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Abstract
[Purpose / Significance] Current environmental challenges have become sensitive
social and political issues in China. Systematically reviewing existing environ-
mental regulation literature and analyzing the evolution of its research hotspots
holds significant importance for the development of both environmental regu-
lation practice and theory. [Method / Process] This study selected 1,473 core
journal articles in the field of environmental regulation in China from January
1, 1998, to July 2, 2019, employed Citespace visualization analysis for time-slice
processing, and utilized keywords as the core along with research hotspot cluster
analysis to clarify the evolutionary trajectory of research in the environmental
regulation field and predict future development trends, thereby exploring future
research directions. [Result / Conclusion] Research in the environmental regula-
tion field is grounded in theoretical foundations such as the Porter Hypothesis,
Environmental Kuznets Curve, and evolutionary game theory, and primarily
employs research methods including the spatial Durbin model and directional
distance function to analyze the environmental regulation field across different
periods. Currently, research predominantly concentrates on the relationships
between environmental regulation and technological innovation, economic de-
velopment, industrial competitiveness, and industrial structure, yet neglects the
optimization of environmental institutions, corporate compliance with environ-
mental regulations, regional environmental disparities, and the important role
of cooperation between civil society organizations and government in environ-
mental governance. Consequently, these aspects represent emerging trends for
future development in the environmental regulation field.
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Abstract:
[Purpose/Significance] Environmental challenges have become sensitive so-
cial and political issues in China. Reviewing existing literature on environmental
regulation and analyzing the evolution of research hotspots holds important im-
plications for the development of both environmental regulation practices and
theoretical frameworks.

[Method/Process] This study selected 1,473 core journal articles in the field
of environmental regulation from China between January 1, 1998, and July 2,
2019. Using CiteSpace visualization tools for time-slice analysis, with keywords
as the core and based on research hotspot cluster analysis, we clarified the evo-
lutionary trajectory of environmental regulation research and predicted future
development trends to explore future research directions in this field.

[Results/Conclusions] Research in environmental regulation relies on theoret-
ical foundations such as the Porter Hypothesis, Environmental Kuznets Curve,
and evolutionary game theory, primarily employing research methods like the
Spatial Durbin Model and directional distance function to analyze the field
across different periods. Currently, research predominantly focuses on the rela-
tionships between environmental regulation and technological innovation, eco-
nomic development, industrial competitiveness, and industrial structure. How-
ever, it has overlooked aspects such as the optimization of environmental institu-
tions, the degree of enterprise compliance with environmental systems, regional
environmental differences, and the important role of cooperation between civil
society organizations and government in environmental governance. These ne-
glected areas represent future development trends in environmental regulation
research.

Keywords: Environmental Regulation, Knowledge Map, Cluster Analysis,
Porter Hypothesis
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1 Introduction
The Fourth Plenary Session of the 19th Central Committee explicitly proposed
implementing “the strictest ecological and environmental protection system,”
demonstrating unprecedented government commitment for environmental gov-
ernance and making innovation in environmental governance institutions and
optimization of environmental regulation inevitable. On January 1, 2015, the
newly revised Environmental Protection Law—dubbed“the strictest environmen-
tal law in history”[1]—officially took effect, requiring the construction of a mod-
ern environmental governance system featuring multi-stakeholder co-governance
and joint prevention and control, while emphasizing government responsibility
for environmental regulation management.

Years on, however, the environmental situation remains severe, compelling us
to re-examine critical questions: How should the environmental system be op-
timized? How can environmental regulation be effectively supervised? How
can various social sectors be encouraged to cooperate with government in en-
vironmental governance? How can environmental policies address regional en-
vironmental differences? Based on these questions, we reviewed over 20 years
of research achievements in environmental regulation to explore the field’s re-
search trajectory and clarify the relationship between environmental regulation
and ecological civilization society, thereby guiding future research directions and
providing scientific evidence for environmental regulation policy formulation.

