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Abstract: The environmental protection tax (EPT), a market-based environmental control mechanism, is essential for enhancing the environmental,
social, and governance (ESG) performance of corporations. Using a Double Machine Learning (DML) model, this study empirically investigates
the impact of EPT on corporate ESG performance using panel data of the Chinese A-share listed companies from 2012 to 2023. The results
illustrate that the EPT improves corporate ESG performance. Furthermore, supplementary robustness tests provide confirmation of the incentive
impact. Corporate ESG performance can be enhanced by the EPT through two distinct mechanisms: motivating green technological innovation and
increasing green total factor productivity. Heterogeneity analysis demonstrates that the effect of the EPT in promoting corporate ESG performance
is more evident in non-state-owned firms, eastern and central regions, and firms with a high proportion of institutional investors. The results of this
study have some policy implications for environmental protection that might be educational for many developing nations throughout the world.
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1. Introduction

China’s rapid industrialization and urbanization have marked
significant economic development milestones [1], but this growth
has come with substantial environmental costs. The growth miracle is
accompanied by external diseconomies in the production process of
firms, manifested in the overconsumption of resources and the massive
growth of pollutant emissions, which do great harm to the ecological
environment [2]. Since the 1970s, environmental degradation has
become increasingly serious, awakening people’s awareness of
environmental protection. Simultaneously, governments have been
urged to take immediate action to address the problem [3, 4]. To
accomplish the mutually harmonious development of the economy
and environment, it is necessary to integrate green development
principles into corporate governance and operations [5, 6]. As China’s
first independent environmental tax, the environmental protection tax
(EPT) is not aimed at increasing tax revenues but at compelling and
encouraging enterprises to promote energy conservation and reduce
pollution emissions. The two bear a close correlation with each other.

EPT probably support corporate environmental, social, and
governance (ESG) performance by enhancing their environmental,
social, and governance practices. From the environmental perspective,
the EPT can enhance polluting enterprises’ awareness of environmental
protection. Under strict environmental supervision, the internalization
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of environmental protection costs increases significantly, incentivizing
firms to upgrade their production processes through increased
investment in technological innovation [7, 8]. From the standpoint
of social responsibility, the EPT’s implementation will also have
a favorable effect on business practices. In terms of governance,
introducing the EPT can enhance the corporate ESG self-supervision
and governance mechanisms. The EPT can motivate firms to establish
ESG self-monitoring systems, such as setting up specialized committees
for top-down environmental governance. The EPT can actively guide
heavy-polluting firms to build and upgrade their ESG governance
systems. Incorporating environmental or even ESG assessments into
performance appraisals can enhance ESG disclosure and improve the
performance of heavy-polluting firms.

ESG performance reflects a new concept of coordinated
development [9] and is positively recognized by the capital market and
institutional investors. The capital market provides positive feedback
to enterprises with better ESG disclosure [10, 11]. In addition, an
increasing number of institutional investors are directing their attention
to ESG [12].

China’s initiatives and achievements in environmental protection
are significant on the world stage. China’s biggest challenge is striking
a balance between environmental protection and economic expansion
[13]. The EPT is one of the programs the Chinese government has
implemented to improve the state of the environment since it places
a high priority on environmental preservation [14]. Studying China’s
EPT helps us understand the real effects of these policies and the
internal mechanisms through which they work [15]. Secondly, China’s
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market size and industrial structure are of unique importance for the
introduction and effectiveness of the EPT [16]. A detailed study of
China’s EPT provides insight into the challenges and opportunities
of implementing environmental protection policy in a large-scale
economy. Finally, as China is an essential link in the global supply
chain, many multinational enterprises have established production
bases there [17]. Analyzing China’s EPT is helpful for us to understand
these multinational responsibilities and practical actions in addressing
environmental challenges. This provides lessons for global enterprises
to work together to enhance their ESG performance [18].

Therefore, this paper’s goal is to investigate the underlying
mechanisms and determine if EPT enhances company ESG performance.
This study makes three additions to the body of knowledge and real-
world applications. First, it enriches the underdeveloped research on
EPT and corporate ESG performance by applying the Double Machine
Learning (DML) method, which ensures more robust causal inference
than conventional approaches. Second, it looks at how EPT influences
ESG performance, with a particular emphasis on green total factor
productivity and green technical innovation. Third, it provides practical
implications by identifying heterogeneous effects across ownership
structures, institutional investor presence, and regional characteristics,
offering policy guidance for improving ESG performance in emerging
markets like China.

2. Literature Review

In recent years, China has achieved remarkable progress in
enhancing environmental governance, and the EPT stands out as a
pivotal reform in this field. Before 2018, the pollutant discharge fee
system was plagued by weak enforcement and excessive discretion
on the part of local governments, which frequently compromised its
effectiveness. To tackle these problems, the EPT was implemented in
2018, converting environmental levies into a tax regime backed by legal
enforcement. Notably, the EPT enables governments to determine tax
rates within a legally prescribed range, which takes into account regional
variations in environmental goals and economic circumstances. This
policy adjustment not only signified the formal establishment of China’s
independent environmental tax system but also introduced regional
differences in enforcement intensity, providing a valuable context for
exploring how environmental regulation influences corporate behavior.

