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Abstract

Implementing environmental protection taxes implies a shift in environmental policy from
government enforcement to market incentives, fostering long-term sustainability. Based
on institutional theory, this study explores the nonlinear impact of environmental taxes on
corporate green innovation and its influencing mechanism, by considering the complex
interaction between innovation offsets and environmental costs. Utilizing data from Chi-
nese A-share listed companies on the Shanghai and Shenzhen stock exchanges during 2012
and 2023, the study reveals an inverse U-shaped relationship between environmental taxes
and green innovation performance, within which corporate environmental responsibility
functions as a mediator. Furthermore, the results also reveal that the relationship between
environmental taxes and green innovation is positively moderated by the development
level of regional green finance. In addition, the heterogeneity analyses show that the inverse
U-shaped relationship is more pronounced among heavily polluting and large-scale firms,
and firms in more marketized areas and areas with higher levels of intellectual property
protection. The research enriches the literature on the dual-edged effects of environmental
taxes anchored in green innovation and unpacks the internal mechanism of the effectiveness
of environmental protection tax policy. It also provides practical implications for the design
of tiered taxes and green finance policies aimed at achieving sustainable development.

Keywords: environmental tax reform; corporate environmental responsibility; green
innovation performance; green finance

1. Introduction

Environmental pollution is becoming a critical threat to global sustainability, an issue
that has garnered urgent worldwide attention [1]. According to The Emissions Gap Report
2023 released by the United Nations Environment Program, 149 countries have submitted
Nationally Determined Contributions (NDCs) since the Conference of the Parties 27th
(COP27) [2]. Governments have been consistently developing and revising environmental
policies to protect the sustainable environment. As for China, ecological civilization con-
struction was added to the Constitution in 2018, and in the same year, a law concerning
environmental protection taxes was formally implemented, replacing the regulations on
levying sewage charges for entities discharging pollutants directly into the environment,
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implying a shift in environmental policy from government enforcement to market incen-
tives [3]. The incentive impact lies in the principle of additional taxes and exemptions,
that is, firms pay more taxes when they pollute more, and they can receive tax preference
if they pollute less [4], which motivates firms to implement more green transformation
practices and strive for low-pollution goals [5]. Green innovation is a crucial instrument for
achieving sustainable development and keeping the low-carbon commitment [6], implying
that firms are willing to face environmental tax reform by carrying out green innovation
activities [7]. However, green transformation necessitates that firms introduce large-scale
upgrading equipment and upgrade their production processes or technologies, which leads
to increased environmental expenses and appropriates the resources and capital available
for green R&D activities [8]. Thus, the debate has centered on whether the environmental
tax has a beneficial or detrimental impact on green innovation.

Existing academic research has conflicting opinions. On the one hand, some studies
suggested that environmental levies have a compensating influence on green innovation [9,10].
On the other hand, some studies proposed that environmental taxes may have an encroaching
effect on green innovation [11]. Furthermore, some studies argued that there was a non-
linear relationship between environmental taxes and green innovation [12-14]. The existing
research findings have not led to a consensus because of variations in study methodologies
and viewpoints, as well as regional variations in environmental policy [15,16]. Hence, it
remains imperative to investigate whether the environmental tax will lead to an increase in
the investment into environmental pollution remediation and appropriate scarce resources
that are critical for green innovation, or instead inspire companies to engage in green R&D
activities to counteract the expenses associated with environmental pollution control.

In addition, the empirical inconclusiveness and controversy mainly lie in the variation
in internal characteristics of firms’ environmental commitments and the external environ-
ment that firms are embedded in [7]. Corporate environmental responsibility is the primary
manifestation of environmental commitment, which can be activated by environmental
tax reforms through economic incentives and institutional pressure, thereby channeling
corporate efforts toward sustainability-oriented green innovation [17]. Green finance, in-
cluding green credit, green bonds and related funding policies, represents the outcome and
macro-level manifestation of the co-evolution of government institutions and the market
environment [18]. Different green finance policies in diverse regions could lead to firms’
varying attitudes and awareness towards environmental protection, which could affect how
the environmental tax works [19]. However, the combined effect of green finance policies
and environmental taxes on green innovation and the indirect bridge effects of corporate
environmental responsibility have received little attention in the existing research. Hence,
the objective of this research is to investigate the non-linear impact of environmental taxes
on the outcomes of green innovation, as well as its internal influencing mechanism.

To solve the above problems, this study constructs a moderated mediation model
based on the institution theory and utilizes data from Chinese A-share listed companies
for empirical testing. This study makes three contributions to the existing literature. First,
this study focuses on the single regulator policy and environmental tax policy rather than
generic regulation and explores the non-linear relationship between environmental taxes
and green innovation performance based on the granularity of firm-level environmental
tax data, which extends corporate sustainability research. Second, the main novelty of
this study is to explore the indirect paths of corporate environmental responsibility in
the non-linear relationship, which reveals that the internal mechanism through which
environmental tax reform is effectively translated into corporate environmental awareness
and green practices. Third, this study identifies green finance as a contextual moderator,
offering new evidence on how financial systems interact with environmental policy to
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shape green innovation outcomes. In addition, the constructed comprehensive framework
integrating environmental tax policy, corporate environmental responsibility, and green
financial support offers a more nuanced understanding of how and under what conditions
environmental taxes influence innovation.

The remaining sections of this paper are as follows: Section 2 constructs a theoretical
framework and develops hypotheses. Section 3 describes the methodology, including
samples, variables and estimation models. Section 4 provides the results, and Sections 5
and 6 summarize the discussion and conclusions.

2. Literature Review and Hypothesis Development
2.1. Literature Review and Theoretical Framework

Environmental regulation is an important tool to stimulate firms to adopt environ-
mental protection behaviors in the production process [20], and it is the most important
environmental economic development policy in China and even in countries around the
world. The law concerning the environmental protection tax, a special market incentive
environmental regulation, provides detailed regulations on the taxpayers and taxation
scope of the environmental tax [21]. Based on the innovation theory, existing research
has focused on the institutional effects of environmental taxes, as well as their impact on
green innovation from multiple perspectives such as regional and firm levels. Several
studies have indicated that environmental taxes exert a compensatory effect on green
innovation. Xie et al. (2023) discovered that corporate investment efficiency in heavily
polluting industries was greatly enhanced by levying environmental protection fees [9].
Kesidou and Wu (2020) found that environmental taxes improved the degree of ecological
technological innovation primarily through the anti-driving effect, meaning increased
environmental management expenses [10]. Other studies suggested environmental taxes
may exert an encroaching effect on corporate innovation. Zhang et al. (2022) discovered
that environmental taxes had a suppressive influence on the volume and caliber of green
patents by increasing investment in the environment and its renewal [11]. In addition,
some studies suggested a non-linear relationship between environmental regulation and
innovation performance also existed from the perspective of technology innovation or
production innovation [12-14]. Song et al. (2020) [13] and Zhang et al. (2020) [14] find an
inverted-U relationship between environmental regulation stringency and innovation from
the city-level and region-level regulation views. Deng et al. (2022) find the positive spatial
agglomeration effect of tax competition by combining the dynamic spatial Durbin model
and the threshold panel model [12].

After a literature analysis and review, we find that most existing literature focuses
on generic environmental regulation at macro levels to explore the relationship between
environmental regulation and innovation [12-14]. There is a lack of research focusing on the
single regulator policies, particularly from the perspective of environmental tax policy. Sec-
ond, the existing literature identifies the indirect mechanisms through which environmental
regulations exert a linear impact on innovation, considering innovation forms, innovation
input and innovation capability [15,16]. Few studies have explored the indirect paths of
responsible organizational characteristics on this relationship. Third, the existing literature
focuses on contextual elements that influence the effects of environmental regulation from
the perspectives of government subsidies and executive political experience [7]. On this
basis, we construct a moderation mediating model to examine the non-linear relationship
between environmental taxes and green innovation incorporating the mediating role of
environmental responsibility and the moderating role of green finance.

Institutional theory suggests that institutions effectively constrain the consciousness
and behavior of firms through regulatory, normative, and cognitive structures [20]. Based
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on the institutional theory, the implementation of environmental taxes may boost the will-
ingness of firms to protect the environment, actively improve corporate environmental
responsibility, and motivate their environmental protection behaviors [4]. The change in
firms’ environmental consciousness and behaviors would lead to differences in their per-
formance [22]. Prior studies suggest that proactive corporate environmental responsibility
is a driver of innovation strategy by satisfying stakeholders’ expectations, improving firm
reputation, reducing financing costs, and gaining competitive advantages [22,23]. Green in-
novation is one important measure for firms when protecting the environment, which could
help improve their economic, social, and environmental performance [23]. Consequently,
the imposition of an environmental tax could potentially influence an enterprise’s resolve
to uphold environmental duties and its performance in green innovation. It is plausible
that corporate environmental responsibility could mediate the connection between the
environmental tax and the performance of green innovation.