2 Data and Methods
2.1 Data Collection

We used the CNKI full-text journal database as our data source, selecting SCI
source journals, EI source journals, Peking University Core Journals, CSSCI,
and CSCD for precise full-text retrieval. The search condition was “subject
= environmental regulation,”with a time span from 1998 to 2019 and final
data updated on July 2, 2019. After screening to remove invalid results such
as conference announcements and duplicate literature, and standardizing the
keywords, we obtained 1,473 authoritative and comprehensive academic papers.

2.2 Research Methods

Bibliometrics is a quantitative analysis method that uses literature as its object
and applies mathematical statistics to analyze and summarize the research sta-
tus and patterns in a particular field [2]. We employed bibliometric methods to
analyze and summarize the current state of environmental regulation research
in China, specifically utilizing literature analysis, word frequency statistics, and
cluster analysis methods.
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2.2.1 Literature Analysis Method Literature analysis refers to the quan-
titative statistics of bibliographies, abstracts, or indexes in a specific research
field to derive statistical results or analytical conclusions [3]. This study col-
lected citation data for environmental regulation literature in China using SCI,
CSSCI, and CSCD citation databases.

2.2.2 Word Frequency Statistics Method Word frequency statistics pri-
marily involves statistical analysis of keywords that reveal the core content of
literature in a specific field [4]. Higher keyword frequency indicates greater atten-
tion in that area. This method can identify research hotspots and development
status in a particular field.

2.2.3 Cluster Analysis Method Cluster analysis is a statistical method
that divides research objects in a field into several groups, where objects within
each group share similar characteristics and groups are mutually exclusive. This
approach can create intuitive network diagrams of research objects in a field.

2.3 Research Tools

We utilized CiteSpace software to analyze and visualize knowledge maps of
environmental regulation research, examining high-frequency keywords and co-
occurrence networks. Through keyword timezone maps and time-series dia-
grams, we predicted development trends in the environmental regulation field,
clarified the internal dynamic mechanisms of environmental regulation research,
and explored disciplinary development to better understand this research do-
main.

3 Results and Analysis
3.1 High-Frequency Keywords and Keyword Co-occurrence Network

Through statistical analysis of keywords from 1,473 domestic core journal arti-
cles in environmental regulation, we obtained information on keyword frequency,
centrality, and the year of first appearance. Keyword frequency refers to the
number of times a keyword appears. We statistically analyzed all keywords in
the dataset, arranged them in descending order of frequency, and categorized
them into four types: theoretical foundation, research methods, influencing fac-
tors, and economic consequences. We summarized information for top-ranking
keywords, with results shown in Table 1 .

Centrality refers to the distance of a keyword from the central node of environ-
mental regulation and its importance in the network; higher centrality values
indicate closer proximity to the central node, more connected nodes, and a more
central position in the network.
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As shown in Table 1, the total frequency of theoretical foundation keywords
is 127, including the Porter Hypothesis, Environmental Kuznets Curve, and
evolutionary game theory, which first appeared in 2007 [5], 2011 [6], and 2013 [7],
respectively. This indicates that as research gradually deepened, the theoretical
foundation of China’s environmental regulation not only became richer but
also that scholars recognized environmental regulation as dynamically evolving,
requiring game analysis between regulators and regulated parties within the
research framework.

The total frequency of research method keywords is 169, including threshold
effect, directional distance function, and Spatial Durbin Model. The “thresh-
old effect”was first introduced into environmental regulation research in 1998,
while the “directional distance function”was not applied until 2011 [8]. With
the development of spatial econometrics, the “Spatial Durbin Model”was first
combined with environmental regulation research in 2018 [9].

The frequency of influencing factor keywords is 106. In 2006, scholars began
focusing on the impact of foreign direct investment on environmental regula-
tion [10], and in 2011, some scholars proposed that industrial structure also
influences environmental regulation [11]. This demonstrates that influencing
factors, as an important aspect of environmental regulation research, have re-
ceived extensive and in-depth discussion, though no consensus has been reached
on a complete theoretical analysis framework for environmental regulation in-
fluencing factors. However, analysis of influencing factors has consistently run
through environmental regulation research, highlighting the promoting effect of
technological innovation.