Within the body of existing literature, the function of ESG
considerations can generally be categorized into three domains. The
first domain centers on advancing the ESG evaluation system. A well-
developed ESG indicator system has the capacity to guide enterprises
more comprehensively and accurately in optimizing their corporate
strategies and achieving environmentally sustainable development [19].
Variations in ESG ratings may exert an impact on the economic outcomes
of corporate ESG practices [20]. The second category of research
focuses on how ESG grading systems affect the economy. This line of
research examines how a company’s ESG performance affects its debt
cost [21], stock price crash risk, financial performance [22], customer
structure and operational activities [23], CEO green experience [24],
and investment decisions [25]. The third area is dedicated to identifying
and explaining the factors that influence ESG considerations. Existing
studies have found that the expansion of bank branches [26], institutional
heterogeneity [27], digital finance [28], the mixed-ownership reform of
state-owned enterprises (SOEs) [29], and a positive social environment
[30] have a significant impact. However, establishing a high-quality
institutional environment is crucial for improving corporate ESG
performance [31]. Thus, it is essential to emphasize the core position of
the environmental regulatory framework when analyzing the complex
factors related to corporate ESG performance.

With respect to the implementation effect of the EPT, the
existing literature holds two contrasting viewpoints. The first viewpoint

argues that the introduction of the EPT is of great importance. At
the enterprise level, it indicates that green production has become a
mandatory obligation for enterprises in their development process [32].
Previous research has demonstrated that putting the EPT into practice
can notably boost companies’ environmental investments [8], promote
their technological innovation [33], enhance their competitiveness [34],
affect their profitability, debt capacity [35], and risk level, accelerate
the green transformation [36], improve energy use efficiency [37],
drive industrial structure upgrading [38], reduce pollutant emissions
[15, 39, 40], and improve regional air quality [41-43]. It successfully
accomplishes a win-win scenario of economic development and
environmental preservation in this way [44—46]. To reduce tax burdens
and build a positive corporate image, enterprises tend to optimize their
production processes through green transformation, thereby improving
their environmental and social performance. Consequently, the EPT has
the potential to enhance corporate ESG performance [47].

The second viewpoint, suggests that EPT has not delivered
the expected economic effects. Its impact on enterprise performance
is not obvious, and it even increases enterprises’ costs [48, 49]. For
enterprises highly reliant on resource consumption, the EPT has
even reduced their corporate performance [50] and hindered their
investment in environmental protection [51]. Furthermore, the EPT
may trigger adjustments in the industrial structure [52]. Some high-
pollution and high-emission industries may be more severely affected,
which could lead to the closure of some enterprises [53]. Meanwhile,
the tax rate design of the EPT may be either too high or too low for
enterprises in different industries, which affects its actual effectiveness
in environmental governance [54]. These issues highlight the need
for a more comprehensive design of the EPT as a policy tool to
simultaneously promote environmental protection.

In summary, against the backdrop of the green economy
and sustainable development, the EPT and ESG have become key
issues that have attracted widespread attention globally. This paper
reviews the literature on the EPT and ESG and offers insights into
the interrelationships and mutual influences between these two fields.
Previous studies have adopted difference-in-differences (DID) models
for research [7, 55] but have lacked nonlinear studies at the micro-
enterprise level. Additionally, compared with other causal inference
methods, the parallel trend test in DID models requires more sample
data, which easily leads to the neglect of inherent differences between
different samples, and thus results in biased assessments of policy
effects. Therefore, a more diverse and advanced causal inference
method is needed. To close this research gap, the DML approach is
used in this work.

3. Theoretical Analysis and Research Hypothesis

Environmental performance is significantly influenced by the
implementation of the EPT. Neoclassical environmental economics
posits that the EPT internalizes the environmental costs incurred
by firms by taxing emitted pollutants. This encourages enterprises
to upgrade environmental protection to a strategic position in their
corporate structure, formulate business strategies aligned with
green and sustainable development objectives, pursue technological
innovations [56], and enhance productivity [57]. Consequently, firms
are motivated to optimize their production methods to curtail energy
consumption and diminish pollutant emissions, thereby augmenting
their overall environmental performance. From the standpoint of
social responsibility, stakeholder theory suggests that an enterprise’s
performance is closely linked to how it responds to the demands of its
stakeholders. The implementation of EPT leads to heightened societal
scrutiny of firms’ environmental behavior and green sustainable
development strategies. This increased scrutiny fosters a positive social
reputation, creating conditions conducive to sustainable operations
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[58]. Firms demonstrating commendable environmental behavior and
social responsibility gain consumer preference, as evidenced by a
higher willingness to purchase products from such enterprises [59]. This
enhances their competitive market standing. Additionally, by improving
their social performance, firms can build closer political affiliations,
making it easier to obtain government policy support or preferential
measures. From a governance perspective, implementing the EPT
enhances the mechanisms for monitoring and managing corporate ESG
considerations. While the transformation of corporate shareholders’
management awareness and the refinement of the ESG self-monitoring
system require time, the long-term effects are substantial. The EPT
compels firms to increase their awareness of environmental and social
responsibilities, thereby improving their overall ESG performance by
directly impacting the “E” and “S”” dimensions.

Hypothesis 1: The EPT can significantly improve corporate ESG
performance.

