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Abstract: Promoting the green development effect characterized by green total factor productivity (GTFP) is the
key to achieving high-quality development in the new era. Using the 2001-2021 inter-provincial panel data, the
energy and environmental factors were simultaneously included in the analysis framework for assessing the green
effect of environmental regulations in China. The Malmquist-Luenberger index based on the SBM directional dis-
tance function was used to measure the GTFP and its decomposition terms, the dynamic panel model was further
constructed, and the GMM method was used to empirically test the direct and indirect effects of three types of en-
vironmental regulation and foreign direct investment (FDI) on GTFP. The results show that China’s GTFP is grow-
ing at an average annual rate of 2.13%, green technology progress is the source of GTFP growth, and the GTFP
regional gap is expanding. There is not a non-linear effect in command-controlled environmental regulation, while
the economic incentive type and the voluntary agreement type of environmental regulation respectively show a “U”
shaped relationship and an inverted “U” shaped relationship. The control type regulation does not have an indirect
effect on GTFP through FDI, but the incentive type and protocol type regulations can drive the promotion of GTFP
indirectly through FDI. The GTFP lifting effects of the different types of environmental regulation and FDI show re-
gional heterogeneity. Exploring the green development effect and characteristics of environmental regulation has
important theoretical significance and practical value for selecting rational environmental regulation types, adopting
differentiated environmental regulation intensities, implementing two-wheel drive to boost GTFP growth, realizing
the benign interactions between environmental regulation and FDI, and ultimately promoting high-quality economic
development.
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gradually introduce energy-saving and emission reduction
technologies to ultimately achieve the goal of green devel-
opment (Cheng and Zhang, 2022). China’s reform and
opening-up over more than 40 years has made great

1 Introduction

With the rapid development of society and the economy,
energy shortages and environmental pollution are becoming
more and more prominent, and green development has be-

come a global consensus. In 2016, the Chinese government
made an “overall improvement in the quality of the ecolog-
ical environment” one of the main goals of economic and
social development for the first time, with an emphasis on
environmental regulation to guide enterprises in focusing on
energy conservation and emission reduction, and began to
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achievements that have attracted worldwide attention. Not
only has the total economic volume jumped to the second
place in the world, but the economic contribution rate has
also steadily ranked the first in the world. Under the double
pressures of the complex and severe international environ-
ment and the domestic epidemic impact, China’s contribu
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tion to world economic growth in 2022 reached one-fourth,
with an annual GDP of 121.0207 trillion yuan, up 3% from
the previous year. Not only that, according to the latest
China Foreign Investment Development Report (2022),
China’s actual use of foreign direct investment (FDI) in-
creased from USD 111.716 billion in 2012 to USD 173.48
billion in 2021, an increase of more than 55%; with the an-
nual use of foreign investment steadily ranking second in
the world and first in developing countries for 30 consecu-
tive years, and the ten-year cumulative use of FDI at more
than USD 1.2 trillion. The structure of foreign investment
has been gradually upgraded, the quality and level of for-
eign investment have been significantly improved, and the
proportion of foreign investment absorbed in high-tech in-
dustries has increased from 14.1% in 2012 to 30.2% in 2021,
or more than 2-fold (MOC, 2022). To this end, we have also
paid a painful price in the ecological environment. Accord-
ing to the latest data, there are still 146 prefecture-level cit-
ies in the country, accounting for 43.3%, where the air qual-
ity exceeds the standard, causing serious negative impacts
on the quality of economic growth, the image of the gov-
ernment and the physical and mental health of the people.
According to incomplete statistics, the current air pollution
problem in China leads to the premature deaths of 178000
people per year due to dating, the number of deaths due to
environmental pollution has reached 358000 per year, and
more than half of the 338 cities in the country that have their
air quality data recorded are considered as moderately or
severely polluted (Cheng et al., 2022). For this reason, the
20th National Congress of CPC proposed to accelerate the
construction of a new development pattern, to accelerate the
green transformation of the development mode, and to make
the realization of high-quality development as one of the
essential requirements of Chinese-style modernization,
which is clearly the strongest voice of development for the
next five years and even longer.

The green effect is usually characterized by green total
factor productivity (GTFP), also generally called the green
development effect or green productivity effect (Wang et al.,
2020). GTFP represents the addition of energy and envi-
ronmental factors to the traditional TFP, which both con-
forms to the real economic production process and reflects
the concept of green development that has become a power
source to boost high-quality economic development in the
new era (Shapiro and Walker, 2018; Zhan and Li, 2022). In
this context, it is of great theoretical and practical signifi-
cance to explore how the government can optimize the
combination of environmental regulations, internalize envi-
ronmental external costs, compensate for market failures,
and play the dual role of “economic growth” and “environ-
mental protection”; as well as what mechanism of “black
box” environmental regulations can be used to attract FDI
and enhance GTFP (Zhou et al., 2022), and clarify the in-
ternal influence mechanism among the three, in order to

start a new journey and promote more obvious and substan-
tial progress of common prosperity.