The frequency of economic consequence keywords is as high as 449, indicat-
ing that economic consequences are the most concerning research content in
environmental regulation, including environmental pollution, corporate perfor-
mance, economic growth, total factor productivity, carbon emissions, technolog-
ical progress, industrial structure upgrading, industrial transfer, and ecological
efficiency. Among these, “environmental pollution”first appeared in environ-
mental regulation literature in 2007 [12], “corporate performance”entered the
field in 2011 [13], while “economic growth,”“total factor productivity,”“car-
bon emissions,”and“technological progress”were combined with environmental
regulation in 2012 [14-17].

It was not until 2015, when President Xi Jinping emphasized strengthening
supply-side structural reform at the Central Financial and Economic Affairs
Leading Group meeting, that “industrial transfer”and “ecological efficiency”
emerged and were integrated with environmental regulation research. “Indus-
trial structure upgrading,”which appeared in 2016, represents one of the conse-
quences of environmental regulation development.

Meanwhile, “technological innovation”in Table 1 has the highest centrality,
indicating its important position in environmental regulation research. Since
1998, it has consistently run through the entire process of China’s environmental
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regulation research, demonstrating that domestic scholars emphasize the impact
of environmental regulation on technological innovation. The transformation
from research method keywords and theoretical foundation keywords (before
2008) to economic consequence keywords (after 2008) is closely related to China’
s macroeconomic environment.

Before 2008, China’s economy grew rapidly through resource and environmental
factor inputs. After 2008, Chinese academia fully recognized the environmental
damage caused by this growth model and placed greater emphasis on the conse-
quences of environmental regulation, leading to a rapid increase in publications
and aligning environmental regulation research with China’s environmental
policies that prioritize green economic development.

3.2 Research Hotspot Cluster Analysis

We employed the Log-Likelihood Ratio (LLR) algorithm for cluster analysis of
research hotspots. The results clearly show which keywords occupy key positions
in the literature network, enabling rapid and accurate identification of frontier
hotspots in the research field. We selected the top 50 keywords from each
document for statistical analysis and clustering, obtaining 262 keywords and
generating a keyword co-occurrence network, as shown in Figure 1 [Figure 1:
see original paper].

Through cluster analysis, environmental regulation research keywords were cate-
gorized into ten major directions: directional distance function, threshold effect,
Porter Hypothesis, Spatial Durbin Model, foreign direct investment (FDI), tech-
nological innovation, evolutionary game, economic growth, pollution haven, and
SBM model (see Figure 1). To clarify the research context and grasp frontier
hotspots, we further divided these ten clusters into four categories: theoretical
foundation, research methods, influencing factors, and economic consequences
for specific analysis.

3.2.1 Theoretical Foundation Category The theoretical foundation cate-
gory includes the Porter Hypothesis, evolutionary game, and pollution haven as
basic theories in environmental regulation research. For example, Zhao et al. an-
alyzed the impact of environmental regulation intensity on China’s pollution-
intensive manufacturing industries against the theoretical background of the
Porter Hypothesis [18]; Li and Zhang studied the evolutionary process of local
government decision-making in air pollution control based on evolutionary game
theory [19]; Ran and Wu tested the pollution haven effect of foreign investment
based on the opposing theories of “pollution haven”and “pollution halo”[20].

3.2.2 Research Methods Category The research methods category specif-
ically includes three methods: directional distance function, Spatial Durbin
Model, and SBM model, indicating that these three models are primarily used
for empirical testing in environmental regulation research. Li and Fan used the
SBM directional distance function to analyze the impact of trade openness and
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foreign direct investment on green total factor productivity [21]; Li and Ma mea-
sured the green innovation efficiency of 13 cities in the Beijing-Tianjin-Hebei
region based on an SBM model with undesirable outputs [22]; Lu et al. analyzed
the ecological environmental governance performance of Jiangsu Province using
SBM model and total factor productivity index [23].

