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Abstract

Market-based environmental regulation plays a crucial role in aligning industrial devel-
opment with sustainability goals. Taking the implementation of China’s Environmental
Protection Tax (EPT) in 2018 as a quasi-natural experiment, this study employs a difference-
in-differences framework using an unbalanced panel of 2677 manufacturing firms from
2010 to 2022 to identify the causal effect of the EPT on corporate ESG performance (MFESG).
The findings reveal that the implementation of market-based environmental regulation
significantly elevates the ESG performance of manufacturing firms. This positive influence
is realized not only directly but also indirectly through improved financing accessibility and
innovation capacity. Moreover, the enhancement effect is uneven across firms: non-state-
owned enterprises, firms unaudited by the Big Four, and those situated in China’s eastern
regions exhibit stronger ESG responses. Across the three ESG pillars, the environmental
and social dimensions benefit most from the EPT, suggesting that market mechanisms can
be effective catalysts for sustainable industrial upgrading.

Keywords: environmental protection tax; ESG performance of manufacturing firms;
difference-in-differences model

1. Introduction

As a cornerstone of China’s economic framework, the manufacturing industry occu-
pies a pivotal role in driving national prosperity, acting as a major catalyst for GDP growth,
employment expansion, and technological progress [1]. However, its long-standing depen-
dence on energy-intensive production processes and heavy resource consumption has made
it one of the primary contributors to environmental degradation [2]. The continuous re-
lease of industrial pollutants—including waste gases, wastewater, and solid residues—has
inflicted substantial ecological harm, threatened public health, and hindered the realization
of sustainable development objectives. In response to these challenges, recent high-level
policy meetings, such as the Third Plenary Session of the 20th Central Committee and the
Central Economic Work Conference, have explicitly reaffirmed the strategic importance
of building an ecological civilization and fostering green transformation. These national
agendas emphasize the improvement of environmental governance mechanisms, the pro-
motion of low-carbon technological innovation, and the establishment of a robust green
financial system. Guided by these principles, the Chinese government has intensified
policy initiatives to accelerate the green transition of manufacturing enterprises, thereby
heightening public awareness of corporate environmental and social accountability. Amid
this policy evolution, the ESG framework has been introduced as a crucial measure for
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evaluating firms’ sustainable development capacity. Superior ESG performance not only
contributes to pollution reduction but also strengthens social responsibility, enhances gov-
ernance transparency, and harmonizes economic efficiency with social value creation [3].
Specifically, the environmental component urges firms to implement pollution control and
resource conservation measures; the social component encourages attention to employee
welfare and community development; and the governance component emphasizes im-
proved decision-making quality and managerial accountability. Strengthening MFESG has
therefore emerged as a key national priority—consistent with the green development vision
articulated in the 14th Five-Year Plan and aligned with global sustainability trends—bearing
substantial strategic and practical significance.

Existing research on the MFESG remains relatively limited, motivating this study to
investigate the determinants that shape corporate ESG outcomes. Although a considerable
body of scholarship has examined the drivers of ESG performance, prior studies can
generally be grouped into three dimensions: internal, external, and institutional factors.
Internal factors originate within the firm and represent the endogenous forces that promote
transformation and sustainability-oriented decision-making. These elements enhance ESG
performance primarily by optimizing organizational structures, resource deployment,
and strategic behavior. Empirical evidence has highlighted several key internal drivers,
including regional digitalization [4], supply chain resilience [5], and corporate cultural
orientation [6]. In contrast, external factors arise from the firm’s operating environment
and function as exogenous pressures or incentives that compel corporate responses to
shifting market or societal expectations. Such factors may stimulate ESG improvement by
reshaping risk perceptions and strategic adaptation mechanisms. Typical examples include
macroeconomic uncertainty [7], geopolitical tensions [8], media scrutiny [9], investor
sentiment [10], and the expansion of financial technology [11].

Institutional factors differ from internal and external drivers, referring to formal policy
instruments and regulatory systems established by the government to guide corporate
sustainability practices. Such mechanisms carry both restrictive and enabling functions:
on the one hand, they constrain environmentally harmful production behaviors, and on
the other hand, they provide necessary resources to support green transformation. For
example, local green finance initiatives [12] and green credit policies [13] impose emis-
sion constraints through market-based environmental regulations while encouraging the
adoption of cleaner production technologies. Furthermore, the environmental governance
model in China is shifting from traditional command-and-control regulation toward a col-
laborative and incentive-based governance framework involving multiple actors, including
government agencies, enterprises, and social organizations. Existing research suggests
that achieving net-zero emission goals requires dynamic strategic interactions among these
stakeholders, and that building an organically coordinated governance framework can
generate sustained incentives for environmental improvement [14]. This perspective pro-
vides an important theoretical foundation for examining how market-based environmental
regulation, such as the Environmental Protection Tax (EPT), influences corporate ESG
performance. At the same time, administrative environmental instruments—such as envi-
ronmental courts and enforcement mechanisms—play a crucial role by offering direct legal
oversight and accountability. Compared with firm-level and market-driven factors, institu-
tional factors exhibit greater systematic influence and coercive authority. Their significance
lies not only in compelling enterprises to undertake green transition, but also in establishing
the policy and financial infrastructure necessary for long-term sustainable development.
Building on this foundation, the present study focuses on how market-based environmental
regulation—particularly the EPT—affects the ESG performance of manufacturing firms.
By conducting empirical analysis, the study advances understanding of how regulatory
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mechanisms shape ESG outcomes and provides policy-oriented insights for promoting
sustainable industrial development.

The promulgation of the Environmental Protection Tax Law in 2018 represented a
landmark moment in China’s transition toward the legalization and institutionalization
of environmental governance. Prior to this reform, the nation had relied on a pollution
discharge fee system. The introduction of the EPT fundamentally transformed the regula-
tory framework in two critical ways. First, it established a stronger and more enforceable
mechanism for pollution control, thereby exerting a greater deterrent effect on firms with
excessive emissions. Second, the tax introduced higher levy rates, significantly enhancing
the economic incentives for pollution reduction. The law provides explicit stipulations
regarding taxable pollutants and applicable rates, covering major categories such as wastew-
ater, airborne contaminants, industrial noise, and solid waste—all of which constitute the
dominant pollution sources in the manufacturing sector.

Given these characteristics, the EPT offers a unique policy context for assessing the
influence of market-based environmental regulation on the MFESG. Utilizing the implemen-
tation of this law as a quasi-natural experiment allows for a rigorous empirical examination
of how fiscal instruments can align corporate behavior with sustainable development
objectives. The findings of such research not only enrich theoretical understanding but
also yield valuable insights for the optimization of environmental policy design and the
advancement of corporate sustainability practices.

Although corporate ESG performance has attracted increasing scholarly attention in
recent years, existing studies have not yet provided a systematic and in-depth examina-
tion of how market-based environmental regulations—such as the EPT—affect the ESG
performance of manufacturing firms. Meanwhile, the effectiveness of market-oriented en-
vironmental policies in advancing corporate sustainability remains subject to debate. Some
studies argue that market incentives can facilitate green transformation [15,16], whereas
others contend that environmental regulation may increase compliance costs and crowd
out resources that would otherwise support innovation and responsible governance [17]. In
light of existing gaps and mixed findings, this study offers three incremental contributions.
First, by using the 2018 Environmental Protection Tax as a quasi-natural experiment and
a multi-period difference-in-differences framework, it provides evidence that is closer
to causal interpretation regarding the relationship between market-based environmental
regulation and firms” ESG performance. While not definitive, this setting reduces some
concerns about endogeneity relative to cross-sectional approaches and complements the
existing correlational literature. Second, the paper explores two plausible transmission
channels—reduced financing constraints and increased green innovation—thereby offering
mechanism-based evidence that may help interpret why effects differ across studies. The
results suggest that both channels are operative in this context, though effect sizes vary
and should be interpreted with appropriate caution. Third, by examining heterogeneity
across ownership and audit characteristics, the study documents that the estimated effects
appear more pronounced for non-state-owned firms and firms unaudited by the Big Four.
These patterns point to the potential moderating roles of governance structures, external
monitoring, and resource endowments, and may be useful for thinking about more tar-
geted regulatory designs. Overall, the findings should be viewed as context-specific and
complementary to prior work, and we acknowledge that further research with alternative
measures and settings would be valuable.

The remainder of this paper is organized as follows: Section 2 elaborates on
the policy background and research hypotheses; Section 3 details the research design;
Section 4 presents and discusses the empirical results; Section 5 conducts the heterogeneity
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analysis; and Section 6 concludes the study by summarizing key findings and proposing
corresponding policy recommendations.

2. Institutional Background and Research Hypotheses
2.1. Institutional Background

The EPT represents a cornerstone of China’s market-oriented environmental gover-
nance, designed to curb pollutant emissions and stimulate the adoption of green tech-
nologies through economic instruments. Originating from the earlier pollution discharge
fee system, the EPT was introduced in response to the latter’s limited effectiveness. The
fee-based mechanism had long suffered from weak legal enforceability and inconsistent
administrative implementation, resulting in inadequate control over pollution discharges.
To remedy these institutional shortcomings, China enacted the Environmental Protection
Tax Law at the end of 2016, with full enforcement beginning in 2018. This legislative reform
signified a fundamental transition from a fee-driven to a tax-based regulatory framework,
underscoring the state’s determination to institutionalize environmental protection and
strengthen ecological governance.

