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In 2015, China revised its Environmental Protection Law to strengthen regulations
on firms’ pollution discharge. However, the efficacy of this law in protecting the
environment remains unclear. Using panel data from China’s listed firms spanning
from 2010 to 2020, this paper applies the continuous difference model to analyze
the impact of the Environmental Protection Law on firms’ pollutant emissions. The
results demonstrate a significant and consistent reduction in both total pollutant
emissions and pollutant emissions per outcome for firms due to the
implementation of the Environmental Protection Law. Additionally, the study
indicates a significant reduction in pollutant emissions among firms that did
not receive environmental protection subsidies, state-owned enterprises, and
firms without prior environmental pollution behaviors. The findings also suggest a
two-year lag for the Environmental Protection Law to impact firms’ pollution
emissions per outcome. These results carry important practical implications for
the government’s efforts to transform environmental protection policies and for
firms seeking to enhance their environmental performance.
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1 Introduction

Various types of pollutants, including carbon, solid waste, dust emission, sulfide, and
nitrogen oxide, are discharged by firms during production (Zhang and Vigne, 2021). The
excessive discharge of pollutants can damage the ecological environment and human
health, leading to negative externalities (Huang et al., 2020). To address this issue, local
governments must develop laws and regulations to restrain firms’ discharge behavior.
The most common method for encouraging firms to reduce their pollutant discharge is
through the implementation of pollutant discharge fees (Ren et al., 2018). These fees
serve as a constraint mechanism to minimize pollutant discharge within society
(Hockenstein et al., 1997; Majumdar and Marcus, 2001; Hahn, 2018; Ramanathan
et al., 2018). Furthermore, favorable and flexible environmental protection policies can
also enhance the competitiveness, technological innovation (Porter and Van der Linde,
1995), and performance (Jaffe and Palmer, 1997) of firms.

Despite numerous studies on the subject, the existing literature does not provide a
clear consensus on the impact of environmental regulations on firms’ pollutant
emissions. Studies conducted in the context of the United States regulatory
environment have found that environmental monitoring and law enforcement
activities can reduce firms’ future violation behaviors and significantly decrease
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emissions (Gray and Shimshack, 2011). Consequently, ecological
protection regulations can improve the environmental
performance of firms, industries, and regions by reducing air
pollutants (Ouyang et al., 2019; Wang et al., 2019; Zhu et al.,
2019). However, other studies have shown that environmental
regulations may increase firms’ pollutant emissions if laws and
regulations are not adaptable (Chen et al., 2018; Hao et al., 2018).

Furthermore, research on the impact of environmental
regulations on pollutant discharge has primarily focused on
specific types of pollutants and regulations within certain
industries. For example, Poumanyvong and Zhao have suggested
that environmental regulations can reduce carbon dioxide emissions
from power generation (Poumanyvong and Kaneko, 2010; Zhao
et al., 2015), while Tang has shown that market-based regulations,
government subsidies, and ultra-low emissions standards can help
decrease carbon dioxide emissions from coal power plants (Tang
et al., 2019). Liu has found that mandatory control of terminal
emissions has a positive effect on reducing the emission of single
pollutant types in the steel industry (Liu et al., 2014), and Zeng has
confirmed that provincial emission reduction policies have a positive
impact on reducing air pollutants (Zeng et al., 2019). Wang and
Yang focused on laws and regulations related to water environment
protection and discussed how these regulations have reduced the
total amount of pollutants discharged from industrial wastewater,
thereby improving the health status of Chinese citizens (Wang and
Yang, 2016). In addition, Tang proposed that the tradable discharge
permit system can reduce pollution discharge (Tang et al., 2021),
and several researchers have demonstrated that the environmental
accountability system encourages firms to reduce pollution
emissions (Yu et al., 2022).

It is worth noting that previous studies have mainly focused on
investigating the effects of environmental regulations on the
emission of single pollutants. However, it is essential to
acknowledge that firms often discharge multiple pollutants
(Zhang and Vigne, 2021), which means that regulating one type
of pollutant may inadvertently affect the discharge of other
pollutants, potentially leading to significant environmental
impacts. Therefore, to gain a more comprehensive and accurate
understanding of a firm’s environmental impact, it is crucial to
develop a variable that measures all pollutants discharged by a firm.
This would enable researchers to analyze the relationship between
environmental regulations and firms’ emissions costs more
effectively.

Moreover, while the existing literature has primarily focused
on the macro-level impacts of environmental regulations on
firms’ emission costs (Zhang et al., 2016), it is important to
also consider the micro-level impacts of regulations on individual
firms. Studies such as those by Pereira et al. (2016), Annicchiarico
et al. (2017), and Ayu (2018) have used total carbon emissions to
investigate carbon tax policy and economic policy. While macro-
level data provides valuable insights into the relationship
between environmental regulations and firms’ emissions costs,
micro-level analysis can offer a more detailed understanding of
how firms respond to regulations, how their costs change, and the
factors that influence their decisions. Therefore, to achieve a
comprehensive and nuanced understanding of the relationship
between environmental regulations and firms’ emission costs, it
is necessary to consider the multiple pollutants discharged by

firms and their micro-level impacts. The main contributions of
this paper compared to previous studies are:

First, the extant literature has introduced various variables to
measure the pollutant emissions of firms, including those
proposed by Demailly and Quirion (2006), Forslid et al.
(2011), Kreickemeier and Richter (2014), Forslid et al. (2018),
and Barrows and Ollivier (2021). However, these variables have
limitations in comprehensively reflecting the impact of
environmental regulations on firms’ pollutant emissions. This
paper proposes a new explanatory variable, the pollutant
discharge fee per outcome for firms, which provides a more
comprehensive perspective on the effects of environmental
regulation on firms. While the total emissions of an area can
reflect how environmental regulations reduce firms’ emissions,
they may be influenced by firm-level factors, such as size and
emissions reduction technology. Therefore, the new explanatory
variable introduced in this article can capture the impact of
environmental regulations on firms more effectively by taking
into account the differences in firm size and production levels.
This contribution has the potential to enrich research on the
effects of environmental regulation on firms and help
policymakers design more effective and efficient regulations
that achieve the desired environmental outcomes while
minimizing negative impacts on firms and the economy.

