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This paper examines the effectiveness of China’s Environmental Protection Tax in reducing regional 
carbon emissions. Using a difference-in-differences empirical strategy, we analyze panel data from 
287 Chinese cities over the period from 2009 to 2021. The results demonstrate that the Environmental 
Protection Tax has led to a significant reduction of 5.63% in carbon emissions. Mechanism analysis 
reveals that this reduction is primarily driven by increased investment in green research and 
development, improved energy efficiency, and industrial upgrading. Further heterogeneity analysis 
shows that the policy is more effective in eastern regions, Non-old traditional industrial areas, strong 
government concern areas, and energy-intensive areas. In addition to reducing carbon emissions, 
the Environmental Protection Tax has also lowered other air pollutants, improved air quality, and 
enhanced residents’ subjective well-being. These findings provide robust empirical support for the 
optimization of environmental tax policies to further strengthen China’s transition to a low-carbon 
economy and advance its sustainable development objectives.
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Climate change is one of the most pressing global challenges facing humanity. The substantial emission of 
greenhouse gases, such as carbon dioxide, has led to a rise in global average temperatures, triggering a series 
of environmental and economic issues, including glacier melting and sea level rise1–3. To effectively control 
carbon dioxide emissions, the 21 st Conference of the Parties (COP21) set a goal of limiting the global average 
temperature increase to within 2 °C above pre-industrial levels by the end of this century, to keep the temperature 
rise below 1.5 °C to mitigate environmental risks. As the most populous country in the world and the largest 
emitter of carbon emissions4 China has actively engaged in global environmental governance. At the 75th United 
Nations General Assembly in 2020, China announced its commitment to peak carbon dioxide emissions by 
2030 and to achieve carbon neutrality by 2060. On July 11, 2023, the Central Committee for Deepening Reform 
approved the “Opinions on Promoting the Transition from Energy Consumption Control to Carbon Emission 
Control,” further emphasizing the need to balance development with emission reduction and to strengthen 
the foundational capacity for carbon emission control, creating favorable conditions for the establishment and 
implementation of a dual carbon control system1.

In recent years, to accelerate the construction of an ecological civilization and achieve carbon reduction 
targets, China has implemented a series of environmental governance policies. These include the establishment 
of “dual control zones,” dynamic adjustments to pollution discharge fee standards, the 2011 “Notice on Launching 
Pilot Carbon Emission Trading Programs,” the 2013 Air Pollution Prevention and Control Action Plan, and the 
Central Environmental Protection Inspection5–10. While China has adopted numerous policies to promote carbon 
reduction and environmental protection, most of these policies focus on administrative controls, regulation, and 
market mechanisms such as pollution discharge permits, pollution fees, and carbon trading11–14. However, tax 
policies, as market-based economic incentives, have not been fully emphasized or utilized. The Environmental 

1 The “dual control” of emissions refers to the simultaneous control of both total carbon emissions and carbon emission 
intensity.
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Protection Tax works by imposing taxes on pollution emissions, thereby increasing the operational costs of 
polluting enterprises and encouraging them to adopt more environmentally friendly production methods and 
cleaner technologies. Unlike traditional administrative measures, tax policies, through market mechanisms, 
guide enterprises to actively invest in low-carbon technologies and optimize pollution emissions, offering 
greater flexibility and long-term benefits. Since its implementation in 2018, China’s Environmental Protection 
Tax has primarily targeted emissions from air and water pollutants. Although it has achieved some progress in 
controlling traditional pollutants15–17there is still a lack of research on its specific impact on carbon emissions. 
Unlike other pollutants, carbon emissions have cross-regional and long-term impacts, which require tax policies 
to be more targeted and flexible in design. As an indirect incentive tool, the Environmental Protection Tax can 
effectively motivate market entities to reduce emissions, not only helping to lower overall emission levels but also 
promoting green technological innovation and industrial restructuring. Therefore, in the process of achieving 
carbon peak and carbon neutrality targets, optimizing the Environmental Protection Tax policy and enhancing 
its incentive effects on carbon reduction is both crucial and urgent.