According to institutional theory, the institutional context could regulate corporate
behaviors, affecting the effects of institutional logic, including regulations, policies and
rules [20]. The availability of innovation resources influences the environmental protection
choice and behaviors of firms [7]. As emphasized by previous scholars, a well-developed fi-
nancial system serves as a critical conduit for transforming regulatory pressure into tangible
technological advancements, thereby fostering corporate innovation and responsibility [24],
while green finance could offer financial support for firms to protect the environment ac-
tively [25]. In regions with different development levels of green finance, firms could make
different environmental protection choices and carry out different environmental protection
activities when faced with environmental taxes, meaning that the effects of environmen-
tal taxes on business environmental responsibility and green innovation performance
could be influenced by regional green finance. Thus, the linkages between environmental
taxes and corporate environmental responsibility, along with the relationships between
environmental taxes and green innovation performance, may therefore be moderated by
green finance.

2.2. Hypothesis Development
2.2.1. Environmental Tax and Corporate Green Innovation Performance

The environmental tax represents a market-oriented strategy for environmental sus-
tainability, integrating the environmental management cost into the operational and pro-
duction costs faced by businesses [25]. Reasonable environmental policies can encourage
businesses to engage in technological advancements, whose profits will in turn compensate
for the cost brought by the environmental tax, realizing the innovation compensation
effect [11]. Nevertheless, an excessive environmental tax could lead to an increase in corpo-
rate costs and the encroachment of innovation resources, resulting in the cost encroachment
effect [14].

From the regulatory view, levying environmental taxes increases the tax rate for
taxable pollutant emissions [11], which increases the cost of environmental violations and
puts pressure on corporate production and operation [4]. In order to minimize taxes for
environmental pollution and increase earnings, firms choose to reallocate resources to
upgrade equipment, develop new production techniques, or develop environmentally
friendly products [5], which could improve their resource utilization efficiency and in turn
improve green innovation performance [8]. From the normative view, the environmental
tax has drawn the attention of society to corporate environmental issues [9]. In light of
ethical considerations and public pressure, firms must proactively engage in environmental
protection activities, including green R&D activities, and further improve their green
innovation performance [19]. From the cognitive perspective, the levy of environmental



Sustainability 2025, 17, 9915

50f26

taxes provides strategic guidance for firms’ development [26]. The government places a
high level of emphasis on the preservation of the environment, which makes firms realize
the importance of green transformation. However, relying solely on end-of-pipe treatment
can not meet long-term development needs. Greening the production process and the
products can address environmental pollution issues fundamentally [6]. Firms that invest
and engage in green R&D activities can lower more uncertainty of environmental risk,
resulting in greater corporate green innovation performance.

However, with the environmental tax increasing to a certain extent, firms face excessive
tax burdens [27]. As a result, they may redirect capital originally used for innovation
activities to cover environmental taxes and fees [28], which leads to a depletion of resources
for innovation, a decrease in innovation activities, and a downturn in the achievements of
green innovation [29]. As a result, the environmental tax will initially have an innovation
compensation effect, improving green innovation performance. However, as its cost effect
gradually increases and outweighs its innovation compensation effect, the environmental
tax will have a negative effect on green innovation performance. Therefore, we propose the
following hypothesis:

Hypothesis 1 (H1). Environmental taxes have an inverse U-shaped curvilinear effect on corporate
green innovation performance.

2.2.2. Mediating Impact of Corporate Environmental Responsibility

An environmental tax encourages firms to fulfill their environmental responsibility.
Conversely, excessive environmental protection taxes can deplete resources meant for
environmental responsibility [30].

In terms of regulation, the government has established legal protections for the im-
plementation of environmental taxes by creating more stringent and unified collection
standards, as well as a scientific and standardized institutional frameworks [17]. It not
only strengthens the inspection and punishment of firms’ environmental pollution, but
also further demonstrates the determination of the government for environmental gov-
ernance [31]. This approach could effectively regulate firms’ environmental footprints,
motivating them to take proactive measures of environmental protection and enhance their
initiative in fulfilling environmental responsibilities [32]. From the normative standpoint,
the reform of environmental taxes raises public attention to the environmental influence
of firms [9], inducing firms to care more about their environmental protection behaviors
to avoid harm to their reputation and the loss of market share caused by disclosure of
unethical environmental behaviors [5]. As a result, firms would proactively engage in
responsible corporate environmental activities to mitigate potential costs of poor environ-
mental behaviors and enhance their green public image. From the cognitive standpoint,
enforcement of an environmental tax not only indicates the direction for long-term develop-
ment, but also effectively raises firms” awareness of environmental protection [6]. Driven by
environmental taxes, firms, whether under survival pressure or for the pursuit of long-term
competitive advantage, are likely to engage in responsible environmental behaviors [22].
Nevertheless, when environmental taxes rise, the expense of environmental protection rises
as well, undermining the investment made into corporate environmental responsibility and
slowing the growth of such initiatives. Therefore, we propose the following hypothesis:

Hypothesis 2 (H2). Environmental taxes have an inverse U-shaped curvilinear effect on corporate
environmental responsibility.
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From the regulatory view, an increase in environmental taxes represents the increasing
demands of the government for firms to aggressively meet their environmental respon-
sibilities [29]. Firms take on environmental responsibility in order to meet government
environmental criteria and obtain regulatory permission, which may result in green sub-
sidies and financial support, further influencing their green innovation performance [33].
From the normative view, an environmental tax increases the external public pressure
on firms to actively fulfil their environmental responsibilities [26]. With the increasing
corporate environmental responsibility, firms could gain more positive feedback from
their stakeholders, including green raw materials, green technical support, and even extra
consumer knowledge [34], which further enhances their green innovation capability. From
the cognitive view, under the guidance of environmental taxes, firms undertake more
environmental responsibility and actively protect the environment [6]. To win the trust of
and receive resource support from their stakeholders, firms choose to invest funds in green
technological innovation and the creation of green products to achieve substantial environ-
mental protection. However, when the levy imposed for environmental purposes surpasses
a specific limit, firms’ investments into environmental protection activities decrease due to
the lack of sufficient capital [34], which further leads to a reduction of resources invested
in green R&D activities and thus a decrease in green innovation performance. Therefore,
environmental taxes can indirectly affect green innovation performance by influencing
firms to exhibit differences in awareness and behaviors regarding their environmental
responsibility. Therefore, we propose the following hypothesis:

Hypothesis 3 (H3). Corporate environmental responsibility plays a mediating role in the inverted
U-shaped relationship between environmental taxes and corporate green innovation performance.

2.2.3. Moderating Impact of Green Finance

In the regions with developed green finance, the full spectrum of environmental and
economic policies pertaining to green finance is relatively well-established [35]. Green
finance not only establishes financial limitations and places continual oversight on firms
with environment-polluting behaviors, but also supplies sufficient capital and other support
for sustainability [19].

When regional green finance development grows stronger, the regional environmental
and economic policies may be relatively sound, and the allocation efficiency is higher [19].
When making investment and lending decisions, the financial institutions focus more on
assessing whether the firm complies with environmental regulations and the project’s
possible environmental effects [24]. It increases the demand for cleaner production and
operation, and raises the barriers to enter green initiatives. In order to seize financing
opportunities, firms must confront the institutional oversight, public supervision pressure
and long-term survival challenges stemming from environmental protection taxes [36],
undertake more environmental responsibilities, and engage in more environmental R&D
activities to achieve substantial environmental protection, which will enhance the com-
pensatory effect of environmental taxes on innovation. However, in regions with a low
development level of green finance, firms face less financing pressure from environmental
supervision [35]. Firms are more inclined to maintain steady development and the sta-
tus quo [37]. There will be less of an impact from environmental protection levies, both
positively and negatively, on corporate environmental responsibility or green innovation
performance. That means, under the lower development level of regional green finance,
firms are less willing to transform pressure from environmental taxes into more envi-
ronmental responsibility and green innovation activities, which weakens the innovation
compensation effect of environmental taxes.
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Additionally, the regions with a higher degree of green finance also foster an environ-
ment that is more conducive to the decisions aligning with environmental development [36].
When more developed green finance policies are introduced, firms that fulfill the environ-
mental requirements are more likely to obtain environmental subsidies and supportive
financing policies [35]. Thus, in regions with advanced green finance development, compa-
nies that align with environmental standards are more likely to obtain financial backing
and enjoy preferential policy treatment [25], which helps firms alleviate financial burdens
from environmental taxes and carry out environmental protection activities and fulfill their
environmental responsibilities, further increasing the innovation compensation effect of
environmental taxes [37]. Consequently, in regions with more developed green finance,
the inverted U-shaped relationship among environmental taxes, corporate environmental
responsibilities, and green innovation performance becomes steeper.

