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One of the main purposes of the 2015 Environmental Protection Law (EPL) of the
People’s Republic of China is to boost the green innovation of the enterprises. Using
heavy-polluting enterprises as examples, this paper uses the Difference-in-difference
analysis (DDD) technique to analyze the influence of EPL on the green innovation of
enterprises under fiscal decentralization and enterprise heterogeneity. Results show that
EPL exerts a negative impact on the green innovation of heavy-polluting enterprises at
the national level, as well as those in the central and western areas specifically. The
only presence of positive motivation for green innovation is being found in the eastern
area, although, the motivation seems to be insignificant. The negative impacts have been
lasting in the long run, especially for the low-performance enterprises in the central areas.
As for the targeted implementation of EPL in China, local governments should make
the best use of financial power under fiscal decentralization. This balanced approach is
designed to motivate enterprises in different regions with various performance levels to
develop green innovation based on their different weaknesses and strengths.
Keywords: green innovation, environmental protection law, fiscal decentralization, DDD analysis, environmental
regulation

INTRODUCTION
Since its reform and opening up, rapid economic development has been experienced in China,
but the task of conserving energy and reducing emissions has been unyielding. The Environmental
Protection Law (EPL) of the People’s Republic of China (Standing Committee of Twelfth National
People’s Congress of the People’s Republic of China, 2015), January 1, 2015, was declared to establish
and advocate coordination between economic development and environmental protection.
When compared to the former law, the number of articles in the EPL (SC-12th NPR, 2015)
increased to 70, with larger environmental obligations and harsher punishments for polluting
enterprises. These EPL articles delineated the environmental supervision responsibilities of local
governments at all levels. Hence, it has become the most stringent environmental protection law
in China. Heavy-polluting enterprises are the main targets of this restraint. The EPL (SC-12th
NPR, 2015) clearly stipulates that pollutant-discharging enterprises and other operators shall take
measures to prevent and control pollution and hazards such as waste gas, wastewater, waste residue,
medical waste, dust, malodorous gas, and radioactive substances produced during production or
other activities.
In the process of execution, the legal effect of the EPL (SC-12th NPR, 2015) can be realized
through the regulation of two levels of government. It is determined by the fiscal decentralization
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of life. The president Jinping also promised environmental
protection, encouraged the development of environmental
protection industries, promoted the development of information
technology for environmental protection, and increased the
scientific and technological level of environmental protection.
Therefore, looking at regulating pollution through measures
aimed at a green transformation, the EPL (SC-12th NPR,
2015) serves as an instrument for environmental regulation
working through administrative orders that make following
environmental policies mandatory. Simultaneously, it may
motivate enterprises to pay more attention to the effect of green
innovation in emission reduction.
Above all, the EPL (SC-12th NPR, 2015) is of highly
theoretical and practical value in many aspects including
defining green innovation requirements for enterprises, shaping
fiscal decisions of local governments, and establishing and
implementing environmental regulation policies. The major
contributions of this paper are as follows. We discuss how the
EPL (SC-12th NPR, 2015) influences the green innovation of
enterprises under fiscal decentralization and focus to present
on the heterogeneity of enterprises in green innovation from
different areas based on the different problems and performance
as well. The difference between this study and the existing
literature focusing on the regulating effect or interaction effect
is that this study conducted a quasi-experiment analysis based
on fiscal decentralization and used EPL (SC-12th NPR, 2015) to
examine the efficiency of environmental regulations.