Secondly, the standard DID model has limitations in accurately
selecting control and treatment groups, especially for policies that
are widely effective and synchronized. This poses a challenge to
policymakers and researchers seeking to evaluate policy impacts. To
overcome this limitation, this paper proposes a reformulated
equation that draws on relevant literature on the impact of
sudden occurrences, such as the introduction of species (Nunn
and Qian, 2011). The reformulated equation aims to reduce
estimation deviation caused by subjective factors, providing a
more reliable and accurate evaluation of the policy’s impact. This
paper’s method has broader implications beyond the specific policy
evaluated in the study and can be applied to other situations where
accurately dividing control and treatment groups is challenging. For
example, it can be used to evaluate the impact of sudden events or
natural disasters, providing policymakers and researchers with a
more robust evaluation method.

Third, this paper takes a unique and innovative approach by
examining the impact of Environment Protection Law at the firm
level. As firms are the primary agents responsible for
implementing pollutant emission reduction measures,
analyzing the impact of environmental regulations at this level
can provide more detailed insights into their effectiveness. By
focusing on the implementation of pollutant emission reduction
measures by firms, this study sheds light on how they are affected
by these regulations and how they respond to them. The insights
gained from this approach can help policymakers better design
and optimize environmental regulations. The conclusions drawn
from this study contribute significantly to the existing literature
by providing detailed and nuanced information on the impact of
environmental regulations on firms.

Fourth, the institutional context and economic development
level in China differ significantly from those of most Western
developed countries. Therefore, using China as the research
context provides a unique perspective on the impact of
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environmental regulations in a developing country. The findings of
this study can serve as a valuable reference for policymakers in other
developing countries who are considering implementing similar
regulations. Additionally, researchers interested in the
effectiveness of environmental policies in non-Western contexts
can benefit from the insights gained in this study. In this way, the
study enriches the existing literature on the impact of environmental
regulations by providing a case study that is not commonly studied.

In summary, this paper aims to analyze the impact of the
Environmental Protection Law on firms’ pollutant emissions,
using the variable of pollutant discharge fee per outcome for
firms and the continuous DID method. This study seeks to
provide policy insights to optimize China’s environmental
protection regulations by taking the characteristics of firms into
account. The article is structured as follows: Section 2 provides
background information on environmental protection and relevant
literature on the impact of the Environmental Protection Law in
China, along with proposed hypotheses. Section 3 describes the
methodology and data used in the analysis. Section 4 presents the
main regression results, while Section 5 discusses the robustness
tests performed. Finally, Section 6 concludes the study and discusses
its implications.

2 Background and research hypotheses

China’s rapid economic growth has impacted environmental
pollution significantly. However, prior to 2003, the Chinese
government prioritized economic growth over environmental
protection (Sun et al., 2019), which impeded its ability to control
environmental quality. Despite the existence of environmental
protection departments, their role within the government system
was weak (Zhang et al., 2012), leading to pollution problems in
various regions and cities (Guo et al., 2017; Liu et al., 2019). This, in
turn, resulted in severe adverse chain reactions (Lu et al., 2015; Shi
et al., 2018), such as a substantial increase in environmental health
expenditure (Zhang et al., 2017). However, the Chinese government
has taken steps to improve the situation by implementing reforms to
the supervision and management system, setting emission targets,
and upgrading technology and emission standards (Dan et al., 2018;
Siping et al., 2019).

The implementation of the Environmental Protection Law
(EPL) in 2015 was a pivotal milestone in China’s pursuit of
environmental protection and sustainable development. It
highlights China’s commitment to constructing an ecological
civilization and developing a sustainable economy. This
comprehensive law has augmented governance and
institutional systems and has strengthened local governments’
responsibilities and obligations toward environmental
protection. With its strict regulations, the EPL is deemed to be
the most rigorous environmental protection law in Chinese
history (Lv, 2014), as it empowers environmental protection
departments to restrain or halt production activities of
polluting firms, while also integrating ecological protection
assessments into the official evaluation system, thereby
directly impacting officials’ political careers. The promotion of
these regulations and standards, combined with enhanced public
awareness of environmental protection (Cantuaria et al., 2017),

has resulted in a noticeable reduction in China’s environmental
issues in recent years (Siping et al., 2019). The evaluation of
emission reduction targets in the "Five-Year Plan" after
2010 indicates significant reductions in pollutant emissions (Ji
et al., 2021), highlighting the positive impact of the EPL on the
environment.

Based on a multitude of research targets, scholars have put
forward various reasons for the improvement of the ecological
environment in China. Some researchers have argued that the
mandatory disclosure of corporate environmental information by
the government has played a pivotal role in reducing waste
emissions. In terms of water pollution, different methods have
been proposed by researchers to curb it. Guo has suggested that
sewage permits can effectively reduce water pollution caused by the
pesticide industry (Guo et al., 2022). Additionally, Hu and Cheng
have demonstrated that advancements in the economy, technology,
and policy can lead to improved water quality (Hu and Cheng,
2013). Similarly, Lu has found that upgrading the discharge
standards for sewage treatment plants can also reduce water
pollution (Lu et al., 2017). Moreover, the conclusions of studies
have varied depending on the research time window. For instance,
using urban panel data from 2003 to 2010, Hao found no evidence to
support the effectiveness of environmental regulation (Hao et al.,
2018). However, studies based on provincial panel data from 2000 to
2013 and urban panel data from 2003 to 2014 have found that
environmental regulation can effectively reduce firms’ emissions
(Liu et al., 2017; Ren et al., 2018).

Similarly, studies have found that firms’ reactions to the
same environmental regulations are heterogeneous due to their
specific characteristics. For instance, different forms of firm
ownership can lead to differences in pollutant discharge fees,
with state-owned and non-state-owned companies facing
significant differences in these fees (Huang et al., 2020;
Kuang and Xiong, 2022). Environmental subsidies can
provide financial assistance to firms that implement
environmental innovations, resulting in reduced pollutant
emissions (Liu et al., 2020; Liao and Zhu, 2022). Therefore,
environmental protection subsidies may impact firms’ pollutant
emissions. Meanwhile, the effect of environmental violations on
firms’ environmental performance is ambiguous (Liao, 2018;
Shevchenko, 2021). Drawing on the aforementioned literature,
this study aims to examine whether the three characteristics of
firms impact their performance under environmental protection
policies. This novel perspective investigates the effects of
environmental protection regulations on firms. Specifically,
we test the following hypothesis:

Hypothesis 1. The implementation of the Environmental
Protection Law has resulted in a considerable reduction in the
volume of pollutants discharged by firms.