2 Study area

Green and high quality development is one of the eternal
propositions of economics, and the attention to GTFP has
become a hot spot in academia. Throughout the existing
literature, previous studies on environmental regulation, FDI
and GTFP have mainly focused on three main aspects.
Firstly, given the limitations of green cognition and tech-
nical methods, research on GTFP started relatively late.
However, subject to the reality of increasingly tight re-
sources and rigid ecological constraints, scholars have
launched an extremely rich exploration around the issue of
green development, and the existing research has gradually
focused on the connotation and the level of measurement. 1)
The connotation was defined. Based on the premise of re-
source and environmental carrying capacity, green devel-
opment at least covers the connotation of sustainable prac-
tices and technologies, as well as green system and mul-
ti-dimensional development goals, which are not only relat-
ed to the deepening of high-quality development, but also to
the basic composition of the “double carbon” strategy,
which requires the integrated layout and coordination of
economy, society and environmental control. 2) The level of
measurement. Given that GTFP increases the objective neg-
ative (non-desired) output, it is more consistent with eco-
nomic development and real performance to focus on the
efficiency relationship between factor inputs and actual
output (including negative output), and it thus becomes a
characterization variable of green development. Throughout
the academic field, the mature measurement methods can be
broadly divided into two categories: parametric estimation
methods and non-parametric estimation methods. Most
scholars tend to choose the non-parametric estimation
methods, among which the DEA technique represented by
the Malmquist-Luenberger productivity index is the most
concentrated and frequently used. In terms of indicator se-
lection, the GTFP takes into account the non-desired output,
and it incorporates negative external factors such as re-
source and environmental depletion, which makes the ex-
isting productivity accounting system more scientifically
valid and closer to the real situation of production develop-
ment. As for the treatment of resource and environmental
depletion indicators, more scholars prefer the negative out-
put indicator method, which considers that resources and the
environment are lost and polluted in the production process,
and that these are unavoidable “undesirable by-products” of
output. However, due to the constraints of research objects
and data availability, the composition of the above-mentioned
indicators varies greatly, leading to various controversies
among different scholars. In terms of measurement and
evaluation, most of the existing studies have focused on the
national, provincial or industrial levels of specific regions,
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such as the Yangtze River Economic Belt or the Yellow
River Basin, and there is a lack of focus on microscopic
fields such as farmers, etc. The most common influencing
factors include the development of productive service in-
dustry, technological progress, urban-rural income gap, in-
frastructure construction, the level of large-scale operation,
the degree of population aging and agricultural share, and
others. In general, the green development measurement
technology characterized by GTFP is becoming more and
more optimized and mature (Cheng, 2022), which has laid a
solid foundation for the advancement of this study. However,
regarding the construction of evaluation indexes and explo-
ration of the framework of influencing factors, the research
is scattered, objective and in-depth, and the exploration of
its influencing mechanisms is lacking (Gai et al., 2022). In
other words, a scientifically valid research system has not
yet formed, which is inconvenient for the focused follow-up
exploration.

Secondly, there are some controversies about the rela-
tionship between environmental regulation and GTFP. 1)
Starting from the compliance cost hypothesis, one argument
is that environmental regulation will have a crowding-out
effect on productive investments, such as production tech-
nology innovation and production process improvements of
enterprises under short-term static conditions, causing en-
terprises to follow the rising environmental cost (Gray,
1987), which goes against the corporate goal of profit
maximization and is not conducive to reducing environ-
mental pollution through green technology improvements
and innovation (Funfgelt and Schulze, 2016). Studies have
found that the firms’ incentive to emit intensifies as the level
of environmental regulation increases, leading to a relaxa-
tion of investment in technology development and innova-
tion (Blackman and Kildegaard, 2010), which may even
lead to an increase in regional environmental pollution over
a certain period of time (Xu, 2016). For example, one study
found that public resource-based and market-incentive-
based environmental regulations are not conducive to GTFP
growth in the short term (Wu et al., 2020), and may also
hinder GTFP growth to some extent (Fang and Liu, 2020).
In addition, long-term public pressure and media overexpo-
sure can put companies in difficult situations regarding their
business (Ye, 2021). 2) Starting from Porter’s hypothesis, it
is believed that moderate environmental regulation is bene-
ficial for inducing enterprises to increase environmental
technology research and development, and enhancing com-
prehensive competitiveness under long-term dynamic con-
ditions (Porter and Linde, 1995). Its specific effects include
“innovation compensation”, “knowledge learning” and
“spatial spillover”, etc. At the medium- to long-term level,
the GTFP is increased to achieve a “win-win” pattern of
external environmental protection and green development of
enterprises (Feng et al., 2017; Dong and Wang, 2019). Also,
for regulatory policies, a recent study found that the joint

synergy of incentive-based and restrictive policies is condu-
cive to the effectiveness of GTFP (Li and Bai, 2020). 3) The
non-linear hypothesis suggests that the relationship between
environmental regulation and GTFP will be asymmetric
with changes in the economic development stage and the
institutional environment, showing a non-linear relationship
as the external expression (Xiao et al., 2021), and it argues
that the relationship between environmental regulation and
GTFP is uncertain (Wang and Shen, 2016).

Thirdly, there is no consensus on the impact of FDI on
GTFP. As an empirical synthesis of technology, manage-
ment, capital, and knowledge, on the one hand, FDI can
significantly enhance GTFP through demonstration, learn-
ing and diffusion that brings about learning imitation of the
advanced technologies and reinvention effects, etc. Studies
have found that FDI has significant technology spillover
effects on host countries, significantly enhancing the diffu-
sion of advanced environmental technologies, and the en-
hancement of GTFP for industrial enterprises is also sup-
ported by micro evidence (Cui and Lin, 2019), which helps
to promote green development. On the other hand, FDI may
lead to product structure and “pollution sanctuary” effects
(Zhou and Tao, 2021). These effects eventually exceed the
diffusion spillover of technology, indirectly hindering the
progress of green technology and the improvement of GTFP,
especially China's foreign investment attraction approach
based on market scale expansion, which makes the green
technology spillover effect not obvious (Jing, 2021), thus
negatively affecting GTFP (Shen and Jin, 2019).

The aforementioned frontier literature provides the basis
for the development of this study, but two shortcomings
remain. 1) Environmental regulation tools are regarded as
homogeneous variables, mostly using a single indicator
measure, ignoring the possible differentiated impact of dif-
ferent types of regulatory tools on GTFP. 2) As an important
factor affecting GTFP, most scholars treat it as a fragmented
element, and no scholars have yet combined environmental
regulation, FDI and GTFP into a unified framework for an-
alyzing the possible impact of their interaction on GTFP,
which provides more room for the advancement of this
study. In addition, the possible reasons for the divergent
conclusions mentioned above twofold. Firstly, the variabil-
ity of different scholars’ research samples and methods
makes their conclusions inconsistent. Secondly, there is an
endogenous bias in environmental regulation or FDI, which
makes it difficult to reveal the causal relationship between
either environmental regulation or FDI and GTFP (Shen et al.,
2017). The possible marginal contributions of this study are
twofold. 1) This study explores the direct effects of different
types of regulatory instruments on GTFP from three refined
types of environmental regulations: command control, eco-
nomic incentive, and voluntary agreement. 2) Environmen-
tal regulation and FDI are included in a unified analytical
framework to ascertain whether environmental regulation
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has the function of screening the quality of FDI, and the
possible indirect effects of their interaction on GTFP are
then investigated.