Existing research has examined the impacts of the Environmental Protection Tax on various factors, 
including the economy, environment, innovation, and labor18–22. However, there are significant differences 
between the Environmental Protection Tax in China and those in other countries. For example, the European 
Union’s Emissions Trading System (EU ETS) focuses on directly pricing carbon emissions through market-based 
mechanisms, aiming to encourage businesses to adopt emission reduction measures through price signals or to 
facilitate the green transformation of businesses by increasing carbon taxes, thus achieving carbon reduction23–26. 
Internationally, environmental taxes mainly focus on pricing or directly taxing carbon to reduce emissions, while 
China’s Environmental Protection Tax primarily targets air pollutants such as sulfur dioxide and nitrogen oxides, 
with no clear focus on carbon emission control. Despite these differences, China’s Environmental Protection 
Tax system still plays a significant role in promoting carbon reduction and green transformation. While China’s 
tax focuses primarily on traditional pollutants, such as sulfur dioxide and nitrogen oxides, these pollutants are 
closely linked to carbon emissions. Therefore, by reducing pollutant emissions, the Environmental Protection 
Tax indirectly contributes to carbon reduction.

Globally, many countries have effectively promoted the development of a low-carbon economy through carbon 
pricing mechanisms, particularly the carbon emissions trading systems and carbon tax policies in the European 
Union and Sweden, which have successfully facilitated energy transition and greenhouse gas reduction23–26. 
However, as the largest developing country in the world, China’s economic and energy structures are complex, 
and its carbon emission reduction path significantly differs from that of developed nations. China’s unique 
national circumstances offer the international community a distinct perspective, especially in the context of 
economic transformation, where balancing economic growth with environmental protection has become a focal 
point of global attention. Investigating the impact of China’s Environmental Protection Tax on carbon emissions 
not only provides empirical support for China’s environmental tax reform, addressing the gap in research on 
carbon emissions taxation but also offers valuable insights for other developing countries in formulating carbon 
reduction tax policies suited to their national conditions. Therefore, in the process of achieving the “carbon 
peak and carbon neutrality” targets, optimizing existing green tax policies, further advancing carbon pricing 
mechanisms, and integrating domestic green technological innovation with policy design is a critical issue in the 
current global environmental governance discourse.

To strengthen environmental protection and promote ecological civilization, China enacted the Environmental 
Protection Tax Law of the People’s Republic of China, which came into effect on January 1, 2018. While this tax 
does not directly target carbon dioxide, there is a close relationship between the two. Coal consumption, a major 
source of air pollutants and solid waste, is subject to the tax, which specifically levies charges on pollutants such 
as sulfur dioxide, nitrogen oxides, carbon monoxide, fly ash, and coal gangue. The emissions of these taxed 
pollutants often coincide with carbon dioxide emissions, creating an incentive for enterprises to adopt green 
technologies or install pollution control equipment to mitigate these pollutants. The environmental benefits 
of such innovations, along with the spillover effects from technological upgrades, are likely to contribute to a 
significant reduction in carbon dioxide emissions27–29. In the context of China’s “dual carbon” targets, which 
guide the nation’s transition to a low-carbon economy and the advancement of ecological civilization, the 
Environmental Protection Tax—China’s first tax explicitly focused on environmental protection—plays a crucial 
role in steering enterprises toward green production and enhancing their economic value30–32. Thus, leveraging 
the reform of the Environmental Protection Tax provides a key opportunity to evaluate the effectiveness and 
mechanisms of tax policies in achieving carbon emission reductions.

This paper uses panel data from 287 cities between 2009 and 2021 and applies a difference-in-differences 
empirical framework to assess the impact of the Environmental Protection Tax on regional carbon emissions, 
as well as the underlying mechanisms driving emission reductions. The study yields the following key findings: 
First, the Environmental Protection Tax leads to a significant reduction in regional carbon emissions, with an 
average decrease of 5.63%. Second, the tax promotes carbon reduction by stimulating regional investment in 
green research and development (R&D), enhancing energy efficiency, and facilitating industrial upgrades. Third, 
the Environmental Protection Tax is more effective in reducing carbon emissions in eastern regions, Non-old 
traditional industrial areas, strong government concern areas, and energy-intensive areas, while its impact is 
pronounced in central and western regions, older industrial areas, weaker government focus, and Non-energy-
intensive areas. Fourth, the tax also contributes to reductions in pollutant emissions, improvements in air quality, 
and enhancements in residents’ subjective well-being2.