However, in the regions with underdeveloped green finance, it is more difficult for
local financial institutions to provide sufficient financial support for firms to protect the en-
vironment and mitigate the financial limitations encountered by companies in their research
and development endeavors [36], which could lower firms” awareness of environmental
responsibility and their enthusiasm for green innovation, further weakening the innovation
compensation effect of an environmental tax and enhancing its cost-encroaching effect.
Consequently, the inverted U-shaped relationship among environmental taxes, corporate
environmental accountability, and green innovation performance exhibits a smoother curve.
Therefore, we propose the following hypotheses:

Hypothesis 4a (H4a). The development level of regional green finance positively moderates
the inverse U-shaped curvilinear relationship between environmental taxes and corporate green
innovation performance.

Hypothesis 4b (H4b). The development level of regional green finance positively moderates the
inverse U-shaped curvilinear relationship between environmental taxes and corporate environmental
responsibility.

Based on these arguments, the conceptual model is formulated as Figure 1.

Green finance

Environmental tax Corporate environmental Green innovation
inverse U| responsibility performance
inverse U

Figure 1. Conceptual model.

3. Methodology and Analysis
3.1. Data and Samples

This study targeted A-share firms listed on both Shanghai and Shenzhen Stock Ex-
changes as samples. The Environmental Protection Tax Law of China was implemented in
2018. To examine both pre- and post-policy dynamics, our sample spans the period from
2012 to 2023. It is important to clarify the temporal structure of the key variables. The
environmental tax, corporate environmental responsibility, and other contemporaneous
control variables cover the period from 2012 to 2023, while the green innovation variable
covers the period from 2013 to 2024.

To ensure data validity, we excluded financial and insurance firms, firms with missing
key variables, and those with special treatment status (e.g., ST, *ST, PT). The final sample
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consisted of an unbalanced panel of 1570 firms, yielding 9801 firm-year observations. Green
patent data were obtained from the Chinese Research Data Service Platform (CNRDS).
Corporate environmental responsibility (CER) data were sourced from the Bloomberg
database. Green credit and green insurance data came from the Economy & Public Policy
Superior (EPS) database. Green securities data were drawn from the WIND database.
Environmental tax data were collected through manual extraction from corporate annual
reports, while all other variables were from the China Stock Market & Accounting Research
(CSMAR) database.

3.2. Measurements
3.2.1. Dependent Variable

Corporate green innovation performance (GP). Given that invention patents embody
novel products and methods, they contain the highest degree of technological sophistication
and serve as a key indicator of a firm’s core competitiveness. According to Li et al. (2023) [7]
and Zhang et al. (2022) [11], we used the annual number of green patents that a firm applied
for as an indicator of its performance in green innovation.

3.2.2. Independent Variable

Environmental tax (ET). The environmental taxes follow the “polluter-pays” principle.
Prior to 2018, firms paid discharge fees based on the type and quantity of pollutants
emitted; after 2018, these were replaced by formal tax obligations under the Environmental
Protection Tax Law. To ensure continuity in the corporate environmental regulatory burden
across the policy transition, following Jin et al. (2024) [4] and Cao et al. (2024) [38], we
measure ET as the natural logarithm of one plus the firm-level pollutant discharge fees for
2012-2017, and the natural logarithm of one plus the environmental protection taxes. To
accommodate zero values in the raw tax data, we use the transformation In(1 + fee/tax),
which maps zero to zero and ensures all values are well-defined. It is noted that the
pollutant discharge fees including only payments directly related to air, water, noise, and
solid waste emissions and excludes other levies such as land use tax, mining royalties,
or resource compensation fees, which are governed by separate legal frameworks and
unrelated to pollution regulation. As these pollution-related payments and environmental
taxes are mandatorily disclosed in the “taxes and surcharges” section of firms’ financial
statements, our variable reflects a consistent and verifiable accounting record of firms’
environmental regulatory burden.

3.2.3. Mediating Variable

Corporate environmental responsibility (CER). Corporate environmental responsibil-
ity refers to a firm’s proactive commitment to managing its environmental impact through
strategic initiatives in governance, disclosure, and sustainability performance, going be-
yond mere regulatory compliance such as tax payments. Drawing on the procedures of
El Ghoul et al. (2018) [22] and Lioui and Sharma (2012) [33], the level of corporate envi-
ronmental responsibility was measured by the environmental dimension score of the ESG
index from the Bloomberg database. This score evaluates firms based on criteria including
environmental policy, climate strategy, resource efficiency, waste management, biodiversity,
risk oversight, and transparency in reporting. The Bloomberg database provides a compos-
ite ESG score and its component scores (i.e., environmental, social, and governance) for
listed firms, following principles of usefulness, comparability, consistency, and industry-
specific tailoring.

It is worth noting that corporate environmental responsibility, as measured in this
study, differs fundamentally from environmental tax payments. While an environmental tax
reflects a firm’s backward-looking compliance cost based on its actual pollution emissions,
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corporate environmental responsibility captures a forward-looking strategic commitment
to sustainability, encompassing governance, transparency, risk management, and long-term
environmental performance improvement—dimensions not captured by tax liability alone.

3.2.4. Moderating Variable

The development level of regional green finance (GF). Drawing on the studies by
Lin et al. (2023) [19], the level of regional green finance development was assessed using
a hybrid methodology that combines subjective and objective aspects. This assessment
considered five distinct aspects: green lending, green bonds, green insurance policies,
environmentally focused investments, and carbon finance activities. The extent of regional
green lending was gauged by the interest from sectors with high energy consumption;
the extent of green securities was gauged by the market valuation of energy-intensive
industries; the prevalence of green insurance was gauged by the extent of agricultural
insurance; the percentage of investment allocated to environmental pollution control was
used to gauge the level of green investment; and the level of carbon finance was gauged by
the degree of carbon emissions intensity. Subsequently, the entropy weighting technique
was applied to ascertain the relative importance of these indicators. The specific methods
are shown as follows:

Firstly, because the index units are not unified, the vector normalization method was
used to preprocess the index data before using the entropy value method. The calculation
formula is shown as follows:

Xi . .
———(i=12....m;j=12...,n) (1)

m 2
i=1%jj

Yij=
where m denotes the total count of firms, n denotes the total count of the index, Xi/]« represents
the j index initial value of the firm, and y; ; represents the processed corresponding value.

Secondly, we standardized the preprocessed data as follows:

Zi: = Yij

, (i=1,2...,mj=1,2...,n) 2)
! sz:l]/i,j J

Thirdly, we calculated the entropy value p; of the j index. The larger the entropy,
the more chaotic, and the less information is known; the smaller the entropy, the more
concentrated, and the more information is known.

1

pi =
Fourthly, we calculated the difference coefficient of the index g;. The smaller the
difference, the less the influence of the index on the evaluation results.

Finally, we calculated the weight coefficient W; according to the difference coefficient.
The weight is equal to the proportion of the differentiation degree of an individual index to
the sum of the differentiation of all indexes.

qj

W, = =1 —
J Yitg qgj

G=12...,n) (5)

With reference to the “China Green Finance Report (2014)” to determine the subjective
weights, the subjective weights of the interest ratio of the high energy-consuming industry,
market value proportion of the high energy-consuming industry, the share of investment
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allocated to pollution control, and the relative size of agricultural insurance were considered,
and carbon emission intensities were 0.25, 0.125, 0.05, 0.05, and 0.1, respectively. Finally,
the weights of the two were combined and averaged to obtain the final weight. Specifically,
the final weight (W;) was calculated as follows:

W; = 0.5 x W; + 0.5 x Subjective weight (j =1,2...,n) (6)

3.2.5. Control Variables

Drawing on Trumpp and Guenther (2017) [34] and Deng et al. (2022) [12], several
control variables were chosen, and their descriptions are shown in Table 1.

Table 1. Definition of control variables.