The conception and design of the EPT drew inspiration from international experiences,
particularly from European economies such as Sweden and Germany, which had intro-
duced environmental taxation in the late twentieth century. These nations demonstrated
the efficacy of fiscal tools in addressing carbon emissions and energy consumption, thereby
achieving substantial improvements in environmental quality. China’s EPT model assimi-
lates key features from these international precedents—including tax rate setting, revenue
allocation, and collection mechanisms—while tailoring them to the nation’s unique stage
of economic development and its pronounced regional heterogeneity. Compared with the
former pollution discharge fee system, the EPT embodies several distinctive institutional
innovations. First, it possesses robust legal authority: as a statutory tax, it minimizes
administrative arbitrariness and ensures policy continuity and credibility. Second, the tax
framework introduces rate flexibility, establishing the original discharge fee as a minimum
threshold while allowing local governments to adjust rates according to local economic
capacity and pollution control objectives. Third, the reform optimizes fiscal incentives by
assigning all tax revenues to local governments, thereby enhancing their motivation and
financial capacity for environmental governance. Fourth, the separation of responsibilities
between tax collection agencies and environmental monitoring departments strengthens
transparency, accountability, and overall enforcement efficiency.

Beyond its regulatory function, the EPT operates as a dynamic market mechanism that
steers enterprises toward green transformation. By embedding environmental costs into cor-
porate decision-making, the policy encourages the adoption of energy-efficient and emission-
reducing technologies. Furthermore, as an integral component of China’s broader strategy
to achieve its “dual carbon” objectives—carbon peaking and carbon neutrality—the EPT
transforms pollution control from passive compliance into proactive emission reduction.
Through fiscal pressure and incentive alignment, it fosters enterprise-level green innovation
and catalyzes the diffusion of sustainable development principles across society.

2.2. Research Hypothesis

As a central pillar of the national economy, the manufacturing sector not only drives
industrial output and employment but also bears substantial environmental and social
responsibilities due to its inherently high levels of pollution and energy consumption [2].
Market-based environmental regulation addresses these challenges by transforming the
externalities of pollution into internal costs through economic instruments. By imposing
fiscal constraints and incentive mechanisms, such regulation compels firms to optimize
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production processes, assume broader social responsibilities, and strengthen corporate gov-
ernance structures. Rooted in the Pigovian tax framework [18], this mechanism internalizes
the social cost of pollution, thereby motivating firms to adopt cleaner technologies and
green production methods that minimize emission-related expenditures. Moreover, the
heightened regulatory emphasis on social and governance standards encourages enter-
prises to improve community engagement, enhance transparency, and elevate their overall
ESG (Environmental, Social, and Governance) performance.

However, the improvement of ESG performance and the advancement of green trans-
formation require continuous capital input, and manufacturing firms often face financing
constraints due to information asymmetry and risk perceptions in capital markets. In this
context, market-based environmental regulation not only increases pollution abatement
pressure but also enables firms to signal stronger environmental responsibility and compli-
ance credibility to external investors. By doing so, such regulation can reduce financing
frictions, enhance investors’ confidence in firms’ sustainable strategies, and improve ac-
cess to external capital, which further supports continuous investments in environmental
governance, social responsibility practices, and governance structure optimization.

The EPT, as the core embodiment of China’s market-based environmental regula-
tion, directly targets the pollution-intensive characteristics of manufacturing opera-
tions and promotes ESG advancement through economic leverage. First, since major
pollutants generated by manufacturing firms include wastewater, airborne emissions,
and solid waste, the EPT establishes explicit tax parameters for each category and
penalizes firms exceeding permissible discharge levels. This fiscal pressure compels
enterprises to reduce emissions by upgrading production technologies, modernizing
equipment, and refining operational processes [19,20]. Second, the transition toward
green manufacturing necessitates stronger collaboration between firms and social
stakeholders. The EPT indirectly stimulates corporate participation in environmental
initiatives, community improvement programs, and employee welfare enhancement,
reinforcing the social dimension of ESG. Third, compliance with the EPT requires
precise environmental data tracking and effective internal management systems. These
demands incentivize firms to improve their governance structures, enhance account-
ability mechanisms, and strengthen monitoring capacity [21].

Taken together, these mechanisms indicate that the EPT can operate through both
cost-constraint effects and financing-resource enhancement effects, jointly promoting
sustainable transformation in the manufacturing sector. Based on this theoretical reasoning,
the study proposes the following hypothesis:

H1: Market-based environmental regulation exerts a positive and significant effect on the ESG
performance of manufacturing firms.

Financing constraints describe the obstacles firms encounter when attempting to se-
cure adequate funding at acceptable costs, often arising from information asymmetry,
insufficient collateral, or limited credit access [22]. Such constraints restrict firms” capac-
ity for investment, innovation, and expansion. Within the manufacturing sector, these
challenges are particularly acute due to the industry’s capital-intensive nature and high
asset specificity, which heighten dependence on external financing sources. However, the
sector’s inherent characteristics—namely high pollution intensity and excessive energy
consumption—expose firms to elevated credit risk perceptions and restricted lending con-
ditions. Consequently, financing constraints constitute a major impediment to the green
transformation and sustainable growth of manufacturing enterprises.

Market-based environmental regulation can play a pivotal role in easing these financial
bottlenecks by embedding environmental responsibility into firms” economic decision-
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making processes. As a representative form of such regulation, the EPT internalizes the
external costs of pollution, linking environmental performance with financial credibility. Its
implementation alleviates financing constraints through several interrelated mechanisms.
First, the EPT requires enterprises to comply with stricter environmental management and
disclosure standards. The resulting transparency enhances investor and creditor confi-
dence in firms’ environmental risk management, thereby reducing perceived credit risks
associated with regulatory non-compliance. Second, firms that fulfill their EPT obligations
and achieve tangible improvements in pollution control are increasingly recognized as
green and socially responsible enterprises. These firms are more likely to access preferential
financing—such as green credit facilities and lower-interest loans—from financial institu-
tions seeking sustainable investment opportunities, effectively relieving financing pressure.
Third, the fiscal costs imposed by the EPT incentivize firms to channel resources into green
technological innovation and cleaner production upgrades. As their technological capabili-
ties and environmental reputation improve, these firms experience positive signaling effects
in the capital market, attracting greater investor attention and external funding support.
By mitigating financing constraints, the EPT exerts indirect yet multifaceted influences
on the ESG performance of manufacturing firms. In the Environmental (E) dimension,
reduced financing frictions enable greater investment in clean technologies and energy-
efficient infrastructure, thereby curbing emissions and resource waste [23]. In the Social
(S) dimension, enhanced financial capacity allows firms to allocate more resources toward
employee welfare, community engagement, and philanthropic initiatives, strengthening
their social responsibility fulfillment. In the Governance (G) dimension, improved liquidity
bolsters internal control systems, strategic decision-making efficiency, and transparency in
managing environmental and social issues [24].

Taken together, the above analysis indicates that market-oriented environmental regu-
lation not only reshapes firms” environmental governance behavior through external cost
pressures, but also improves their financing environment by enhancing information trans-
parency, credibility, and sustainability signaling. The alleviation of financing constraints
expands firms’ capacity to invest in green technologies, social responsibility initiatives, and
internal governance enhancement, thereby promoting a comprehensive improvement in
ESG performance. Accordingly, we advance the following hypothesis:

H2: Market-based environmental regulation indirectly enhances the ESG performance of manufac-
turing firms by alleviating financing constraints.

Green innovation encompasses the technological and managerial activities through
which firms pursue resource efficiency, pollution reduction, and ecological sustainability
by developing or adopting novel products, production processes, or organizational meth-
ods [25]. It represents not only a vital pathway for enhancing corporate competitiveness
but also a fundamental driver of sustainable industrial transformation. For manufactur-
ing enterprises—characterized by intensive energy consumption and significant pollutant
emissions—green innovation plays a particularly pivotal role. It simultaneously elevates
environmental performance and provides technological and managerial foundations for
fulfilling social responsibilities and improving governance effectiveness.

Market-based environmental regulation serves as an essential external catalyst for stim-
ulating green innovation. In line with the Porter Hypothesis [26], appropriately designed
environmental regulation can correct market failures by increasing the cost of pollution
and creating economic incentives that encourage firms to innovate. By transforming en-
vironmental compliance from a passive obligation into an active source of competitive
advantage, such regulation promotes the continuous development and diffusion of green
technologies. As a core market-oriented instrument, the EPT exerts a direct influence on
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firms’” innovative behavior through fiscal mechanisms. First, by imposing taxes on pollu-
tant emissions, the EPT raises operational costs for high-pollution manufacturing firms,
compelling them to invest in cleaner production technologies to reduce both emissions and
tax liabilities. Second, tax revenues collected under the EPT framework can be redirected
toward innovation-supporting initiatives—such as fiscal subsidies and dedicated green
technology funds—helping firms overcome the high R&D costs associated with environ-
mental innovation. Third, the widespread implementation of the EPT strengthens public
and market recognition of green innovation, thereby enhancing firms’ reputational capital
and incentivizing further technological upgrading.

Green innovation functions as a crucial internal mechanism through which manu-
facturing firms enhance their ESG performance. Technological innovation aimed at
sustainable production not only mitigates environmental harm but also improves social
and governance outcomes. In the Environmental (E) dimension, green innovation facil-
itates cleaner production processes and the deployment of energy-efficient equipment,
thereby reducing wastewater discharge, exhaust emissions, and solid waste genera-
tion [27]. In the Social (S) dimension, innovation enhances workplace safety, employee
well-being, and community engagement, reinforcing corporate social responsibility. In
the Governance (G) dimension, the integration of innovation into R&D and operational
management encourages more effective decision-making, transparency, and resource
optimization. However, the realization of green innovation requires substantial and
continuous investment in technological upgrading, equipment renewal, and talent
development. Market-based environmental regulation—such as the Environmental
Protection Tax—creates economic pressure and policy incentives that shift firms’ strate-
gic priorities toward environmental improvement. By increasing the cost of pollutant
emissions and strengthening public scrutiny, such regulation encourages firms to inter-
nalize environmental risks and seek long-term cost reduction through technological
transformation rather than short-term compliance measures. Moreover, firms that suc-
cessfully adopt green innovation benefit from enhanced market reputation, improved
stakeholder trust, and preferential access to green finance, which further reinforces
ESG enhancement. For industries characterized by high pollution intensity and energy
dependency, green innovation therefore represents not merely a reactive response to
regulatory compliance, but a proactive strategy to achieve industrial upgrading, re-
silient growth, and sustainable competitiveness in the global market. By promoting the
adoption and diffusion of green technologies, market-based environmental regulation
may thus stimulate firms to continuously improve their ESG performance through
innovation-driven pathways. In light of the above reasoning, this study posits the
following hypothesis:

H3: Market-based environmental regulation indirectly enhances the ESG performance of manufac-
turing firms by fostering green innovation.

