corresponding capital share and labor share of each
province are kit =

Kit
Kt

and lit =
Lit
Lt

respectively. Similarly, if the overall industrial added
value of the country is the capital, labor, and TFP is in the form of Cobb-Douglas function,
the national industrial TFP is:

At =
Yt

Kα
t Lβ

t

=

(
∑ ρitYσ

it
) 1

σ

Kα
t Lβ

t

=
[
∑ ρit

(
Aitkα

itl
β
it

)σ] 1
σ

(A3)

In economic activities, the actual industrial TFP in a country is lower than the effective
industrial TFP, due to the different degrees of capital and labor misallocation between
provinces. Assuming that the capital and labor misallocation is reflected by the factor price
distortion and the unit capital cost r and the unit labor cost w of each province are subject
to the distortion of τK

it and τL
it [41,42,58], then the shares of industrial capital input kit and

labor input lit of each province under the resource misallocation must be calculated to
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obtain the national actual (distorted) industrial TFP shown in Equation (A3). It requires
resolution of the following maximization objective function:

max
Yit

Pt

(
∑ ρitYσ

it

) 1
σ − ∑ PitYit (A4)

max
Kit ,Lit

PitYit − τK
it rKit − τL

it wLit (A5)

According to the first-order conditions of profit maximization in Equations (A4) and
(A5), the allocation distortion coefficients of the industrial capital input τK

it and labor input
τL

it of each province can be obtained, as well as the shares of the capital input kit and labor
input lit of each province under the resource misallocation, as can be seen below:

τK
it ∝

Ynorm
it
Kit

, τL
it ∝

Ynorm
it
Lit

(A6)

kit =
ρ

1/(1−σ)
it Ãσ/(1−σ)

it
(
τK

it
)−1

∑ ρ
1/(1−σ)
it Ãσ/(1−σ)

it
(
τK

it
)−1 , lit =

ρ
1/(1−σ)
it Ãσ/(1−σ)

it
(
τL

it
)−1

∑ ρ
1/(1−σ)
it Ãσ/(1−σ)

it
(
τL

it
)−1 (A7)

where Ynorm
it represents the industrial added value (current market price) of each province

during the t period, with Ãit =
(
τK

it
)−α(

τL
it
)−β.

In the absence of resource misallocation, the allocation distortion coefficients of the
capital and labor factors of each province show τK

it = τL
it = 1. In this context, the shares

of the industrial capital input and labor input of each province under optimal resource
allocation can be obtained by Equation (A7), namely,

ke f f
it = le f f

it =
ρ

1/(1−σ)
it Aσ/(1−σ)

it

∑ ρ
1/(1−σ)
it Aσ/(1−σ)

it

(A8)

Referring to the study by Jin (2018), the degree of resource misallocation in each
province can be measured by the ratio of the factor input share with misallocation to that
without misallocation calculated by Equations (A7) and (A8) [53]. Therefore, MisKit and
MisLit respectively indicate the degrees of capital misallocation and labor misallocation of
each province in different periods, i.e.,

MisKit =
kit

ke f f
it

, MisLit =
lit

le f f
it

(A9)

In Equation (A9), MisKit and MisLit reflect the share of capital and labor allocated
to provinces and the necessity of the capital and labor inflow and outflow for provinces.
By definition, MisKit or MisLit equal to 1 indicates no misallocation between capital and
labor factors in corresponding province; MisKit or MisLit greater than 1 means that the
province’s capital or labor factors are over-allocated, squeezing the capital and labor factor
supply for other provinces; MisKit or MisLit less than 1 implies that the capital or labor
factor of the province is insufficiently allocated, and should be increased accordingly.
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Appendix B. Spatial Distribution of Resource Misallocation in China

Sustainability 2021, 13, x FOR PEER REVIEW 15 of 21 
 

supply for other provinces; 𝑀𝑖𝑠𝐾  or 𝑀𝑖𝑠𝐿  less than 1 implies that the capital or labor 
factor of the province is insufficiently allocated, and should be increased accordingly. 