3 Theoretical analysis and research
hypothesis

3.1 The mechanism of action by which
environmental regulation affects GTFP

The scarcity of environmental resources, negative externali-
ties and the ambiguity of property rights make the goal of
cost minimization for firms based on environmental regula-
tion constraints uncertain. When the degree of internaliza-
tion of environmental external costs is higher, the private
costs that firms need to share will be relatively higher, re-
sulting in a greater crowding-out effect on other productive
investments of the firms. When added to the different levels
of environmental regulation, GTFP in areas subject to more
stringent regulations will be hit harder in the short term
compared to their competitors. As mentioned above, envi-
ronmental regulations may positively affect GTFP through
two channels. First, based on the perspective of enterprises,
environmental regulations can prompt them to improve en-
vironmental processes, introduce environmentally friendly
and clean equipment, force the product mix to shift in a
green and clean direction, cater to the green preferences of
society at large, and gain competitive advantages and profit
advantages in the market for green products. Second, from
the industry’s perspective, increasingly restrictive environ-
mental regulations may result in some of the “three high”
enterprises, unable to bear the high cost of green transfor-
mation and forced to exit. These released idle elements in
the market competition through dynamic reallocation, help
to alleviate the mismatch between supply and demand of
resources, and enhance the overall green competitiveness of
the industry. Therefore, the magnitude and direction of the
direct effect of environmental regulation on GTFP depends
on the net synergy of the two-way influence, which shows
asymmetry at different developmental stages, so there may
be a non-linear relationship between the two, and there are
heterogeneous effects of different types of environmental
regulation tools and significant differences in the direct ef-
fects on GTFP. Accordingly, the following research hypoth-
esis is proposed.

H;: There is a non-linear relationship between environ-
mental regulations and regional GTFP, and there are signif-
icant differences in the direct effects of different types of
environmental regulations on GTFP.

3.2 The mechanism of action by which FDI affects
GTFP

As mentioned above, the impact of FDI on GTFP has three
main interactions: the “pollution refuge” effect dominated
by the negative inhibitory effect, the “pollution halo” effect
dominated by the positive promotional effect, and the insti-

tutional environment effect dominated by the uncertainty
effect. Among them, the “pollution sanctuary” effect sug-
gests that the stringent environmental regulations in western
developed countries will increase the cost of non-productive
investment and induce pollution-intensive enterprises in
developed countries to shift their production to developing
countries with relatively lax regulations. In this scenario, the
comparative advantage of policy havens is beneficial to en-
terprise development, but may negatively affect the GTFP
of the host country. In contrast, the “pollution halo” effect
suggests that FDI has more advanced clean technology,
more cutting-edge pollution control, and a more active
technological innovation climate than domestic capital,
which can lead to a wider imitation and absorption of green
and clean technologies through the technology spillover
effect, the human capital flow effect, and the demonstration
and promotion effect. This wider adoption of green and
clean technologies will directly improve the level of green
technology in the host country, which will positively con-
tribute to the improvement of GTFP. The institutional envi-
ronment effect suggests that the host country plays the role
of catching up with the technological frontier of developed
countries. However, due to the different degrees of market
reform and the inadequacy of the institutional environment,
the introduction of the frontier technology and management
system may not match the innovation environment and hu-
man capital level of the country, resulting in the uncertainty
of the impact of FDI on GTFP in the short term. According-
ly, the following research hypothesis is proposed.

H,: FDI is an important factor affecting GTFP, but its
mechanism of action is affected by a combination of the
“pollution sanctuary” effect, the “pollution halo” effect and
the institutional environment effect, while the net effect on
GTFP depends on the relative magnitudes of these three
forces.

3.3 Environmental regulation, indirect mechanisms
by which FDI affects GTFP

Practice shows that the political objectives of government
officials based on local tax maximization and promotion
incentives may lead to the government maximizing compe-
tition for highly mobile FDI while selectively and inci-
dentally enforcing environmental regulations, inducing the
proliferation of disorderly “bottom-up competition”. The
information asymmetry between the central government and
the local government makes the effective supervision of the
central government inevitably blind, and this distorted be-
havior with inconsistent objectives will make the “princi-
pal-agent” problem more prominent. In recent years, with
the accelerated construction of ecological civilization, green
development has become a strategic arrangement for eco-
nomic social development and the good life of the public in
the 14th Five-Year Plan period. The previous “GDP-only”
assessment and promotion mechanism for officials is being
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significantly optimized by focusing on the quality of foreign
investment introduction, and promoting the quality and effi-
ciency of economic development has become the keynote of
local economic assessment. As an important threshold for
allowing FDI to enter the internal market of developing
countries, environmental regulations impose additional en-
vironmental compliance costs on resource- and environ-
ment-intensive foreign enterprises, which helps to raise the
threshold for polluting enterprises to enter the host country
and weakens their comparative advantage. This constraint
forces industrial restructuring and the entry of environmen-
tally friendly and clean foreign investment, which increases
and optimizes the proportion of “greening of industrial
structure” and ultimately positively promotes the growth of
GTFP. Therefore, the tight environmental regulation policy
is a kind of compulsory “screening” for foreign enterprises,
which plays the role of “storage and decontamination” and
guides the FDI to indirectly promote the increase of GTFP.
Accordingly, the following research hypothesis is proposed.

Hs: The interactive effect of environmental regulation
and FDI may have a positive impact on GTFP, and envi-
ronmental regulation can cause FDI to indirectly contribute
to the improvement of GTFP.

Based on the above theoretical analysis, this study con-
structs a theoretical hypothesis model of the green effect of
environmental regulation, which incorporates environmental
regulation, FDI and GTFP into a unified analytical frame-

N

1+Dy(x', )", 2"y, —2")

work in order to explore and analyze the impact mechanism
and effect.