Hypothesis 2. The effect of the Environmental Protection Law on
firms’ pollutants discharge is heterogeneous, with various firms
reacting differently to the same environmental regulations.

Hypothesis 3. A time lag exists in the influence of the
Environmental Protection Law on firms’ pollution discharge fee
per outcome, as the effects may take time to manifest.
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3 Model and data

3.1 Identification strategies and model
building

The primary assessment strategy employed in this study is
similar to the standard difference in difference (DID) model. We
compare the relative changes in total PD and EPD before and after
the implementation of the Environmental Protection Law in 2015.

However, the difference between our estimation model and the
standard DID model is that our method can analyze the impact of
external shocks on the explained variables under the background of
continuously changing variables. This approach has been utilized in
other research fields (Nunn and Qian, 2011). In this study, we use
the continuous measurement of environmental constraint intensity,
which is the number of environmental protection laws and
regulations implemented each year, to capture more variation,
with 2010-2014 as the period before the policy impact and the
years after 2015-2020 as the period after the policy impact. This
distinction is based on when the law was officially implemented
(Xinhua-News, 2014).

To verify the effects of this law on reducing firm pollutants
emissions, we need to examine the effects at the firm level. It is
assumed that the total PD and EPD of firms decreased significantly
following the implementation of the Environmental Protection Law
in 2015, and the central estimated effects of the law on these
variables are shown in Eq. 1.

yit � α + βNDRRt × policy + γXit + μi + λt + εit (1)
In this equation, denoted as (1), the firm i and the period t are

represented by the indexes i and t, respectively. The matrix yit
models the pollutant discharge per 10K CNY outcomes and
pollutant discharge of firm i in year t. The vector NDRRt

represents the number of environmental regulations and rules in
year t, while the indicator variable policy equals one for the periods
after 2015. The equation also includes fixed effects of firm and year,
denoted as μi and λt, respectively. Additionally, a variable captures
firm-specific characteristics that change over time and is represented
as a matrix.

TABLE 1 Descriptive statistics.

VarName Symbol Obs Mean SD Min Max

The natural log of pollutant discharge lnPD 1,078 15.31 1.71 9.48 18.53

The natural log of pollutant discharge per outcome lnEPD 1,076 2.37 1.17 0 5.93

The natural log of the firm’s total assets at the end of the year Size 1,077 22.89 1.29 20.29 26.04

The natural log of the management fee Mfee 1,077 0.06 0.04 0.01 0.25

Asset-liability ratio Lev 1,077 0.51 0.2 0.05 0.91

Profit rate of asset ROA 1,077 0.03 0.06 −0.16 0.28

Total Assets Turnover ATO 1,077 0.76 0.45 0.17 2.43

Tobin Q value Tqa 1,062 1.67 1.01 0.81 7.14

Increase rate of business revenue Growth 1,066 0.14 0.37 −0.42 2.6

Abrupt environmental pollution accidents AE 914 0 0.06 0 1

Whether environmental violations have occurred EV 914 0.02 0.14 0 1

Whether accused by the general public AG 914 0 0.03 0 1

Environmental protection laws and regulations NDRR 1,078 42.27 6.18 34 49

Environmental protection subsidy EPS 1,078 0.69 0.46 0 1

State-owned enterprises SOE 1,077 0.64 0.48 0 1

Notes: The variables “whether environmental violations have occurred,” “whether accused by the general public”, “Abrupt environmental pollution accidents”, “environmental protection

subsidy,” and “state-owned enterprises” are dummy variables; in the model, 1 stands for yes and 0 stands for no.

FIGURE 1
Mean nature log of PD and EPD.
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Charging firms for pollutant discharge through tax is a widely
implemented approach to promote environmental protection
worldwide (Huang et al., 2020). In China, a well-established
system for collecting pollutant discharge fees has been put in
place (Xie et al., 2017), and we use firms’ annual pollutant
discharge fees as a proxy variable for the number of pollutants
discharged by firms each year (Li and Ramanathan, 2018).
During the selected research periods, there was a reform of
the cost of pollution discharge, resulting in an increase in
sewage discharge fees (Wang et al., 2018). Although this
change might lead to an underestimation of the
Environmental Protection Law’s impact on reducing pollutant
discharge, it does not affect our ability to observe trends in
pollution discharge charge trends.

The measurement of environmental regulation intensity is a
critical variable in our model, but there is no consensus on how to
measure it. Some studies use the ratio of waste utilization value to
GDP (Hao et al., 2018), while others use individual waste emissions
or weighted emissions (Zhu et al., 2011; Marin, 2014; Costa-Campi
et al., 2017). Given the applicability and research characteristics of
the index, this study refers to relevant literature (Acemoglu et al.,
2012) and adopts the number of applicable environmental laws
and regulations (NDRR) each year as the intensity of
environmental constraints. To test the possible endogeneity
between NDRR and PD, we use the GMM method. The control
variables in the model include firm size (Wang et al., 2017; Ouyang
et al., 2020), ownership structure (Ouyang et al., 2020), Tobin Q,
income growth rate (Mbanyele and Wang, 2022), asset-liability
ratio, profit of total assets (Horbach, 2008), and total asset turnover
rate (Table 1).

We primarily focus on the coefficient β in Eq. 1 to assess the
impact of the Environmental Protection Law of 2015 on changes in
firms’ PD and EPD. By treating PD and EPD as the dependent
variables, the estimated coefficient β measures the additional
decrease in PD and EPD for firms after the implementation of
the law in 2015. A negative and statistically significant coefficient
suggests that the 2015 Environmental Protection Law has been
effective in reducing environmental impact under environmental
protection constraints, leading to a further decrease in firms’ PD
and EPD.

3.2 Data sources and descriptive statistics

The industrial sectors in China are known to be themain sources
of environmental pollutant emissions, with waste gas, wastewater,
and waste residue being among the highest contributors in the
economic sectors (Ouyang et al., 2020). To study the impact of the
Environmental Protection Law of 2015 on pollutant discharge, we
have chosen a sample of listed companies in the secondary industry,
covering the period from 2010 to 2020.