The EPT compels enterprises to mitigate pollution by
internalizing the external costs associated with it. This policy
creates a direct financial incentive to adopt more sustainable
practices. Green technological innovation (GTI) emerges as a crucial
strategy for balancing corporate profitability with environmental
sustainability, leading to a comprehensive transformation of production
methodologies. Such transformation is pivotal for enhancing corporate
ESG performance and aligning ecological preservation with economic
interests [60]. To reduce tax burdens, enterprises will seek methods
to mitigate pollution emissions, including improving production
processes, adopting environmentally friendly production technologies,
and optimizing energy efficiency. Through investments in green
technological innovations, enterprises can more effectively manage
their environmental responsibilities, a critical component of ESG.
According to Farooq et al. [61], using green, innovative technology
makes it easier to control negative externalities in operations and
manufacturing, which promotes sustainable growth. Under the EPT
regime, the heightened costs associated with emissions incentivize
firms to invest in technological innovation, thereby bolstering their ESG
performance through enhanced environmental sustainability. Moreover,
the predictability of the EPT reduces uncertainty, further stimulating
innovative activities that contribute to overarching ESG objectives. By
investing in practical green production and operations, enterprises can
sustain their competitive advantages while concurrently augmenting
their ESG performance. This, in turn, promotes consensus-building
initiatives aimed at accumulating green capital and attracting innovators
[62]. Ultimately, these endeavors foster improved environmental
performance for firms, a pivotal element of their ESG strategy.

Hypothesis 2: By stimulating GTI, the EPT has a positive influence on
corporate ESG performance.

The EPT plays a crucial role in enhancing corporate ESG
performance by boosting their green total factor productivity (GTFP).
Historically, China’s economic growth relied heavily on factor inputs
[63]. However, this growth model has been proven inefficient and
environmentally detrimental [64, 65]. To achieve sustainable, high-
quality, and green economic growth, a transition towards enhancing
GTFP is imperative [66, 67]. In our analytical framework, GTFP
serves as a pivotal mechanism. Compelling evidence underscores the
significant impact of EPT on GTFP [68]. Motivated by EPT, enterprises
are expected to recalibrate their factor input structures towards
producing goods with lower energy consumption and pollution [69].
This strategic shift in factor inputs yields substantial benefits, enabling
firms to adopt long-term sustainability strategies. By integrating
advanced production techniques with optimized factor inputs, firms can
address challenges stemming from resource inefficiencies inherent in

factor-driven production models [70]. This approach not only facilitates
market share acquisition and operational performance enhancement but
also generates a compensatory innovation effect, thereby ultimately
increasing the GTFP. Enterprises must optimize production resource
efficiency to fully comply with EPT requirements [8, 71], thereby
compelling them to elevate their GTFP. Increased GTFP drives
industrial structure optimization, upgrades energy consumption
patterns [72], improves overall resource utilization efficiency [73],
and promotes environmentally sustainable production practices [72].
Furthermore, the pursuit of GTFP motivates firms to develop enduring
strategies encompassing emission reduction, supply chain management
improvements, and governance structure enhancements, contributing to
the long-term sustainability of firms within the governance dimension
(G) of ESG. This alignment with ESG principles highlights how
enhancing GTFP through EPT implementation can drive comprehensive
improvements in enterprises’ environmental stewardship, social
responsibility, and governance practices.

Hypothesis 3: The EPT promotes corporate ESG performance by
increasing firms’ GTFP.

The path exploration for the EPT is able to basically form the
logical model below, as depicted in Figure 1.

4. Methodology and Data
4.1 Methodology

This research examines how implementing EPT can affect
corporate ESG performance. To date, the majority of relevant research
has examined effect assessment using conventional causal inference
models. However, such models have many limitations. For instance, the
DID model’s parallel trend test has to be more stringent when applied to
the sample data. Propensity score matching (PSM) involves a great deal
of subjective willingness to select variables. In an effort to mitigate the
shortcomings of conventional causal inference frameworks, a number of
scholars have begun to focus on the use of machine learning in the field
of causal inference [74], and the DML model is one of these. The core
idea of DML lies in enhancing the accuracy and robustness of causal
effect estimation by decomposing complex causal inference problems
into two independent prediction tasks and leveraging the powerful
capabilities of modern machine learning algorithms. Specifically, it
initially utilizes a set of covariates (X) to predict both the outcome
variable (Y) and the treatment variable (Event) separately, thereby
obtaining their respective prediction residuals. These residuals represent
the portions of Y and Event that are not explained by X, effectively
eliminating the potential influence of X on Y and Event. Subsequently,
by performing a regression analysis on these two residuals, DML is able
to directly estimate the net causal effect of the treatment variable on the
outcome variable Y. Furthermore, the DML model reduces rule bias in

Figure 1
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machine learning-based estimation by utilizing the ideas of instrumental
variable functions, two-stage residual regression, and sample split
fitting. Thus, it ensures the unbiasedness of the disposal coefficient
estimator with small samples. Wang et al. [75] argue that DML provides
more conservative and robust results than PSM. The results of the study
proved that environmental courts significantly promote corporate green
innovation. As a new non-parametric approach, DML provides more
concrete evidence than the traditional PSM approach. This is because,
even though PSM estimates non-linear effects, it uses a linear model in
estimating propensities. In contrast, DML does not constrain any linear
process and includes both linear and non-linear effects. On this basis,
this study uses a DML model to conduct empirical research. The exact
build process is as shown in Equations (1) to (8):

The first step is the construction of a partially linear DML model,
which is as follows:

Yier1 = O Bventis + g(Xit) + Uit (1)
E(Uit\Eventit, -Xlt) = 0 (2)

where i is the firm; ¢ is the year; and Y;; denotes the explained variable,
which is the corporate ESG performance; Event;; denotes the disposition
variable, the policy variable of “EPT”; 6 is the disposal factor that is
the key focus of this paper. X;; is the set of high-dimensional control
variables that use machine learning algorithms to estimate the specific
form @(Xit). U is the error term, which has a conditional mean of 0.
Estimating Equations (1) and (2) gives an estimate of the coefficient of
dispositions as:

R -1
o= ( ElEItET E”e"tz?t) %Zie[,teT Eve”tit(yztﬂ -9(X )) (3

where 7 is the sample size.
Their estimation bias can be further examined using the following
estimators:

\/—(00 - 90) = (n Yierger Event?t) 71% Yierser BventUs

_ )
+(% Zie[,teT Event?t) ﬁ Eiel,teT Event [g(Xit) - Q(th)}

where a= (% Zid’teT Event?t) l% Eie“eT Event;; Uy, obeys1 a
normal distribution with mean 0, and b= (i Yicrter Eventn) %
Yicrser Bventi[g(Xir) — §(Xu)]. It is significant to note that the DML
model employs machine learning and its regularization algorithm to
evaluate a specific functional form §(X;;), which inevitably introduces
a “regularity bias” that prevents the estimator from being too large in
variance but also results in it not being unbiased, manifesting in the
slower convergence of §(X;) to g(Xit). n=%9 > n~1/2, and thus, since n
is infinite and b is infinite, 8¢ has difficulty converging to .

We constructed the following auxiliary regression to speed up
convergence and make the disposal coefficient estimates satisfy small-
sample unbiasedness.

Eventy, = m(Xy) + Vit ®)

E(Vy|Xit) =0 (6)

where m(X;;) is the regression function of the disposition variable
on the high-dimensional control variable, again requiring a machine
learning algorithm to estimate its specific form m(X). Vit is the error
term with a conditional mean of zero. The procedure is as follows: First,
amachine learning algorithm is used to estimate the auxiliary regression

m(X;) and take its residuals Vi; = Event; — m(X;;). Second, the same
machine learning algorithm is used to assess, changing the form of the
main regression to Yj1 — §(Xit) = 61 Event;Uy; Finally, I//\it will be
regressed as an instrumental variable for to get unbiased coefficient
estimates:

él = (% Zie],teT T/\itEventit) % Ziel,tET T/\it (Yit+1 - Q(Xlt)) (7
Similarly, Equation (7) is approximated as:

Va6 —6:) [B)]
% Zie[,teT [m(Xlt) - m(

ZIGI ter ViU + [ (Vz?)]

8
] [9(X) — 5(Xa)] ®

In the context where the variable [E(V;7)] ! % Yicrser VaUit
correspondstoanormald1strlbutlonWlthameanofO,theconvergencerateof
the variable [E(V} )] \/_ ElthT[ (Xi) — m(Xa)] [9(Xit) — §(Xir)]
is contingent upon both the convergence rates of m(X;;) to m(X;;) and
G(Xit) to g(Xit), denoted as n~(#sten) owing to the utilization of two
machine learning estimations. Compared to the convergence pattern
outlined in Equation (4), the pace at which the variable converges to 0
is expedited, thereby facilitating the acquisition of unbiased estimates
for coefficients of dispositions.

In comparison with conventional causal inference models like
DID and PSM, the DML approach boasts several distinct advantages.
First, DML effectively tackles the “curse of dimensionality”—it
leverages machine learning algorithms to process a large volume of
control variables, which in turn lowers the risk of omitted variable
bias. Second, DML is capable of accommodating potential non-linear
relationships among the treatment variable, covariates, and outcome
variable. This feature enhances estimation accuracy in complex real-
world scenarios where linear associations rarely hold. Third, DML
incorporates sample splitting and orthogonalization strategies into
its framework. These strategies help alleviate overfitting issues and
guarantee valid inference results even when working with finite sample
sizes. Owing to these methodological merits, DML can generate more
robust and unbiased estimates of the causal effect exerted by the EPT
on corporate ESG performance. This represents a notable improvement
over traditional linear models, which typically depend on more stringent
parametric assumptions to yield results.

4.2 Variables and data description

4.2.1. Explained variable

The explanatory variable used in this study is corporate ESG
scores, which are obtained from the Bloomberg database and reflect a
company’s ESG performance.

4.2.2. Explanatory variable

The variable “post” functions as an indicator variable, taking a
value of 1 if the year is after 2018, and 0 otherwise. Given that the EPT
predominantly targets industries characterized by substantial pollution,
the experimental group in this study comprises listed enterprises
operating in the heavy pollution industry, where the variable “treat”
takes the value of 1. In contrast, the control group consists of enterprises
in the non-heavy pollution industry, where the variable “treat” is
assigned the value of 0.

4.2.3. Control variables

By using regularization methods, the DML model successfully
tackles the problem of high-dimensional control variables. The variable
selection methodology of Huang and Lei [76], Gu et al. [77], and He
et al. [78] are referenced to ensure the precision of the EPT effect
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estimates. Furthermore, considering data availability from prefecture-
level municipalities, this paper incorporates controls for a variety of
factors that might affect ESG performance. The control variables
encompass firm size (Size), gearing ratio (Lev), net profit margin on
assets (ROA), shareholding ratio of the first largest shareholder (Topl),
growth rate of operating income (Growth), two jobs in one (Dual),
nature of equity (SOE), presence of the four major auditing firms
(Big4), susceptibility to losses (Loss), Tobin’s Q (TobinQ), institutional
investor shareholding (INST), regional GDP per capita (GDP), and the
share of the secondary industry (Secondary industry). Additionally,
this study includes quadratic terms for each control variable in the
regression model to improve the accuracy of the fitted model. For a
more thorough examination, firm-fixed and time-fixed impacts are also
taken into account.