system, which has an “economic decentralization and political
centralization” characteristic. On one side, in the background
of economic decentralization, the local governments have a
certain decision-making power upon formulating local laws and
regulations and implementing and supervising the behavior of
enterprises; on the other side, in the background of political
centralization, the central government evaluates the performance
of the local officials, which has gradually added environmental
indicators such as emissions cuts in recent years. In detail,
the EPL (SC-12th NPR, 2015) clearly proposes that the State
Council should set the national pollutant discharge standards and
the local governments can set the relevant pollutant discharge
standards at their discretion, but that they must be stricter than
the national standards; pollutant discharging enterprises shall
observe both the national total emission control system and
regional key pollutant emission control system; if the polluters
illegally discharge pollutants, they will be fined in accordance
with the law. If they exceed the pollutant discharge standard
or the total emission quota, the local government can order
them to limit production, stop production for rectification, or
suspend the business or close them down if the circumstances
are serious; the central and local governments should take
measures to promote the trial use of clean energy, encourage
enterprises to choose processes and equipment that discharge less
pollutants, and improve pollution-free treatment technologies;
governments at all levels will increase financial input in
environmental protection and implement the environmental
protection target responsibility system for local governments; the
central government shall supervise the implementation of local
emission reduction and punish the competent environmental
protection departments of governments that are unable to
effectively enforce the law.
Due to the pressure of emission reduction, the application
of scientific and technological innovation in the environmental
protection industry is more extensive than before. Research
on green innovation is strongly supported by the EPL
(SC-12th NPR, 2015). It also mentioned that the adoption
of policies and measures in finance, taxation, price, and
government procurement, among others, would encourage
and support the development of environmental protection
industries such as technological equipment for environmental
protection, comprehensive utilization of resources, and
environmental services. Furthermore, in 2017, President
Jinping’s address to the 19th National Congress of the
Communist Party of China, promoted both green innovation
and green finance.
“We will create a market-based system for green innovation,
develop green finance, and spur the development of energysaving and environmental protection industries as well as clean
production and clean energy industries (Xi, 2017).”
President Jinping also assured the Congress that the state
shall support scientific and technological research, development,
and application as a “holistic approach” to conserving our
mountains, rivers, forests, farmlands, lakes, and grasslands;
implement the strictest possible systems for environmental
protection; and develop eco-friendly growth models and ways
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THE PROGRESS OF ENVIRONMENTAL
REMEDIATION: A LITERATURE REVIEW
Facing all kinds of environmental regulations, the traditional
neoclassical theory reckoned that the investment of enterprises
in R&D (research and development) might be reduced to the
high cost of environmental protection. Indeed, R&D investment
was reduced, causing less innovation and poorer performance
(Testa et al., 2011; Hottenrott and Rexh, 2015). Combined
with microeconomic theory, Ziesemer (2013) indicated that
environmental regulation was not always effective because
enterprise innovation involved hidden interests beyond profit
but environmental regulation did not. However, Porter (1991)
praised the impact of environmental regulation on enterprise
innovation from a dynamic aspect. For example, Lanjouw and
Mody (1996) found that the number of patents on environmental
remediation technology in the 1970s and 1980s increased based
on higher environmental regulation through empirical data in
America, Japan, and Germany. Nameroff et al. (2004) deemed
that environmental regulation made by the government exerted
considerable influence on the green innovation of polluting
enterprises, because the external cost of competing in enterprise
innovation was cut, thanks to the support from the government
toward green products and services. Some scholars considered
that the relationship between environmental regulation and
enterprise innovation might switch between win-win and mutual
restraint, as it might be affected by market conditions; game rules
or strategies between regulated enterprises and the government;
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the environment or the life cycle of enterprise innovation; or the
political system (Darnall et al., 2008).
Compared with ordinary technology innovation, the green
innovation of enterprises based on the extension of innovation
theory dates back to the 1990s. Amy Dietterich, the Director
of the Global Challenge Division of the World Intellectual
Property Organization (WIPO) defines green innovation as being
dependent on technological innovation. In a WIPO Magazine
article published on March 2020, she defined WIPO GREEN as an
“online marketplace for sustainable technology,” which connects
green innovators/providers with those seeking a green solution
to a specific problem. This connection is achieved primarily
through the WIPO GREEN database, which has more than
3,000 technologies, including prototypes and solutions that are
on the market. Dietterich reported, “All featured technologies
are available for license, collaboration, joint ventures and/or
sale.” This service is also free for inventors/innovators if they
simply list the benefits of their technology when they register
online to join 1,500 internal users from 63 countries, including
enterprises, universities, and research institutions (Dietterich,
2020). For Kemp and Pontoglio (2011), their concept of green
innovation was called “eco-innovation,” which covered every
aspect of environmental remediation technologies, including
pollution through improved abatement technology, creating
green products and cleaner and more efficient ways of processing
them, green energy technology, and waste management. Song
and Wang (2016) pointed out that enterprise innovation in
technology with environmental protection features could boost
its development through enhancing environmental quality.
Furthermore, research into the causality of the effect of
environmental regulation on green innovation was said to be
on the rise. For instance, Calel and Dechezlepretre (2016)
worked on the green innovation of enterprises from the
perspective of environmental regulation in the environmental
rights trading scheme.
Regional economy and innovation systems could not proceed
without support from the government. In recent years, fiscal
decentralization has become a fresh concept leading to discussion
and research on its relationship to economic development and
environmental issues, but no conclusion was established due to
a wide range of different indicators, variables, sample sizes, time
dimensions, area coverage, econometric models, and calculation
methods in the empirical research. For example, Bernauer
and Koubi (2013) thought that there are different degrees of
public good concerned by governments, which set different
fiscal expenditure for environmental benefits. Specifically, a
government prioritizing people and the environment would
focus on improving public services and the environment,
while a money-seeking regime would be more likely to add
to environmental deterioration. Halkos and Paizanos (2013)
conducted research on the direct and indirect effects of fiscal
decentralization on the environment and proved its longand short-term impacts on environmental pollution. Fan and
Zhang (2009) believed that resource allocation and efficiency
could be optimized by delegating local financial power. This
was a great opportunity for local governments to provide
public services and relevant incentive policies in light of their
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own economic and environmental features, thereby creating
an economic model that was suitable for indigenous resource
distribution, which paved the way for the green innovation of
enterprisers in products and technology. In this manner, talents
and investment would pour into regions. Conversely, Zhang
et al. (2017) and Zhao (2008) assumed that fiscal decentralization
suppressed economic benefits, leading to competition distortions
in local areas. Notably, economic development was crucial in
the evaluation of officials, which means that problems including
a race to the bottom of environmental regulation, unfair
division of regional markets, overlapping economic projects, and
shortsighted regional construction goals were always possibilities.
These conditions were extremely unfavorable to the technology
innovation of enterprises and the growth of totally green
factor productivity.
Based on the existing literature, it is clear that most studies
on environmental regulation and the green innovation of
enterprises were from the perspective of industry or region
at this stage, with little research considering enterprises as
the subject at a micro level (the level of enterprises). As
for the indicators of green innovation, they were always
adjusted by multi-factor models in prior research because of
their ambiguity. Researchers tend to consider various factors
influencing green innovation, but in fact, the measurement
of indicators such as the performance or the efficiency of
green innovation might result in distorted understanding
in empirical analysis. Thus, based on the WIPO GREEN
classification, the number of green innovations in enterprises is
measured as a specific indicator in this research. Heterogeneity
is also a main factor, but when discussing the influence
of environmental regulations on green innovation, some
studies have ignored it. Given the effects of environmental
regulations on entrepreneurial green innovation, the role
of local fiscal decentralization has not attained an overall
consensual evaluation, and the quasi-experimental treatment
of fiscal decentralization as a political system perspective is
relatively rare.