In this study, we have used a combination of data sources for
empirical analysis. Firstly, we obtained firm-specific annual
operational data from the Wind Economic Database (Wind,
2021), which provides comprehensive information on the firm’s
characteristics. Additionally, we manually searched for the emission
expenditure of each company over the eleven-year study period, as
well as the number of environmental protection laws and regulations
that were in effect each year. The number of environmental laws and
regulations in force each year is based on when they came into force
and when they were repealed. Finally, we extracted the cost of
pollutant discharge for each firm from their annual and social
responsibility reports. To mitigate the impact of extreme values
on the results, we applied tail contraction to the collected data before
conducting the regression analysis, The data collected manually was
used to conduct a preliminary analysis of the changes in firms’
annual PD and EPD. The natural logarithms of these two variables
were calculated, and their mean values from 2010 to 2020 are
illustrated in Figure 1, which clearly shows the changes in PD
and EPD over time. Prior to 2015, there was little variation in
PD and EPD. However, a significant downward trend was observed
after 2015, with a slight increase in 2018. This slight increase may be
attributed to the replacement of the pollutant discharge fee with the
environmental protection tax in 2018. During the replacement
process, the critical content of charges remained unchanged (Ji
et al., 2021), and the price of the pollutant discharge fee per unit
increased (Wang et al., 2018). Based on these observations, this
article investigates the reasons for this phenomenon and further
analyzes the heterogeneity of the impact of environmental
regulations on firms’ pollutant emissions.

Table 1 includes variables that capture the fundamental
characteristics of firms and variables that differentiate firms

TABLE 2 Collinearity tests.

Variable lnPD lnEPD Size Mfee Lev ROA ATO Tqa Growth

lnPD 1

lnEPD 0.584*** 1

Size 0.533*** −0.255*** 1

Mfee 0.00600 0.483*** −0.318*** 1

Lev 0.270*** −0.127*** 0.492*** −0.282*** 1

ROA −0.0160 0.00800 −0.107*** 0.00700 −0.416*** 1

ATO −0.0100 −0.352*** −0.0170 −0.443*** 0.084*** 0.139*** 1

Tqa −0.253*** 0.100*** −0.469*** 0.312*** −0.303*** 0.261*** 0.0310 1

Growth −0.0350 −0.097*** 0 −0.127*** 0.0190 0.308*** 0.164*** 0.080*** 1

Notes: Results of Pearson correlation coefficient analysis. * p < 0.1, ** p < 0.05, *** p < 0.01.

Frontiers in Environmental Science frontiersin.org05

Li et al. 10.3389/fenvs.2023.1130652

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1130652


based on their characteristics. For example, we distinguish between
firms that receive environmental protection subsidies (EPS), firms
that are state-owned (SOE), and firms that engage in environmental
pollution behavior during the production process (SEE). Tomeasure
environmental pollution behavior, we use three variables: whether
the firm had any significant environmental pollution incidents in
year t, whether the firm violated any environmental laws or
regulations in year t, and whether the general public accused the
firm of environmental pollution in year t. Each variable is
represented as a dummy variable. If a firm has more than one of
these variables equal to 1 in year t, we consider the firm to have
engaged in environmental pollution behavior in year t andmark it as
1 in both the data and the model. We processed the total pollutant

discharge and pollutant discharge per outcome for the firms in our
database using Eqs (2), 3 to facilitate our analysis.

Pollutant discharge per 10K outcomeit � PDit

incomeit
(2)

lnEPDit � lnPollutant discharge per 10K outcomeit (3)
where PDit represents the PD of firm i in period t, and incomeit
represents the income of firm i in period t.

It is worth noting that we also tested for collinearity among the
control variables selected in our study. Our results show that the
correlation coefficient between these variables is below 0.8, which
indicates that their use is acceptable. Additionally, we conducted a
VIF analysis, which revealed a VIF value of 1.70 for the variables.

TABLE 3 The impact on pollutant discharge (PD).

(1) (2) (3) (4) (5) (6) (7)

All sample By subsidy By property By Tort

(a) (a) (b) (a) (b) (a) (b)

NDRR*policy −0.0128** −0.0250*** −0.00657 −0.00556 −0.0156** −0.00955* −0.0088

(−2.60) (−3.05) (−1.10) (−0.87) (−2.34) (−1.68) (−1.06)

Size 0.625*** 0.794*** 0.513*** 0.509*** 0.823*** 0.677*** 0.321

(4.21) (4.19) (3.42) (2.76) (3.78) (4.55) (1.22)

Mfee 5.771*** 11.17*** 3.154 7.217 5.255** 7.093*** 4.658

(2.78) (2.99) (1.52) (1.48) (2.22) (2.87) (0.81)

Lev −0.153 −0.175 0.144 −0.758 0.283 −0.207 −0.891

(−0.29) (−0.25) (0.25) (−0.92) (0.37) (−0.37) (−0.69)

ROA 0.448 1.449 0.793 0.217 0.343 0.586 −2.521

(0.43) (0.92) (0.65) (0.11) (0.3) (0.56) (−0.64)

ATO 0.336 0.474 0.117 0.832* 0.3 0.667* −0.686

(1.14) (1.01) (0.33) (1.85) 0.78 (1.97) (−1.46)

Tqa 0.0896 0.0466 0.143** −0.0295 0.206*** 0.069 0.177

(1.63) (0.46) (2.34) (−0.31) (3.17) (1.14) (0.94)

Growth −0.0842 −0.0627 0.0223 −0.108 −0.0754 −0.097 0.172

(−0.91) (−0.35) (0.23) (−1.03) (−0.58) (−1.06) (0.76)

cons 0.488 −3.674 3.047 2.946 −4.392 −0.967 8.433

(0.15) (−0.88) (0.93) (0.8) (−0.85) (−0.29) (1.38)

Year FE Y Y Y Y Y Y Y

ID FE Y Y Y Y Y Y Y

EPS ALL N Y ALL ALL ALL ALL

SOE ALL ALL ALL N Y ALL ALL

SEE ALL ALL ALL ALL ALL N Y

N 1,051 323 728 377 674 877 174

R2 0.0926 0.18 0.0676 0.0609 0.114 0.106 0.251

Notes: Estimates are obtained using OLS with standard errors clustered by firm. “ALL”means we used all samples in the regression. “N” and “Y”mean we used unqualified and qualified samples

for regression, respectively. * p < 0.1, ** p < 0.05, *** p < 0.01.
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This value is below the commonly accepted threshold of 10,
indicating that collinearity is not a significant concern in our model.