4.2.4. Mechanism variables

GTI: The World Intellectual Property Organization’s (WIPO) list
of green patents is used to determine the categorization number of green
patents in order to calculate GTI. The State Intellectual Property Office’s
(SIPO) official website is used to manually search listed companies’
international patent classification numbers and match them to the
different kinds of green technology innovative patents. As a measure of
GTI, the number of authorized green utility model patents owned by the
sample businesses each year is first obtained, then incremented by one,
and lastly transformed into a natural logarithm.

GTFP: The non-radial Slacks-Based Measure-Malmquist-
Luenberger (SBM-ML) index is employed to gauge the total factor
productivity of firms. It combines the SBM efficiency measurement
model introduced by Tone [79], which incorporates non-expected
outputs, with the GTFP index ML proposed by Chung et al. [80].

4.3 Data

The corporate ESG performance data is sourced from Bloomberg,
GTI data from the State Intellectual Property Office (SIPO) of China,
and the remaining data from CSMAR. Since the EPT went into force on
January 1, 2018, the experimental period of its introduction is defined
as 2018-2023. Chinese A-share listed companies covering the years
2012-2023 make up the whole research sample. The data processing
steps are outlined below: (1) excluding samples with missing ESG
and control variable data; (2) eliminating ST firms; (3) applying the
Winsorization technique to all continuous variables at the 1% quantile;
and (4) lagging control variables by one period. All control variables
are adjusted with a one-period lag. Additionally, we take the natural
logarithm of select control and mechanism variables, adding 1 for scale
standardization. The descriptive data for every indication are shown in
Table 1.

5. Empirical Results

5.1 Benchmark regression

With the data divided at a 1:4 ratio, this study uses the DML
model to assess how the EPT affects company ESG performance. The
Random Forest technique is used to carry out the primary and auxiliary
regressions. The baseline regression results are shown in Table 2, and
the benchmark model includes firm fixed effects, temporal fixed effects,
and a complete set of control variables.

The regression outcomes reveal that the EPT significantly
enhances corporate ESG performance at the 1% significance level. Even
after incorporating the quadratic terms of control variables, this positive
effect remains robust. This indicates that after accounting for potential

Table 1
Descriptive statistics of variables

Variable classification Variable Descriptions N Mean  Std. dev. Min Max

Explained variables ESG ESG 13873  31.610 10.130 6.198 78.412
E E 13873 11.887 15.170 0.000 89.731
S S 13873  15.371 8.657 0.514 82.708
G G 13873  68.013 13.112 15.021 89.856

Explanatory variable treatxpost Policy dummy variables 13873 0.096 0.295 0.000 1.000

Control variables Size Enterprise size 13873 22.205 1.296 19.903  26.231
Lev The ratio of debt to asset 13873 0.419 0.206 0.054 0.899
Roa Return on assets 13873 0.041 0.066 -0.249 0.223
Topl The share ratio of the largest shareholder 13873 0.377 0.163 0.084 0.780
Growth Enterprise’s ability to grow in the future 13873 0.169 0.383 -0.502 2.402
Dual Two jobs in one 13873 0.295 0.456 0.000 1.000
Soe Nature of Property right 13873 0.506 0.500 0.000 1.000
Big4 Big Four accounting firms 13873 0.125 0.331 0.000 1.000
Loss Firm loss 13873 0.110 0.313 0.000 1.000
TobinQ TobinQ 13873 1.933 1.329 0.828 8.441
Shareholding  Institutional investor shareholding 13873 0.501 0.222 0.019 0.912
GDP Take the logarithm of regional GDP per 13873  11.379 0.495 9.954 12.223

capita +1

Secondary Value of secondary industry/GDP 13873  40.266 11.607 15.830 64.370
industry

Mechanism variables GTFP Green total factor productivity 13873 1.008 0.079 0.854 1.148
GTI Green technology innovation 13873 0.923 1.213 0.000 6.346
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Table 2 5.2 Robustness tests
Results for benchmark io
TS Torbe I regressions 5.2.1. Replacement of explanatory variables
@ @ 3 “@ ®) This study uses the strategy of substituting the explanatory
ESG ESG E S G factors to ensure the conclusions are robust. Table 3, column (1)
Treatxpost ~ 1.700%**  1.705%** 4271*** (0.619** 0.202 displays the results of substituting CSI ESG ratings data for the original
(0.261) (0.262) (0.526)  (0.241) (0.187) explanatory factors. The significance test findings and the direction of
Time FE Yes Yes Yes Yes Yes the cogﬁicients remain consis.tent Whep compared to the benghmark
regression results, demonstrating the high degree of dependability of
Firm FE Yes Yes Yes Yes Yes the conclusions.
g:;dranc No Yes Yes Yes Yes 5.2.2. Considering province-time interaction fixed effects
In the governance structure of the Chinese government, the
Control Yes Yes Yes Yes Yes . . P : : :
(bl provinces play an essential role. As administrative nodes, their policy
variable formulation and implementation have far-reaching implications for the
Obs 13873 13873 13873 13873 13873

Notes: *, ** and *** indicate significance at the 10%, 5%, and 1% levels, re-
spectively. Values in parentheses are robust standard errors for coefficient esti-
mates. The same below.

non-linear relationships and high-dimensional covariates, the EPT still
exerts a stable promotional influence on corporate ESG performance.