Appendix B. Spatial Distribution of Resource Misallocation in China 

 
Figure A1. Spatial distribution of capital misallocation in China (average from 1997 to 2017). Figure A1. Spatial distribution of capital misallocation in China (average from 1997 to 2017).

Sustainability 2021, 13, x FOR PEER REVIEW 16 of 21 
 

 
Figure A2. Spatial distribution of labor misallocation in China (average from 1997 to 2017). 

  

Figure A2. Spatial distribution of labor misallocation in China (average from 1997 to 2017).



Sustainability 2021, 13, 2390 16 of 20

Appendix C. Variation Trend of Industrial TFP for Each Province during 1997–2017

Table A1. The variation trends of industrial TFP for 31 provinces.

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Beijing 1.14 1.42 1.67 2.04 2.22 2.28 2.61 2.89 2.89 3.06 3.21 3.23 3.50 4.00 3.80 3.96 4.02 4.17 4.05 4.09 3.93
Tianjin 1.14 1.08 1.40 1.62 1.89 2.21 2.47 2.89 3.29 3.59 3.80 4.18 4.81 5.36 6.02 6.58 7.05 7.60 8.70 10.57 10.81
Hebei 1.15 1.30 1.55 1.71 1.89 2.08 2.24 2.45 2.67 2.95 3.26 3.51 3.66 3.94 4.27 4.55 4.76 4.85 4.94 5.08 5.16
Shanxi 1.10 1.15 1.22 1.26 1.31 1.41 1.47 1.49 1.48 1.49 1.62 1.63 1.53 1.67 1.82 1.97 2.06 2.09 2.02 2.01 2.16
Inner

Mongoria 1.18 1.51 1.67 1.96 2.38 2.67 2.73 3.03 3.26 3.77 4.19 4.87 5.58 6.04 6.52 6.95 6.91 7.40 8.78 10.23 11.73

Liaoning 1.11 1.23 1.39 1.57 1.75 2.03 2.12 2.33 2.53 2.78 3.19 3.65 4.13 4.70 5.36 5.86 5.94 6.31 6.55 6.23 6.58
Jilin 1.15 1.66 1.95 2.38 2.82 3.17 3.07 3.27 3.32 3.51 3.77 4.14 4.67 5.49 6.31 6.90 7.11 7.33 7.74 8.45 9.05

Heilongjiang 1.07 1.38 1.53 1.84 2.07 2.43 2.94 3.10 3.33 3.51 3.54 3.72 3.96 4.37 4.69 5.00 5.17 4.86 5.09 4.73 4.67
Shanghai 1.13 1.29 1.42 1.63 2.28 2.44 2.90 3.51 3.79 4.15 4.45 3.96 4.11 4.70 5.02 5.32 5.80 5.92 6.18 6.34 7.09
Jiangsu 1.11 1.23 1.37 1.54 1.72 1.96 2.26 2.62 2.97 3.36 3.81 4.31 4.80 5.38 6.03 6.71 7.40 8.02 8.68 9.26 9.91

Zhejiang 1.13 1.29 1.55 1.43 1.53 1.69 1.78 1.94 2.10 2.34 2.53 2.71 2.74 2.88 3.06 3.21 3.46 3.65 3.81 4.01 4.33
Anhui 1.13 1.26 1.38 1.53 1.70 1.86 1.94 2.01 2.13 2.09 2.08 2.09 2.19 2.45 2.77 2.94 3.06 3.15 3.26 3.37 3.54
Fujian 1.13 1.28 1.42 1.53 1.62 1.75 1.86 2.02 2.04 2.15 2.30 2.41 2.53 2.72 3.07 3.40 3.69 3.98 4.17 4.34 4.57
Jiangxi 1.19 1.33 1.38 1.42 1.49 1.54 1.52 1.44 1.35 1.25 1.17 1.10 1.04 1.05 1.18 1.26 1.33 1.42 1.48 1.55 1.65