4 Main results and heterogeneity
analysis

In Table 3 and Table 4, the main regression results of the
model are presented. Table 3 displays the impact of the
implementation of the Environmental Protection Law in
2015 on pollutant emissions for the entire sample and for
firms with different characteristics and attributes. Table 4
shows the impact of the Environmental Protection Law on
pollutant emissions per outcome for firms with different

characteristics and attributes. All models were estimated using
OLS, and standard errors were calculated at the firm level.
Column (1) of both tables presents the model results with
firm and year fixed effects. Columns (2) and (3) include a
control variable for receiving environmental protection
subsidies. Columns (4) and (5) include a control variable for
whether the firm is state-owned. In Columns (6, 7), we add
control variables to determine whether there has ever been an
environmental pollution behavior.

The results of regression analysis in Table 3, Column
1 indicate that the implementation of the Environmental
Protection Law in 2015 had a statistically significant negative
impact on firms’ pollutant emissions, with a 1% level
significance. This suggests that the Law led to a reduction in

TABLE 4 The impact on PD per outcome

(1) (2) (3) (4) (5) (6) (7)

All sample By subsidy By property By Tort

(a) (a) (b) (a) (b) (a) (b)

NDRR*policy −0.00814** −0.0178*** −0.00479 −0.00363 −0.0101** −0.00798** −0.00539

(−2.56) (−3.30) (−1.21) (−0.73) (−2.46) (−2.11) (−0.93)

Size −0.249** −0.167 −0.234* −0.316** −0.0749 −0.231** −0.359*

(−2.35) (−1.18) (−1.93) (−2.48) (−0.48) (−2.09) (−1.81)

Mfee 6.799*** 10.14*** 4.711*** 7.990** 6.155*** 7.105*** 6.297

(4.87) (4.32) (3.22) (2.53) (3.7) (4.31) (1.42)

Lev −0.132 −0.184 0.0251 −0.448 0.121 −0.137 −0.577

(−0.39) (−0.38) (0.07) (-0.79) (0.26) (−0.39) (−0.58)

ROA 0.239 1.376 0.603 −0.204 0.3 0.622 −2.337

(0.39) (1.36) (0.88) (-0.15) (0.46) (0.94) (-0.77)

ATO −0.506*** −0.629* −0.621*** −0.136 −0.516*** −0.481** −0.663*

(−3.17) (−1.94) (−3.42) (−0.43) (−2.68) (−2.48) (−1.88)

Tqa 0.0135 −0.0242 0.0298 −0.0631 0.0982* 0.00126 0.0823

(0.29) (−0.27) (0.67) (−0.78) (1.93) (0.02) (0.54)

Growth −0.0644 −0.0421 −0.0266 −0.0654 −0.0732 −0.0811 0.122

(−1.03) (−0.35) (−0.37) (−0.87) (−0.84) (−1.26) (0.72)

cons 8.191*** 6.335* 7.916*** 9.516*** 3.98 7.793*** 10.90**

(3.5) (1.97) (3.02) (3.6) (1.11) (3.17) (2.33)

Year FE Y Y Y Y Y Y Y

ID FE Y Y Y Y Y Y Y

EPS ALL N Y ALL ALL ALL ALL

SOE ALL ALL ALL N Y ALL ALL

SEE ALL ALL ALL ALL ALL N Y

N 1,049 323 726 375 674 876 173

R2 0.286 0.436 0.218 0.245 0.287 0.29 0.403

Notes: Estimates are obtained using OLS with standard errors clustered by firm. “ALL”means we used all samples in the regression. “N” and “Y”mean we used unqualified and qualified samples

for regression, respectively. * p < 0.1, ** p < 0.05, *** p < 0.01.
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firms’ pollutant discharge, resulting in an average decrease of
1.28% in pollutant emissions. To further explore the
heterogeneous impact of the Law on firms with different
characteristics and attributes, we conducted additional
regression analyses by dividing the firms into groups based
on environmental protection subsidies, state ownership, and
environmental pollution behaviors. This allowed us to draw
more specific and nuanced conclusions regarding the impact
of the Environmental Protection Law on firms with different
profiles.

The results presented in Table 2 and Table 3 suggest that the
Environmental Protection Law had a significant impact on
reducing pollutant emissions in firms that do not receive
environmental protection subsidies and state-owned

enterprises. Specifically, the pollutant emissions of non-
subsidized firms decreased by 2.5%, while state-owned
enterprises reduced their emissions by 1.56%. However, there
was no significant impact on the pollutant emissions of firms that
receive environmental protection subsidies or non-state-owned
enterprises. Additionally, the impact of the Environmental
Protection Law varies depending on whether firms have a
history of environmental pollution behavior. Firms without
such behavior significantly decreased their pollutant emissions
at the 10% level, while the result for firms with a history of
environmental pollution behavior was negative but not
significant. These findings suggest that the effectiveness of the
Environmental Protection Law in reducing pollutant emissions
may be influenced by certain firm characteristics and behaviors.

TABLE 5 Parallelism test.