EFFECT OF THE GOVERNMENT ON
GREEN INNOVATION
The Importance of Government Regulation
In order to bring more public interests or legal private
interests, the government would use macro regulation to
directly intervene in the market mechanism or indirectly the
decision-making of the enterprises. The Public Interest Theory
postulates that if enterprises do not comply with some rules,
the government should guide and regulate them in a way
such that public interests are protected so as to guarantee
the growth of social welfare. As a public good, environment
has strong externalities and cannot gain benefits in the short
run, it is not suitable for reasonable decisions made by
enterprises or individuals. Lacking government regulation, the
supply of public goods cannot be met by free markets, so
it is a good theoretical reason for the government to make
environmental regulations.
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The Institutional Basis of Green Innovation
Based on the Theory of Fiscal
Decentralization

which referred to continuity and localization of existing learning
(knowledge) and innovation, as well as knowledge creation
(educational) institutions. Cooke et al. (2000) proposed that a
regional innovation system consists of a knowledge application
and exploitation sub-system with enterprises in the relevant
industry as major innovators, as well as a knowledge generation
and diffusion sub-system with some public organizations
promoting the diffusion of innovation. The region is a pivotal
ground for economic regulation at a meso level; thus, regional
innovation is generated from the cross effect of the networking
of regional innovators, local clusters, and research institutions
(Lundvall and Borras, 1997). Meanwhile, the values, attitudes,
rules, customs, and expectations in a region taken together
with the so-called regional culture intensify the interaction and
innovation of enterprises in the region. This theory explains
explicitly the regional clusters and growth of innovation in the
domain of geographical economics.
Built on the theory of fiscal decentralization and regional
innovation system, hypothesis 2 is proposed:
Hypothesis 2: Under fiscal decentralization, the
implementation of the EPL (SC-12th NPR, 2015) shows
great heterogeneity in its support of the green innovation
of enterprises.

The theory of fiscal decentralization (or fiscal federalism) went
through two generations in public economics. First-generation
fiscal federalism (FGFF) emphasized that the government
enjoyed advantages in offering public goods and services, and
the government could also rectify some market failures by setting
a policy. Second-generation fiscal federalism (SGFF) introduced
mechanisms, incentive compatibility, and mechanism design.
SGFF focused on the impact of institution and government
officials’ incentives on fiscal decentralization. Without certain
restraints, local governments might prefer to pursue their
own maximum interests rather than public welfare. Hence,
a “market-preserving” decentralization result was produced.
“Federalism with Chinese characteristics” was put forward by
Chinese scholars, who deemed that the fiscal decentralization
mode in China under the system of political centralization and
economic decentralization was closer to meeting the conditions
of market-preserving federalism in SGFF. The majority of
established research in public economics discusses regional
economic and technological development from the perspective
of fiscal decentralization, but the green innovation of enterprises
spotlights the regional heterogeneity of the environment; hence,
the decision-making and financial power of a government should
exert a more evident impact on boosting the green innovation
of enterprises. Accordingly, there is a credible theoretical basis
for determining the influence of different fiscal decentralization
degrees in various regions on the green innovation of enterprises.

METHODOLOGY
Sample and Data Source
Based on examples of heavy-polluting A-share enterprises listed
in the Shanghai and Shenzhen Stock Markets in 2012-2018 as
samples, the authors deleted firms which were simultaneously
listed in the AH/AB share, firms with ST or ∗ ST designations,
and newly listed firms when doing this research. According to
the List of Classified Management of Environmental Protection
Verification of Listed Companies (EIA Letter [2008] 373) issued
by the Ministry of Environmental Protection in 2008, thermal
power and 15 other industries were designated as heavy-polluting
industries. After data screening, a list of 220 effective samples
of indigenous innovation was finally set, with an effective data
value of 5,280. Based on the Guidelines on Industry Classification
of Listed Companies (Li and Zeng, 2020), the selections were
classified as follows: B06 as the coal mining and processing
industry; B07 as the oil and gas exploitation and production
industry; B08 as the ferrous metal mining and dressing industry;
B09 as the nonferrous metal mining and separating industry;
C17 as the textile industry; C19 as the leather, fur, feather and
their products, and footwear industry; C22 as the paper and
paper products industry; C25 as the oil processing, coking, and
nuclear fuel processing industry; C26 as the chemical industry;
C27 as the pharmaceutical industry; C28 as the chemical fiber
industry; C29 as the rubber and plastic products industry; C30
as the non-metallic mineral products industry; C31 as the nonmetallic mineral products industry; C32 as the nonferrous metal
smelting and rolling processing industry; C33 the metal products
industry, and D44 the production and supply of electricity and
heat industry.
In the 2012 Revised Guidelines on Industry Classification
of Listed Companies China Securities Regulatory Commission
[China Securities Regulatory Commission (CSRC), 2012], the

Hypothesis 1: Environmental Regulation
Encourages Green Innovation
The Porter hypothesis argues that a properly designed
environmental regulation policy can trigger green innovation
in an enterprise that generates an innovation offset effect, and
then reaches a “win-win” situation that allows enterprises to
improve environmental and economic performance (Porter,
1991). Ronacchia and Lambertini (2021) divided the Porter
hypothesis into a “strong” and a “weak” version. The weak
version states that environmental regulation will effectively
induce enterprise innovation, and the strong version states that
environmental regulation will help enterprises step up economic
performance. The latter could be a theoretical basis for this study
on the influence of legal regulation on the green innovation
of enterprises.
Therefore, based upon the government regulation theory,
the theory of fiscal decentralization, and Porter hypothesis, the
following hypothesis is suggested:
Hypothesis 1: Under fiscal decentralization, implementing the
EPL (SC-12th NPR, 2015) has a significantly positive impact on
the green innovation of enterprises.