4 Data and methods
4.1 Measurement method selection

In this study, resource consumption and environmental pol-
lution are both included in the productivity measurement
framework. In this regard, many scholars in the existing
literature have adopted the SFA or traditional DEA method,
despite their technical shortcomings which may lead to
overestimations of GTFP. In response, foreign scholars have
proposed that slack variables can be put directly into the
objective function and constructed a non-radial, non-angle-
based measure (SBM) based on slack variables, which op-
timized the traditional DEA and better resolved its technical
defects (Tone, 2001), ultimately improving the accuracy of
efficiency evaluation (Fukuyama and Weber, 2009). There-
fore, this study draws on the frontier results, integrating the
Malmquist-Luenberger productivity index (ML index) to
measure the GTFP growth rate and decomposition term in
order to analyze the dynamic evolution law of productivity
change of decision units, in which the distance function
adopts the SBM directional distance function constructed by
Tone (2001, 2003). This approach overcomes the weighting
hypothesis and the unavoidable measurement bias problem
of the traditional method, and enables cross-period compar-
ison. Specifically, the ML index is defined as follows.

R 1/2
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1
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where ¢ denotes the period, x, y, z denote the input, desired

and non-desired outputs, respectively, ML@Jrl denotes the

change in GTFP from period ¢ to ¢+1, and
-
Dy(x',y",z";y",—z") denotes the directional distance

function. Meanwhile, the ML productivity index in equation
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(1) can be further decomposed into the product of green
technical efficiency (MLEFFCH) and green technical pro-
gress (MLTECH), and expressed as follows:
-
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4.2 Sample selection and description

Given the availability and comparability of data, this study
focuses on the dynamic evolution of GTFP in 30 Chinese
provinces (excluding Tibet, Hong Kong, Macao Special
Administrative regions and Taiwan) from 2001 to 2021. The
input and output data in the measurement model were ob-
tained from the China Statistical Yearbook, China Energy
Statistical Yearbook, China Environmental Statistical Year-
book and the statistical yearbooks of each province. The
average values of non-missing years were used for individ-
ual missing values. Among the variables, the input indica

3

N
to t+1 1+l |+l 1+1
) 1+Dy(x L,y T,z sy T,z

tors include labor force expressed by the number of em-
ployees in the whole society; physical capital stock was
indirectly calculated by using the practice of Xu (2017); and
the energy input was selected as the total energy consump-
tion converted into standard coal. Output indicators include
the desired output expressed in terms of real regional gross
product; and non-desired output was combined into an en-
vironmental pollution index using the entropy method for
industrial wastewater, waste gas and solid waste.

Based on the basic data above, the GTFP growth rates of
30 Chinese provinces were measured and decomposed into
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green technical efficiency and green technical progress, and
the results are shown in Table 1.

Based on the measurement results, the mean values of
GTFP, green technical efficiency and green technical pro-
gress during the sample period are 1.04, 1.01 and 1.03, re-
spectively, which are lower than those of the eastern region
but higher than those of the midwestern region. Specifically
for the eastern and midwestern regions, the corresponding
mean values of the eastern region are 1.08, 1.04 and 1.04,
which are 7%, 4% and 2% higher than those of the mid-
western region. Regarding the trend of change, it seems that
the GTFP generally shows an incremental trend with an
average annual increase of 2.13% during the sample period.
Among the components, the average annual growth rates of
green technical efficiency and green technical progress are

—0.62% and 2.75%, while the GTFP growth mainly comes
from green technical progress. Furthermore, the GTFP
growth in the eastern region shows a two-wheel-driven pat-
tern of green technical efficiency and green technical pro-
gress, while the midwestern region shows a single-wheel-
driven pattern of green technical progress. Meanwhile, an
examination of the dynamic evolution of GTFP using the
nonparametric kernel density estimation method shows that
the center of the kernel density curve gradually shifted to
the right over time, and the curve crest evolved from a sin-
gle peak to a double peak, indicating that GTFP has been in
the stage of continuous optimization and improvement.
However, the regional gap kept expanding, and the syner-
gistic improvement of linkage development still has a long
way to go.

Table 1 Average annual growth rates of the GTFP and decomposition terms
Province GTEFP index Grez?ﬁt:ic;glcc;logy Gree;rt)egc:;rslglogy Province GTFP index Grezrflgzic;:cc;logy Gree;lr:)eg(;izslogy
Beijing 1.08 1.01 1.07 Hunan 1.06 1.00 1.06
Tianjin 1.08 1.02 1.06 Guangdong 0.96 0.96 1.00
Hebei 1.02 0.98 1.03 Guangxi 1.05 1.01 1.04
Shanxi 0.95 0.99 0.97 Hainan 0.99 0.98 1.02
Inner Mongolia 1.00 0.99 1.01 Sichuan 1.06 1.01 1.05
Liaoning 1.00 0.99 1.01 Chongqing 0.98 1.00 0.97
Jilin 1.01 0.99 1.01 Guizhou 1.00 0.98 1.02
Heilongjiang 1.00 0.99 1.01 Yunnan 0.99 0.99 1.00
Shanghai 1.11 1.03 1.07 Shaanxi 0.98 0.98 1.00
Jiangsu 1.07 1.02 1.05 Gansu 1.01 0.99 1.02
Zhejiang 1.08 1.02 1.06 Qinghai 0.97 0.97 1.00
Anhui 1.02 1.00 1.02 Ningxia 1.00 0.98 1.02
Fujian 1.50 1.41 1.06 Xinjiang 1.02 0.99 1.03
Jiangxi 1.15 1.13 1.02 Nationwide 1.04 1.01 1.03
Shandong 1.04 1.00 1.04 Eastern 1.08 1.04 1.04
Henan 1.01 0.99 1.02 Midwestern 1.01 1.00 1.02
Hubei 1.03 1.00 1.03 - - - -

Note: The total of 12 provinces in the eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shandong, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong,

Hainan and Guangxi, and the remaining provinces are the midwestern region.