Based on this theoretical framework, the study constructs a conceptual mechanism
model, as illustrated in Figure 1.
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Figure 1. Theoretical mechanism.

3. Research Design

3.1. Model
3.1.1. Difference-in-Differences Model

The DID model has emerged as one of the most widely applied econometric techniques
for evaluating policy effects, offering clear methodological advantages over traditional
empirical models. By constructing treatment and control groups and incorporating tempo-
ral dimensions—before and after policy implementation—the DID framework effectively
addresses endogeneity concerns stemming from unobserved heterogeneity and common
time trends. This design enables a more credible estimation of causal policy impacts and
mitigates bias associated with omitted variables and confounding shocks [28-30]. Con-
sidering the spatial and temporal heterogeneity of the EPT policy, this study employs
the DID model as its primary identification strategy. The enactment of the EPT in 2018
provides an appropriate quasi-natural experimental setting, allowing for a robust empirical
examination of how market-based environmental regulation influences the MFESG. This
approach not only captures the direct impact of the EPT but also sheds light on the un-
derlying mechanisms through which fiscal environmental instruments promote corporate
sustainability. By leveraging this econometric design, the analysis aims to provide rigor-
ous and policy-relevant evidence on the effectiveness of market-oriented environmental
regulation in driving sustainable business transformation. Following the methodological
framework established by Beck et al. (2010), this paper adopts a similar model specification
to ensure consistency and comparability with prior research [31]. The model is formally
expressed as follows:

Yis = Bo + B1Treated; x Post;; + )\Z Controlsy + vi + 1 + € (1)

In model (1), Yit denotes the ESG performance of firm i in year t. Treatedi is the
treatment indicator, which equals 1 if firm i is located in a region where the applicable tax
rate on water pollutants has been increased, and 0 otherwise. Post;; is the time dummy
for the policy implementation period, taking the value of 1 in the years after the Envi-
ronmental Protection Tax (EPT) is officially enforced for firm i, and 0 in the years prior.
Controls represent the set of control variables included in the model, covering all firm-level
and macro-level factors controlled for in this study. In line with the requirements of the
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Difference-in-Differences model, individual fixed effects 7; and time fixed effects v; are
controlled for, along with the error term ¢;;. In addition, I incorporate province—year fixed
effects into the model, which helps to net out regional macro shocks associated with tax
rate adjustments and thus enhances the accuracy of the causal identification.

3.1.2. Mediator Effect Model

The mediation model serves as an analytical framework for investigating how an
independent variable influences a dependent variable through an intermediate or mediator
variable. Originally introduced by Baron and Kenny (1986), this model provides a struc-
tured approach to examining indirect relationships among variables, thereby uncovering
the underlying mechanisms that transmit the effects of the independent variable to the
dependent outcome [32]. By decomposing total effects into direct and indirect components,
the mediation framework allows researchers to identify the specific channels through
which a causal relationship operates. Drawing upon relevant literature [33], this study
employs a two-stage mediation model to empirically test the mechanisms through which
the EPT affects the MFESG. This analytical design enables the exploration of whether and
how intermediary factors—such as financing constraints or green innovation—mediate the
influence of market-based environmental regulation on corporate sustainability outcomes.
Furthermore, to ensure the robustness and statistical validity of the mediation effect, the
study incorporates the Sobel test, following the methodological approach commonly used
in prior research [27]. This additional test provides a formal significance assessment of
the indirect pathways identified within the model, thereby enhancing the reliability and
interpretive strength of the empirical findings. The general specification of the mediation
model is presented as follows:

Yir = Bo + B1Treated; x Postj; + AY_ Controls + v + Tt + &

2
M; = Bo + B1Treated; x Postj + AY_ Controls; + v; + Tt + € @

In this model, M represents the mediator variable, which primarily includes financing
constraints and green innovation.

3.2. Variable Selection and the Source of the Data
3.2.1. Dependent Variable

Measurement of Manufacturing Firms’ ESG Performance: Although international
institutions such as Thomson Reuters, MSCI, and Bloomberg have developed relatively
mature ESG evaluation systems, the applicability of these international rating methodolo-
gies to Chinese enterprises is limited due to the unique characteristics of China’s institu-
tional context and corporate disclosure environment. Therefore, this study employs the
Wind-Sino-Securities Index (CSI) ESG Rating Database as the measurement source for man-
ufacturing firms” ESG performance (MFESG). The ratings are compiled by Sino-Securities
Index Co., Ltd. based on listed firms” annual reports, corporate social responsibility reports,
sustainability reports, environmental information disclosure documents, and third-party
media data, ensuring strong contextual relevance to the Chinese market. Under a unified
evaluation framework, the rating system assesses corporate sustainability performance
across three dimensions: environmental responsibility (E), social responsibility (S), and
corporate governance (G), and further aggregates them into a composite ESG score. The E,
S, and G sub-scores and the composite ESG index are all derived from the same database
and methodological system, ensuring consistency and comparability. The scoring scale
ranges from 0 to 100, with higher scores indicating better ESG performance. Moreover,
the rating system adopts industry-level standardization (i.e., mean and deviation normal-
ization within industries) to eliminate systematic differences arising from variations in
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industry size and pollution intensity, and it covers all listed firms in the Chinese capital
market, thereby ensuring strong horizontal comparability.

3.2.2. Independent Variable

Market-Based Environmental Regulation: The EPT represents a central pillar of
China’s market-oriented environmental regulatory framework, characterized by its le-
gal enforceability, economic incentives, and adaptive flexibility. By imposing taxes on
pollutant emissions, the EPT effectively internalizes the external environmental costs of
industrial production. This mechanism motivates firms to optimize production processes,
adopt cleaner technologies, and reduce pollutant discharges, while simultaneously provid-
ing local governments with stable fiscal resources for environmental governance and green
development initiatives. Building on these institutional characteristics, this study employs
the EPT as a proxy variable for market-based environmental regulation to empirically
examine its dual role as both a constraint and an incentive for corporate behavior. Specif-
ically, provinces and municipalities that raised the tax rates for taxable water pollutants
are identified as the treatment group, whereas those that maintained their original tax
levels constitute the control group (See Appendix A). By comparing differences in the
environmental (E), social (S), and governance (G) dimensions of firm performance between
these two groups, this study provides an empirical assessment of the policy effectiveness
of market-based environmental regulation within the manufacturing sector.

3.2.3. Control Variable

Drawing upon prior research [34-36] and in accordance with the analytical require-
ments of this study, a set of firm-level characteristics is incorporated as control variables
to enhance both the robustness of the econometric model and the explanatory validity of
the empirical results. These variables are selected to account for firm heterogeneity and
to isolate the net effect of market-based environmental regulation on ESG performance.
Specifically, the model controls for firm size, leverage ratio (debt-to-asset), profitability
(return on assets), cash flow ratio, revenue growth rate, ownership concentration (measured
by the shareholding proportion of the top five shareholders), CEO Duality, capital intensity
(proxied by the fixed asset ratio), and firm age. The operational definitions, measurement
methods, and data sources of these variables are summarized in Table 1.

3.2.4. Mediator Variables

Financing Constraints: A variety of indicators have been developed to measure the
degree of financing constraints faced by firms, with different measures being suitable for
distinct research contexts and data environments. Among the most commonly applied
indices are the Fazzari index, which is derived from cash flow sensitivity [37]; the Kaplan—
Zingales (KZ) index, based on investment—cash flow sensitivity [38]; the Cleary index,
which captures financial constraint conditions [39]; and the Whited—-Wu (WW) index,
which is constructed from firm-specific financial characteristics [40]. Given that this study
examines the mechanisms through which market-based environmental regulation affects
the MFESG, with a particular focus on financial behavior and funding accessibility, the WW
index is deemed the most appropriate metric. By integrating multiple dimensions—such
as cash flow, leverage, and firm size—the WW index provides a more comprehensive
reflection of a firm’s financing condition. Therefore, this study employs the WW index
as the principal measure of financing constraints, offering a more robust and context-
appropriate quantitative basis for analyzing how the alleviation of financing constraints
facilitates the enhancement of MFESG under market-oriented environmental regulation.

Green Innovation: Following the existing literature, this study measures firms’ green
technological innovation based on their green patent activities. The identification of green
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patents is conducted according to the IPC Green Inventory issued by the World Intellectual
Property Organization (WIPO), which maps specific International Patent Classification
(IPC) codes to technologies with clear environmental benefits. This classification system is
widely used in academic research and provides a consistent and internationally comparable
standard for defining “green” technologies. Based on this classification, data on green
patents are obtained from the China National Intellectual Property Administration (CNIPA).
To more accurately capture the realization of innovation outcomes rather than strategic
filing behavior, this study adopts the number of granted green patents, rather than patent
applications. Specifically, green innovation is measured as the total number of granted
green invention patents and granted green utility model patents obtained by each firm in
a given year. Considering the right-skewed distribution of patent counts, the variable is
defined as: green innovation = natural logarithm of (1 + total granted green patents).

In summary, the definitions, measurement methods, and data sources for all variables
are presented in Table 1.

Table 1. Primary variable definitions.