3.2.3 Influencing Factors Category The influencing factors category
mainly includes foreign direct investment (FDI) and industrial structure.
Additionally, economic development level, market environment, urbanization
level, and information disclosure all influence environmental regulation. Figure
1 shows that FDI and technological innovation are two major influencing factors
of environmental regulation.

For instance, Li and Yang found that FDI can significantly promote regional
high-speed economic development [24]; however, Gong and Han argued that
China’s outward foreign direct investment has deteriorated the local environ-
ment of the home country and failed to inhibit pollutant emissions in neigh-
boring regions [25]; Ren and Wang, based on panel data from China’s three
major coastal urban agglomerations from 2003-2016, concluded that industrial
structure is a main influencing factor of environmental regulation in the Beijing-
Tianjin-Hebei and Pearl River Delta urban agglomerations [26]; Fan argued
that information disclosure can significantly improve environmental governance
performance [27]; Sun believed that constraints from higher-level governments
and cooperation among local governments can significantly improve the spatial
spillover of pollution [28].

3.2.4 Economic Consequences Category The economic consequences cat-
egory summarizes a series of consequences brought by environmental regulation,
such as technological innovation, industrial structure upgrading, and technolog-
ical progress. Zhang and Geng found that the impact of environmental regula-
tion on green technology innovation output presents a“U-shaped”relationship
—as environmental regulation intensity increases, green technology innovation
first decreases and then increases [29]; Xu argued that environmental regulation
can produce continuous positive impacts on technological innovation [30]; Tao
and Hu believed that environmental regulation has a non-linear impact on the
quality of China’s economic growth—strengthening environmental regulation
inhibits economic growth, while weakening it promotes economic growth [31];
Liu et al. argued that investment-oriented environmental regulation can pro-
mote regional industrial structure upgrading, while cost-oriented environmental
regulation inhibits it [32].

Currently, research in this field in China focuses more on the positive conse-
quences of environmental regulation, such as technological innovation, industrial
structure upgrading, and technological progress, while neglecting issues like re-
gional environmental differences, lagging ecological civilization institutions, and
inadequate corporate environmental responsibility. Future environmental regu-
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lation research should pay greater attention to these aspects.

3.3 Keyword Evolution and Trend Prediction

Environmental regulation is an important means to solve environmental prob-
lems and is closely related to economic development. By combining the key-
word time-series diagram (Figure 2 [Figure 2: see original paper]) and keyword
timezone diagram (Figure 3 [Figure 3: see original paper]) of environmental reg-
ulation research, we can clearly observe the changes in this research field from
1998 to 2019. The horizontal axis represents each year, while the vertical axis
represents keyword clusters.

The keyword time-series diagram of environmental regulation research intu-
itively displays how research directions change over time. However, relying
solely on this diagram is insufficient to clearly define research stages. Therefore,
combining the keyword timezone diagram with China’s economic development
stages, we roughly divide the research field into three stages: the theoretical
research stage (1998-2009), the transition development stage (2010-2013), and
the deepening development stage (2014-2019).

In the theoretical research stage (1998-2009), scholars mainly focused on the
theoretical foundations and research methods of environmental regulation, such
as threshold effects and directional distance functions. This indicates both the
importance of theoretical foundations and research methods in environmental
regulation research and that scholars primarily used threshold effects to analyze
research questions in this field.

In the transition development stage (2010-2013), after 2010, China’s economy
began shifting from high-speed to high-quality development, and environmental
regulation research started focusing on issues like low-carbon development and
environmental protection investment.

In the deepening development stage (2014-2019), as China’s economy contin-
ued high-quality development and industrial structure changed, scholars focused
on ecological efficiency, industrial transfer, industrial structure upgrading, and
green total factor productivity. In August 2014, the State Council issued the
“Guiding Opinions on Accelerating the Development of Producer Services to Pro-
mote Industrial Structure Upgrading,”proposing to promote the development of
service industries oriented by industrial structure transformation and upgrading
needs, enabling industries to move toward the high end of the value chain and
promoting China’s industrial structure upgrading. This further demonstrates
that environmental regulation research is deeply influenced by national macro
policies.