PD EPD

NDRR*2010 −0.0017 −0.00136

(−0.41) (−0.49)

NDRR*2011 0.00362 0.000846

(1.09) (0.38)

NDRR*2012 0.0035 0.00138

(1.45) (0.72)

NDRR*2013 0.00339 0.00149

(1.53) (0.91)

NDRR*2015 −0.00371** −0.00193

(−1.99) (−1.46)

NDRR*2016 −0.00428* −0.00257

(−1.66) (−1.42)

NDRR*2017 −0.00543* −0.00414**

(−1.89) (−2.21)

NDRR*2018 −0.0157*** −0.0111***

(−4.27) (−4.79)

NDRR*2019 −0.0123*** −0.00896***

(−3.37) (−3.78)

NDRR*2020 −0.0141*** −0.00913***

(−3.59) (−3.75)

Year FE Y Y

ID FE Y Y

EPS Y Y

SOE Y Y

SEE Y Y

N 1,051 1,049

R2 0.0841 0.25

Notes: Estimates are obtained using OLS with standard errors clustered by firm. Each regression result in this table is based on 2014, the year before the implementation of the policy. * p < 0.1, **

p < 0.05, *** p < 0.01.
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Table 4 shows the results of the impact of the Environmental
Protection Law on pollutant emissions per outcome for firms. The
findings indicate that the Environmental Protection Law had a
significant impact on reducing pollutant emissions per outcome for
firms without environmental protection subsidies and state-owned
firms. Specifically, pollutant emissions per outcome for firms
without environmental protection subsidies decreased by 1.78%,
while state-owned enterprises reduced their emissions by an average
of 1.01%. However, no significant impact was observed on pollutant
emissions per outcome for firms that receive environmental protection
subsidies or non-state-owned enterprises.

In summary, Table 3 and Table 4 provide evidence that the
Environmental Protection Law can significantly reduce firms’
pollutant emissions, with a reduction of 1.28% in total pollutant
emissions and 0.8% in pollutant emissions per outcome, both of
which are statistically significant at the 5% level. The heterogeneity
analysis indicates that the impact of the Law varies across different
types of firms. The Environmental Protection Law has a more

significant impact on firms without environmental production
subsidies and state-owned enterprises, while no significant impact
was found on firms that receive environmental protection subsidies
or non-state-owned enterprises. Furthermore, the law has a more
significant impact on firms without environmental violation
behaviors compared to those with such behaviors.

Overall, these results suggest that the Environmental
Protection Law can be an effective tool for reducing firms’
pollutant emissions, especially for firms without
environmental protection subsidies and state-owned
enterprises. However, policymakers need to consider the
characteristics of firms to design effective environmental
policies as the impact may vary across different types of firms.

5 Robust tests

5.1 Parallelism analysis

The model of this study is based on the standard DID model. To
establish the validity of the DID model, it is necessary to ensure that
the explained variable did not significantly differ before the
implementation of the Environmental Protection Law. This is
referred to as the parallelism assumption, and it is crucial for
accurately estimating the causal effect of the law on pollutant
emissions. In this study, we have verified this assumption by
examining the trend of the outcome variables before the
implementation of the law.

Eq. 1 examines the average impact of the implementation of the
Environmental Protection Law on total PD and EPD. As the law was
formally implemented in 2015, the estimated coefficient βj before
2015 should not be significantly different from 0 if the law did not
have an impact on pollutant emissions. After 2015, the estimated
coefficient βj should be significantly negative if the law did have a
negative impact on pollutant emissions. To establish a baseline, we
use the year 2014, which precedes the formal implementation of the
law. To test the parallelism assumption, we designed a model shown
in Eq. 4. This allowed us to ensure that there was no significant
difference in the outcome variables before the implementation of the
law, which is a necessary condition for the validity of the DIDmodel.

yit � α + βjNDRRt × yeart + γXit + μi + λt + εit (4)
The only difference between Eq. 4 and 1 is that in Eq. 4, we interact

the annual environmental protection constraint intensity with the fixed
effect for each period, instead of with the index variables after
implementing the EPL. The meaning of other terms is the same as
that in Eq. 1. βj represents the estimation vector of the correlation
between the intensity of environmental constraints and each period.

The estimation results of Eq. 4 are shown in Table 5. Column (1)
displays the regression results for total pollutant emissions, while
Column (2) reports the estimated coefficient of pollutant emissions
per outcome. The findings in Table 5 indicate that the regression
coefficient for the cross-multiplication was not significant prior to
2015 for total pollutant discharge. However, the results were
significant and negative after 2015, which is consistent with our
expectations.

The estimated coefficient β for EPD was consistent with our
expectations prior to 2015. However, the coefficient β for 2015 and

FIGURE 2
Flexible estimates of the relationship between NDRR and PD.

FIGURE 3
Flexible estimates of the relationship between NDRR and EPD.
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2016 did not align with our expectations, possibly due to the time
required for technological and industrial updates and installing
pollutant purification equipment after implementing the
Environmental Protection Law. Despite this, the total pollutant
emissions decreased significantly in 2015 and 2016. We can,
therefore, conclude that the firms’ decreasing trend of EPD is
slightly behind that of PD. The coefficient diagram illustrating
the variation of the interaction term with time provides a more
intuitive understanding of the estimated trend. Figure 2 and Figure 3
depict the point estimation and 95% confidence interval of Columns
(1) and (2) in Table 5.

Based on these results, we can conclude that the implementation of
the Environmental Protection Law had a significant and negative impact
on both total pollutant emissions and pollutant emissions per outcome
for firms. However, the impact on EPD may take some time to become
apparent, as there is a two-year lag observed in the data.

The parallelism test results indicate that the parallelism
hypothesis was generally satisfied for PD (Figure 2). Before the

implementation of the new Environmental Protection Law in 2015,
the 95% confidence interval of the regression coefficient included
zero. After 2015, the regression coefficient began to show significant
negative effects. The test for EPD was similar, indicating that,
overall, there was no significant change for both PD and EPD
before the implementation of the Environmental Protection Law
in 2015. However, after the implementation of the EPL, the
coefficients for all subsequent years were significantly different
from zero, indicating that the tendency of PD and EPD prior to
the implementation of the EPL met the hypothesis of the parallel
trend of DID (Figure 2 and Figure 3).

5.2 Placebo analysis

To test the impact period, we analyzed at least five-year time
windows from 2010 to 2018 and estimated Eq. 1 for each window.
We defined the period before impact, the benchmark period, and the

TABLE 6 PD placebo analysis.