Hypothesis 2: Heterogeneity on Green
Innovation
The concept of a regional innovation system, a theoretical
extension of the national innovation system, was introduced
in the early 1990s. It originated from technological trajectories,
Frontiers in Energy Research | www.frontiersin.org

4

May 2021 | Volume 9 | Article 681334

Ouyang and You

Green Innovation Research

and periods before the implementation of the policy are marked
to be 0; enterprises with a high degree of fiscal decentralization
are marked to be 1 and others are marked to be 0.

categories of the selected industries were regarded as the
treatment group in this article. Considering the homogeneity
of the industry, other listed companies in the same category
were counted as the control group, adopting the simple
matching principle. Under the environmental regulations, heavypolluting enterprises have a crucial part to play in mitigating
environmental pollution in a direct or indirect way. Thus, it
is of highly theoretical and practical significance to study the
green innovation of enterprises. Financial, operational, and R&D
data of the samples can be accessed from CNINFO, an official
website for information disclosure of Chinese listed companies
(cninfo.com.cn, 2020), including the annals of sample enterprises
and patent data from enterprise annals and Patsnap. The data
on green innovation (or green patent) could be collected and
measured through matching IPC codes in the WIPO GREEN
list and the IPC codes of every specific enterprise. All data were
searched, screened, and collated manually.

Variable Description
Explained variables: the green innovation of enterprise (GI).
According to established research, the green innovation of
enterprises could be indicated as the number of green patents
(Ley et al., 2016; Van der Waal et al., 2021). Based on the
WIPO GREEN list, firstly, the authors collected the IPC codes
that were regarded as “green patent.” Secondly, the authors
matched the IPC codes to ensure the number of green patents
that specific enterprises possessed. Lastly, the number of green
patents/innovation was acquired manually.
Explaining variables: the implementation period of the EPL
(SC-12th NPR, 2015) (period); whether an enterprise is heavy
polluting or not (treat); whether or not an enterprise has a high
fiscal decentralization (fd). Specifically, before 2015, the value of
the variable period is defined as 0, and after 2015, the value of
the variable period is defined as 1; if the enterprise belongs to
the category of heavy-polluting enterprises, then treat = 1, and
if not, treat = 0; if the enterprise is located in a province with a
high degree of fiscal decentralization, then fd = 1, if not, fd = 0.
The calculation of the degree of fiscal decentralization is learned
from the method of financial expenditure indicators proposed
by Wu et al. (2020), i.e., the mean value of the ratio of the
total provincial financial expenditures after deducting transfer
payments to the central government as a budget expenditure and
the ratio of the provincial financial expenditures excluding the
transfer payments to the central government budget expenditure.
The mean value of the fiscal decentralization indicators was
adopted instead of the multiple-year panel data indicator as a
way to avoid endogenous problems in the model caused by the
regional fiscal decentralization indicators that change with the
period. At the same time, all control variables were processed
logarithmically in order to reduce heteroscedasticity.
Control variables: Relevant variables established from past
works are selected: characteristic variables include R&D, the scale
of the enterprise, capital intensity, agency cost, asset-liability
ratio, and ownership concentration, as well as industry and
annual variables. The description and calculation are shown in
Table 1.

Research Method
Green innovation and other forms of innovation are always
affected by many factors like region, industry, market
environment, and the political public environment, so a
comparison analysis was made between the treatment and
control groups based on changes in enterprise performance and
innovation before and after enrolling in the EPL (SC-12th NPR,
2015). Besides, the authors were also looking for evidence of
a significant impact of enterprise performance and innovation
on fiscal decentralization. Difference-in-difference (DID) and
Difference-in-difference (DDD) analyses were used under
hypothetical circumstances in this study. If assumptions about
parallel trends in DID failing, DDD, a method usually applied to
research policy implementation; DDD is required to find another
group of variables. Variables other than policy implementation
were used to analyze the difference in an effort to reduce the
errors in our results. The provinces in which the sample firms
resided were considered as the second treatment and control
groups according to their degree of fiscal decentralization.
This was done to exclude the effect of industrial and fiscal
decentralization on enterprise innovation and green innovation
so as to obtain a more accurate analysis of the policy effect of the
EPL (SC-12th NPR, 2015).
The general econometric model of DDD is given as follows:

Model Settings
Based on the general model mentioned above and the model
hypothesis in this study, the following model was built:

Yijt = α + β1 treatj + β2 periodi + β3 fdt + β4 treatj periodi +
β5 treatj fdt + β6 periodi fdt + β7 treatj periodi fdt + ε,