4.3 Model setting

Based on the theoretical analysis, the following econometric
model was constructed to test research hypothesis 1.
GTFP, = oy +¢GTFP,, | + 4 ER; , | + A
azERiz,t—l X 0t ey, @
In equation (4), i and ¢ are province and time, respec-
tively; 4, denotes province fixed effects, 7, denotes time

fixed effects, and ¢;, is a random error term. GTFPF, ,de-

notes GTFP, bearing in mind that since the GTFP enhance-
ment itself is a process of dynamic change, the current
GTFP not only depends on the current period factors, but it
is also affected by the previous period factors. Therefore,
this study introduces a one-period lag of GTFP to reflect its

dynamics and continuity, which makes equation (4) into a
dynamic panel model. The advantage of this model is that it
accounts for the dynamics and path dependence of GTFP, so
it can avoid the endogeneity problem caused by omitted
variables, thus making the estimation results of the model
more reliable (Yu, 2015). ER;,, denotes environmental reg-
ulation, and the one-period lagged value is taken for the
environmental regulation variable, considering that produc-
tive behaviors such as firms’ investment decisions usually
lag behind environmental regulations. In addition, this ap-
proach can effectively alleviate the problem of association
bias between GTFP and environmental regulation that may

result from bidirectional causality. ERl-zH is introduced to

examine whether there is a non-linear relationship between
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environmental regulation and GTFP. X, are the control
variables, which include the level of economic development
EDL;, and its squared term EDLit , human capital H

it>

industrial structure IS, factor

it

energy structure ES;, ,

endowment structure FES.,, and the level of science tech-

it

nology and innovation R& D, ,,

as explained later.
To test research hypotheses 2 and 3, the following

econometric model was constructed.
GTFF,, = ay +¢GTFP,, |+ ER; , | + o, FDI; , +

Q)
a3ERl.,H X FDI[,, + ,BX[J T e,

In equation (5), FDI;, is FDI, and ER;, | xFDI;, is

the interaction term. In order to alleviate the covariance
problem between the main term (environmental regulation,
FDI) and the interaction term and to make the main term
have an economic meaning, the interaction term can be cen-
tralized (Dalal and Zickar, 2012), and the other variables
have the same meanings as in equation (4). When the coef-
ficients of the interaction term are «; >0 and pass the sig-

nificance test, hypothesis 3 is valid and environmental reg-
ulation leads FDI to indirectly promote GTFP, indicating
that environmental regulation plays a positive role in the
process of “screening” foreign investment as an entry
threshold.

4.4 Variables and data description

As stated above, the panel data of 30 Chinese provinces
from 2001-2021 were selected as the study sample. The raw
data were obtained from the China Statistical Yearbook,
China Statistical Yearbook of Industrial Economy, China
Statistical Yearbook of Energy, China Statistical Yearbook
of Science and Technology, China Statistical Yearbook of
Environment, and the statistical yearbooks of each province
in previous years. The mean values of data in non-missing
years were used for individual missing years. To ensure the
smoothness of the data, the natural logarithm values were
used for all variables. The specific variables were selected
as follows.

(1) Green total factor productivity (GTFP). Given that the
GTFP measured by the ML productivity index is the chain
growth data, in order to obtain the corresponding absolute
values, the absolute value data of GTFP for the 30 provinces
in the sample period were calculated by drawing on the ad-
justment method of Qiu et al. (2008).

(2) Environmental regulation (ER). The existing studies
have examined the measurement of environmental regula-
tion from a single dimension, thereby ignoring the fact that
environmental regulation is rich in connotation and involves
three subjects: government, enterprises and residents, which
is somewhat one-sided. Therefore, this study distinguishes
environmental regulation into command control, economic
incentive, and voluntary agreement types, and it examines

the direct and indirect effects of different types of regulatory
instruments on GTFP. Following the approach of Peng and
Li (2016), command control type regulation was measured
by the number of environmental laws and regulations (ERC),
economic incentive type regulation was measured by the
total emission fee revenue (ERP), and voluntary agreement
type regulation was measured by the batch of mass envi-
ronmental problem petitions (ERS).

(3) Foreign Direct Investment (FDI). The ratio of total
actual foreign investment utilized to real GDP, after con-
verting the annual average value of USD to the RMB ex-
change rate, was used as the measure of FDI.

(4) Control wvariables. Economic development level
(EDL): The gross regional product per capita of each prov-
ince was chosen as the measure and a squared term was
introduced to test whether a U-shaped relationship between
GTFP and economic development level exists and whether
the environmental Kuznets hypothesis holds. Human capital
(HC): The average years of education was used to express
HC. Industrial structure (IS): The share of industrial value
added in regional GDP was chosen to represent IS. Energy
structure (ES): The share of coal consumption converted to
standard coal in total energy consumption was chosen to
express ES. Factor endowment structure (FES): The ratio of
physical capital stock to the number of employed persons
was used to express FES. Science and technology innova-
tion level (R&D): This variable was expressed using the
share of internal expenditure on R&D to regional GDP.

5 Results

Due to the endogeneity problem of dynamic panel models,
this study applied the systematic GMM approach to estimate
equations (4) and (5), and then empirically tested the re-
search hypotheses proposed above. Because FEM is based
on strict exogenous assumptions, all variables to be included
in the study (except for random error) must have real effect
sizes, which is an overly demanding research context that is
clearly difficult to meet in real research and only applicable
to “idealized” research scenarios.

Regarding the validity test of the systematic GMM esti-
mation method, there are generally two ways of academic
consensus (Arellano and Bover, 1995). One is the perturba-
tion term differential autocorrelation, which generally al-
lows the first-order differential AR(1) to survive autocorre-
lation. However, the correlation test of the second-order
serial AR(2) must be uncorrelated, and its main function
aims to test whether the residuals of the systematic GMM
estimation are not serially correlated. When the two-stage
autoregression is not serially correlated, that is, the value of
AR(2) is greater than 0.1, then the estimation of this equa-
tion is valid. The second method is the over-identification
constraint test, which is mainly used to verify whether the
instrumental variables used in the estimation of the system-
atic GMM are generally valid. The Sargan test has the ad-
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vantage of not being influenced by too many instrumental
variables compared to Hansen’s suggestion. Therefore, this
study referred to Dong and Xia (2022), as well as the em-
pirical approach of Tian et al. (2022), and the Sargan test
was used for identification in the empirical evidence.

5.1 Analysis of regression results for the national
sample

Table 2 shows that the set dynamic panel model is reasona-
ble according to the Sargan test, as well as the AR(1) and
AR(2) tests. The one-period lagged values of GTFP from
model 1 to model 6 pass the 1% significance level test, and
the estimated coefficients are positive, indicating that GTFP
is dynamic and continuous. There is a certain degree of path
dependence, as GTFP in the previous period positively con-
tributes to the growth of GTFP in the current period.