Name Abbreviation Definition
Dependent Variable Manufacturing Firm ESG MFESG ESG rating of listed companies
Performance

The variable takes the value 1 if the
Environmental Protection applicable tax rate on water pollutants under

Independent Variable Tax EPT the Environmental Protection Tax is

increased in the firm’s registered location,
and 0 otherwise.
Firm Size SIZE Natural logarithm of total assets
Debt-to-Asset Ratio LEV Total liabilities / Total assets
Return on Assets ROA Net profit/Total assets
Cash Flow Ratio CF Net cash flow from operating activities/Total
assets

Revenue Growth Rate GROW This year’s revenue/Last year’s revenue — 1

Control Variables

Proportion of Shares Held

Number of shares held by the top five

by Top Five Shareholders TOPS shareholders/Total shares
CEO Duality DUAL Set to 1 if the chairman aI}d CEO are the
same person, otherwise set to 0
Fixed Asset Ratio FIXED Net fixed assets/Total assets
. Ln (Number of years since the firm was
Firm Age FA established + 1)
Financing Constraints WW Calculated using Wﬁfﬁd and Wu’s method
Mediator Variables n(S ‘ ted ) i tent
Green Innovation I n (Sum of granted green invention patents

and utility model patents)

3.2.5. Sample Selection and Data Sources

We sincerely thank the reviewer for the insightful suggestion. We have added a
discussion of the historical coverage of the Wind-Sino-Securities ESG ratings. Specifically,
the coverage was relatively limited during 2010-2012 but gradually expanded and became
stable after 2013.

Given that the research specifically targets the manufacturing sector, all non-
manufacturing enterprises were excluded from the analytical sample. To mitigate the
influence of extreme values and ensure the reliability of the empirical results, all continuous
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variables were subjected to two-sided winsorization at the 1st and 99th percentiles. To
enhance the validity and consistency of the dataset, a rigorous sample-screening procedure
was implemented. First, only firms listed on China’s A-share market and classified under
the “C” industry category according to the Guidelines for the Industry Classification of
Listed Companies (2012 Edition) were retained. Second, firms designated as ST, *ST, or
those that had been delisted during the study period were excluded to avoid the influence
of financial distress and abnormal trading conditions. Third, firms with missing or incom-
plete key variables were removed. After these screening steps, the final sample comprises
an unbalanced panel dataset of 2677 manufacturing firms covering the period from 2010
to 2022. The primary data sources include the Listed Company ESG Rating Database, the
official China Government Website, and the CSMAR Database, among others. Descriptive
statistics and variable definitions are summarized in Table 2. The mean value of the EPT
variable is 0.445, indicating that approximately 44.5% of the sample firms fall within the
treatment group defined by the EPT policy implementation.

Table 2. Descriptive statistics.

Variable N Mean SD Min Max Data Sources
MEFESG 20,971 73.19 4.573 59.60 83.40 Listed Company ESG Rating Database
EPT 20,971 0.445 0.497 0 1 China Government Website
SIZE 20,971 22.01 1.169 19.98 25.60
LEV 20,971 0.383 0.194 0.0550 0.864
ROA 20,971 0.0490 0.0620 —0.169 0.214
CF 20,971 0.0490 0.0660 —0.134 0.228
GROW 20,971 0.168 0.331 —0.464 1.740
TOP5 20,971 0.537 0.149 0.212 0.864 CSMAR Database
DUAL 20,971 0.320 0.467 0 1
FIXED 20,971 0.216 0.132 0.0150 0.611
FA 20,971 2.883 0.333 1.792 3.497
WW 17,622 —1.012 0.0670 —1.198 —0.863
GI 20,971 0.333 0.694 0 3.296

4. Empirical Results
4.1. Benchmark Regression Analysis

This study employs Model (1) to empirically investigate the impact of the EPT on the
MFESG, with the corresponding estimation results summarized in Table 3. In Column (1),
the baseline regression—excluding control variables—indicates that the coefficient of EPT
is 0.7828, which is statistically significant at the 1% level, suggesting a strong positive
association between market-based environmental regulation and firms” ESG outcomes.
As control variables are progressively introduced across subsequent specifications, both
the magnitude and statistical significance of the EPT coefficient remain largely consistent,
implying the robustness of the estimated relationship. In Column (4), which incorporates
the full set of control variables, the coefficient of EPT remains significantly positive with an
estimated value of 0.6549. Given that the ESG score ranges from 0 to 100 and the sample
mean of MFESG is 73.19, this effect corresponds to an approximately 0.9% improvement in
ESG performance following the implementation of the Environmental Protection Tax. This
indicates that the policy not only yields statistically significant effects but also produces
substantively meaningful economic benefits by enhancing firms” sustainability practices.
Taken together, these findings provide robust empirical evidence that market-based en-
vironmental regulation effectively enhances MFESG, thereby supporting Hypothesis 1
and validating the theoretical expectation that fiscal environmental instruments can drive
sustainable corporate transformation.
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Table 3. Results of the benchmark regression analysis.
ey () 3 @
MFESG MFESG MFESG MFESG
EPT 0.7828 *** 0.6882 *** 0.6767 *** 0.6549 ***
(3.7335) (3.7628) (3.9901) (3.9552)
SIZE 1.1210 *** 1.1122 *** 1.1331 ***
(13.1536) (12.9568) (12.5546)
LEV —4.8142 *** —4.2876 *** —4.1724 ***
(—11.8485) (—10.4631) (—10.0047)
ROA 12.7801 *** 13.8259 *** 13.9686 ***
(13.2847) (14.2506) (13.0752)
CF —1.0190 —1.0989 *
(—1.5372) (—1.9117)
GROW —0.8989 *** —0.9617 ***
(—6.7147) (—7.4598)
TOPS 2.4346 *** 2.1317 ***
(7.2230) (6.0235)
DUAL 0.0433
(0.4655)
FIXED 0.4588
(0.5800)
FA —0.8059 ***
(—3.7618)
_cons 72.8440 *** 49.4258 *** 48.2679 *** 50.1513 ***
(781.1409) (27.1311) (27.4379) (28.1933)
Year FE YES YES YES YES
Stked FE YES YES YES YES
Provincesear YES YES YES YES
N 20963 20962 20957 20957
R2 0.0702 0.1838 0.1928 0.1954

t statistics in parentheses * p < 0.1, *** p < 0.01; This study employs two-way clustering at the firm level and the
province level. Note: The following table adopts the same format.

4.2. Parallel Trend Test

The parallel trends assumption is a fundamental prerequisite for the validity of the
DID approach, requiring that, in the absence of policy intervention, the outcome variables
of the treatment and control groups would follow comparable trajectories over time [41-43].
Only when this assumption holds can the post-policy differences between the two groups
be credibly interpreted as the causal effect of the policy rather than the result of underlying
structural differences. To empirically assess whether the parallel trends assumption is
satisfied, this study adopts an event-study framework to estimate the dynamic effects
of the EPT before and after its implementation and plots the corresponding dynamic
coefficients over time (see Figure 2). In this analysis, the year immediately prior to the policy
implementation (f = —1) is designated as the omitted baseline period, and all coefficients
are interpreted relative to this benchmark. As shown in Figure 2, the dynamic coefficients
for the pre-policy periods are statistically insignificant, indicating that the treatment and
control groups exhibited no systematic differences in ESG performance before the policy.
Furthermore, a joint significance test of the pre-policy coefficients confirms that they are
jointly insignificant (F = 1.27, p = 0.269 > 0.10), thus supporting the validity of the parallel
trends assumption. In addition, to rule out the possibility that firms may have adjusted their
ESG behaviors in anticipation of the policy, an anticipation window test is conducted, and
the coefficients for the one to two years immediately preceding the policy implementation
are likewise insignificant (p = 0.312 > 0.10), suggesting the absence of anticipatory responses.
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In contrast, the post-policy dynamic coefficients turn significantly positive and exhibit
a clear upward trajectory, indicating that the EPT exerts a sustained and progressively
strengthening positive effect on firms” ESG performance. Taken together, these results
confirm the credibility and robustness of the DID identification strategy employed in this
study.

1.5

Policy Dynamic Effects
0.5

-0.5

I I 1 | [ | | | I 1
-6 -5 -4 -3 -2 0 1 2 3 4
Period

Figure 2. Parallel trend test results (base period is —1).

4.3. Robustness Test
4.3.1. Placebo Test

The placebo test serves as an essential robustness check in empirical analysis, designed
to determine whether the estimated policy effects stem from the actual treatment rather
than from random shocks or unobserved confounding factors. Within the framework of
the DID model, this test is implemented by constructing pseudo-policy variables to assess
the authenticity of the causal inference. If the estimated coefficients of these pseudo-policy
variables are statistically insignificant, it implies that the observed treatment effect is not
driven by chance, thereby confirming the reliability of the model and the credibility of the
identified policy effect. Following the approach of La Ferrara et al. (2012) [44], this study
conducts a placebo test based on the distributional characteristics of the EPT variable used
in the baseline regression. Specifically, 1000 pseudo-policy dummy variables are randomly
generated, and Model (1) is re-estimated using these simulated policy assignments. The
resulting coefficient distribution is illustrated in Figure 3, which shows that the estimated
coefficients are tightly clustered around zero, exhibiting neither significant deviation nor
discernible systematic trend. This finding suggests that the positive relationship identified
between the EPT and the ESG performance of manufacturing firms is not attributable to
random variation or spurious correlation. In sum, the placebo test provides strong evidence
supporting the robustness and internal validity of the empirical results.
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Figure 3. Placebo test results.

4.3.2. PSM-DID

The Propensity Score Matching (PSM) technique is a widely adopted statistical ap-
proach for improving comparability between groups in observational studies. By estimating
the probability (propensity score) of treatment assignment based on observable covari-
ates, PSM constructs a counterfactual framework in which treated and control units are
matched according to similar characteristics, thereby minimizing selection bias arising
from non-random group differences [45-47]. Within the DID framework, PSM serves as a
complementary method that balances the covariate distributions between treatment and
control groups, thus enhancing the internal validity and robustness of causal inference. In
this study, the caliper nearest-neighbor matching method is applied to perform propensity
score matching, and the corresponding results are presented in Figure 4. In the figure,
the points labeled “Unmatched” denote the standardized mean bias of covariates prior to
matching, while the points labeled “Matched” represent the same bias after the matching
procedure. As illustrated, the standardized bias of all covariates decreases substantially fol-
lowing matching and converges toward zero. This indicates that the treatment and control
groups exhibit highly comparable covariate characteristics after matching, confirming that
the matching procedure achieved a satisfactory balancing effect.