(1) (2) (3) (4) (5)

Time
Window

2010–2014, post:
2013 2014

2011–2015, post:
2014 2015

2012–2016, post:
2015 2016

2012–2017, post: 2015 2016
2017

2012–2018, post: 2015 2016
2017 2018

NDRR*post −0.00361 −0.0036 −0.00338 −0.00618** −0.0170***

(−1.65) (−1.43) (−1.23) (−2.05) (−4.49)

Size 0.705*** 0.531** 0.545*** 0.621*** 0.687***

(4.32) (2.49) (2.87) (3.33) (3.91)

Mfee 4.508* 5.942** 4.451 3.848 4.732*

(1.96) (2.38) (1.51) (1.48) (1.98)

Lev −0.603 −0.252 −0.0279 −0.385 −0.613

(−1.19) (−0.47) (−0.04) (−0.60) (−0.87)

ROA −0.725 −0.442 0.825 0.454 0.0873

(−0.73) (−0.42) (0.6) (0.35) (0.06)

ATO 0.615* 0.62 0.567 0.461 0.653*

(1.75) (1.59) (1.34) (1.16) (1.69)

Tqa 0.04 −0.0618 0.0442 0.113 0.121

(0.6) (−0.51) (0.42) (1.06) (1.33)

Growth −0.0547 −0.0786 −0.00299 −0.067 −0.0535

(−0.53) (−0.71) (−0.03) (−0.64) (−0.46)

cons −0.925 2.867 2.291 0.749 −0.848

(−0.24) (0.58) (0.52) (0.18) (−0.21)

Year FE Y Y Y Y Y

ID FE Y Y Y Y Y

N 468 479 481 577 675

R2 0.11 0.0362 0.0297 0.0399 0.106

Notes: Estimates are obtained using OLS with standard errors clustered by firm. In these estimates, we use all symbols in the time window. Each regression result in the table is based on the pre-

year before the first post-year. * p < 0.1, ** p < 0.05, *** p < 0.01.
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period after impact for each test window. The benchmark period is
the period before the impact we want to check. We expected that the
change in total pollutant emissions and pollutant emissions per
outcome for firms is caused by the implementation of the
Environmental Protection Law in 2015. We found that when the
policy impact was placed before 2015, the regression coefficient βj
was not insignificant and negative, and when it was placed after
2015, the coefficient was significantly negative. In the time window
with 2015 as the first year of impact, the regression coefficient βj was
significant and negative. These results indicate that the
implementation of the Environmental Protection Law in
2015 was the appropriate time to measure the policy impact in
our model.

Table 6 presents the regression results of the estimated coefficient βj
of total pollutant discharge. The data for 2010-2014, 2011-2015, and
2012-2016 are used in Columns (1-3) to report the estimated effects of
the Environmental Protection Law on firms’ total pollutant discharge.
The policy is assumed to have been implemented in 2013, 2014, and

2015, with the base period being 2012, 2013, and 2014, respectively. The
post-indicator variable is denoted as 0 before the base period and 1 in the
remaining years. The coefficients in Columns (1, 2) are insignificant,
aligningwith our expectations.However, the regression result inColumn
(3) should be negative and significant, which was not the case. This
unexpected result may be due to the limited time window. Therefore, we
extended the time window by one and two years in Columns (4, 5), and
the final regression result aligned with our expectations.

Table 7 presents the regression results of the estimated coefficient βj
for the explained variable EPD, similar to Table 6. Columns (1-3) report
the estimated results using samples from 2010-2014, 2011-2015, and
2012-2016, respectively. The policy is assumed to have been
implemented in 2013, 2014, and 2015, with the base period being
2012, 2013, and 2014, respectively. The post-indicator variable is
denoted as 0 before the base period and 1 in the remaining years.
The coefficients in Columns (1, 2) are insignificant, aligning with our
expectations. Similarly to the total pollutant discharge, the regression
result in Column (3) should be negative and significant according to our

TABLE 7 EPD placebo analysis.

(1) (2) (3) (4) (5)

Time
Window

2010−2014, post:
2013 2014

2011−2015, post:
2014 2015

2012−2016, post:
2015 2016

2012−2017, post: 2015 2016
2017

2012−2018, post: 2015 2016
2017 2018

NDRR*post −0.00209 −0.0014 −0.00214 −0.00441** −0.0119***

(−1.25) (−0.73) (−1.08) (−2.23) (−4.82)

Size −0.192 −0.395*** −0.273* −0.221 −0.206

(−1.58) (−2.69) (−1.75) (−1.62) (−1.54)

Mfee 4.694*** 6.645*** 5.312** 5.019** 5.592***

(2.69) (3.14) (2.17) (2.37) (3.06)

Lev −0.393 0.103 0.225 −0.0413 −0.168

(−1.36) (0.3) (0.47) (−0.09) (−0.35)

ROA 0.093 0.0821 0.873 0.525 0.501

(0.14) (0.11) (0.84) (0.57) (0.58)

ATO −0.563*** −0.491*** −0.514** −0.498** −0.433**

(−3.76) (−3.23) (−2.30) (−2.19) (−2.00)

Tqa 0.0136 −0.0664 0.00582 0.0384 0.0411

(0.24) (−0.74) (0.07) (0.44) (0.53)

Growth −0.0575 −0.0394 −0.0575 −0.0976 −0.0912

(−0.77) (−0.48) (−0.61) (−1.12) (−1.08)

cons 7.342** 11.60*** 8.706** 7.619** 7.238**

(2.58) (3.41) (2.43) (2.44) (2.4)

Year FE Y Y Y Y Y

ID FE Y Y Y Y Y

N 468 479 481 577 675

R2 0.152 0.132 0.0804 0.125 0.251

Notes: Estimates are obtained using OLS with standard errors clustered by company. In these estimates, we use all symbols in the time window. Each regression result in the table is based on the

pre−year before the first post−year. * p < 0.1, ** p < 0.05, *** p < 0.01.
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expectation, but it was not, possibly due to the short time window.
Therefore, we extended the time window in Columns (4, 5), and the
updated regression results aligned with our expectations.

5.3 Endogenous analysis

Another potential limitation of this study is the possible
endogeneity between the core explanatory variable and the
explained variable. To ensure the experimental results, we used
the two-step Generalized Method of Moments (GMM) and both
DIF-GMM and SYS-GMM for the regression.

Table 8 presents the regression results of the dynamic panel model,
with Columns (1) and (2) showing the DIF-GMM regression results.
The P values of the AR (1) are all less than 0.1, rejecting the original
hypothesis and indicating that the residual term has first-order
autocorrelation. Although the P values of the AR (2) test in Columns
(2) and (4) are less than 0.05, the value of AR (3) is greater than 0.1,
which means the original hypothesis is accepted. The P values of the
Hansen test are all greater than 0.1, which means the instrument
selection is reasonable. These test results verify the model’s
rationality, and the regression coefficient of the multiplicative term
remains significantly negative. This indicates that the benchmark
regression results are not dependent on a specific measurement
model, and the conclusion of this paper is robust.