In Model 1, the signs of the coefficients of the primary
and secondary terms of command control regulation are
negative and positive, respectively, but they do not pass the

Table 2 Econometric regression results for the national sample

significance test. This indicates that there is no non-linear
relationship between command control regulation and GTFP.
The coefficients of command control regulation, FDI and
their interaction terms in Model 2 do not pass the signifi-
cance test, which indicates that command control regulation
does not have an indirect effect on GTFP through FDI. One
possible reason is that command control regulation is char-
acterized by coercive governmental intervention, which
directly influences the production behavior of the economy
by setting market entry barriers. In this scenario, environ-
mental and technical standards can promote GTFP in the
short run, but it is likely to lead to rent setting and rent
seeking, which distorts the optimal allocation of resources,
and makes it difficult for the direct and indirect effects of
environmental regulation to actually promote GTFP.

In Model 3, the primary and secondary coefficients of
economic incentive regulation are —0.502 and 2.032, and
they pass the 1% and 5% significance tests, respectively.
This indicates that as the intensity of incentive regulation

Command control environmental

Economic incentive-based environmental

Voluntary agreement-based environmental

Variables regulation regulation regulation
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
GTFP 0.291™" 0322 0.613™ 0.580™" 0.593™ 0.570™"
H (7.99) (6.58) (19.25) (16.10) (20.26) (18.91)
-0.0211 0.031
ERC (~1.26) (132)
2 0214
ERC (1.10)
1.905 -1.238° ~0.749™
£DI (1.36) (-1.94) (-2.24)
1.052
ERC*FDI (1.24)
-0.502""" 0201
ERP (-4.18) (5.09)
2.032"
2
ERP (2.22)
1.093"
ERPXFDI 2.35)
0.182"" 0.095"
ERS (3.03) (1.81)
; -3.322™
ERS (-2.99)
1297
ERS*FDI (3.27)
Control variables Controlled Controlled Controlled Controlled Controlled Controlled
S test 20.037 19.887 25.441 21.932 19.312 21.967
argan tes [1.000] [1.000] [1.000] [1.000] [1.000] [1.000]
-3.891 -3.340 -4.023 —4.351 -3.600 -3.744
AR(1) test
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
1.732 1.652 1.383 1.491 1.842 1.731
AR(2) test [0.191] [0.211] [0.123] [0.176] [0.156] [0.161]
Regional effects Controlled Controlled Controlled Controlled Controlled Controlled
Time effect Controlled Controlled Controlled Controlled Controlled Controlled
Number of samples 660 660 660 660 660

Note: **%, ** and * denote significance at the 1%, 5% and 10% significance levels, respectively. The data in ( ) are the Z statistic and the data in [ ] are the

test probability of the corresponding test.
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increases, GTFP shows a “U” shaped trend of decreasing
and then increasing, and the direct effect of incentive regu-
lation on GTFP shows a non-linear effect. The direct effect
of incentive-based regulation on GTFP shows a non-linear
effect. Therefore, research hypothesis 1 is verified. Accord-
ing to the regression results, the inflection point of the in-
centive-based regulation on GTFP is 0.1235. If the existing
incentive-based regulation is stronger than 0.1235, it will be
beneficial to GTFP, and vice versa. Setting 0.1235 as the
benchmark point, the comparison of the study sample re-
veals that the regulation intensity in the majority of prov-
inces successfully crosses this benchmark point (Fig. 1),
indicating that the current incentive-based regulation tools
in most provinces have become the main thrust of green
development. In Model 4, the regression coefficients of FDI
and its interaction term with incentive-based regulation are
—1.238 and 1.093, and they pass the 10% and 5% signifi-
cance tests, respectively. This indicates that the current for-
eign investment introduced in China is pollution-intensive
and not conducive to GTFP improvement, while the interac-
tion effect of FDI and incentive-based regulation promotes
GTFP improvement. Therefore, research hypotheses 2 and 3
are confirmed. The reason for this is that developed coun-
tries usually have more stringent environmental regulation
standards, so pollution-intensive enterprises move their
production to developing countries with lower regulation
standards to avoid the high cost of pollution control. This
move allows them to maintain the price advantage and
competitiveness of their products, which stimulates China’s
high energy consumption, high emissions and high pollution
economic development model, thus making China a “pollu-
tion refuge” for developed countries. Although the current
FDI inflow has a negative impact on GTFP, a strict incen-
tive-based regulation can prompt the government to contin-
uously adjust and optimize the structure of foreign invest-
ment, raise the green threshold for foreign investment entry,
play a “screening” role on the quality of FDI, and prioritize
the introduction of clean FDI that is conducive to

2.5

2.0
Ay
<3
=
o}
1.5
1.0 Ry
0.5 0 0.1235 0.5 1
Economic incentive-based environmental regulation
Fig. 1 “U” shaped curve of the relationship between

incentive-based regulation and GTFP

technological upgrading and environmental protection; thus
the current FDI inflow can indirectly have a positive impact
on GTFP growth.

In Model 5, the coefficients of the primary and secondary
terms of voluntary agreement-based regulation are 0.182
and —3.322, respectively, and both pass the 1% significance
test, implying that the direct effect of agreement-based reg-
ulation on GTFP has an inverted “U” shaped relationship.
Therefore, hypothesis 1 is confirmed. According to the re-
gression results, the inflection point of the inverted “U”
curve is 0.0274. By comparing the study samples, only
Shanghai, Zhejiang, Jiangsu, Fujian and Hainan are located
to the left of the inflection point (Fig. 2), and protocol-based
regulation has a positive impact on GTFP. The “voluntary”
commitment of enterprises to achieve higher environmental
performance motivates them to achieve green technological
progress and green efficiency improvements through
eco-product certification and environmental management. In
the long run, their voluntary and proactive green economic
behavior helps to cultivate a good green reputation in the
market and increase their green market share, which in turn
drives the rise of GTFP. In model 6, the coefficients of FDI
and its interaction term with agreement-based regulation are
—0.749 and 1.297, and they pass the 5% and 1% significance
tests, respectively, indicating that although FDI hinders the
GTFP growth channel, the enhancement of agreement-based
regulation can positively guide the FDI to have a positive
effect on GTFP, and the interaction effect between the two is
obvious. Therefore, hypotheses 2 and 3 are confirmed.