After removing the unmatched observations obtained from the propensity score
matching process, a re-estimation of the regression model was conducted, and the results
are reported in Column (1) of Table 4. The coefficient of the EPT remains positive and
statistically significant, demonstrating that the EPT continues to exert a favorable influence
on the MFESG. This finding provides additional empirical support for the conclusion
that market-based environmental regulation effectively enhances firms” ESG performance.
The consistency of the estimation results after sample matching further strengthens the
robustness and reliability of the study’s core findings, confirming that the observed effects
are not driven by sample selection bias or unobserved heterogeneity.



Sustainability 2025, 17, 10516 16 of 31
firmage ............................. 5 0 30 8 247 S A 4 SRR AT e A T S SRR ST A T @i
dual [+:eeerereereemiiniidd e e B e
cashflow [=--«reeesieeeniianiiiaiid. Woeeireriransaas Bttt e e
SiZe [rerrrrerrvioniiiiiiiiiiin, e aneiiinaeas P
PO [otsns e s iiniiniananoss e o B S B s oo ol L LS e e S s S U s S e s e
t0p5 .......................... B R T S S R T S
lev krnsnmmsnimarss o L
GrOWth {«eerereemeeeeens g e T R R T R S S e T R R R e
fixed |- @ oeeeeeeeee PP TP PSP PP PP PO PPPRPPPPPPPPPN * Unmatched
= Matched
-20 0 20 40 60
Standardized % bias across covariates
Figure 4. Balance test results.
Table 4. Test of robustness 1.
® 2) 3 4
PSM-DID Smart BBC Innovation
EPT 0.6599 *** 0.7819 *** 1.0240 *** 0.6034 ***
(3.9912) (3.2991) (3.7751) (4.0494)
Controls YES YES YES YES
Year FE YES YES YES YES
Stked FE YES YES YES YES
Pro‘”rl‘fEe#Year YES YES YES YES
N 17,727 12,448 6571 6736
R2 0.1960 0.2109 0.2159 0.2508

t statistics in parentheses *** p < 0.01.

4.3.3. Exclusion of Other Competing Hypotheses

To ensure that the estimated effects of the EPT are not confounded by other concurrent
policy interventions, this study further controls for the potential influence of overlapping
national initiatives—such as the Smart City Policy, Broadband China Policy, and National
Innovation-Oriented City Policy. Specifically, observations from pilot cities implementing
these policies were excluded, and the regression analysis was re-estimated accordingly.
The corresponding results are reported in Columns (2) through (4) of Table 4. Across all
model specifications, the coefficient of EPT remains positive and statistically significant,
indicating that the positive relationship between market-based environmental regulation
and the MFESG persists even after accounting for alternative policy effects. These findings
demonstrate that the estimated impact of the EPT is not driven by confounding policy
environments, thereby reinforcing the robustness, stability, and internal validity of the
main empirical conclusions presented in this study.

4.3.4. Alternative ESG Measurement

To further validate the robustness of the empirical findings—and acknowledging
that ESG performance can be assessed using different measurement frameworks—this
study employs the Huazheng ESG rating data as an alternative indicator for robustness
testing. Specifically, the original dependent variable is replaced with the Huazheng ESG
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score, and the regression analysis is re-estimated accordingly. The corresponding results,
reported in Column (1) of Table 5, indicate that the coefficient of the EPT is 0.1540 and
statistically significant at the 1% level. This consistent and significant relationship suggests
that the positive impact of market-based environmental regulation on the MFESG persists
even when an alternative ESG measure is employed. These findings effectively eliminate
potential concerns regarding measurement bias and confirm that the core conclusions of
this study remain robust, credible, and stable across different ESG evaluation systems.

Table 5. Robustness Test II.

1) 2 3) @ (5)
MFESG_Hua MFESG Shorten the Wild-Cluster ESG_z (Industry—Year
Zheng Sample Interval Bootstrap Standardized
EPT 0.1387 *** 0.7703 *** 0.6549 *** 0.141 **
(3.8327) (3.4342) (2.9826) (2.1153)
EPT_a 0.1352 ***
(3.2712)

Controls YES YES YES YES YES
Year FE YES YES YES YES YES
Stked FE YES YES YES YES YES
Prov“;‘%e#year YES YES YES YES YES

N 20957 20957 13624 20957 20957

R2 0.1808 0.1941 0.1675 0.1954 0.3172

t statistics in parentheses ** p < 0.05, *** p < 0.01.

4.3.5. Alternative Measurement of Environmental Protection Tax

The EPT not only stipulates tax rates for water pollutants but also defines correspond-
ing rates for air pollutants. To further evaluate the robustness of the empirical findings, this
study adopts the air pollutant tax rate as an alternative proxy for the EPT and redefines the
treatment and control groups accordingly for regression analysis. The estimation results,
presented in Column (2) of Table 5, reveal that the coefficient of the air-pollutant-based
EPT variable (EPT_a) remains positive and statistically significant. This consistent finding
demonstrates that, even when the EPT is measured using an alternative policy dimension,
the implementation of market-based environmental regulation continues to exert a signifi-
cant promoting effect on the MFESG. These results further reinforce the robustness and
internal validity of the study’s main conclusions, effectively ruling out potential concerns
related to measurement differences in policy variables. Overall, the evidence provides
stronger empirical support for the credibility and stability of the research findings.

4.3.6. Shortening the Sample Period

7

Given that the COVID-19 pandemic may have exerted exogenous shocks on firms
operations and potentially influenced the effectiveness of the EPT, this study conducts an
additional robustness test by excluding all observations from 2019 to 2022. This adjustment
aims to eliminate possible distortions in the estimation results caused by pandemic-related
disruptions and to isolate the pure policy effect of the EPT. The re-estimation results,
reported in Column (3) of Table 5, show that the coefficient of EPT remains positive and
statistically significant, indicating that the implementation of market-based environmental
regulation continues to enhance the MFESG even after removing the pandemic-affected
years from the sample. These findings provide further empirical validation of the reliability
and robustness of the study’s main conclusions. They demonstrate that the positive policy
impact of the EPT is stable, persistent, and resilient, maintaining its effectiveness even
under extreme external conditions such as the COVID-19 crisis.
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4.3.7. Wild-Cluster Bootstrap with Province-Level Clustering

To address the concern that the relatively small number of provincial clusters (ap-
proximately 31) may lead to over-rejection, we further conduct robustness checks using
the wild-cluster bootstrap procedure with clustering at the province level. As reported in
Column (3) of Table 5, after replacing the inference method with the province-level wild-
cluster bootstrap, the coefficient of the key policy variable EPT x Post remains statistically
significant at the 1% level, and its economic magnitude and sign are unchanged. This
result indicates that our findings are not driven by the choice of clustering strategy and are
robust to potential small-cluster inference issues, thereby reinforcing the reliability of our
empirical conclusions.

4.3.8. Robustness Test Using Industry-Year Standardized ESG Scores

To ensure that our findings are not driven by the industry-based normalization embed-
ded in the Wind-Sino-Securities ESG rating system, we further construct an industry-year
standardized ESG score (ESG_z). The results based on ESG_z are reported in Column (4) of
Table 5. The coefficient on EPT x Post remains positive and statistically significant at the 1%
level, and both its magnitude and interpretation are consistent with the baseline estimates.
This confirms that the improvement in ESG performance following the implementation
of the Environmental Protection Tax reflects substantive enhancements in corporate sus-
tainability practices rather than artifacts of rating scale normalization. Therefore, the core
conclusions of this study remain robust.

4.3.9. Addressing Omitted Variable Concerns

To address the concern that the estimated effect of the Environmental Protection Tax
(EPT) on ESG performance may be driven by omitted confounders, we conduct a parametric
bounds analysis following Oster (2019) and Dantas et al. (2023) [48,49]. We compare a
baseline regression without fixed effects to the full DID specification and compute the
potential influence of unobserved factors (See Table 6). When setting a conservative upper
bound for the R-squared (Rmax = 1.3 x Rpg?), the coefficient of EPT decreases slightly from
0.655 to 0.618 but remains positive. The implied 6 value is 2.87, indicating that unobserved
confounders would need to exert nearly three times the explanatory power of the observed
covariates to eliminate the estimated effect. Even when adopting a more conservative
bound (Rmax = 2), the coefficient remains positive (0.601) with & = 3.94. These results
provide strong evidence that the positive impact of the EPT on ESG performance is not
driven by omitted variable bias, and the main findings are thus robust.

Table 6. Robustness to Omitted Variable Bias: Oster (2019) Parametric Bounds Analysis.