GIijt = β0 + β1 treatj + β2 periodi + β3 fdt + β4 treatj ∗periodi +
β5 treatj ∗fdt + β6 periodi ∗fdt + β7 treatj ∗periodi ∗fdt + Z + ε,

where treatj is the treatment and control groups that decide
whether to enact the policy; periodi is the year before and after
implementing the policy; fdt is the second factor group which
affects the explained variable apart from the policy itself; ε is the
random disturbance term; treatj periodi fdt is the net effect of the
policy and also the most important influence coefficient in DDD.
Specifically, in this paper, the values of the treatment group are
marked to be 1 and those of the control group are marked to be 0;
periods after the implementation of the policy are marked to be 1,
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where GIijt are the explained variables, and Z is an umbrella term
for all the control variables. The variation coefficient of green
innovation is β4 + β7 , among which the variation coefficient
of the parallel trend assumption is β4 . The variation coefficient
of the net effect of DDD, which considers the degree of fiscal
decentralization of the location of different enterprises, is β7 . β7
is also the most important interaction term in this study, as it
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In light of the above model settings, a descriptive analysis is
shown in Table 2. The mean value of GI is 8.1766; the value of
median is 3.4012; and the range is 273. These values suggest that
enterprise innovation generated in the heavy-polluting industry
is unstable, and the awareness and the ability of green innovation
among enterprises tend to differ greatly. The mean value of the

period is 0.5714, which manifests that the sample size before
and after enacting the EPL (SC-12th NPR, 2015) is close, that
is, samples in and after 2015 account for 57.14% of the total.
This is enough to compare the data before and after carrying
out the EPL (SC-12th NPR, 2015). The mean value of treat is
0.4955, meaning the sample size of the treatment group and
the control group is balanced. The mean value of fd is 0.8364,
indicating that samples with high fiscal decentralization degrees
occupy a large part. It manifests that most enterprises prioritizing
green innovation are located in regions with high degrees of fiscal
decentralization. Basic statistics of other control variables are
varied within a reasonable range. A negative value is a result of
creating a logarithm in order to eliminate heteroscedasticity.

TABLE 1 | Variable description and measurement.

Correlation Analysis and Analysis of
Parallel Trends

represents the influence effect of the EPL (SC-12th NPR, 2015)
on the green innovation of enterprises after excluding the impact
of industrial and fiscal decentralization.

RESULTS AND DISCUSSION
Descriptive Analysis

Variable name

Symbol

Calculation method of
indicators

Green innovation

GI

Numbers of green patents
calculated by WIPO GREEN

The implementation of
The Law

Period

In and after 2015, period =
0; before 2015, period = 1.

Heavy-polluting
enterprise

Treated

Heavy-polluting enterprise,
treated = 1; not, treated =
0.

The degree of fiscal
decentralization

fd

Located in a province with
high fiscal decentralization
degree, then fd = 1, if not,
fd = 0.

Production scale

Z1

Total assets

Asset-liability ratio

Z2

Total liability/ending total
assets

Performance

Z3

Net profit/total assets

Capital intensity

Z4

Fixed asset/ending total
assets

Agency cost

Z5

Overhead
expenses/revenues

Ownership
concentration

Z6

Share proportion of the
largest shareholder

Industry

Industry

Virtual variables

Year

Year

Virtual variables

The correlation between the variables is reported in Table 3. The
explained variables show certain correlations to all independent
variables and control variables, and the degree of correlation
between the independent variables and the control variables is
0.5 below, indicating a small possibility of multicollinearity. A
panel regression analysis of DDD is necessary for identifying the
specific functional relationship between the variables.
As for the parallel trend assumption, when it is admissible, the
coherence of DID or DDD estimations can be assured. In detail,
the relatively consistent period trends of treatment and control
groups before implementing a show of policy that changes
with time is not related to the changes in explained variables.
On the contrary, the trends differ after policy enactment, fully
manifesting the influence of the policy implementation quasiexperiment on the observed values of samples. Grounded in the
DDD model set by this study, the parallel trends occur before
enacting the EPL (SC-12th NPR, 2015), and inconsistencies
clearly appear after the enactment of the EPL, which is significant
under the variable values of heavy-polluting enterprises (the
treatment group). As revealed by Figures 1, 2, the dividing point
is the year 2015; the developing trends on the green innovation
of enterprise between the treatment group and the control group
tend to be parallel before 2015. Besides, there are significant
differences in trends after 2015, with whatever degrees of fiscal
decentralization. Thus, the green innovation of enterprises is

TABLE 2 | Descriptive analysis of major variables.
Variable

Mean value

Std error

Median

Max

GI

8.1766

Treat

0.4955

Period
fd
Z1

Min

22.2640

1

273

0

0.5001

0

1

0

0.5714

0.4950

1

1

0

0.8364

0.3701

1

1

0

9.3993

1.2875

9.2447

14.2827

2.9957

Z2

−0.8493

0.6682

−0.6878

1.4929

−6.1658

Z3

−3.5084

1.2395

−3.3228

0.1309

−9.2103

Z4

−3.3439

1.2695

−3.1536

0.1956

−9.2103

Z5

−1.6328

0.9216

−1.4690

0.4900

−5.6840

Z6

3.5308

0.5014

3.6160

4.4896

−1.2379
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TABLE 3 | Correlation analysis of major variables.
GI
GI
Treat
Period

Treat

Period

fd

z1

z2

z3

z4

z5

z6

1
−0.0814

1

0.0788

0

1

Fd

−0.0029

−0.0286

0

1

z1

0.1700

0.0888

0.141

−0.0273

1

z2

0.0475

0.0999

−0.0456

−0.0976

0.224

1

z3

−0.0342

0.0282

−0.0298

0.0953

−0.054

−0.280

1

z4

−0.0426

−0.0209

−0.0609

0.0911

−0.022

−0.227

0.894

1

z5

−0.0404

0.402

−0.0446

−0.0299

0.0694

0.0517

−0.0880

−0.171

1

z6

0.0250

0.0931

−0.0249

−0.0241

0.187

0.0433

0.0121

0.0187

0.0208

1

FIGURE 1 | Parallel trends of green innovation of enterprises (regions with high degrees of fiscal decentralization).