Variable Symbol Meaning

Dependent variable

Independent variable

Mediating variable

Moderating variable

Controls

Corporate green innovation GP Annual number of green patents
performance
Natural logarithm of one plus the
Environmental tax ET environmental protection tax and
pollution discharge fee
The scores of the environmental
CER dimension of ESG index coming
from the Bloomberg database
A comprehensive composite
index based on green lending,
GF green bonds, green insurance
policies, environmentally focused
investments, and carbon finance
Natural logarithm of the book

Corporate environmental
responsibility

The development level of regional
green finance

Firm size SIZE
value of the assets

Leveraging LEV Total liabilities /total assets
Profitability ROA Net profit/total assets

Firm age AGE Natural logarithm of the firm year

Turnover ATO Operating income/average assets

Industry IND Classified by SEC 2012

Province PRO 31 provinces across the country

3.3. Model Construction

The PSM model was applied to construct a counterfactual framework to satisfy the
common trend hypothesis, which decreases the differences in initial conditions of different
firms [39]. The non-alternative one-to-one closest matching method was selected to find
the matching control group for the treatment group of each year, in accordance with the
methods of Becker and Ichino (2002) [39] and Rosenbaum and Rubin (1985) [40]. First,
we generated random seeds and random numbers to ensure randomness when matching.
Then, the variables of Size, Lev, ROA, ATO, and Age were selected as the covariates for
matching. Finally, we matched and tested the covariate balance between the treatment and
control groups using the psmatch2 command.

To address potential reverse causality and capture the dynamic response of green
innovation to environmental taxes and corporate environmental responsibility, we adopted
a lagged dependent variable specification. Specifically, green patent applications in year f +
1 are regressed on environmental taxes, corporate environmental responsibility, and other
firm- and province-level covariates measured in year ¢.

GPiy11 = Bo+ B1ETi; + ,32ETZ«2¢ + B3Controls + Year + Industry + ¢; ; (7)

CER;y = Bo + B1ET;; + ‘BzET%t + BsControls + Year + Industry + &; (8)
GPjy1 = Bo+ B1ET;; + [SzET%t + B3CER + B4Controls + Year + Industry +¢;;  (9)
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where GP; ;1 stands for the lagged one period of green innovation performance, ET;;
stands for environmental tax, CER; ; stands for corporate environmental responsibility, and
Controls stands for the control variables. The fixed effects of the year and the industry are
represented, respectively, by Year and Industry. ¢;; is a random disturbance term.

4. Results
4.1. Descriptive Statistics

The descriptive statistics of the dependent variable, independent variable, and other
variables after PSM matching are shown in Table 2. Table 2A reports the annual number of
firm-year observations for each key variable, showing consistent data availability across
years and full alignment between environmental taxes, green patents, green finance, and
corporate environmental responsibility. The year-by-year counts are reported in Table 2B.

Table 2. Descriptive statistics. (A) Descriptive statistics of variables. (B) Year-by-year count.

(A)
Variables N Mean SD Min Median Max
ET 9801 15.932 1.413 12.873 15.841 19.955
CER 9801 10.438 13.433 0 3.292 55.331
GP 9801 1.278 1.413 0 0.693 5.513
SIZE 9801 23.281 1.304 20.513 23.21 26.395
LEV 9801 0.479 0.197 0.067 0.493 0.881
ROA 9801 0.053 0.060 —0.149 0.043 0.222
AGE 9801 2922 0.336 1.792 2.996 3.497
ATO 9801 0.652 0.423 0.085 0.571 2.480
(B)
Variables 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
GP4q - 585 635 683 708 854 792 832 854 933 950 972 470
ET/GF/CER/Controls 585 635 683 708 854 792 832 854 933 950 972 470 -
4.2. PSM Analysis
We performed a matching balancing test to guarantee the accuracy of the matching
outcomes, and the findings are summarized in Table 3. The smaller the absolute value of
the standard deviation, the better the match achieved [41]. According to Rosenbaum and
Rubin (1985) [40], if the absolute value of the standard deviation after the match is less than
20%, the propensity score estimate is valid.
Table 3. Results of the balance tests for the PSM matched samples.
Variabl Mean %Bi %Reduct t-Test Vv(T)/
ariables Sample Treated Control oblas Bias t p>t V(O
SIZE Unmatched  23.397 23.202 14.70 7.23 0.000 1.26 *
Matched 23.366 23.374 —0.60 95.80 —0.27 0.787 1.09 *
LEV Unmatched 0.494 0.470 12.20 5.96 0.000 1.09 *
Matched 0.491 0.493 —0.80 93.50 —0.35 0.725 1.07 *
ROA Unmatched 0.051 0.054 —3.40 —1.66 0.096 1.01
Matched 0.052 0.051 1.00 69.70 0.46 0.648 0.99
ATO Unmatched 0.658 0.667 —2.10 —1.02 0.306 0.91*
Matched 0.656 0.651 1.00 52.70 0.44 0.659 0.88 *
ACE Unmatched  2.907 2.926 —5.80 —2.81 0.005 1.01
Matched 2917 2.907 3.10 46.70 1.34 0.180 0.82*
*p<0.1

As shown in Figure 2, the study’s chosen matching variables and matching strategies
make sense. After matching, the standardized bias for all covariates (Size, Lev, ROA, ATO,
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Age) falls below 5%. At the same time, t-tests show no significant differences between
groups (p > 0.05), indicating that the treatment and control groups are well-balanced on
observed characteristics. Furthermore, the entire control group falls within the normal
range of values, with only a small fraction of the treatment group lying outside of it,
and only a tiny number of samples are lost during matching. The substantial overlap in
propensity score distributions (see Figure 2) further confirms that the common support
condition is satisfied.

Size |+ +reereerrere e e P
Pevlsssn e Bl e s e O
ATOvesseananra 2 T ST O
RO R]enzeswessns @ o e £ N P S S S S SR
AE {8 ; ‘2 ( .3 ( l‘ ( |5 ; '6
). Uk ). ). 11
* Matched By e
T T T T
-5 5 10 15 . "
I e— I Untreated: Off support [ Untreated: On support
N Treated: On support Treated: Off support
(a (b)

Figure 2. (a) Absolute values of the standard deviation before and after matching. (b) Common range
of values for propensity matching scores.

Figure 3 illustrates that the distribution of the control group is comparatively left-
biased, while the probability distributions of the sample propensity score between these
two groups differ before and after matching. After matching, the resulting probability
distribution density function map is very close, indicating that PSM is effective.

Treat | Treat
= = = - Control = = == Control

02 03 04 05 0.6 07 02 03 04 0.5 0.6
Propensity Score Before Matching Propensity Score After Matching

Figure 3. Comparison of kernel density distribution of score values before and after matching.

4.3. Benchmark Regression Results
4.3.1. Environmental Tax and Green Innovation Performance

To eliminate the dimensional differences between the different variables, we first
standardized the variables. Subsequently, we performed a regression analysis based on
the PSM method to explore the non-linear relationship between environmental taxes and
green innovation performance. The determination between employing fixed-effects or
random-effects models was informed by the outcomes of the Hausman test. The results
significantly rejected the random-effects model. Thus, we mainly utilized the individual
fixed-effects and high-dimensional fixed-effects models.
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In column (1) and (2) of Table 4, the coefficients of environmental taxation are both

significant and positive at the 1% statistical threshold, while the coefficients for its quadratic

term are significantly negative at the same level, indicating that environmental taxation

has an inverse U-shaped relationship with green innovation performance. The results in

columns (3) to (5) indicate that this inverse U-shaped dynamic persists when accounting

for individual fixed effects, year-industry, industry-province, and year-province models.

Thus, Hypothesis 1 is verified, and the relationship diagram is depicted in Figure 4.

Table 4. Regression results of PSM.

. (1) GP (2) GP 3) GP 4) GP (5) CER (6) GP
Variables oLS oLS PSM PSM PSM PSM
0.138 *** 0.323 *** 0.306 *** 0.237 *** 7.344 *** 0.214 ***
ET (8.490) (9.918) (6.792) (3.056) 6.779) (2.738)
ET2 —0.033 *** —0.023 *** —0.016 —0.639 *** —0.014
(—6.561) (—3.303) (—1.485) (—4.792) (—1.294)
0.003 **
CER (2.158)
0.302 *** 0.265 *** 0.276 *** 0.306 *** 1.093 *** 0.303 ***
SIZE (19.974) (16.490) (11.663) (10.238) (2.595) (10.084)
LEV —0.302 *** —0.278 *** —0.216 ** 0.088 —0.867 0.091
(—4.534) (—4.182) (—2.237) (0.611) (—0.412) (0.629)
ROA —0.087 —0.066 —0.261 —0.054 0.372 —0.0556
(—0.598) (—0.456) (—1.243) (—0.162) (0.094) (—0.166)
—0.011 —0.056 * —0.072 * —0.058 —0.887 —0.055
ATO (—0.379) (—1.847) (—1.646) (—0.681) (—0.813) (—0.647)
0.718 *** 0.720 *** 0.701 *** 0.033 0.290 0.032
AGE (18.290) (18.399) (12.082) (0.405) (0.263) (0.394)
—8.969 *** —8.072 *** —8.295 *** —7.209 *** —14.091 —7.164 ***
Constant (—31.475) (—25.586) (—17.890) (—9.775) (—1.407) (—9.681)
Individual Uncontrolled  Controlled Controlled Controlled Controlled Controlled
YEAR-IND Uncontrolled Uncontrolled  Controlled Controlled Controlled Controlled
IND-PRO Uncontrolled Uncontrolled Uncontrolled  Controlled Controlled Controlled
YEAR-PRO Uncontrolled Uncontrolled Uncontrolled Uncontrolled  Controlled Controlled
N 9801 9801 5173 4970 4970 4970
R? 0.279 0.282 0.285 0.712 0.624 0.713
Hausman 247.140 *** 254.940 *** 182.730 ***

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

Corporate green mnovation performance
1
1

4

Environmental tax

Figure 4. The inverted U-shaped relationship diagram.