Fixed Effects Coefficient on 2 & (Relative Strength of .
Model Included EPT R Rmax Unobserved Selection) Interpretation
(1) Baseline OLS None 0.421 0.071 — — —
(2) Main DID Year + Industry 0.655 0.194 — — Main estimated effect
Model FE
(3) Oster Bound Effect remains positive;
(Rmax = 1.3R?) Same as (2) 0.618 0.194 — 0.252 0.252 5=287 robust to omitted
o variables
Stronger robustness
(4(}<?nsat>e<r—3201§21;d Same as (2) 0.601 0.194 — 0.388 0.388 §=3.94 under more

conservative bound

4.3.10. Endogeneity and Caveats

This study employs the implementation of the Environmental Protection Tax Law in
2018 as a quasi-natural experiment and adopts a multi-period DID framework to identify
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the effect of EPT on corporate ESG performance. However, it is important to acknowledge
that during the sample period, the global increase in attention to environmental governance,
rising policy uncertainty in major economies, the disruptions caused by the COVID-19
pandemic, and the emerging “anti-ESG” sentiment in certain overseas markets may have
jointly influenced both the enforcement of environmental policy and firms” ESG practices.
These macro dynamics may introduce a potential “mechanical association” between the
independent and dependent variables. To mitigate these concerns and ensure the credibility
of the findings, we take the following steps in model design and robustness evaluation.
First, model specification and fixed-effects saturation. The baseline regressions include
firm fixed effects (controlling for time-invariant firm heterogeneity) and year fixed effects
(controlling for common time shocks). To further account for heterogeneous macro trends
across industries and regions, we additionally incorporate industry x year fixed effects
and province x year fixed effects, which absorb dynamic shocks varying at the sectoral and
regional levels. In robustness analysis, we also include firm-specific linear time trends to al-
leviate concerns regarding gradual unobservable firm-level evolution. Second, event-study
based identification validation. We estimate dynamic treatment effects within an event-
study specification. The pre-treatment coefficients are statistically indistinguishable from
zero, and the joint pre-trend test fails to reject the null, indicating that treated and control
firms exhibited parallel trends before the policy intervention. Furthermore, no significant
anticipatory effects are detected. These results provide direct empirical support for the DID
identification assumption. Third, robustness checks addressing macro shocks. To further
ensure that the main conclusions are not driven by specific macro events, we conduct sev-
eral additional analyses: (i) Sample exclusion: Re-estimating the model after excluding the
pandemic-intensive years (2020-2021) yields consistent results; (ii) Alternative fixed-effects
specifications: The sign and significance of the EPT coefficient remain stable when includ-
ing only industry x year or only province x year fixed effects; (iii) Alternative clustering
strategies: Adjusting the clustering level to province, or adopting two-way clustering at the
firm and province levels, does not materially change the inference; (iv) Alternative outcome
measures: The results remain robust when replacing MFESG with its individual E/S/G
pillar scores or using alternative ESG rating versions from the same domestic database.
While these strategies collectively mitigate key endogeneity concerns, we acknowledge
that residual unobservable macro influences cannot be fully ruled out. Therefore, our con-
clusions should be interpreted as conditional causal inferences, based on the set of controls,
identification strategies, and robustness procedures employed. Future research may further
explore the interaction between environmental regulation and macro environmental policy
shifts in cross-country settings or under alternative exogenous shocks.

4.4. Mechanism Analysis
4.4.1. Financing Constraints

To further investigate the underlying mechanisms through which the EPT influences
corporate behavior, this study employs the Whited—-Wu (WW) index as a proxy for firms’
financing constraints. The corresponding estimation results are reported in Column (2)
of Table 7, which presents the outcomes of the mechanism test related to financial con-
straints. As shown in Column (2), the coefficient of EPT is —0.0133, indicating a statistically
significant negative relationship between the implementation of the EPT and firms’ financ-
ing constraints. This result suggests that the EPT effectively alleviates financial frictions,
enabling firms to secure greater access to external funding and thereby easing their cap-
ital pressures, providing strong empirical support for Hypothesis 2, which posits that
market-based environmental regulation indirectly enhances ESG performance by reducing
financing barriers.
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Table 7. Results of the mechanistic analysis.
(W) 2) (3) 4) 5) (6) (7) (8)
MFESG WW MFESG GI MFESG E S G
—0.0020
EPT 0.6579 *** st 0.7514 *** 0.0911 ** 0.5998 *** 0.7524 ** 0.6181 ** 0.4986 *
(3.9552) (—3.6180) (4.0873) (2.3468) (3.6483) (2.5668) (2.2165) (1.9846)
s g0
(—3.1234)
GI 0.6376 *** 0.9751 *** 0.8621 *** 0.3272 **
(5.6318) (6.7667) (5.5078) (2.4141)
Controls YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
Stked FE YES YES YES YES YES YES YES YES
ProvinceYear ves YES YES YES YES YES YES YES
N 20957 17614 17614 20957 20957 20957 20957 20957
R2 0.1954 0.8766 0.2145 0.1791 0.2030 0.2447 0.2027 0.2227
Sobel Z 3.125 *** 2.984 *** 2.137 ** 3.218 *** 2.129 **

t statistics in parentheses * p < 0.1, ** p < 0.05, *** p < 0.01.

Furthermore, the Sobel test yields a Z-value of 3.125, which is significant at the 1% level,

reinforcing the statistical robustness of this mediating pathway. To ensure the reliability of

this mechanism, this study additionally conducts causal mediation analysis based on the
Imai-Keele-Tingley framework [50] with 2000 bootstrap replications (see Table 8, Panel
A). The Average Causal Mediation Effect (ACME) is positive and statistically significant,
although the mediated proportion is relatively small (approximately 0.07%), indicating that
the alleviation of financing constraints constitutes a valid but modest transmission channel.

Taken together, these results demonstrate that the EPT not only promotes firms’ sustainable

development through regulatory incentives but also exerts a positive indirect influence via

improved financing conditions.

Table 8. Causal Mediation Analysis Based on the Imai-Keele-Tingley Framework (Bootstrap = 2000).

Effect Estimate 95% Confidence Interval  p-Value
Panel A. Mediator: Financing Constraints

ACME (Indirect Effect) 0.00047 [0.00016, 0.00082] 0.002
ADE (Direct Effect) 0.65443 [0.482, 0.827] 0
Total Effect 0.6549 [0.481, 0.829] 0
Mediated Proportion 0.07% . .
(ACME/Total) s

Panel B. Mediator: Green Innovation

ACME (Indirect Effect) 0.0573 [0.023,0.101] 0.001
ADE (Direct Effect) 0.5976 [0.414, 0.771] 0
Total Effect 0.6549 [0.481, 0.829] 0
Mediated Proportion o

(ACME/Total) 8.75% - -

Notes: ACME denotes the Average Causal Mediation Effect (indirect effect), ADE denotes the Average Direct
Effect, and Total Effect = ACME + ADE.

4.4.2. Green Innovation

The estimation results for the green innovation mechanism are reported in Column (4)

of Table 6. As shown in the regression outputs, the coefficient of the EPT is positive and
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statistically significant, indicating that the implementation of the EPT significantly enhances
firms’ green innovation capacity. This finding provides empirical support for Hypothesis 2,
confirming that green innovation serves as a vital mediating pathway through which
market-based environmental regulation improves MFESG performance.

Furthermore, the Sobel test yields a Z-value of 2.984, demonstrating the statistical
significance of this mechanism. To strengthen this conclusion, causal mediation analysis
is also performed following the Imai-Keele-Tingley framework with bootstrap inference
(see Table 8, Panel B). The ACME is positive and economically meaningful, accounting
for approximately 8.75% of the total effect, suggesting that green innovation represents a
substantive and influential transmission channel. Together, these results suggest that the
EPT not only directly contributes to firms” ESG improvement but also indirectly promotes
sustainable transformation by stimulating technological progress and innovation-driven
environmental responsibility.

Furthermore, this paper conducts an in-depth examination of the relationship between
GI, the EPT, and the various subcomponents of corporate ESG performance. The results
are presented in columns (6) to (8) of Table 7, where we find that both EPT and GI have
significantly positive coefficients. This indicates that the Environmental Protection Tax, by
promoting green innovation, has driven improvements in the various subcomponents of
corporate ESG performance, specifically in the environmental (E), social (S), and gover-
nance (G) dimensions. From the coefficients and their significance, it is evident that green
innovation plays a more significant mediating role between the Environmental Protection
Tax and the ESG performance of manufacturing firms. Specifically, the Environmental
Protection Tax significantly improves corporate ESG performance by incentivizing the
implementation of green innovation. Our analysis of the coefficients for each subcompo-
nent reveals that green innovation has the most notable impact on the environmental (E)
dimension, with a particularly strong effect on improving environmental performance. This
suggests that green innovation is a key driver in enhancing corporate environmental (E)
performance. At the same time, green innovation also indirectly promotes improvements
in the social (S) and governance (G) dimensions, demonstrating that green innovation is
not limited to the application of environmental technologies but also drives progress in
corporate social responsibility and governance transparency.

5. Further Analysis
5.1. The ESG Dimension Decomposition

Corporate ESG performance is typically evaluated across three interrelated dimen-
sions: Environmental (E), Social (S), and Governance (G). To more precisely capture the
heterogeneous effects of market-based environmental regulation, this study conducts sepa-
rate regression analyses for each ESG dimension. The corresponding results, reported in
Table 9, show that the coefficients of the EPT are 0.8413 for the Environmental dimension,
0.6966 for the Social dimension, and 0.5284 for the Governance dimension, with statistical
significance levels gradually declining across the three dimensions. These results yield
two key insights. First, the EPT exerts a significant positive influence across all three
ESG dimensions, demonstrating its effectiveness in enhancing firms’ overall sustainability
performance and validating its role as an essential tool of market-based environmental gov-
ernance. Second, the magnitude of the effect varies by dimension: the impact is strongest in
the Environmental (E) and Social (S) dimensions, while the Governance (G) dimension ex-
hibits a relatively smaller, indirect response. This pattern is consistent with prior empirical
evidence [51,52].



Sustainability 2025, 17, 10516

22 of 31

Table 9. Regression results of the ESG dimension decomposition.

@ 2 3)
E Score S Score G Score
EPT 0.8413 *** 0.6966 ** 0.5284
(3.0489) (2.3488) (1.5957)
Controls YES YES YES
Year FE YES YES YES
Stked FE YES YES YES
Province#Year FE YES YES YES
N 20957 20957 20957
R? 0.2372 0.1986 0.2216

t statistics in parentheses ** p < 0.05 *** p < 0.01.

One plausible explanation is that the EPT directly increases the economic cost of
pollution, thereby incentivizing firms to adopt green technologies and cleaner production
practices, which immediately improve environmental performance. At the same time,
firms tend to engage more actively in socially responsible practices—such as improving
employee welfare, strengthening community engagement, and enhancing transparency—to
align with heightened environmental standards and public expectations. These actions
contribute to the improvement in the Social dimension (S), creating a spillover effect from
the Environmental dimension (E) to Social practices.