Shandong 1.13 1.33 1.43 1.62 1.77 2.00 2.40 2.49 2.76 3.10 3.45 4.07 4.53 4.93 5.36 5.75 6.22 6.62 6.81 7.07 7.48
Henan 1.09 1.18 1.30 1.45 1.58 1.73 1.92 2.09 2.19 2.30 2.43 2.66 2.72 2.93 3.17 3.32 3.39 3.55 3.60 3.70 3.85
Hubei 1.14 1.51 1.70 2.03 2.31 2.51 2.51 2.80 3.15 3.53 3.87 4.26 4.78 5.81 6.94 7.89 8.80 9.70 10.55 11.40 12.24
Hunan 1.14 1.30 1.44 1.57 1.68 1.74 1.75 1.76 1.68 1.68 1.69 1.69 1.67 1.76 1.81 1.95 2.06 2.15 2.26 2.35 2.54

Guangdong 1.16 1.33 1.50 1.71 1.89 2.04 2.27 2.57 2.70 3.01 3.42 3.70 3.81 4.12 4.33 4.44 4.54 4.64 4.67 4.70 4.75
Guangxi 1.08 1.21 1.28 1.36 1.47 1.67 1.78 1.89 1.88 1.82 1.71 1.70 1.54 1.56 1.55 1.67 1.78 1.72 1.82 1.91 2.02
Hainan 1.04 1.44 1.64 1.86 2.06 2.37 2.74 2.99 3.19 3.72 4.61 4.37 4.61 4.95 4.84 4.37 3.94 4.07 4.17 4.21 4.34

Chongqing 1.08 1.12 1.25 1.39 1.56 1.72 1.94 2.04 1.97 1.92 1.96 2.03 2.10 2.29 2.35 2.40 2.44 2.50 2.53 2.61 2.79
Sichuan 1.10 1.20 1.28 1.37 1.47 1.58 1.73 1.94 2.18 2.42 2.62 2.86 3.06 3.57 4.19 4.60 4.95 5.18 5.42 5.68 6.00
Guizhou 1.10 1.22 1.36 1.41 1.42 1.51 1.80 1.91 1.84 1.76 1.77 1.69 1.63 1.67 1.73 1.76 1.75 1.75 1.77 1.74 1.76
Yunnan 1.13 1.28 1.56 1.69 1.80 1.99 2.17 2.00 1.85 1.86 1.87 1.81 1.74 1.74 1.81 1.84 1.84 1.92 2.04 2.10 2.29

Tibet 0.96 0.94 0.94 0.90 0.90 0.90 0.64 0.55 0.43 0.37 0.38 0.35 0.35 0.28 0.29 0.20 0.20 0.20 0.15 0.09 0.07
Shaanxi 1.12 1.25 1.36 1.45 1.56 1.72 1.77 1.99 2.01 1.95 1.89 1.86 1.66 1.64 1.66 2.13 2.22 2.27 2.29 2.34 2.46
Gansu 1.10 1.32 1.40 1.64 1.84 2.00 2.05 2.20 2.40 2.59 2.83 2.88 2.99 3.27 3.61 3.94 4.23 4.60 4.98 5.33 5.31

Qinghai 1.18 1.32 1.49 2.16 2.50 2.33 2.81 3.16 3.67 3.95 4.40 5.23 5.63 6.15 10.50 11.36 10.93 12.11 13.15 17.04 14.04
Ningxia 1.10 1.30 1.38 1.57 1.68 1.83 1.85 1.89 2.06 2.15 2.32 2.60 2.63 3.01 4.16 4.62 4.76 4.32 4.74 5.23 5.42
Xinjiang 1.13 1.17 1.33 1.71 2.00 2.14 2.03 2.19 1.98 2.32 2.48 2.81 2.96 3.10 3.05 3.32 3.26 3.60 4.04 4.36 4.33

Appendix D. Robustness Test Results

Table A2. The impacts of environmental regulation and resource misallocation on industrial TFP using inverse distance
matrix instead of queen adjacency matrix.