The different emphases of environmental regulation research across these three
periods are mainly caused by China’s environmental problems, environmental
policies, and economic development stages in different eras, indicating that do-
mestic environmental regulation research has strong “timeliness.”In summary,
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research on basic theories and methods has maintained relatively long-lasting
popularity, while some special hotspot issues have shorter durations and are
easily influenced by the macroeconomic environment at the time.

Under the guidance of President Xi Jinping’s important strategic thoughts on
ecological civilization construction, China’s environmental governance efforts
are unprecedented. Particularly, the implementation of the“strictest in history”
new Environmental Protection Law will significantly improve regional environ-
mental differences, lagging ecological civilization institutions, and unclear cor-
porate environmental responsibilities. Environmental regulation will develop
toward improving the ecological civilization system, establishing corporate envi-
ronmental responsibility, emphasizing regional environmental differences, and
strengthening cooperation between government and civil society organizations
for environmental co-governance, gradually achieving harmonious coexistence
between humans and nature and jointly building a beautiful China.

4 Conclusion and Outlook
We examined the domestic environmental regulation research field, compiled
relevant literature from authoritative core journals, and used CiteSpace for key-
word extraction, network co-occurrence, clustering, and burst analysis to re-
veal the basic overview of environmental regulation research over the past two
decades. Based on environmental development concepts and economic develop-
ment stages in different periods, we divided China’s environmental regulation
research since 1998 into three stages: theoretical research, transition develop-
ment, and deepening development.

The study found that current environmental regulation research in China re-
lies on theoretical foundations such as the Porter Hypothesis, Environmental
Kuznets Curve, and evolutionary game theory, mainly employs research meth-
ods like the Spatial Durbin Model and directional distance function, and focuses
on economic growth and industrial structure upgrading as core content.

Overall, although China’s environmental regulation research began relatively
late, it has shown multi-level and wide-angle trends based on foreign research.
These studies revolve around verifying the “Porter Hypothesis”[33], employ
research methods such as threshold effects and Spatial Durbin Models, focus on
market-based environmental regulation policies, and advocate for market-based
environmental regulation policies from the perspective of improving resource
allocation efficiency [34]. Scholars believe environmental regulation policies have
positive impacts on corporate green technology innovation, pollution control,
and industrial structure adjustment [35-37].

Research conclusions fully confirm that environmental regulation is closely re-
lated to technological innovation, economic development, industrial competitive-
ness, and industrial structure. Zhang et al. [38] argued that different types of
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environmental regulation policies have different impacts on corporate techno-
logical innovation, and policies should highlight specific focuses; Yao et al. [39]
believed the government should fully consider the impact of economic devel-
opment on environmental regulation and strengthen corporate environmental
supervision; Cheng et al. [40] argued that the type and standard of environ-
mental regulation greatly affect corporate competitiveness, and the government
should flexibly use various types of regulatory policies; Zhang et al. [41] believed
that environmental regulation tools can effectively promote industrial structure
upgrading.

Currently, domestic environmental regulation research still focuses on the pos-
itive impacts of environmental policies. However, as new environmental prob-
lems continue to emerge and environmental issues become increasingly serious,
future environmental regulation research in China must focus on the following
points in combination with the current state of environmental and economic
development:

4.1 Environmental Regulation Optimization Becomes Inevitable for
Ecological Civilization System Construction

The 19th Party Congress report clearly stated the need to accelerate ecological
civilization system reform and build a beautiful China. Environmental regula-
tion optimization has become an inevitable choice for building a beautiful China.
Based on this, the environmental regulation research system should shift toward
green development, addressing prominent environmental problems, strengthen-
ing ecosystem protection, and reforming the ecological environment supervision
system.