However, it is important to consider whether these improvements in the Social (S) and
Governance (G) dimensions are truly substantive changes or if they represent a reporting
artifact. In other words, are firms simply increasing their disclosures in these areas to
enhance their ESG scores in response to the environmental regulations? Given that the
Environmental Protection Tax directly impacts firms’” environmental costs, firms may
choose to report more on their social and governance practices to improve their overall
ESG scores, even if there are no significant operational changes in these areas.

This raises the question of whether the improvements observed in the Social and
Governance dimensions are driven by actual changes in corporate behavior, such as in-
creased investment in social responsibility initiatives or stronger governance mechanisms,
or whether they are simply due to enhanced reporting practices prompted by the scrutiny
associated with the EPT. If the latter is the case, the observed spillover effect would be
more of a reporting change than a substantive operational change. Therefore, future
research could further investigate the relationship between enhanced environmental reg-
ulation and the actual operational changes versus increased reporting in the Social and
Governance dimensions.

In contrast, improvements in the governance dimension occur more gradually, as they
are typically mediated through changes in management practices, disclosure mechanisms,
and long-term strategic alignment with sustainability goals. These changes are less imme-
diate and often require deeper organizational commitment, which may explain why the
impact on the Governance (G) dimension is more modest compared to the Environmental
and Social dimensions.

5.2. Analysis of Heterogeneity
5.2.1. Have They Been Audited by the Big Four

To examine the potential heterogeneity in the effect of market-based environmental
regulation on MFESG, this study further differentiates firms based on their audit status—
specifically, whether they are audited by one of the Big Four accounting firms. The re-
gression results are presented in Columns (1) and (2) of Table 10. For firms audited by
the Big Four, the estimated coefficient of the EPT is 0.9324, but the result is statistically
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insignificant. In contrast, for firms not audited by the Big Four, the EPT coefficient is
0.7132 and statistically significant, indicating that market-based environmental regulation
exerts a stronger positive influence on the ESG performance of firms without Big Four
auditing. These findings highlight a clear heterogeneity effect driven by differences in
external governance, monitoring intensity, and resource allocation.

Table 10. Results of the heterogeneity analysis.

m

(2) (3) 4) (5) (6)

Big Four Non-Big Four ~ State-Owned  Non-State-Owned Eastern Central-Western

EPT 0.9324 0.7132 *** 0.5321 0.6341 *** 0.8312 *** 0.1313

(1.2314) (3.2313) (0.9830) (3.5328) (3.2910) (0.7728)
Controls YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Stked FE YES YES YES YES YES YES
P ro"“I‘fEe#Year YES YES YES YES YES YES
N 986 19897 6043 14440 14532 6388

R? 0.4001 0.1892 0.2489 0.2042 0.2034 0.2197

t statistics in parentheses *** p < 0.01.

For firms not audited by the Big Four, weaker governance structures and lower
transparency in information disclosure may limit their internal regulatory capacity. In
such cases, the Environmental Protection Tax (EPT) functions as an external disciplinary
mechanism, exerting greater pressure to enhance environmental management, fulfill social
responsibilities, and improve governance practices. Conversely, firms audited by the Big
Four are typically subject to more rigorous external oversight and standardized governance
frameworks, resulting in already stable ESG performance levels. Therefore, the marginal
impact of market-based environmental regulation on these firms tends to be smaller and
less statistically significant.

Moreover, firms audited by the Big Four may already be proficient in ESG reporting
(i.e., the content measured by ratings), while the EPT may have forced operational changes
in firms not audited by the Big Four. These operational changes, such as improvements
in environmental management or social responsibility initiatives, are more likely to be
reflected in their ESG ratings after the policy implementation. Therefore, firms not audited
by the Big Four may exhibit a stronger response to the EPT, as they are less prepared in
terms of reporting or operational transparency compared to firms audited by the Big Four,
which may already have stronger reporting capabilities and governance structures in place.

5.2.2. Ownership Type

To further examine the heterogeneity in the effect of market-based environmental
regulation, this study classifies firms by ownership type into state-owned enterprises
(SOEs) and non-state-owned enterprises (NSOEs). The regression results, presented in
Columns (3) and (4) of Table 10, reveal distinct patterns across ownership structures. For
SOEs, the coefficient of the EPT is 0.5321, but the effect is not statistically significant. In
contrast, for NSOEs, the EPT coefficient is 0.6341 and statistically significant, suggesting
that market-based environmental regulation exerts a stronger positive influence on the
ESG performance of non-state-owned manufacturing firms. This heterogeneity likely arises
from fundamental differences in governance frameworks, incentive structures, and policy
dependence between SOEs and NSOEs. State-owned enterprises often operate under
strong government oversight and are guided by broader social and political objectives.
Consequently, their baseline ESG performance tends to be relatively high even before
the implementation of market-based environmental regulations, leaving limited room
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for marginal improvement. In contrast, non-state-owned enterprises are typically more
market-driven and responsive to external economic signals. When confronted with the
cost pressures and regulatory incentives introduced by the EPT, NSOEs are more likely to
optimize production processes, invest in green technologies, and enhance ESG performance
to mitigate compliance costs and strengthen competitiveness. Hence, the incentive effect
of market-based environmental regulation is more pronounced among non-state-owned
firms, underscoring their greater sensitivity to policy-induced market mechanisms.

5.2.3. Geographical Location

Given the pronounced regional disparities in resource endowment, infrastructure
development, and economic capacity, this study conducts a heterogeneity analysis based
on geographical location. Following the classification criteria of the National Bureau of
Statistics, the sample is divided into eastern and central-western regions. The regression
results, presented in Columns (5) and (6) of Table 10, reveal substantial variation across
regions. Specifically, the coefficient of the EPT for the eastern region is 0.8312 and sta-
tistically significant, whereas the coefficient for the central-western region is 0.1313 and
insignificant. These findings indicate that market-based environmental regulation exerts
a stronger positive effect on the MFESG in the eastern region than in the central-western
region. This heterogeneity can be attributed to structural differences in economic develop-
ment, institutional environments, and policy enforcement capacity between the two regions.
The eastern region, characterized by higher levels of industrialization, stronger financial
markets, and more advanced technological infrastructure, provides firms with the resources
and incentives necessary to actively respond to market-based environmental regulation.
Consequently, firms in this region are better positioned to enhance their ESG performance
through green technological innovation, resource optimization, and improved governance
practices. Moreover, the implementation and monitoring of environmental policies tend to
be more rigorous in the eastern region, amplifying the effectiveness of the EPT. In contrast,
firms in the central-western region, where economic conditions and industrial bases are
relatively weaker, often face resource and financing constraints that limit their ability to
invest in environmental management and innovation. As a result, the marginal impact of
the EPT is less pronounced, reflecting both regional economic disparities and institutional
capacity differences in environmental governance.

Figure 5 illustrates the estimated coefficients of the key explanatory variables along
with their 95% confidence intervals. Control variables and fixed effects are included in
all regressions but omitted from the figure for clarity. The horizontal zero line serves as a
reference to assess the statistical significance and direction of the effects. Variables whose
confidence intervals do not cross zero demonstrate statistically significant effects, while
those crossing zero indicate statistically insignificant relationships. This visualization helps
to more intuitively compare the relative magnitude and significance of the estimated effects.
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Figure 5. Coefficient Estimates with 95% Confidence Intervals.

Although the heterogeneity analysis involves multiple subgroup comparisons, which
may theoretically increase the family-wise error rate, the estimated effects remain consistent
in direction and economic significance across groups. Therefore, the core conclusions of
this study are not affected.

5.2.4. Discussion of Heterogeneity Results

This study finds that the impact of the Environmental Protection Tax (EPT) on firms’
ESG performance varies significantly across ownership types and regions. These differences
are not merely attributable to firm-level characteristics, but rather stem from systematic
disparities in institutional constraints, market structures, and local governance capacities.
First, the ownership-based heterogeneity reflects the distinct “binding strength” of policy
mandates. State-owned enterprises (SOEs) carry stronger policy-oriented objectives and
are subject to mandatory expectations regarding environmental and social responsibility.
Even in the absence of strong external incentives, they must maintain relatively high ESG
standards, which limits the marginal improvement that EPT can induce. In contrast, non-
state-owned enterprises (non-SOEs) are more sensitive to market incentives and external
supervision. When the EPT increases the economic cost of pollution and enhances mon-
itoring pressures, non-SOEs are more motivated to adjust their ESG strategies in order
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to reduce regulatory compliance costs, enhance corporate reputation, attract capital, and
improve competitive positioning. Thus, the EPT acts primarily as a behavioral incentive
mechanism for non-SOEs, whereas for SOEs it functions more as a compliance reinforce-
ment mechanism. Second, the regional heterogeneity indicates the presence of “institutional
transmission frictions.” Eastern regions generally possess more mature market governance
systems, richer green finance resources, stronger technological absorption capacity, and
higher levels of social supervision. These conditions enable the EPT to influence corporate
ESG performance through a relatively complete process involving regulatory pressure,
reputational improvement, enhanced financing access, increased sustainability-oriented
investment, and ultimately ESG enhancement. In contrast, central and western regions
often exhibit weaker environmental regulatory capacity, limited green financial support,
and potential misalignment between environmental protection objectives and local fis-
cal or growth incentives. As a result, policy effects may weaken, distort, or fail to fully
translate into ESG improvements. Taken together, these heterogeneity patterns lead to
a broader structural implication: The effectiveness of environmental regulation depends
not solely on the design of the regulatory instrument itself, but on its degree of align-
ment with regional governance capacity, financial resource conditions, and firms’ internal
governance foundations.

Moreover, these findings also suggest the value of situating China’s EPT experience
within a broader international policy context. Many countries have transitioned from
pollution discharge fee systems to environmental taxation, yet have faced similar challenges
related to uneven local regulatory capacity, market structure disparities, and variation in
firms’ governance mechanisms. Compared with these cases, China’s EPT features flexible
rate adjustment mechanisms, clearer pollutant classifications, and stronger integration
with local environmental monitoring and public disclosure systems. These institutional
arrangements may provide practical insights for other emerging economies seeking to
design environmental tax systems that effectively balance regulatory enforcement with
market incentives. In particular, the Chinese experience highlights that the success of
environmental taxation depends not only on tax rate design but also on the extent to which
fiscal instruments are coordinated with local governance capabilities, financial resource
allocation, and enterprise-level sustainability incentives.