FIGURE 2 | Parallel trends of green innovation of enterprises (regions with low degrees of fiscal decentralization).
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TABLE 5 | DDD regression results at the national level.

TABLE 4 | Hausman test.
GI
chi2(10) =

Variables

Model 1
GI

(b − B)′ [(V_b − V_B)(−1) ](b − B)

=

8.06

Prob>chi2 =

0.0274

Treat*Period
DDD

V_b − V_B is not positive definite.

z1

verified with parallel trend assumption, and especially, a DDD
regression analysis can be done.

z2
z3

DDD Regression Analysis
Before carrying out the DDD regression analysis, selecting a
model is the priority. The fixed effects model can be identified
after the Hausman test, in which the p-value of the three models
is smaller than 0.05 (see Table 4). Table 5 reports the DDD
regression results of the individual fixed effects model (Model
1) and the individual and time fixed effects model (Model 2)
after adding control variables. It can be seen that the value of
p, the interaction term of treat × period, is smaller than 0.01
in model 1 and smaller than 0.1 in model 2, which implies a
refusal to the hypothesis. It represents that the parallel trends
assumption under DID is invalid, i.e., further DDD regression is
a necessity. The value of DDD is examined the hypothesis at 10%
level under both models with the regression coefficient of −5.392
and −5.247, specifically. The results cannot support assumption
one, because the impact of environmental regulation on green
innovation is pessimistic. Consequently, the Potter hypothesis
fails to be verified. Control variables exercise similar influence on
two models, among which the production scale of the enterprise
(z1) and the capital intensity (z4) affect the green innovation
of enterprises significantly. A larger production scale or lower
capital intensity will substantially increase the green innovation
of an enterprise. All control variable results are stable under the
individual fixed effects model and double fixed effects model.

z4
z5
z6
Constants

6.883***

5.103*

(2.659)

(2.853)

−5.392*

−5.247*

(2.853)

(2.858)

4.029***

2.697*

(1.329)

(1.589)

0.943

1.180

(1.612)

(1.618)

1.240

1.067

(1.320)

(1.396)

−3.294**

−3.082**

(1.298)

(1.389)

0.0651

0.239

(1.473)

(1.482)

0.319

0.712

(2.320)

(2.338)

−37.21**

−26.01

(14.55)

(16.07)

Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 6 | Dynamic effect of green innovation of enterprises in 2015.
Variables
Treat*Period

2016

2017

2018
12.22***

3.089

−3.348

0.0753

(3.527)

(3.641)

(3.351)

DDD

−3.516

4.922

0.522

−11.65***

(5.072)

(3.856)

(3.933)

(3.675)

z1

5.109***

5.065***

5.014***

4.545***

(1.238)

(1.240)

(1.261)

(1.274)

0.488

0.413

0.482

0.720

(1.607)

(1.606)

(1.606)

(1.605)

z3

Based on the DDD analysis at the national level, a series of
dynamic analyses delineating the effect of rolling out the EPL
were conducted. In the further analysis, four new variables were
added, DDD-treated∗ period∗ fd2015, treated∗ period∗ fd2016,
treated∗ period∗ fd2017 and treated∗ period∗ fd2018, respectively;
in order to investigate the specific dynamic effects in the four
years after enacting EPL to accelerate the green innovation of
enterprises. Specifically, taking the variable, treated∗ period2015,
as an example, the virtual variable, 2015, is defined as 1, and
the other years as 0. In Table 6, results from the individual
fixed effects model are stated, including those of every year
after the enactment of the EPL. The results show that the
impacts of the control variables are similar to those in the
DDD model at the national level (Table 5). Nevertheless, the
impact of the enactment of the EPL on the green innovation of
enterprises is significant in 2018, unlike in the years 2015–2017.
This result may indicate that after enacting the EPL, the green

2015

(4.786)

z2

Dynamic Effect Analysis

Frontiers in Energy Research | www.frontiersin.org

Model 2

z4
z5
z6
Constants

1.447

1.429

1.434

1.310

(1.321)

(1.320)

(1.321)

(1.315)

−3.388***

−3.374***

−3.385***

−3.374***

(1.303)

(1.301)

(1.302)

(1.294)

0.721

0.754

0.704

0.428

(1.462)

(1.464)

(1.464)

(1.455)

0.511

0.620

0.493

0.369

(2.327)

(2.327)

(2.327)

(2.314)

−46.31***

−46.37***

−45.47***

−41.41***

(13.97)

(13.97)

(14.11)

(14.20)

Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

innovation of enterprises has a significant impact but with a
time-lag effect.
According to the results, authors presume that strict
environmental regulation or punishment will enhance the
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TABLE 7 | Placebo tests that adjust the implementation time of the EPL to 2013
and 2016.