Furthermore, we must improve China’s environmental regulation laws and reg-
ulations, perfect the legislative, enforcement, and supervision systems for envi-
ronmental regulation, and establish a sound public participation mechanism in
environmental management, allowing environmental regulation to penetrate all
aspects of people’s lives and work and making environmental violations difficult
to conceal.

4.2 Coupling Research on Environmental Regulation and Corporate
Environmental Responsibility Will Attract Scholarly Attention

Government regulation is an effective way to correct corporate environmental
responsibility behavior. However, constrained by the demand-led, spontaneous,
path-dependent, and difficult-to-transplant characteristics of the social responsi-
bility system’s induced changes [42], different regulatory pressures have varying
impacts on corporate environmental responsibility fulfillment. Existing research
focuses on analyzing the indirect effects of environmental regulation on corpo-
rate productivity, competitiveness, export trade, and scale distribution, but
rarely explores the environmental behaviors that enterprises undertake under
environmental regulation.
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Research lacks investigation into corporate behavioral choices in response to
environmental regulation and offers few in-depth discussions on the coupling
between environmental regulation and corporate behavior. The interaction
between corporate environmental responsibility fulfillment and environmental
regulation cannot be ignored [43-44]—government environmental regulation not
only affects corporate environmental responsibility fulfillment, but corporate en-
vironmental responsibility fulfillment also reacts to government environmental
regulation, ultimately promoting each other’s behaviors.

Therefore, under the green development concept, environmental co-governance
must break away from previous mindset patterns that isolatedly emphasized the
role of government, enterprises, or the public in scheme design [46]. We must
fully utilize the coupling effect between government environmental regulation
and corporate environmental responsibility to enhance environmental regulation
effectiveness and promote ecological civilization society construction.

4.3 Regional Differences Will Make Heterogeneity Research a Main-
stream Direction

Local governments play an important role in how environmental regulation af-
fects corporate environmental responsibility fulfillment, and environmental regu-
lation varies across different regions. If the local government where an enterprise
is located has high environmental regulation efficiency and strong capacity, it
will guide enterprises to attach importance to and invest in projects beneficial
to all stakeholders, inevitably strengthening corporate environmental responsi-
bility fulfillment within its jurisdiction and actively pursuing high value-added
projects conducive to environmental protection, achieving a“win-win”situation
for both economy and environment.

This shows that under the same national environmental regulation policy,
environmental regulation effects differ across regions. Meanwhile, natural
endowments and economic resources vary significantly across regions, which de-
termines that environmental regulation policies must comprehensively consider
local economic development and environmental conditions to avoid spatial
spillover of environmental pollution caused by excessive regional differences in
environmental regulation development. Therefore, regional differences leading
to environmental regulation heterogeneity will become one of the mainstream
research directions. Future research should pay more attention to regional
environmental differences to promote the development of heterogeneous
environmental regulation, thereby providing feasible solutions for addressing
environmental problems according to local conditions.

4.4 Construction of Environmental Regulation Cooperation Mecha-
nisms Is Imminent

Currently, the main body of China’s environmental regulation is the govern-
ment. In future environmental governance, cooperation between civil society
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organizations and government should be strengthened. The Chinese central
government should further strengthen top-level design in environmental regula-
tion, while environmental NGOs should utilize networks and media advantages
to strengthen environmental publicity, education, and information disclosure,
giving full play to the role of government and environmental NGOs in jointly
governing environmental issues to achieve a harmonious and win-win pattern of
modern ecological environment governance.

As the coordinator and main implementer of economic development and environ-
mental protection, the government bears key responsibility for environmental
governance and prevention. However, media behavior, social public, marketi-
zation, and legalization processes may all affect the government’s supply of
environmental regulation. Therefore, the interaction and integration mecha-
nisms between government and environmental NGOs, media, and social public
have become important means to resolve current environmental problems.

In summary, the optimization of environmental regulation is not only a grad-
ual process but also a process where stakeholders express preferences based on
micro-motivations. The alignment between government-led environmental regu-
lation and corporate environmental responsibility fulfillment is key to effectively
advancing environmental protection work.
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