4.3.2. Environmental Taxation and Corporate Environmental Responsibility

As shown in column (5), the coefficients of environmental taxation and its quadratic

item are significantly positive and negative at the statistical level of 1%, respectively. These

express that environmental taxation has an inverse U-shaped curvilinear relationship with

corporate social responsibility. Thus, Hypothesis 2 is verified. Furthermore, as shown in
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column (5), the positive coefficient on environmental taxation and the negative coefficient
on its quadratic term indicate an inverted U-shaped relationship between environmental
taxation and corporate environmental responsibility. On the basis of column (4), we incor-
porated environmental responsibility into column (6). The result shows that the coefficient
of the dependent variable decreases from 0.237 to 0.214. In addition, the coefficient of the
quadratic term of environmental taxation increases from —0.016 to —0.014. This suggests
that the inverted U-shaped relationship between environmental taxation and corporate
green innovation performance is mediated by corporate environmental responsibility, pre-
liminarily supporting Hypothesis 3. The decline in R? from 0.712 in column (4) to 0.624
in column (5) is expected, as column (5) reports results from a propensity score-matched
sample with reduced observations. Although this lowers overall model fit, it improves
group comparability and mitigates selection bias.

To assess the nonlinear mediation effect of corporate environmental responsibility,
we used the SPSS 26.0 macro file MEDCURVE program according to the principle and
procedure of Bananuka et al. (2020) [42]. We set the 95% confidence level and resampled
1000 times and used the bias-corrected bootstrapping method to obtain the confidence
intervals. Following standard practice, the conditional indirect effects were evaluated at
three levels of environmental taxation: one standard deviation below the mean (low), and
one standard deviation above the mean (high). As shown in Table 5, the 95% confidence
interval for mediation effects at all three levels (low, mean, and high) does not contain
zero, which demonstrates that environmental taxation exerts a partial mediating influence
on green innovation performance via environmental social responsibility The lower and
upper limits of the confidence intervals are quite close, indicating that the estimates of the
mediating effect are relatively stable and it is unlikely to be greatly influenced by random
error. Thus, Hypothesis 3 is further verified.

Table 5. The nonlinear mediation effect.

Mediating  Explanatory Confidence Interval Instantaneous
Variable Variable Mediation
Lower CI Upper CI Effect
Low level 0.0160 0.0304 0.0225
CER ET Mean 0.0160 0.0310 0.0225
High level 0.0161 0.0308 0.0225

4.3.3. Further PSM-DID Analysis

The PSM method helps overcome individual heterogeneity, but the sample selection
bias may still exist. The DID method is used to prevent endogenous problems and rectify
biases arising from external factors when evaluating the impact of environmental taxation.
The DID model was constructed as follows:

GPity1 = Bo + B1Treat; x Time + BpControls + Xyp + 7j s + pr,j + 0; + €t (10)

where i, j, r, and t represent company, industry, province, and year, respectively. In
accordance with Hu et al. (2023) [43], we separated the sample into two groups: firms with
a higher tax burden (treatment group) and those whose tax burden remained the same
(control group). Treat; equals 1 when representing higher tax burden firms and equals 0
when representing lower tax burden firms. Time; reflects whether the firm is affected by the
environmental tax, and the value of 1 represents the year after the implementation of policy,
that is, 2018 to 2022, while the value is 0 during 2013 and 2017. Finally, the model includes
a set of fixed effects to account for province-year (X ), industry-year (7;;), and province-
industry (, ;) alternative variations to enhance the credibility of causal identification in
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policy evaluations. 6; is the company fixed effects, which take into consideration how
corporate-level factors that do not vary over time affect green innovation. To capture
sector-specific regulatory pressures, we include industry fixed effects. Following CSRC
(2012) and MEE guidelines, 18 industries are classified as heavily polluting. Including
industry fixed effects helps mitigate potential endogeneity by absorbing time-invariant
sector-level heterogeneity, such as regulatory intensity, technological norms, and policy
exposure, that could otherwise confound the estimated tax—innovation relationship. The
combination of the DID and PSM methods proposed by Luo et al. (2023) [41] helps to avoid
selection and mixed bias issues as much as possible, which could be effectively estimated as
the causal relationship between environmental taxation and green innovation performance.

The convergence hypothesis, which states that the performance of green innovation
and the changing trend in environmental taxation should be parallel, is a key premise of the
PSM-DID method’s validity. Thus, we conducted the balance trend test first. As shown in
Figure 5, the firms affected by environmental taxes and the unaffected firms show a parallel
trend of change in green innovation performance before the implemented policy, meaning
that, without policy intervention, their green innovation performance will develop along
the same path. However, variations in green innovation performance may be readily seen
when the policy is adopted, demonstrating that the PSM-DID method is feasible.

0.2
1

0.1

0

Coefficient: green innovation performance

—y

-0.1

1 1 I I 1 1
pre_3 pre_2 pre_1 current post_1 post_2 post_3
Implementation of the environmental tax policy

Figure 5. Balance trend test.

We separated the data into two groups based on the environmental tax inflection
point: those with higher taxes and those with lower taxes. Table 6 displays the regression
results of PSM-DID. For the lower tax group, whose tax levels are below the inflection
point, the coefficient of treated x time is considerably positive at the 1% level in columns
(3) and (4), while for the higher tax group, the treated x time coefficient is considerably
negative at the 1% level, indicating that as environmental taxes rise, green innovation
performance initially rises and then falls. As shown in column (6) and column (7), the
association between environmental taxes and company environmental responsibility is
inverse U-shaped, consistent with the benchmark regression results.
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Table 6. Regression results of PSM-DID.
®8)
(1) GP @GP (3) GP @GP (5) CER (6) CER 7) CER Treated
OoLS ALL L Tax Fi Higher Tax ALL L Tax Fi Higher Tax X
Variables ower lax tirms Firms ower fax kirms Firms Time
(First)
DID v DID v DID v DID v DID v DID v DID v DID
0.136 0.086 0.106 1.764 0.0658 —0.330 —1.505 3.317 0.096 3.063 0.526 —2.052  —0.165 0.001
TretutEd A% %% HFAF *% *3% 0926 * *AF *% et *3% 4K 4K * *3% 4K
X(I{,")m (0.0275) (4.831)  (0.0379) (2.004)  (0.0286) (1.853)  (0.0767) (—1.996) (0.444) (2459) (0.465) (8529) (1.152) (—2.574) (5.613)
0.482 0.119 0.491 0.314 0.304 0.358 0.630 0.458 3.581 0.346 3.330 0.214 6.574 0.418 0.033
SIZE Lt L E22d EE 2 L2t %k EE 23 EE i L2 %k kK L2 L2 E2 23 AN
(0.0209) (22.950) (0.0307) (7.689)  (0.0246) (14.809) (0.0487) (13.108) (0.370) (29.703) (0.400)  (13.201) (0.631)  (25.645) (5.191)
—0.452 —0.262 —0.354 0.017 —0.180 —0.625 —1.251 —0.701 —5.530 —1.170 —5.558 —0.903 —20.62 —1.336 —0.118
LEV Lt A % U * HH HAH RN LR HRH 4K Lt LRt HRH %
(0.0959) (—6.879) (0.138)  (—0.068) (0.101) (—4.626) (0.280) (—2.615) (1.661) (—13.629) (1.651) (—7.843) (3.612)  (—10.890) (—2.617)
roa 0 0472 _gses L7702 —l4St 2413 1887 AL17 355 5654 0056 1558 C0%0 0065
(0209) (—4233) (0.300) (—3.547) (0.223) (—3.739) (0.816) (—3.838) (3.617) (—1430) (3.634) (—0.161) (10.45) (—1.884) (0.472)
0.115 0.354 0.184 0.452 0.611 0.289 1.807 0.158 4.240 0.431
ATO 0'0471 223 0'0260 L3 0'0535 Xk EE 23 EELd 1‘309 * E2 23 *% Lt 22 EEEd _0'024
(0.0416) (8556) (0.0596) (9.223)  (0.0530) (4120) (0.0740) (9.018) (0.718) (9.387) (0.863)  (4.057) (0.949)  (9.528)  (—1.604)
0.971 —0.055 0.950 —0.531 0.556 0.300 00352  0.208 21.83 0.456 16.35 0.389 —2.698 0.459 0.268
AGE A% K% HAH % Lt 3% U - Lt HFXH 4K K * HFXH 4K
(0.0600) (—3202) (0.0894) (—2.035) (0.0690) (2.038) (0.104)  (1.028) (1.077) (11506) (1.122) (7.402) (1553) (7.907)  (13.768)
—12.56 —2.395 —12.77 —6.299 —8.697 —8.951 —14.47 —10.724 —136.4 —9.010 —115.1 —5.941 —126.8 —10.605 —1.328
COnStﬂnt k% L2 E22 3 kK X% %k E22 3 L2 23 L2 %% kK L2t L2 %K kK
(0.385)  (—20.343) (0.570) (—4.573) (0.458) (—11.444) (1.260) (—10.367) (6.865) (—34.376) (7.453) (—16.549) (16.81)  (—27.990) (—9.723)
Kleibergen—Paap rk LM statistic 31.140 (0.00)
Kleibergen-Paap rk Wald F statistic 31.511 (16.38)
N 9801 9801 5173 5173 4012 4012 1161 1161 5080 5080 4012 4012 1068 1068 9801
R? 0.274 0.069 0.275 0.104 0.757 0.043 0.163 0.262 0.676 0.212 0.638 0.213 0.375 0.197 0.203