TABLE 8 | Robustness test adjusting the industry.
Variables

Variables

Model 1

Model 2

Model 1

Model 1

Model 2

Model 2
GI

2013

2016
Treat*Period

Treat*Period
DDD
z1
z2

−1.094

−2.233

5.783**

5.141*

(3.681)

(3.967)

(2.621)

(2.808)

1.702

1.914

−4.103

−3.795

(4.013)

(4.012)

(2.817)

(2.819)

5.025***

2.616

3.997***

2.711*

(1.284)

(1.592)

(1.336)

(1.589)

0.470

1.027

0.835

1.222

(1.611)

(1.619)

(1.609)

(1.618)

z3

1.372

0.961

1.291

1.097

(1.338)

(1.407)

(1.319)

(1.396)

z4

−3.310**

−2.942**

−3.377***

−3.169**

(1.320)

(1.399)

(1.298)

(1.392)

z5
z6
Constants

0.684

0.652

0.178

0.162

(1.478)

(1.477)

(1.472)

(1.481)

0.491

0.917

0.419

0.588

(2.327)

(2.334)

(2.321)

(2.335)

−45.67***

−25.43

−37.14**

−25.94

(14.18)

(16.10)

(14.56)

(16.07)

DDD
z1
z2
z3
z4
z5
z6
Constants

−3.019

(3.486)

(3.582)

7.191

7.219

(3.889)

(3.891)

2.961**

1.960

(1.501)

(1.811)

1.061

1.461

(1.917)

(1.934)

0.595

0.245

(1.355)

(1.416)

−1.958

−1.520

(1.337)

(1.414)

−0.842

−0.861

(1.811)

(1.817)

1.204

1.577

(3.512)

(3.540)

−29.30

−22.09

(19.92)

(21.26)

Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

was used to test the efficiency of samples. The authors first
randomly chose 109 enterprises and defined them as heavypolluting enterprises, i.e., treated = 1 and others = 0. In this
way, industrial heterogeneity could be tested. The details of the
above test are in Table 8. The results show that no matter what is
found in the individual fixed effects model or the individual and
time fixed effects model, the regression coefficient of DDD is not
significant after the industry definition is randomly changed, and
the null hypothesis is not refused. Thus, the samples have passed
the robustness test.

enterprises’ costs of environment, which may occupy the
enterprises’ costs of green innovation, so enterprises are likely to
diminish green R&D inputs. Meanwhile, the compensatory effect
from green innovation is not evident, so the Potter hypothesis
cannot be verified at the national level.

Robustness Test
Placebo Test
The above analysis shows that under fiscal decentralization, the
enactment of the EPL (SC-12th NPR, 2015) markedly promotes
the green innovation of enterprises, but such promotion could
also be a result of other factors. Therefore, the time of the policy
implementation was tuned, based on the practice of Topalova
(2010), and it was assumed that EPL was enacted in 2013 and
2016 in order to test the possibility of empirical results. Period,
the virtual variable, was adjusted to 1 (based on a definition
of conditions in and after 2013 as well as in and after 2016),
and to be 0 in other years. Detailed information is reported in
Table 7. Results reveal that the parallel trend assumption could
not reject the null hypothesis, and the regression coefficients
of the DDD are not significant in the individual fixed effects
model and double fixed effects model (Model 1 and Model 2,
respectively), so there were no other factors affecting the green
innovation of enterprises. The conclusion of this study is robust.

Regional Heterogeneity Analysis
Owing to the unbalanced Chinese regional economic
development, factors affecting the green innovation of
enterprises are going to be different. These factors include
resource endowment, economic development, scale and
intensity of R&D, environmental protection awareness, and
degrees of policy enforcement. Therefore, the EPL regulations
and the way they have been handled in different regions are
worth discussing. Enterprise locations are classified into eastern,
central, and western areas according to their registration address
(in light of the regional divisions set up in the China Statistical
Yearbook); the results are shown in Table 9. This information
indicates that the green innovation of enterprises in all regions
shows certain positive effects because of the EPL (SC-12th NPR,
2015). The regression coefficient of the green innovation of
enterprises in the eastern area group is positive, but the influence
is not significant. Unlike the DDD results at the national level,
it is revealed that environmental regulation had a positive
effect on the green innovation of enterprises. Unlike the results

The Adjustment of Samples
Although 220 heavy-polluting enterprises (109 of them were
samples in the treatment group) were selected as samples,
problems like an insufficient number of samples and deviations in
the observed values may occur; therefore, the following method
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TABLE 9 | DDD regression results at the regional level.
Variables

Model 1

Model 2

Model 1

Eastern area
Treat*Period

Model 2

Model 1

Central area

Model 2

Western area

−2.684*

−4.410

13.36*

10.22*

5.470**

(5.078)

(5.149)

(6.912)

(7.758)

(2.690)

(3.193)

5.487

4.997

−16.14**

−15.54**

−2.976

−3.898

(5.174)

(5.174)

(7.510)

(7.507)

(3.958)

(4.021)

2.109

0.0425

9.197

5.850

3.458*

5.181**

(1.480)

(1.842)

(5.676)

(6.837)

(1.821)

(2.188)

0.360

1.210

7.750

6.282

−0.800

−0.479

(1.758)

(1.802)

(6.359)

(6.547)

(2.560)

(2.587)

0.703

0.402

10.34

10.43

−0.523

0.714

(1.267)

(1.321)

(6.721)

(7.573)

(2.565)

(2.893)