2  The article summarizes the fourth conclusion in the Conclusion section as “Additional benefits of the tax.” The specific 
empirical results can be found in Appendix 2.
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This study makes several incremental contributions beyond the existing literature.
First, this study contributes to the literature on the impact of environmental regulation policies on carbon 

emissions in developing countries. While China implemented its first explicit Environmental Protection Tax in 
2018, the tax’s effect on regional carbon emissions remains underexplored. Most existing research focuses on the 
Environmental Protection Tax’s impact on pollution reduction and economic performance21,32–36with relatively 
few studies examining its effect on carbon emissions. This study enhances the understanding of how tax-based 
environmental regulation policies can contribute to regional carbon reduction.

Second, this study provides empirical evidence on the emission reduction mechanisms of the Environmental 
Protection Tax. Given that China has not implemented a carbon tax, and since the Environmental Protection Tax 
targets pollutants rather than carbon directly, most research on carbon reduction focuses on carbon emission 
trading systems or on models such as Computable General Equilibrium (CGE) and Dynamic Stochastic 
General Equilibrium (DSGE) that simulate the effects of carbon taxes37–43. However, because the Environmental 
Protection Tax is closely linked to pollutants, it influences industrial production and operations, potentially 
affecting firms’ carbon emission behaviors. This perspective offers new insights into the emission reduction 
effects and mechanisms of tax-based environmental policies in developing countries without a carbon tax.

Third, this study provides empirical support for strengthening environmental regulation policies in developing 
countries and aligning them with green, sustainable economic development. In the context of “carbon peaking 
and carbon neutrality,” and the approach of “pollution reduction, carbon reduction, greening, and efficiency 
improvement,” developing innovative green and low-carbon mechanisms, and improving ecological governance 
systems, have become essential long-term strategies44–46. This paper offers valuable insights from a tax policy 
perspective for designing carbon reduction mechanisms and enhancing ecological governance frameworks.

The structure of the following paper is arranged as follows: The second part provides the policy background 
and outlines the research hypotheses; The third part details the research design, including the methodology 
and data sources used; The fourth part presents the analysis of the empirical results, highlighting key findings 
from the data; The fifth part focuses on the heterogeneity analysis, exploring variations across different regions 
or groups; The sixth part discusses the implications of the findings, with insights into the broader context and 
policy recommendations.

Policy background and research hypotheses
Policy background
Broadly speaking, Environmental Protection Taxes encompass both taxes specifically designed for environmental 
protection and those that, while not primarily aimed at this goal, still contribute to it. Examples of the latter 
include the Urban Maintenance and Construction Tax, the Urban Land Use Tax, the Vehicle and Vessel Tax, 
and tax expenditure policies with environmental functions. More narrowly, the term “Environmental Protection 
Tax” refers to taxes specifically levied to combat environmental degradation, particularly targeting pollutant and 
carbon dioxide emissions. This narrower definition includes taxes such as the Air Pollution Tax, Sulfur Dioxide 
Tax, Nitrogen Tax, Wastewater Tax, Garbage Tax, Noise Tax, Carbon Tax, and Greenhouse Gas Emission Tax. 
Before 2018, China did not have formal pollution taxation policies. This paper focuses on the narrower scope of 
the Environmental Protection Tax, specifically targeting pollutant emissions.