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

While the PSM-DID framework enhances comparability and controls for time-
invariant unobservables, it may still be confounded by unobserved firm-level heterogeneity:
for example, managerial foresight or long-term environmental strategy that influences both
tax exposure and innovation behavior. To further strengthen causal identification, we adopt
an instrumental variable (IV) approach in Table 6 following Lewbel (1997) [44], which
exploits heteroskedasticity in the structural error term to generate internal instruments
based on third-order moment restrictions. We justify this assumption through three ar-
guments. First, all components of the instrument are predetermined or slowly evolving,
and thus unlikely to be influenced by contemporaneous innovation decisions. Second, the
instrument affects green innovation only through the firm’s own tax burden (exclusion
restriction); there is no plausible direct channel by which the interaction term itself would
influence R&D or patenting behavior. Third, we control for province-year and industry-year
fixed effects, which absorb common shocks that could induce spurious correlation. The
diagnostics confirmation model shows that the Kleibergen—-Paap rk LM statistic is 31.140
(p = 0.000), rejecting under-identification, and the Kleibergen—Paap rk Wald F statistic is
31.511, indicating a strong instrument. The IV estimates confirm the pattern observed in
the PSM-DID model, reinforcing the robustness of our findings against alternative sources
of endogeneity.

4.4. Heterogeneity Tests
4.4.1. Heterogeneity Analysis of Pollution Level

Heterogeneity analysis reveals the different responses and strategies of different types
of firms when facing environmental tax policy, as well as how these variances affect green
innovation performance. The findings in Table 7 reveal that the inverted U-shaped link
exists in both heavy and non-heavy pollution firms. In addition, the effect of environmental
taxation on green innovation performance is more obvious for heavy pollution firms.
Because of their greater pollution emissions throughout the production process, heavily
polluting firms are usually faced with more severe environmental taxes. As a result, they
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are compelled to use green innovation as a means of reducing their pollution emissions
and environmental taxes.

Table 7. Heterogeneity analysis of pollution level.

) Non-Heavy Polluting Firms Heavy Pollution Firms
Variables
(1) GP (2) CER (3) GP (4) GP (5) CER (6) GP
02501 **  4.6135%* 02200  04076**  10.5144** 03651 ***
ET (5.6781) (6.1993) (5.1933) (7.5944)  (10.9009)  (6.7006)
, 002710 —0.4425** 00251 % —0.0426%* —0.8983 *** —0.0390 ***
ET (—4.1042)  (-39622)  (-3.8027) (—45767)  (-53677)  (—4.1791)
0.0046 *** 0.0040 ***
CER (5.3625) (4.1943)
0.3196 ™%  21844%*  03096**  02129**  32666**  (.1997 ***
SIZE (145491)  (5.8859)  (14.0842)  (7.8149) (6.6709) (7.2998)
025837 00327 02584 02051 % 96724 02560 **
LEV (—2.6977)  (0.0202)  (—27071)  (—2.8750)  (—5.2438)  (—2.4900)
oA 00336 125199 ** 00237 0.0075 87249 % 00277
(0.1586) (35012)  (-0.1121)  (0.0357) (23002)  (-0.1316)
024617 —0.8907  —02420™*  0.0760* 11804  0.0808*
ATO (~5.4929)  (—1.1768)  (-54168)  (1.6816)  (~14537)  (1.7911)
0.7306 ™% 194377 **  0.6417*%  07416** 283690 ***  (.6269 ***
AGE (138249)  (21.7715)  (116159)  (114139)  (24.2983)  (8.9122)
v —97.9492 e —141.3235
Cconstamt 1677 87197 % _7.1339 65626
(—213162) (—134804) (—19.9578) (—13.1869) (—14.5368) (—11.7913)
N 5468 5468 5468 3781 3781 3781
R2 0.3288 0.2971 0.3328 0.2551 0.4687 0.2591

Hausman 271.94 *** 307.31 *** 225.80 *** 117.62 *** 763.56 *** 104.37 ***
Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

This finding is consistent with the “strong version” of the Porter hypothesis [45],
which posits that well-designed environmental regulations generate the greatest innova-
tion incentives for firms under the highest compliance pressure. Heavy polluters face a
steeper marginal cost for non-compliance, making green innovation not only a strategic
necessity but also a cost-saving imperative [45]. The stronger inverse U-shaped relationship
suggests that while moderate tax levels stimulate innovation through the compensation
effect (e.g., efficiency gains and market differentiation), excessively high tax burdens
may still overwhelm even these firms’” absorptive capacity, leading to diminishing re-
turns. This underscores the importance of policy design that balances stringency with
innovation feasibility.

4.4.2. Heterogeneity Analysis of Firm Size

Firm size represents diverse development operation modes and risk-taking abilities,
resulting in the varying environmental behaviors when confronted with environmental
policy. According to the median of total assets, we divided firms into the larger and smaller
groups. Column (1) and column (2) of Table 8 reveal that the inverse U-shaped effect of
environmental taxes on green innovation performance is more pronounced in larger firms.
For one thing, larger firms possess a greater array of resources for innovation, pay more
attention to maintaining their reputation, and actively carry out green innovation activities.
For another thing, they have a better internal governance structure, higher awareness of
the fulfilment of environmental responsibility, and more forward-looking decisions, which
are beneficial to improving their green innovation performance.
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Table 8. Heterogeneity analyses of size, marketization, and intellectual property protection level.

(3) GP @GP (5) GP (6) GP
Variabl 1) Gp () GP Higher Mar- L Marke- Higher IP Lower IP
ariables . . N N ower arke . .

Larger Firms Smaller Firms ketization tizati Protection Protection
ization Areas
Areas Areas Areas
0309 #+ 0.167 *+ 0.263 ** 0.190 **+ 0.249 #+ 0.240 *+
ET (37.57) (24.91) (40.52) (19.73) (31.85) (31.28)
" —0.064 * 0,032 # 0,042 #+ —0.028 *** ~0.033 * —0.031 *+
ET (22.24) (27.35) (35.54) (26.58) (24.32) (23.68)
0.023 *+ 0.011 #+ 0.020 #+ 0.017 *+ 0.021 #+ 0.015 *+
CER (13.44) (10.43) (12.34) (10.85) (11.89) (10.81)
0.253 %% 0213 *+ 0,237+ 0.196 **+ 0.221 #+ 0.193 **+
SIZE (9.743) (7.815) (9.344) 7.721) (9.110) (7.638)
—0.313 %+ —0.295 *** —0.301 ** —0.244 % —0.299 *** —0.226 %
LEV (=3.042) (—2.875) (—3.001) (—2.582) (—2.891) (—2.332)
ROA ~0.001 0.008 ~0.001 0.006 ~0.001 0.004
(—0.006) (0.034) (—0.005) (0.023) (—0.003) (0.019)
0.126 %%+ 0.076* 0.118 %+ 0.056* 0.116** 0.049*
ATO (2.867) (1.682) (2.832) (1.616) 2.817) (1.608)
0.744 #+ 0.743 #+ 0.721 #+ 0.698 *** 0.720 #+ 0.679 *+
AGE (11.412) (11.414) (10.987) (11.110) (10.769) (10.980)
IND/YEAR/PRO  YES YES YES YES YES YES
_g.172 % 3,853 # —6.818 —6.153 * 5619+ _7.359 #
Constant (~11.19) (~7.63) (~9.23) (—10.25) (~8.97) (—15.45)
N 2768 2783 4225 1326 2775 2776
R2 0475 0.475 0.475 0.475 0.475 0.475
F-value 2229 2229 2229 22.29 22.29 22.29

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

From a resource-based view, larger firms are better positioned to convert environ-
mental taxes into innovation due to their superior resource slack, established absorptive
capacity, and heightened stakeholder pressure for environmental legitimacy [46]. In con-
trast, smaller firms typically lack the financial reserves and organizational bandwidth to
strategically absorb such regulatory costs, resulting in a weaker innovative response.