In summary, the robust tests confirm our prediction that both
the reduction of firms’ pollutant emissions after 2015 and the
significant reduction of pollutant emissions per outcome for
firms are caused by the Environmental Protection Law of 2015.

6 Conclusion and discussion

6.1 Conclusion

The primary objective of this study is to conduct a systematic
empirical analysis of the impact of the Environmental Protection

Law on firms’ pollutant emissions. Firstly, the study provides a
theoretical analysis that highlights how environmental protection
regulations can affect a firm’s pollutant emissions. Secondly, using
the continuous DID method, this paper examines changes in total
pollutant emissions and pollutant emissions per outcome for firms
under the Environmental Protection Law. Additionally, this study
investigates the impact of the law on firms with distinct
characteristics.

The results of the study demonstrate that the implementation of
the Environmental Protection Law has effectively reduced firms’
pollutant emissions, as evidenced by both the total pollutant
emissions and pollutant emissions per outcome. Moreover, the
study reveals that the impact of the law on a firm’s pollution
emissions per outcome is delayed by two years. Furthermore, the
analysis of heterogeneity indicates that the impact of the
Environmental Protection Law on a firm’s pollution discharge
varies significantly depending on the firm’s ownership structure
and whether or not the firm receives environmental protection
subsidies.

In summary, the study provides compelling empirical evidence
that stricter environmental protection regulations can serve as an
effective tool to promote sustainable development and
environmental protection. The findings emphasize the
importance of taking into account the characteristics of firms
when designing environmental policies, as different types of firms
may respond differently to such policies. The study’s results have
significant implications for policymakers and businesses seeking to
balance economic growth with environmental protection.

6.2 Policy Implications

The findings of the study have meaningful implications for
governmental departments optimizing environmental policies in
the future.

First, environmental protection policies can effectively
encourage firms to reduce their pollutant emissions. Therefore,
the government should continuously improve environmental
protection policies to align with its development needs and
environmental protection goals. In the short term, the
government should enhance the pertinence and diversity of
environmental protection policies to raise firms’ awareness and
enthusiasm for environmental protection. In the long run, policy
formulation should be forward-looking and instructive to ensure
firms fully understand the direction of environmental protection
policies, establish reasonable expectations for future changes in
environmental protection constraints, and promote the balancing
of the relationship between production and environmental
protection. This approach can fundamentally stimulate the
internal motivation of firms to engage in ecological protection.

Second, to further optimize environmental protection
policies, the government should continuously evaluate and
adjust policies based on their implementation stage. Currently,
it is recommended that the distribution of environmental
protection subsidies should prioritize firms that have not yet
received such subsidies in order to unlock their potential for
reducing pollutant emissions. Additionally, the government
should strengthen the supervision of non-state-owned

TABLE 8 Endogenous Analysis.

DIF-GMM SYS-GMM

Variable 1 2 3 4

lnPD lnEPD lnPD lnEPD

NDRR*post −0.00799* −0.0141* −0.0117*** −0.00586***

(−1.85) (−1.93) (−4.47) (−2.66)

Control Variable Y Y Y Y

IV year year year year

AR1 P 0.090 0.000 0.001 0.000

AR2 P 0.337 0.027 0.291 0.047

AR3 P — 0.492 — 0.541

Hansen P 0.351 0.520 0.233 0.146

N 857 938 1,051 1,049

Notes: * p < 0.1, ** p < 0.05, *** p < 0.01.
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enterprises and firms with a history of environmental pollution,
using various measures such as emission trading, environmental
subsidy policies, and monitoring by the public. By doing so, the
government can ensure that firms are held accountable for their
environmental impact and encourage them to prioritize
environmentally sustainable practices.

Third, to improve their ability to cope with increasing
environmental constraints, firms should take proactive measures
to reduce their pollutant emissions. They can start by planning the
production processes and purification capacity of pollutant
purification facilities at the initial stage of plant design based on
their own needs. This will enable them to reduce their pollutant
emissions by updating pollutant purification facilities or improving
production processes for existing plants. Moreover, firms should
also consider investing in cleaner production technologies and
adopting eco-friendly practices to reduce their environmental
impact. By taking such measures, firms can not only comply with
environmental regulations but also enhance their competitiveness
and reputation in the market.

6.3 Strengths and limitations

This paper has several strengths, which contribute to its
significance. First, the theoretical framework provided a
comprehensive understanding of the ways environmental
protection regulations can impact firms’ pollutant emissions,
which provided a foundation for the empirical analysis. Secondly,
the utilization of the continuous DID method allowed for a more
precise analysis of the Environmental Protection Law’s impact on
total pollutant emissions and pollutant emissions per outcome.
Thirdly, the investigation of the law’s impact on firms with
distinct characteristics provided a more nuanced understanding
of the law’s effect on pollutant emissions.

However, there are also some limitations to this study. One
limitation is that regional heterogeneity could not be measured due
to the wide range of locations covered by the factories of each listed
company, which made it difficult to distinguish regional differences
in pollutant emissions among firms accurately. Future studies could
collect emission data from each factory of the listed firms to explore
regional heterogeneity in pollutant emissions further.

Furthermore, another potential limitation is the reliance on self-
reported data from the listed firms. Although efforts were made to
verify the accuracy of the data, there is still a possibility of bias or
errors in the reported emissions data. Future research could explore
alternative methods of data collection, such as third-party
monitoring or satellite-based remote sensing, to complement self-
reported data and improve the accuracy of the analysis.

Overall, this study provides valuable insights into the
effectiveness of environmental protection policies in reducing
firms’ pollutant emissions. The findings highlight the importance
of tailored policies that consider the heterogeneity of firms and
the need for continuous evaluation and adjustment of policies.
The study’s methodology also provides a useful approach for
evaluating the impact of policies with wide coverage. However,
there is still room for further exploration and improvement,
particularly in addressing regional heterogeneity and improving
data accuracy.
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