6. Conclusions and Policy Recommendations
6.1. Conclusions

In 2018, China officially enacted and implemented its first Environmental Protection
Tax Law, marking a critical milestone in the institutionalization and legalization of the
nation’s environmental governance framework. By employing tax-based instruments to
regulate corporate environmental behavior, this law represents a quintessential example
of market-based environmental regulation, aligning economic incentives with ecological
objectives. In this study, the implementation of the Environmental Protection Tax (EPT) is
treated as an exogenous policy event representing market-based environmental regulation.
Using unbalanced panel data from 2,677 manufacturing firms between 2010 and 2022, the
analysis systematically investigates the effect of the EPT on manufacturing firms” ESG
performance, with a particular focus on the mediating roles of financing constraints and
green innovation. The empirical findings yield several key insights. First, market-based en-
vironmental regulation significantly enhances the ESG performance of manufacturing firms.
This conclusion remains robust after a comprehensive series of validation procedures—
including parallel trend tests, robustness checks, PSM estimation, and the exclusion of
competing policy effects—demonstrating both reliability and consistency. Second, such
regulation exerts both direct and indirect effects on firms” ESG outcomes. The direct im-
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pact manifests through strengthened environmental management and social responsibility,
while the indirect pathways operate via the alleviation of financing constraints and the stim-
ulation of green innovation, thereby revealing the internal mechanisms through which fiscal
policy instruments promote sustainable corporate transformation. Third, disaggregated
analysis across the three ESG dimensions indicates that the EPT significantly improves
firms” Environmental (E), Social (S), and Governance (G) performance, with particularly
strong effects in the environmental and social dimensions. This suggests that the EPT’s
economic incentives primarily drive environmental investment, pollution control, and
social responsibility initiatives, while governance improvements emerge more gradually.
Fourth, the effects of the EPT exhibit substantial heterogeneity across ownership types
and regions. Non-state-owned enterprises, firms audited by non-Big Four auditors, and
firms located in eastern regions experience stronger ESG improvements, highlighting that
corporate governance quality, ownership structure, and regional economic development
jointly influence how firms respond to market-based environmental regulation. Overall,
this study provides robust empirical evidence supporting the effectiveness of China’s
EPT in fostering sustainable industrial transformation. It demonstrates that market-based
environmental regulation can serve not only as a constraint but also as an incentive for
firms to enhance their long-term sustainability performance.

In terms of academic contribution, this paper advances existing research in three im-
portant ways. (1) It provides credible causal evidence of how market-based environmental
regulation influences ESG performance within a developing economy context, enriching
the literature that has long been dominated by cross-sectional or correlation-based analyses.
(2) It reveals the dual mechanisms—relaxation of financing constraints and promotion
of green innovation—through which fiscal environmental instruments shape firm-level
sustainability, thereby reconciling previous theoretical inconsistencies regarding whether
regulation promotes or suppresses sustainable investment. (3) It identifies the institutional
and market boundary conditions that determine the differential effectiveness of environ-
mental regulation, offering a new analytical framework for understanding the interaction
between policy design, corporate governance, and regional institutional capacity.

6.2. Policy Recommendations

Drawing on the empirical evidence presented in this study, the following policy
recommendations are proposed to enhance the effectiveness of market-based environmental
regulation and accelerate the sustainable transformation of the manufacturing sector.

To strengthen the incentive effect of the Environmental Protection Tax, it is essential to
ensure that EPT revenue is earmarked for environmental purposes rather than absorbed
into general fiscal budgets. Specifically, governments may establish specialized green
transformation funds that channel EPT revenue into areas such as green technology R&D,
pollution control facilities, and clean production upgrades. Enhancing coordination be-
tween tax authorities and environmental regulators can help improve the transparency
and efficiency of EPT administration. Meanwhile, the adoption of digital environmental
monitoring and cross-agency data sharing systems can reduce information asymmetry,
curb tax evasion, and reinforce both the disciplinary and incentive functions of regulation.
Additionally, through policy guidance, training programs, and industry benchmarking,
firms can achieve a clearer understanding of regulatory expectations and strategically
integrate environmental responsibility into their development agendas.

To amplify the regulatory effect of the EPT, fiscal and financial instruments should be
jointly leveraged. Financial institutions are encouraged to incorporate firms” EPT compli-
ance records and ESG performance into credit evaluation systems, granting compliant firms
preferential loan interest rates, extended credit lines, or collateral flexibility. Meanwhile,
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the expansion of green financial instruments—including green bonds, sustainability-linked
loans, and environmental liability insurance—can attract institutional and private capital to-
ward green industries. Complementary policy tools such as R&D subsidies, tax deductions
for environmental investment, and green technology transfer incentives can further reduce
the cost of green innovation. Notably, targeted support should be provided to small and
medium-sized enterprises (SMEs) that face pronounced financing constraints. Establishing
green credit guarantee mechanisms and dedicated green SME funds would lower funding
barriers and broaden SME participation in green upgrading.

To achieve comprehensive improvements across Environmental (E), Social (S), and
Governance (G) dimensions, policy design should emphasize both pressure and incentive
mechanisms. In the Environmental dimension, regulatory authorities should continue
strengthening supervision of high-pollution industries while providing rewards—such as
tax credits or public recognition—for firms achieving substantial emission reduction or
completing green transformation. Coordinating the EPT with carbon emissions trading
and pollutant discharge trading schemes can form a multi-layered market-based regulation
system that drives continuous improvement in clean production. In the Social dimen-
sion, recognizing the positive spillover effects of the EPT on corporate social behaviors,
policymakers may introduce CSR rating incentives, procurement preferences, or public
recognition programs to encourage firms to invest in employee welfare, community en-
gagement, and responsible supply chain management. In the Governance dimension,
improving environmental information disclosure standards, external auditing, and ESG
performance evaluation systems remains essential. Linking firms” EPT compliance records
to credit assessments, financing opportunities, and qualification for government support
programs can strengthen the alignment between regulatory compliance and corporate
governance enhancement.
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Appendix A. Comparison of Sewage Fee and Environmental Tax by
Province in China

Table A1l. Comparison of Sewage Fee and Environmental Tax by Province in China.

Atmospheric Pollutants

Water Pollutants

Province Sewage Fee Environmental Sewage Fee Environmental Protection
& Protection Tax & Tax
Sulfur dioxide, .
Beijing nitrogen oxides 12 COD. 10, ammonia 14
10 nitrogen 12
.. Sulfur .leXIde COD 7.50, ammonia
Tianjin 6.30, nitrogen 10 . 12
oxides 8.50 nitrogen 9.50
Primary pollutant 9.6 Primary pollutant 9.6 and
and other pollutants other
. 4.8; Secondary pollutants 4.8; Secondary
Hebei 24 pollutant 6 and other 28 pollutant 6 and other
pollutants 4.8; Tertiary pollutants 4.8; Tertiary
pollutant 4.8 pollutant 4.8
2018: Sulfur dioxide COD. ammonia nitrozen
. Sulfur dioxide, 6.65, nitrogen oxides . ! g
Shanghai . . COD, ammonia 3 4.8, Class I water
nitrogen oxides 4 7.6, other pollutants 1.2;
2019: pollutants 1.4, others 1.4
Sulfur dioxide, Sulfur dioxide, COE{ ti;m:r?ma COD, ammonia nitrogen
Shandong nitrogen oxides 6, nitrogen oxides 6, other and five heagv metals and five heavy metals3,
other 1.2 pollutants 1.2 14 y other pollutants 1.4
Nanjing 8.4, Wuxi, . .
. Changzhou, Suzhou, Nanjing 8.4, Wuxi,
Jiangsu 3.6 Zheniiang 6. other 4.2 Changzhou, Suzhou,
;]1 rea§ 4,8 Zhenjiang 7, other areas 5.6
Four heavy metal Five heavy metals, COD
Zhejiang 1.2 pollutants 1.8, other 14 and ammonia nitrogen 1.8,
pollutants 1.2 other pollutants 1.4
Sichuan 1.2 3.9 14 2.8
Shanxi 1.2 1.8 14 2.1
Hunan 1.2 2.4 14 3
Henan 1.2 4.8 14 5.6
Guizhou, Hainan 1.2 2.4 14 2.8
Guangdong, 1.2 1.8 14 2.8
Guangxi
Tibet 0.6 1.2 0.7 14
Chongging 12 2018_20230 :52‘4’ 2021: 14 2018-2020: 3,2021: 3
Five heavy metals, COD
Fujian 1.2 1.2 14 and ammonia nitrogen 1.5,
other pollutants 1.4
Sulfur dioxide Five heavy metals, COD,
Hubei 2.4 nitrogen oxides 2.4, 2.8 total phosphorus,

other pollutants 1.2

ammonia nitrogen 2.8,
other pollutants 1.4
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Table A1l. Cont.
Atmospheric Pollutants Water Pollutants
Province Sewage Fee Environmental Sewage Fee Environmental
8 Protection Tax 8 Protection Tax
Five heavy metals,
Anhui 1.2 12 COD and ammonia 14
nitrogen
1.4
Heilongjiang,
Liaoning, Jilin,
Jiangxi, Gansu, 1.2 1.2 1.4 1.4
Qinghai, Shaanxi,
Ningxia, Xinjiang
Yunnan 1.2 2018: 1.2,2019: 2.8 14 2018: 1.4, 2019: 3.5
Sulfur dioxide, ) )
Inner Mongolia nitrogen oxides 2018: 1.2, 2019: 1.8, 14 2018: 1.4,2019: 3.5

12 2020: 2.4

Note: The data comes from the official websites of local governments.
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