4.4.3. Heterogeneity Analysis of Regional Market Development

Regional market development represents the level of economic and product market de-
velopment, which impacts the extent to which environmental tax policies are implemented.
Drawing from Nakagane et al. (2018) [47], we used China’s provincial marketization index
publicly released by the National Economic Research as a proxy variable. Column (3) and
column (4) in Table 8 indicate the inverse U-shaped effect of environmental taxes on green
innovation performance is more pronounced when the firms are in more highly marketized
areas. This may be due to the fact that in the regions with a higher degree of marketization,
the market can more effectively optimize resource allocation and assist firms in developing
green innovations.

In highly marketized regions, competitive pressures and efficient price signals incen-
tivize firms to pursue innovation as a means of differentiation and efficiency enhancement.
The market mechanism facilitates the rapid diffusion of green technologies and ensures that
innovators can capture returns through superior performance or market share gains [48].
Additionally, well-developed factor markets (e.g., labor, capital, and technology) reduce
transaction costs and improve access to complementary assets necessary for innovation.
This institutional environment amplifies the compensation effect of environmental taxation
by lowering the barriers to implementation of innovation and increasing the expected
payoff, thereby strengthening the inverted U-shaped relationship.

4.4.4. Heterogeneity Analysis of Regional Intellectual Property Protection Level

Intellectual property (IP) protection in different regions may affect the wellness of

green innovation. Accordingly, we referred to the research of Pun et al. (2022) [49], and
utilized the formula 1+ ?"L;EW

ipec/ Ppc
Sipep denotes the IP enforcement cases per province for the year, S, represents the granted

patents within the region for the same year, S;,. indicates the national IP enforcement cases

to measure the level of regional IP protection, in which
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for the year, and S, signifies the total number of granted patents in a country every year.
The results in column (5) and column (6) in Table 8 indicate the inverse U-shaped effect
of environmental taxation on green innovation performance is more pronounced when
the firms are in higher IP protection areas. This could be due to the fact that in the places
with strong intellectual property protection, firms’ infringement costs are higher, increasing
their motivation for generating green innovation.

Beyond deterring imitation, strong IP protection strengthens the compensation ef-
fect of environmental taxes by securing returns from green innovation. This assurance
mitigates the free-rider problem, incentivizes high-risk R&D, and facilitates commercializa-
tion [50]. Consequently, robust IP regimes accentuate the inverted U-shaped relationship
by simultaneously raising imitation costs for laggards and boosting expected returns
for innovators.

4.5. Results of Moderating Effects

As evidenced in Table 9, column (1) presents a significantly positive coefficient for
the interaction term of treated x time and regional green finance at the 1% statistical level.
This suggests that the advancement of regional green finance enhances the connection
between environmental taxation and green innovation performance. To be more precise,
the inverse U-shaped relationship between environmental taxation and green innovation
performance is more pronounced in regions with a more developed green finance sector
compared to those with less development, thereby validating Hypothesis 4a. In column
(2), the coefficient of the interaction term of treated x time and regional green finance
is significantly positive at the 1% level. It proves that the development level of regional
green finance can strengthen the inverse U-shaped relationship between environmental
taxation and environmental responsibility, thereby supporting Hypothesis 4b. A summary
of the testing results is shown in Table 10. The moderating effects of green finance in the
relationship between environmental taxation and green innovation performance and the
relationship between environmental taxation and corporate environmental responsibility
are shown in Figures 6 and 7.

Table 9. Moderating effects of the development level of regional green finance.

. 1) GP (2) CER (3) GP @) CER
Variables OLS OLS PSM PSM
0.286 *** 0.185 ** 0.275 #+ 0.469 **
ET (5.555) (3.597) (5.622) (7.694)
, —0.004 0011 —0.019* 0020
ET (—2.062) (—5.243) (—2.054) (—2.565)
0.145 *+ 0,552+ 0.134*+ 0.515*+
GF (3.306) (12.574) (2.687) (8.302)
- 0.166*** 0.205 0.076* 0.140 ***
(4.352) (5.388) (2.529) (3.718)
—0.004* —0.004* —0.011* —0.021 ¥+
ET? x GF (—2.330) (—2.050) (~2.119) (—3.204)
0.038 * 0.264 0.275 *+ 0.127
SIZE 1.911) (13.155) (11.170) 4.127)
“0111 0371+ ~0.201 0281
LEV (—1.289) (—4.318) (—2.065) (~2.313)
0.028 0.686 ** —0262 0.922 #+
ROA (0.148) (3.650) (—-1.237) (3.495)
ATO ~0.028 0.103 ™+ ~0.056 ~0.018
(—0.721) (2.665) (—1.240) (—0.321)
0153 * 0.939 *+ 0.528 *** 1.055 *+*
AGE (1.875) (11.507) (5.590) (8.955)
1275 % 8812 7777 5908 **
Constant (—2.774) (~19.202) (~13.516) (—8.235)
N 9649 9649 5064 5064
R? 0.657 0.657 0.803 0.691

Standard errors in parentheses; *** p < 0.01, ** p < 0.05,* p < 0.1.
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Table 10. A summary of the testing results.
Hypothesis Relationship Direction Result
H1 Env1r0nm§ntal ta>.<at10n and corporate green U-shaped Support
innovation performance
H2 Env1r0nmental taxation ancl. c.orporate U-shaped Support
environmental responsibility
Environmental taxation, corporate Mediating role of
H3 environmental responsibility, and green corporate environmental Support
innovation performance responsibility
Environmental taxation, green finance, and Moderating role of green
H4a . . - Support
green innovation performance finance
Environmental taxation, green finance, and =~ Moderating role of green
H4b ; A . Support
corporate environmental responsibility finance
0 T T T T T T T T T T T T
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Figure 6. Moderating effect of regional green finance in the relationship between environmental

taxation and green innovation performance.
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Figure 7. Moderating effect of regional green finance in the relationship between environmental

taxation and corporate environmental responsibility.

4.6. Robustness Tests

To evaluate the robustness of the conclusions, we employed a one-period lag of the

number of green patents granted. In line with the previous findings, the coefficients
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in columns (1) to columns (3) of Table 11 demonstrate that an inverse U-shaped rela-
tionship exists between environmental taxation and green innovation, while corporate
environmental responsibility acts as a mediating factor. In addition, to more precisely
depict the nonlinear relationship, we shortened the sample interval to 20182020 and
retested the hypotheses. The results are shown in columns (4) to (6), which align with the
initial findings.

Table 11. Robustness test results.

Variables 1) GP (2) CER (3) GP 4) GP (5) CER (6) GP
0.291 *#** 0.310 #** 0.284 0.171 ** 0.149 ** 0.166 **
ET (3.575) (3.562) (3.486) (2.226) (2.110) (2.156)
, —0.035 ** —0.030 ** —0.035 ** 0023 0021 —0.023 %
ET (—2.510) (—1.975) (—2.462) (—2.899) (—2.830) (—2.804)
0.023 ** 0.035 *
CER 2.071) (1.658)
0.153 *** 0.541 *** 0.141 0.066 *** 0.136 *** 0.061 ***
GF (3.237) (10.710) (2.956) (2.901) (6.506) (2.670)
T GF 0.470 *#** 0.465 *** 0.459 *** 0.266 *** 0.423 **+ 0.251 ***
(7.373) (6.828) (7.187) (3.037) (5.279) (2.853)
. —0.075%%  —0.092%*  —0.073%*  _0.049%*  _0.074 ** —0.047 %
ET" x GF (—4.339) (—5.007) (—4.212) (—2.626) (—4.306) (—2.479)
Controls YES YES YES YES YES YES
IND/YEAR/PRO  YES YES YES YES YES YES
~1.046 * 9563 %+ ~0.830 ~1.046 9,563 *** ~0.830
Constant (—1.897) (~16.228) (—1.479) (~1.897) (—16.228) (—1.479)
N 8373 8373 8373 2694 2694 2694
R? 0.644 0.673 0.644 0.241 0.304 0.242