−2.811**

−2.330*

−12.52*

−13.14*

0.394

−0.993

(1.290)

(1.356)

(6.441)

(7.340)

(2.386)

(2.755)

z5

1.254

1.527

−5.408

−5.473

−2.039

−2.723

(1.533)

(1.546)

(5.794)

(5.932)

(2.708)

(2.755)

z6

−0.391

−0.0772

0.508

3.015

−3.700

−4.645

(2.295)

(2.302)

(11.25)

(11.34)

(4.227)

(4.309)

Constants

−16.04

2.384

−84.48

−63.60

−17.55

−30.57

(16.69)

(19.30)

(54.26)

(59.73)

(21.79)

(23.83)

DDD
z1
z2
z3
z4

8.055**

Standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

The reason for this difference may include higher awareness
of environmental protection and green innovation, advanced
R&D technology, and stronger ability to cover increasing
environmental costs in high-performance groups, so their green
innovation projects and performances will be able to keep
up, instead of incurring some kinds of voluntary production
transformations or even terminations driven by environmental
regulation. And of course, enterprises with low performance tend
to be the other way round. Their operational cost and risk are on
the up for indigenous innovation with lower competitiveness, so
it would be harder for them to keep up with green innovation.
Hence, the heterogeneity of enterprise performance is evident.

in the eastern area, the impacts of environmental regulation
are negative in the other two areas, especially in the central
area. The results found in the central and western areas are in
accordance with the DDD results at the national level. Weak
economic and R&D ability alongside extensive business models
may be the source of the subtle damaging effect in the central
and western enterprises. Some heavy-polluting enterprises have
transferred to the central and western regions due to slacker
policy enforcements despite environmental regulations. The
environmental protection awareness of enterprises and the
financial power of the government are not enough to make a
difference in areas that are not under thorough public scrutiny.
In conclusion, the Potter hypothesis cannot be verified at the
regional level, but the regional heterogeneity is significant. Thus,
assumption 1 is not verified, and assumption 2 is true.

CONCLUSIONS AND DISCUSSION

The Analysis of Enterprise Performance
Heterogeneity

Combined with the differences of regional fiscal decentralization
with the enactment of the EPL as a starting point, DDD empirical
research was conducted and validated on the green innovation of
enterprises. The empirical results show that the EPL, as a kind of
environmental regulation, makes a negative effect on the green
innovation of enterprises at the national level. Specifically, the
impact on green innovation is positive in the eastern areas, but
it does not seem to be significant. On the other hand, the impacts
in the central and western areas are negative, similar to those
at the national level. Thus, the Potter hypothesis (assumption
1) cannot be verified. Furthermore, through comparisons of
regions and levels of performance, the regional heterogeneity and
the enterprise-performance heterogeneity are made evident. The
results of heterogeneity analysis reveal that the significant effect

A huge amount of R&D is necessary for the green innovation of
enterprises, but R&D capital, personnel, and stock will increase
the cost and operational risk of enterprises. Therefore, heavypolluting enterprises with different performances may differ after
implementing the EPL (SC-12th NPR, 2015). To verify the
hypothesis, samples with higher performances than the median
are regarded as high-performance groups (HROAs), and those in
the lower than median groups are designated as low-performance
groups (LROAs). They are put into the DDD model. Clearly,
Table 10 shows that the impacts of the enactment of the EPL
on the green innovation of the enterprises are stronger in the
low-performance groups than in the high-performance groups.

Frontiers in Energy Research | www.frontiersin.org

10

May 2021 | Volume 9 | Article 681334

Ouyang and You

Green Innovation Research

R&D input and more platforms for exchange, implementing
preferential tax policy for green innovation, and improving
the market value of green innovation may be beneficial.
(3) Based on the regional heterogeneity, local governments shall
implement and adjust the EPL (SC-12th NPR, 2015) properly
according to local conditions. Especially, the positive impact
on the green innovation of enterprises in the eastern
area is worth analyzing and learning. To transform the
impacts on green innovation from negative to positive,
enterprises in the central and western areas shall find
out or reinforce their own priorities on green innovation
and competitiveness.
(4) The green R&D awareness of enterprises shall be raised
so that they can reform and adjust the environmental
innovation system actively until their business models
become an example of best practices for establishing clean
production and sustainability.

TABLE 10 | DDD regression results of enterprise performance.
Variables

Model 1

Model 2

Model 1

HROA
Treat*Period

Model 2

LROA

3.864

1.520

8.052**

(4.263)

(4.395)

(3.472)

(3.919)

DDD

−1.574

−1.739

−7.807**

−7.984**

(4.420)

(4.414)

(3.907)

(3.918)

z1

3.499**

−0.105

4.903**

5.961**

(1.722)

(2.185)

(2.183)

(2.479)

z2

−0.967

−0.267

3.567

3.674

(2.310)

(2.325)

(2.288)

(2.308)

z3
z4
z5
z6
Constants

8.970**

0.594

0.252

4.170

6.259*

(1.482)

(1.530)

(3.041)

(3.644)

−2.298

−1.821

−6.238**

−8.414**

(1.513)

(1.570)

(2.931)

(3.593)

−1.433

−1.395

2.758

3.152

(1.892)

(1.906)

(2.413)

(2.431)

0.643

1.044

−0.308

−1.047

(3.286)

(3.285)

(3.384)

(3.451)

−36.29*

−4.655

−37.34

−41.83*

(19.08)

(22.33)

(23.85)

(25.30)
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