A deeper analysis of each ESG sub-dimension shows that EPT
has a notably positive impact on both environmental (E) and social (S)
scores, whereas its effect on the governance (G) dimension is statistically
non-significant. This trend underscores that the EPT primarily drives
improvements in corporate behaviors related to environmental
protection and social responsibility—an outcome that aligns with
the tax’s design goal of internalizing environmental externalities and
motivating enterprises to reduce pollution.

The significant improvement in the “E” dimension reflects the
EPT’s policy efficacy in promoting cleaner production among heavy-
polluting enterprises, boosting their investments in pollution control,
and encouraging enhancements in resource utilization efficiency. As for
the positive effect on the “S” dimension, it can be explained by the
heightened stakeholder pressure and incentives for corporate reputation
management under stricter environmental regulations. These factors
drive enterprises to improve employee welfare, strengthen product
responsibility, and increase engagement with local communities.

In contrast, the non-significant impact on the governance (G)
dimension is reasonable. The EPT primarily targets environmental
performance and does not directly affect internal corporate governance
mechanisms. Changes to governance structures usually require more
time and internal organizational adjustments, and such structures are
less responsive to external environmental taxes in the short term.

Overall, these results lend credence to Hypothesis 1. Promoting
corporate ESG performance—primarily by enhancing enterprises’
environmental and social responsibilities. This offers micro-level
evidence that market-oriented environmental policies can improve
corporate sustainability practices without exerting adverse effects on
firms’ governance structures.

country. Cities in the same province tend to exhibit a certain degree
of similarity in policy environment, geographic location, history, and
culture. Table 3 shows the specific results of the regressions when
considering province-time interaction fixed effects.

5.2.3. Excluding the effect of parallel policy

Before the implementation of EPT, some other environmental
regulatory policies were introduced in China. One notable example is the
newly revised Environmental Protection Law, which was promulgated
and implemented in 2015. To ensure accurate effect estimates of EPT,
this paper controls the newly revised policy. The policy dummy variable
“environmental protection” is therefore created in this research to be
included in the regression analysis. The policy effect of EPT remains
significant even when the impact of parallel policies is excluded, and
the original conclusions remain robust.

5.2.4. Replacement of the estimation model

The regression estimation above uses a partially linear regression
(PLR) model constructed by the DML machine, and a more general
interaction model is constructed based on the DML approach for
robustness testing.

The primary regression changes and auxiliary regression changes
used in this analysis are shown in Equations (9) to (11).

Yie1 = g(Bventys, Xy) + Uy 9)

Eventyy = m(Xy) + Vi (10)

The estimates of the coefficients of the disposition effect from the
interactive model are:

0, = Elg(Bventy = 1, Xy;) — g(Bvent;; = 0, Xy)]. (11)

The specific regression results are presented in Table 3. These

coefficients remain significantly positive at the 1% level, indicating
robust results.

Table 3
Results for robustness tests
Replacement Excluding
of explanatory Interaction relevant
variables model Provincexyear SVM Gradboost Lassocv K8 K3 policies
Treatxpost 0.095%** 5.879%** 1.753%** 7.911%%%  2.001***  1.013%**  1.732%Fk 3 R26*k**k 3 .826%**
(0.027) (0.620) (0.262) (0.303) (0.272) (0.196) (0.263)  (0.243) (0.243)
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Obs 16869 13873 13873 13873 13873 13873 13873 13873 13873
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5.2.5. Replacing machine learning model parameters

This paper conducts robustness tests from two dimensions to
avoid the influence of bias arising from the DML model settings on
the study’s conclusions. First, change the machine learning algorithms
employed in the analysis, that is to say, replace the random forest
algorithm with support vector machines (SVM), gradient boosting
(GradBoost), and least absolute shrinkage and selection operator
(Lasso). Second, adjust the original sample segmentation ratio from 1:4
to 1:2 and 1:7, respectively. The adjustment aims to throw light on the
possible effects of distinct split proportions on the results.

The result remains same whether the machine learning technique
is substituted or the sample split ratio is modified. This is enough to
demonstrate the validity of the results.

5.3 Transmission mechanism test

The aforementioned research has verified the substantial
contribution of EPT to corporate ESG performance. Nevertheless, this
paper is likely to focus more on how EPT might promote the growth
path of corporate ESG performance. Based on the existing literature, the
improvement of corporate ESG performance probably owes to GTI and
GTFP. This section employs a causal mediation effect analysis to explore
this trajectory, drawing inspiration from Farbmacher et al. [81]. Utilizing
a DML model and R software, the examination is conducted through lasso
regression to scrutinize the transmission mechanism of EPT on corporate
ESG performance. This analysis is approached from an innovation and
a productivity perspective, respectively. The detailed outcomes are
presented in Table 4. The findings indicate that the total utility exhibits
a significantly positive correlation at the 1% significance level across all
examined paths. Above all, these results substantiate and reinforce the
conclusion that EPT positively influences corporate ESG performance.