I
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-1t |
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_2 _I 1 i 1 1
-0.5 0 00274 05 1
Voluntary agreement-based environmental regulation
Fig. 2 Inverted “U” shaped curve of the relationship

between protocol-based regulation and GTFP

5.2 Analysis of the regression results for regional
samples

Considering the regional differences between the eastern
region and the midwestern region, this study divided the
national sample into these two regions for the regional het-
erogeneity analysis. Table 3 shows the econometric regres-
sion results of the regional samples.
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Table 3 Econometric regression results for the regional samples

Command control environmental

Economic incentive-based

Voluntary agreement-based

Variables regulation environmental regulation environmental regulation
Eastern Midwestern Eastern Midwestern Eastern Midwestern
0.304™" 0.276" 0.763"" 0.352"" 0.502""" 0.431""
GTFP,,
(3.94) (2.10) (7.14) (3.55) (4.03) (3.86)
-0.202 -0.323"
ERC (-1.18) (-2.18)
1.233 0.982
2
ERC (0.85) (0.70)
DI —1.443" -1.121 -2.298™ -1.903 -2.092" -1.364
(-2.25) (-1.09) (-3.18) (-1.34) (-2.33) (-0.47)
2.368 -3.086°
ERCxFDI (0.99) (-1.97)
—0.465" —0.288
ERP (-2.40) (-1.06)
4.233" 2.496
2
ERP (2.19) (1.18)
3.591"" -1.791
ERPXFDI (4.43) (-1.44)
-1.359" —0.544
ERS (-1.94) (-1.12)
) 6.608" 2.956
ERS (1.92) (1.01)
2438 —1.432
ERSxFDI (7.10) (-0.78)
Control variables Controlled Controlled Controlled Controlled Controlled Controlled
Sarean test 12.312 10.073 11.094 9.851 8.733 8.644
g [1.000] [1.000] [1.000] [1.000] [1.000] [1.000]
AR(I) test -2.132 —-1.903 -2.166 -2.732 -2.086 —-1.804
¢ [0.039] [0.020] [0.034] [0.010] [0.058] [0.002]
1.186 -0.679 1.211 -0.764 1.300 0471
AR(2) test [0.254] [0.487] [0.172] [0.307] [0.187] [0.680]
Regional effects Controlled Controlled Controlled Controlled Controlled Controlled
Time effects Controlled Controlled Controlled Controlled Controlled Controlled
Number of samples 264 396 264 396 264 396

Note: **%, ** and * denote significance at the 1%, 5% and 10% significance levels, respectively. The data in () are the Z statistic and the data in [ ] are the
test probability of the corresponding test. The direct effect results are combined with the interaction term results in one table due to space limitations.

The data in Table 3 show that in the eastern region, the
coefficients of the primary and secondary terms of com-
mand control regulation do not pass the statistical test, indi-
cating that the direct effect of control-type regulation on
GTFP does not show a non-linear relationship. The incen-
tive effect of control-type regulation on GTFP has not yet
been highlighted, probably because China’s top-down con-
trol-type regulation, which regulates the production of en-
terprises by setting clear technical standards or emission
standards, has severely constrained the innovative energy of
enterprises and caused distortion in the allocation of pro-
duction factors. Therefore, this type of regulation has not
been able to bring into play the “green dividend” of envi-
ronmental regulation. However, the direct impacts of incen-
tive-based and voluntary agreement-based regulations on
GTFP both show “U” shaped relationships, so they can in-
directly promote the growth of GTFP by improving the
quality of FDI, and the guiding effect of incentive-based

regulations on FDI is better than that of agreement-based
regulations. According to the calculations, the threshold
values of incentive-based regulation and agreement-based
regulation are 0.0549 and 0.1028, respectively, and most
provinces have successfully crossed the threshold values to
realize the “double dividend” of environmental regulation
and green development. The root cause of this is the fact
that the eastern region, with its location advantage and pol-
icy preference, can make full use of foreign advanced tech-
nology and management experience in foreign trade, result-
ing in the rapid accumulation of physical and human capital
stocks and the public’s gradual preference for the quality of
economic development, which in turn leads to a significant
increase in public concern and participation in environmen-
tal issues. In addition, the estimated coefficients of FDI are
negative in all models and they all pass the statistical tests.
This may be due to the fact that most of the FDI entering the
eastern region is mainly aimed at seeking “quality and
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cheap” labor, so it often flows to labor-intensive industries,
which is a prominent phenomenon of industrial isomor-
phism and solidifies the “trade-induced” environment. The
“trade-induced” environmental pollution seriously affects
the rise of green productivity (Wang and Wang, 2017; Dong
and Xia, 2022).

For the midwestern region, the direct effect of command
control regulation on GTFP is negatively inhibited at the 5%
significance level, the non-linear effect between con-
trol-based regulation and GTFP is no longer exhibited, and
the interaction term between control-based regulation and
FDI has a negative effect on GTFP at the 10% significance
level. The incentive effects of incentive-based and agree-
ment-based regulation are not significant and do not show a
non-linear relationship, which may be related to the objec-
tive conditions in the midwestern region. Chinese decen-
tralization has created a “development hunger” in the region,
and local governments have enough incentives to compete
for liquid resources to develop the local economy, which
leads to the “bottom-up competition” behavior of regulatory
policies. At the same time, the region’s public is generally
less educated, less aware of environmental quality require-
ments and environmental protection, and less able to cross
the threshold of scientific innovation and human capital
required for green technology uptake. Therefore, even if
environmental regulations are tightened, it would be diffi-
cult to effectively guide FDI into green and clean industries
or to create effective incentives for GTFP (Fu et al., 2018;

Table 4 Robustness test results

Feng et al., 2021).