Variable
TFP

(1) (2) (3) (4)

ER −1.234 ** (0.483) −1.286 *** (0.486)
ER2 0.337 (0.264) 0.347 (0.266)

MisK −0.718 *** (0.114) −0.671 *** (0.105)
MisL −0.403 ** (0.180) −0.189 ** (0.081)

Lnpgdp 1.680 *** (0.425) 2.130 *** (0.514) 1.019 ** (0.518) 1.174 ** (0.488)
Indstrc −10.452 *** (1.915) −8.907 *** (2.371) −5.242 ** (2.306) −4.199 * (2.084)
Lnfdi −0.86 3*** (0.076) −0.853 *** (0.079) −0.678 *** (0.079) −0.582 *** (0.071)

Lnexpdt 0.962 *** (0.299) 1.008 ** (0.482) 0.378 (0.473) 0.364 (0.426)
W × ER −6.689 *** (2.433)
W × ER2 3.483 *** (0.982)

W × MisK −3.277 *** (1.088)
W × MisL 4.399 ** (2.067)

W × Lnpgdp −5.025 *** (1.339) −5.541 * (3.256)
W × Indstrc −13.606 ** (5.476) −82.951 *** (12.643)
W × Lnfdi 0.745 ** (0.361) 3.938 *** (0.745)

W × Lnexpdt 3.005 *** (0.980) 0.044(3.477)
Spatial ρ 0.118 ** (0.051) 0.239 * (0.157)

R2 0.769 0.783 0.795 0.842
N. Observation 651 651 651 651
fixed effects of

provinces Yes Yes Yes Yes

fixed effects of years No No Yes Yes
Robust LM-lag 1.907 [0.167] 32.604 *** [0.000]

Robust LM-error 3.957 ** [0.047] 45.565 *** [0.000]
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Table A2. Cont.

Variable
TFP

(1) (2) (3) (4)

LR spatial FE 565.545 *** [0.000] 549.485 *** [0.000]
LR year FE 10.828 [0.966] 35.878 ** [0.023]

Wald spatial lag 33.068 *** [0.000] 168.791 *** [0.000]
Wald spatial error 31.044 *** [0.000] 163.145 *** [0.000]

Hausman test 98.976 *** [0.000] 150.216 *** [0.000]

Note: The value of standard errors is in the parenthesis, and that of p-values in the square bracket. ***, **, and * represent the significance
level of 1%, 5%, and 10%, respectively. The same is as below.

Table A3. Spatial effects of environmental regulation and resource misallocation on industrial TFP using inverse distance
matrix instead of queen adjacency matrix.

Direct Effect Spatial Spillover Effect Total Effect

(1) ER –> TFP −1.286 ** (0.497) −6.850 *** (2.475) −8.136 *** (2.512)
(2) ER2 –> TFP 0.349 (0.262) 3.546 *** (0.980) 3.895 *** (1.001)
(3) MisK –> TFP −0.704 *** (0.108) −2.829 *** (0.981) −3.533 *** (0.984)
(4) MisL –> TFP −0.191 ** (0.076) 3.609 ** (1.865) 3.418 *** (1.910)
(5) ER –> MisK −0.508 *** (0.099) −0.080 (0.343) −0.588 * (0.350)
(6) ER –> MisL −0.096 (0.062) −0.251 ** (0.119) −0.347 * (0.197)

Table A4. The impacts of environmental regulation on resource misallocation using inverse distance matrix instead of
queen adjacency matrix.