5.3.1. Innovative perspectives

Innovation not only serves as the core driver of development
but also holds vital importance for enterprises seeking to improve their
ESG performance. In this study, the number of green utility patents is
increased by one, and the natural logarithm of this adjusted figure is
used to gauge GTI. The indirect effect of GTI is significantly positive at
the 1% level in both the control and disposal groups. This indicates that
the increase in the level of GTI brought about by EPT can significantly
improve ESG performance. After divesting the green technology
innovation path, the direct effect remains positive and significant at the
1% level for both the disposal and control groups. These results imply
that firms achieve green transformation through positive technological
innovation, which improves their ESG performance, thus supporting
Hypothesis 2.

5.3.2. Productivity perspective

Comparable to the ESG performance of enterprises, GTFP is
a comprehensive index that integrates environmental factors into its
analytical framework. It measures the extent of green development,
including undesirable outputs such as resource utilization and
environmental pollution within the entire factor productivity
framework, seeking to make economic development live in harmony

with the ecological environment. GTFP dramatically affects the future
development of firms, which further affects their environmental, social,
and governance performance. This study analyzes firms” GTFP as a
mechanism variable in a regression analysis. The results reveal that the
indirect effects of the disposal and control groups are notably positive
at the 1% level. Simultaneously, the direct impact of EPT on corporate
ESG performance remains significantly positive. This declares that EPT
can improve corporate ESG performance by elevating GTFP, thereby
establishing Hypothesis 3.

The mechanism analysis reveals that EPT promotes corporate
ESG performance primarily through two channels: GTI and GTFP.
Specifically, the positive indirect impacts through GTI verify that the
EPT spurs enterprises to boost their investment in green innovation,
motivated by the necessity to lower environmental tax expenses and
adhere to more stringent environmental rules. This aligns with the Porter
Hypothesis, suggesting that appropriate environmental regulation can
stimulate innovation and enhance competitiveness. Meanwhile, the
GTFP pathway illustrates that EPT compels firms to optimize resource
allocation, improve production efficiency, and transition towards more
sustainable production processes. This mechanism highlights that EPT
does not only impose additional costs but also incentivizes firms to
pursue operational efficiency and long-term sustainable growth, thereby
improving overall ESG outcomes.

6. Further Analyses

The empirical evidence begins with a systematic study of the
impact of policies from a comprehensive perspective using the entire
sample. Various robustness tests substantiate the efficiency of EPT in
promoting corporate ESG performance. It is imperative to underscore
the investigation into whether EPT yields uniform effects across diverse
categories of enterprises. The sample is classified based on enterprise
ownership, institutional investor shareholding, and regional disparities
to probe such distinctions. Apart from presenting the empirical
outcomes of heterogeneity grouping tests, the Fisher test is employed.

The specific process of Fisher test is as follows. First, a total of
6349 firms were randomly selected as private enterprises, while the
remaining were categorized as state-owned enterprises. Second, the
event coefficients of the two sets of samples generated through random
sampling are calculated separately, and then the difference between the
two coefficients is calculated as dg; = Oprivate — Opublic- Third, steps 1
and step 2 are iterated 100 times to generate 100 statistics of d {d1, d2,
d3..., d100}. The number of statistics d that are more significant than
the actual observed coefficient difference is counted (denoted as n), and
the empirical p-value is calculated as n/100. The coefficient difference
between the two sample groups is significant at the 10% level if the
empirical p-value is less than 0.1.

6.1. Enterprise ownership heterogeneity

Because SOEs and non-SOEs differ significantly in terms of
resources, political backing, and goals, it is essential to examine how
EPT affects businesses with various ownership arrangements. Table 5

Table 4
Results for mechanism tests

Disposal group direct

Control group direct

Disposal group indirect Control group indirect

Variable total effect effect effect effect effect

GTFP 2.138%** 1.798%** 1.773%** 0.365%** 0.340%**
(0.232) (0.240) (0.243) (0.129) (0.089)

GTI 4.586%** 4.485%** 4.502%** 0.084#%** 0.101%**
(0.222) (0.220) (0.221) (0.009) (0.001)
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Table 5
Heterogeneity analysis

Eastern High investment Low investment
part Central part  Western part  State-owned Non-state-owned ratio ratio
Treatxpost 2.136%*** 1.219%** 0.638 1.607%*** 2.225%%* 1.883*** 1.560%**
(0.313) (0.596) (0.576) (0.343) (0.400) (0.340) (0.386)
Time FE Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes
Obs 8698 2474 2343 5480 5349 6954 6810
Experienced 0.00 0.04 0.00
p-value

examines the heterogeneity of the impact of different property rights on
the ESG performance of enterprises that employ EPT. The empirical
p-value indicates that the difference between the coefficients of the
state-owned and non-state-owned samples is significant at the 1%
level. This difference can be attributed to SOEs’ closer relationships
with governmental entities, providing them with resource endowments
and less financial pressure. In contrast, non-SOEs are sufficiently
incentivized to protect the environment to ensure good relations with the
government, reduce financial constraints, and attract more investment.

6.2. Institutional investor shareholding heterogeneity

Institutional investors are the primary audience for securities
analysis services. Their focus on ESG issues inevitably attracts
analysts’ attention to corporate ESG performance. Furthermore, listed
firms increasingly emphasize the sustainability of their development,
strengthen their commitment to social responsibility, and improve their
green corporate governance mechanisms. These actions help establish
a broader investor base and enhance corporate valuation. Using the
annual industry median as a threshold, firms are classified into those
with low and high proportions of institutional investor ownership.
The results, presented in Table 5, show a coefficient of 1.883 for the
effect of EPT on ESG performance among enterprises with substantial
institutional investor ownership, achieving statistical significance at the
1% level. In contrast, firms with a lower institutional investor ownership
ratio exhibit an impact coefficient of 1.560 on ESG performance, also
achieving statistical significance at the 1% level.