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

Despite the PSM-DID and IV strategy mitigating endogeneity, reverse causality re-
mains a concern. Firms with superior innovation or environmental management may
strategically reduce emissions to lower their tax burden, which could downwardly bias
OLS estimates. Thus, we implemented an IV approach using province-level environmen-
tal enforcement intensity, measured by the number of environment-related taxes in each
province [51]. This approach differs fundamentally from Lewbel IV in both construction
and source of exogenous variation. Crucially, the validity of this instrument depends
on the exogeneity of policy discourse: that the content of these reports is not shaped
by individual firms’ future green innovation outcomes. We provide four arguments in
support. First, temporal precedence: government work reports are published at the be-
ginning of each fiscal year, prior to the realization of firm-level outcomes, ensuring the
instrument is predetermined. Second, aggregation level: the instrument is constructed
at the province-year level, while the outcome is measured at the firm level, making it
implausible that individual firms influence high-level policy language. Third, exclusion
restriction: the keyword share affects green innovation only through its influence on the
local enforcement intensity of environmental taxation, not directly. Fourth, we continue
to include province-year and industry-year fixed effects to control for common shocks.
The diagnostics confirm strong identification, which shows the Kleibergen—Paap rk LM
statistic is 13.819 (p = 0.000), rejecting under-identification, and the first-stage F-statistic is
17.81, well above the conventional threshold. The variable of IV captures regional policy
shocks exogenous to firm-level innovation. The IV-2SLS results in Table 12 reaffirm the
inverse U-shaped effect of environmental taxes on green innovation, with magnitude and
significance consistent with our baseline findings.
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Table 12. Robustness test of IV-2SLS.
First-Stage Second-Stage
Variables
1) ET (2) GP (3) CER 4) GP
v 3.395 *** 0.537 *** 6.631 *** 0.531 ***
(4.781) (3.644) (3.155) (3.576)
v —0.015 ** —0.273 ** —0.015 **
(—2.403) (—2.078) (—2.332)
0.002 **
CER (2.369)
GF 0.820 ** 19.210 *** 0.175 **
(2.041) (5.096) (2.291)
3.969 *** 81.288 *** 1.626 **
V> GF 2.902) (2.850) (2.483)
V2 F —5.733 ** —94.259 *** —2.158 ***
Vix G (—2.270) (—4.137) (—3.313)
Kleibergen—Paap
rk LM statistic 13.819 (0.00)
Kleibergen—Paap
rk Wald F statistic 17.81
Controls YES YES YES YES
IND/YEAR/PRO YES YES YES YES
N 9801 9801 9801 9801

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

5. Discussion
5.1. Result Discussion and Theoretical Contributions

First, this research reveals the nonlinear impacts of environmental taxation, a market-
based environmental policy, on corporate innovation from the perspective of institutions.
The finding reflects a balance between the cost burden of regulation and the innovation
incentives predicted by the Porter Hypothesis [45]. Environmental taxation spurs green
innovation at moderate levels, supporting the ‘weak’ Porter Hypothesis, but inhibits it
when the tax burden becomes excessive. This inverted U-shaped effect highlights the
importance of optimal policy intensity. The study of the elements that affect corporate
green innovation performance is enhanced, and the application of institutional theory to the
field of environmental protection tax policy is expanded. Second, this study indicates that
corporate environmental responsibility mediates the relationship between environmental
taxation and green innovation by taking into account changes in firms’ environmental
attitudes in the context of a change in environmental regulations. The finding is aligned
with the research that proactive environmental responsibility can enhance innovation
capacity by improving firm reputation, internal culture, and stakeholder support [33].
This study is novel in that it has further discovered the processes of environmental tax
effects mediated by corporate environmental awareness and green practices. It enriches
the research on the internal influencing mechanism between environmental taxation and
green innovation performance. Third, this study reveals an important context where
environmental taxation works, that is, the implementation status of green finance policies
in a region. It delimits the inverted U-shaped relationships among environmental taxation,
corporate environmental responsibility, and green innovation performance, providing new
insights for strengthening the innovation compensation impact and weakening the cost
encroachment effect of environmental taxation. Therefore, it contributes to the existing
body of research on the impact of environmental legislation on green innovation.

5.2. Practical Implications

Some practical recommendations are put forth in light of the study’s findings. From the
perspective of governmental institutional design, first, to optimize the innovation incentives
of environmental taxation, governments should prioritize the design of a precise and
dynamic tax mechanism. Policymakers are advised to implement a differentiated and tiered
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tax rate structure tailored to industry-specific pollution intensity, technological capacity, and
regional ecological carrying capacity. Concurrently, to solidify the innovation compensation
effect, a transparent earmarking mechanism that directly channels environmental tax
revenues into a green innovation fund is essential. For smaller, heavily polluting firms that
are more vulnerable to cost pressures, policymakers should provide transitional tax relief or
subsidized green technology upgrading programs, while firms themselves should prioritize
low-cost, high-impact abatement technologies and seek access to green credit to alleviate
financing constraints. Second, governments must implement top-level design to foster
synergy between environmental and financial policies. Our heterogeneity analysis shows
that the innovation-enhancing effect of environmental taxation is significantly stronger
in regions with higher green finance development and better marketization. Therefore,
policy integration should be regionally differentiated: In developed regions with mature
green finance systems, authorities can prioritize linking environmental tax data with
credit evaluation, e.g., using tax records as a signal for green loan eligibility or interest rate
discounts, especially for firms on the rising side of the inverted U-curve. In underdeveloped
regions with weak financial support, governments should first strengthen foundational
mechanisms through fiscal incentives, such as subsidized interest rates or guarantee funds,
to de-risk green lending and stimulate firm participation.

One practical approach is to use environmental tax data as a signal for green credit
allocation. For example, firms facing higher tax burdens due to pollution emissions could
be prioritized for green loans or eligible for lower interest rates, provided they reinvest in
emission reductions or green technology development. This mechanism can be piloted in
existing green finance reform zones by linking tax records from the State Taxation Adminis-
tration with bank credit systems. Digital platforms can help automate eligibility screening
and loan approval, reducing delays and administrative costs. Such a policy linkage en-
sures that regulatory pressure is accompanied by timely financial support, transforming
environmental compliance into an opportunity for innovation.

5.3. Limitations

However, this study still has certain shortcomings that can be addressed in subsequent
studies. Only a sample of Chinese A-share listed firms on the Shanghai and Shenzhen Stock
Exchanges have been included in this study. More pertinent international data could be
used for future research, or a comparison with foreign environmental protection policies
could be performed to test the generality of the research findings. In addition, future
research could also concentrate on a specific industry, such as the manufacturing industry,
to further verify the results. Second, further research could be conducted to explore the
effects of other types of environmental regulations, such as market-incentive, command-
and-control, and public involvement rules on corporate green innovation performance.

6. Conclusions

This study establishes a moderated mediation model to investigate the non-linear
impact of environmental taxes on the green innovation outcomes of corporations, especially
its influencing mechanism and the moderating role of regional green finance during this
mechanism utilizing listed Chinese A-share firms as the sample over the period from 2013
to 2024. It finds that environmental taxation exhibits an inverse U-shaped relationship with
both green innovation performance and corporate environmental responsibility. Corporate
environmental responsibility acts as a partial mediator in the linkage between environ-
mental taxation and green innovation performance. In addition, the development level
of regional green finance positively moderates the inverse U-shaped relationships among
environmental taxation, environmental responsibility, and green innovation performance.
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Further analyses reveal that firms characterized by heavy pollution, larger size, and location
in regions with higher marketization and intellectual property protection are more sensitive
to environmental taxation.

These findings carry important implications for environmental governance. Rather
than adopting a uniform or static tax rate, policymakers should design an adaptive envi-
ronmental taxation system that accounts for heterogeneous firm capacities and sectoral
conditions. One promising approach is to link environmental tax burdens with access
to green finance, using tax data as a signal to guide credit allocation in a way that sup-
ports innovation rather than stifling it. Specifically, we propose the establishment of a
threshold-based monitoring and early-warning mechanism, integrated within China’s
existing ecological civilization evaluation framework. Such a system could leverage real-
time enterprise data, on emissions, R&D intensity, profitability, and green patenting, to
identify when firms approach the “tipping point” beyond which tax pressure begins to
crowd out innovation. When thresholds are exceeded, automated alerts could trigger policy
adjustments, such as temporary tax rebates, green credit support, or technical assistance,
thereby preventing over-burdening while maintaining regulatory stringency.
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