Variable
MisK MisL

(1) (2) (3) (4)

ER −0.597 *** (0.097) −0.458 *** (0.094) −0.087 (0.061) −0.105 *(0.059)
Lnpgdp −0.115 *** (0.019) −0.853 *** (0.191) −1.181 *** (0.119) −1.177 *** (0.119)
Indstrc 5.359 *** (0.890) 5.349 *** (0.870) 2.688 *** (0.561) 2.461 *** (0.545)
Lnfdi 0.171 *** (0.030) 0.147 ***(0.030) 0.084 *** (0.019) 0.081 *** (0.019)

Lnexpdt −1.308 *** (0.181) −1.232 *** (0.176) −0.496 *** (0.114) −0.498 *** (0.110)
W × ER −0.088 (0.470) −0.397 ** (0.196)

W × Lnpgdp 1.223 (1.295) 1.534 * (0.839)
W × Indstrc −5.147 (4.959) −1.387 (3.114)
W × Lnfdi 0.486 *** (0.033) 0.152 *** (0.024)

W × Lnexpdt −2.996 ** (1.471) −2.190 ** (0.910)
Spatial ρ 0.512 *** (0.174) 0.640 *** (0.178)

R2 0.899 0.905 0.835 0.846
N. Observation 651 651 651 651
fixed effects of

provinces Yes Yes Yes Yes

fixed effects of years Yes Yes Yes Yes
Robust LM-lag 8.654 *** [0.003] 5.148 ** [0.023]

Robust LM-error 10.351 *** [0.001] 8.262 *** [0.004]
LR spatial FE 1153.430 *** [0.000] 948.556 *** [0.000]

LR year FE 81.025 *** [0.000] 160.132 *** [0.000]
Wald spatial lag 16.134 *** [0.000] 16.852 *** [0.000]

Wald spatial error 16.251 *** [0.000] 19.275 *** [0.000]
Hausman test 28.204*** [0.003] 32.363 *** [0.000]
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Table A5. The resource reallocation effects of environmental regulation on industrial TFP using inverse distance matrix
instead of queen adjacency matrix.

Variable
TFP

(1) (2) (3)

ER −0.811 *** (0.212) −0.749 *** (0.220) −0.783 *** (0.213)
MisK −0.733 *** (0.093) −0.675 *** (0.104)
MisL −0.494 *** (0.159) −0.431 *** (0.168)

Lnpgdp 1.077 ** (0.437) 1.066 ** (0.490) 1.225 ** (0.486)
Indstrc −3.799 * (2.063) −7.351 *** (2.089) −4.032 * (2.064)
Lnfdi −0.569 *** (0.070) −0.642 *** (0.072) −0.576 *** (0.070)

Lnexpdt 0.599 (0.417) 0.658 (0.418) 0.443 (0.423)
W × ER 0.618 (1.068) 1.063 (1.119) 0.931 (1.083)

W × MisK 4.716 *** (0.867) 3.351 *** (1.079)
W × MisL 10.206 *** (1.726) 4.140 * (2.081)

W × Lnpgdp −8.764 *** (2.974) −5.232 ** (2.359) −6.426 * (3.264)
W × Indstrc −85.306 *** (12.372) −68.761 *** (12.087) −80.904 *** (12.512)
W × Lnfdi 3.630 *** (0.737) 4.286 *** (0.766) 3.835 *** (0.742)

W × Lnexpdt 0.564 (3.456) 1.395 (3.422) 0.402 (3.461)
Spatial ρ 0.208 *** (0.057) 0.385 *** (0.161) 0.202 *** (0.054)

R2 0.844 0.834 0.845
N. Observation 651 651 651

fixed effects of provinces Yes Yes Yes
fixed effects of years Yes Yes Yes

Wald spatial lag 173.920 *** [0.000] 161.405 *** [0.000] 172.680 *** [0.000]
Wald spatial error 165.728 *** [0.000] 159.462 *** [0.000] 165.269 *** [0.000]

Hausman test 128.040 *** [0.000] 109.473 *** [0.000] 128.343 *** [0.000]
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