Comparing the estimation results of the eastern and
midwestern regions, it is clear that the heterogeneity of ge-
ographical location has an important impact on the GTFP
growth effects of environmental regulation, FDI and their
interaction terms. Therefore, it is necessary to adopt envi-
ronmental regulation tools and foreign investment access
criteria that are regionally heterogeneous in order to pro-
mote the green transformation of economic development
patterns and facilitate high-quality economic development.

6 Discussion

To examine the reliability of the empirical results in this
study, robustness tests were conducted using the estimated
results in Table 2 as the benchmark. In model 7, the GTFP
growth rate was re-estimated using the Global Malmquist-
Luenberger productivity index based on the traditional di-
rectional distance function. In model 8, the reliability of the
results was verified by excluding two years of sample data
from 2001 and 2021 to compress the sample time. In mod-
el 9, the 1% maximum and 1% minimum values of GTFP
were excluded to eliminate the effect of the presence of
outliers in the study sample on the econometric estimation
results. The estimation results of the robustness test (Table
4) show consistency in the signs of the coefficients of the
core explanatory variables, with only a few variables
changing in significance, indicating good robustness of
this study’s findings.

Command control environmental

Economic incentive-based environmental

Voluntary agreement-based

Variables regulation regulation environmental regulation
Model 7 Model 8 Model 9 Model 8 Model 9 Model 7 Model 8 Model 9
me S S
ERC’ ?1'1079) (%.58161) (01'.27811)
FDI 1.048 1.883 0.900 -0.932™ -1.307" -0.873" -1.463 -0.894™
(0.98) (1.55) (0.83) (-2.99) (-1.96) (-2.31) (-1.51) (-2.24)
I S
P
e
ERPXFDI 1(22;;) 8‘§593)
P
R’ T e G
ERS~FDI W ey o

Note: ***, ** and * denote significance at the 1%, 5% and 10% significance levels, respectively, the Z statistic is given in parentheses, and the direct effect
is combined with the interaction term results in a single table due to space limitations.
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7 Conclusions

The main findings of this study are fourfold. First, the aver-
age annual growth of GTFP in China is 2.13%, within
which the average annual growth rates of green technologi-
cal efficiency and green technological progress are —0.62%
and 2.75%, so the growth of GTFP mainly comes from
green technological progress, and the regional disparity is
increasing. Second, there is no non-linear relationship be-
tween command control environmental regulations and
GTFP, while economic incentive and voluntary agreement
environmental regulations show “U”-shaped and inverted
“U”-shaped relationships with GTFP, respectively. Third,
control-type regulations do not have an indirect effect on
GTFP through FDI, while incentive-type and agree-
ment-type regulations can indirectly promote GTFP through
FDI. Fourth, the control-type regulation and FDI in the
eastern region have no incentive effect on GTFP, but the
promotion effects of incentive-type and agreement-type
regulations are significant, while the control-type regulation
in the midwestern region has a negative inhibitory effect on
GTFP, and the promotion effects of incentive-type and
agreement-type regulations and FDI on GTFP are not obvi-
ous.

Based on the findings of the this empirical study, the fol-
lowing policy recommendations are offered.

First, implement a two-wheel drive to boost GTFP
growth. On the one hand, the government should continu-
ously increase its investments in green technology research
and development, actively cultivate the professional and
technical talents required by the green market, and guide
enterprises to cross the threshold of green technology. On
the other hand, they should resolutely eliminate zombie en-
terprises with a low green technology level and pollution
type, realize the reallocation of production factors in the
whole industry, eliminate factor reallocation barriers, and
allocate high-quality resources to high green technology and
clean levels.

Second, implement differentiated environmental regula-
tion intensities. In view of the large differences in the eco-
nomic base, environmental technology and endowment
structure of different regions, the government should not
blindly increase the overall environmental regulation inten-
sity and implement homogeneous environmental regulation
policies, but it should implement diverse environmental
regulation intensities according to local conditions. For re-
gions that have already crossed the threshold of environ-
mental regulation intensity, the existing regulation intensity
should be maintained; but for regions that have not yet
crossed the threshold, the regulation intensity should be
gradually increased to force enterprises to increase their
investment in green technology research and development
and improve the level of green technology, which will lead
to an increase in GTFP.

Third, rationalize the choice of environmental regulation
types. Control-type regulation restricts the discretionary
space of enterprises and lacks effective incentives for their
R&D of green technologies; while incentive-type regulation
is oriented toward the market allocation of resources and
can provide internal motivation for enterprises to conduct
R&D of cleaner production technologies; and agree-
ment-type regulation can give full play to the subjective
initiative of economic agents. Therefore, the government
should realize the matching and combined use of various
regulatory tools according to the characteristics of these
three types of environmental regulations. For the developed
eastern regions with a high degree of marketization, incen-
tive-based and agreement-based regulations should be used,
while control-based and incentive-based regulations should
be applied to the less developed midwestern regions.

Fourth, realize the positive interaction between environ-
mental regulation and FDI. The central government should
moderately control the freedom of choice of local govern-
ments in implementing environmental regulation policies.
This is necessary to avoid the “pollution sanctuary” effect
that may arise due to the moral hazard of local governments
and the “bottom-up competition” phenomenon of environ-
mental regulation, and to build a rationalized competition
platform for environmental regulation. Each region should
set their environmental regulations as an important thresh-
old for allowing foreign investment to enter the local market,
screen the quality of foreign investment, give priority to
foreign investment with high technology and clean and
green features, and improve the coupling between environ-
mental regulations and FDI.

Of course, due to the constraints of realistic subjective
and objective conditions, this study still has some short-
comings and deficiencies, which need to be explored in
greater depth and detail from two main aspects. Firstly, the
methodology of the study has yet to be expanded. In the
future, we can further draw on the latest research methods
and combine the important statements to the 20th National
Congress of the CPC on “high-quality development is the
primary task of comprehensively building a modern social-
ist country” and “we should adhere to the theme of promot-
ing high-quality development” to conduct a richer and more
complete discussion and expand the research findings. Sec-
ondly, the relevance of this study has yet to be improved. In
the future, it can be further deepened in various ways, such
as specific to the city dimension for portrayal, while com-
bining the key objectives of the respective regions and ad-
justing the weights of each corresponding indicator, so that
the research findings can be more instructive for practice.
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