6.3. Regional disparity heterogeneity

According to Lei et al. [82], China’s environmental policy
framework has notable regional variations in environmental control.
Based on geographical location and economic development, this paper
divides firms into three regions: eastern, central, and western. The
policy coefficient of the western region is positive but insignificant. The
political coefficient of eastern region is positive and significant at the
1% level. In comparison, the policy coefficient of the central region
is essential at the 5% level and has an empirical p-value of 0.04. One
possible reason for this is the higher overall tax burden in the eastern
part of the country, where firms face higher tax costs. By improving their
ESG performance, firms aim to ease financial constraints and attract
investment. Additionally, the eastern and central regions have a higher
concentration of talent and more mature funding mechanisms than other
regions, providing stronger incentives to innovate. In contrast, in the
western region, efforts to reduce environmental pollution have not been
effectively implemented, and many enterprises still have significant
deficiencies in environmental governance and social responsibility.
Therefore, the guidance of EPT can better lead to the optimization and
improvement of enterprise management in the western region, thereby
enhancing corporate ESG performance.

The heterogeneity analysis further enriches the understanding of
EPT’s impact. The stronger positive effects observed among non-state-
owned enterprises (non-SOEs) suggest that firms with less political
backing and greater market exposure are more sensitive to environmental
taxation and more motivated to improve ESG performance for market
reputation and investment attraction. In contrast, SOEs, often shielded by
administrative resources, exhibit weaker responsiveness. Additionally,
firms with higher institutional investor ownership demonstrate more
pronounced ESG improvements after EPT implementation. Regional
heterogeneity results indicate that firms in the eastern and central regions
respond more actively to EPT, likely due to higher regulatory pressure,
stricter enforcement, and better market conditions for green innovation.
The insignificant effect in western regions may reflect weaker regulatory
enforcement and limited innovation capacity, suggesting a need for
differentiated policy design across regions.

7. Conclusions and Recommendations

7.1. Conclusions

According to the study, putting EPT into practice greatly
enhances company ESG performance, and the empirical findings hold
up even after a few robustness tests. Additionally, non-state-owned
businesses, businesses with large institutional investor ownership
percentages, and businesses in the eastern and central regions are
more significantly impacted by the EPT when it comes to improving
ESG performance. Furthermore, by strengthening the “E” and “G”
aspects, this study demonstrates that EPT enhances corporate ESG
performance. Finally, the mechanism test indicates that GTT and GTFP
effectively influence EPT to enhance corporate ESG performance. This
research concludes that EPT has generated positive effects and is of
great practical significance in promoting sustainability of enterprises.
It encourages enterprises to undertake social responsibility and actively
build ESG-related governance mechanisms.

This study employs a limited set of variables to conduct initial
exploration into the microeconomic impacts of the environmental
protection tax law, thereby contributing to the literature on factors
influencing corporate ESG performance. However, the ESG practices
of listed enterprises in China are still nascent, resulting in incomplete
disclosures and a lack of crucial data necessary for comprehensive
analyses. As China’s ESG practices steadily advance, there is a growing
imperative to acquire more comprehensive trace data to facilitate more
nuanced studies. This direction has been a longstanding focus of the
author.

7.2. Policy implications

This study makes the following specific policy proposals to
improve the efficacy of China’s EPT and advance corporate ESG
performance in light of the empirical findings.
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First, regulators ought to explore a differentiated EPT design
that takes enterprise ownership structures into account. The findings
show that non-SOEs respond more strongly to the EPT, whereas SOEs
exhibit limited improvements in ESG performance. For this reason,
supplementary mechanisms can be introduced for SOEs—such as
stricter ESG disclosure rules, deeper internal governance reforms,
and environmental incentives tied to performance—to enhance their
responsiveness to environmental policies.

Second, the EPT’s positive impact is more notable among
enterprises with higher institutional investor ownership. Policymakers
should encourage institutional investors to participate more actively in
corporate governance: this can be done by promoting ESG-oriented
investment strategies and reinforcing shareholder activism, which
may be achieved through refining green investment guidelines and
improving ESG information transparency in capital markets.

Third, considering the significant regional differences in the
EPT’s effect—its impact is stronger in eastern and central regions
but statistically insignificant in western regions—the government
needs to pursue a more balanced regional policy approach. In less
developed western regions, it is recommended to pair the EPT with
additional support measures: increasing government subsidies for
green technologies, launching capacity-building programs, and
implementing phased adjustments to tax rates. These measures can help
avoid imposing excessive financial pressure on local enterprises while
facilitating gradual progress in environmental protection.

Finally, to maximize the EPT’s policy impact, cross-departmental
collaboration between environmental authorities and tax agencies should
be strengthened to improve tax collection efficiency and enforcement.
Moreover, a dynamic adjustment mechanism for EPT rates should be
established, enabling flexible policy responses based on factors like
pollution levels, industry traits, and regional development priorities.
Such targeted strategies will better align environmental protection
objectives with corporate sustainable development, and ensure a more
equitable and effective green transition.
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