China began imposing pollutant discharge fees in 1982, and 2003, the State Council issued the Regulations on 
the Collection and Use of Pollutant Discharge Fees. This regulation shifted the focus from charging only for excess 
emissions to a system that combined fees for all emissions with additional charges for exceeding environmental 
standards. It also clarified the budget management of pollutant discharge fee funds and established fee standards 
for air and water pollutants. To further enhance environmental protection, reduce emissions, and promote 
ecological civilization, the 25th session of the Standing Committee of the 12th National People’s Congress 
passed the Environmental Protection Tax Law of the People’s Republic of China on December 25, 2016, which 
took effect on January 1, 2018. The Environmental Protection Tax aims to regulate pollution by taxing specific 
pollutants, with 89.27% of the revenue derived from air pollutants (State Taxation Administration, 2020). Before 
2018, the pollutant discharge fee system faced several challenges, including a narrow scope of collection, weak 
enforcement, and local government interference, which hindered effective environmental governance47. As a 
result, the pollutant discharge fee system did not function as a true environmental tax. The 2018 Environmental 
Protection Tax introduced the principle of tax legality, meaning that companies evading or underpaying taxes 
would face both administrative penalties and criminal charges. Under the new law, provincial governments 
are authorized to set tax rates within a statutory range, with some local governments raising the standards. For 
example, Beijing increased the sulfur dioxide tax rate from 10 yuan per kilogram in 2017 to 12 yuan per kilogram 
in 2018, while Liaoning Province maintained a rate of 1.26 yuan per kilogram.

The implementation of the Environmental Protection Tax provides a clear framework for evaluating the 
policy’s effects, resembling a quasi-natural experiment in economics. Thus, constructing a difference-in-
differences model to assess its impact on regional carbon emissions is appropriate48,49. Table  1 reports the 
changes in the pollution discharge fee and Environmental Protection Tax rates across 31 provinces in China 
from 2017 to 2018. In 2018, some provinces and municipalities increased their Environmental Protection Tax 
rates. This offers an effective identification method for the study, akin to a quasi-natural experiment. We classify 
regions with increased tax rates as the experimental group and those without as the control group.

Research hypotheses
To protect and improve the environment, reduce pollutant emissions, and promote the construction of an 
ecological civilization, China enacted the Environmental Protection Tax Law in 2018. This law primarily taxes 
air, water, solid, and noise pollutants. The specific tax rates for taxable air and water pollutants are determined and 
adjusted by the provincial, autonomous region, and municipality governments based on the local environmental 
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carrying capacity, current pollutant emission levels, and the economic, social, and ecological development goals. 
Some provinces and cities have already raised the environmental protection tax rates50. The Environmental 
Protection Tax follows the principle of “the more emissions, the more tax; the fewer emissions, the less tax; 
no emissions, no tax.” Compared to the pollution discharge fees, in addition to changes in the tax rates, the 
Environmental Protection Tax has undergone significant changes in terms of collection authority, revenue 
distribution, tax reduction policies, and the use of tax revenues. Specifically, the responsibility for tax collection 
was shifted from environmental protection departments to tax authorities, enhancing the enforcement and 
transparency of tax collection. Regarding revenue distribution, while pollution discharge fees were previously 
shared between the central and local governments in a 1:9 ratio, now all environmental protection tax revenues 
are allocated to local governments, with no share for the central government51. In terms of tax reduction policies, 
if the concentration of taxable air or water pollutants emitted by taxpayers is below 30% of the national or 
local emission standards, they can be taxed at a reduced rate of 75%; if the concentration is below 50% of the 
standards, they are taxed at a reduced rate of 50%. As for the use of revenue, while pollution discharge fees 
had specific purposes, the Environmental Protection Tax does not have clear allocation guidelines, providing 
local governments with more flexibility. Moreover, compared to the previous system of separate administrative 
penalties, the shift to tax authorities and the possibility of criminal charges for violations significantly enhance 
the rigor and enforcement of supervision. The implementation of the Environmental Protection Tax poses 
greater challenges to local governments’ green development, while also providing enterprises with incentives 

Province

2017 2018

Pollution fees (CNY/pollution equivalent) EPT (CNY/pollution equivalent)

Teijin 10 12

Tianjin 6 6

Hebei 2.4 Classification by region: first class, 9.6; second class, 6.6; third class, 4.8

Liaoning 1.2 1.2

Shanghai 6.65 6.65

Jiangsu 3.6 Nanjing City, 8.4; Wuxi City, Changzhou; City, Suzhou City, Zhenjiang City, 6.0; other prefecture-level cities 4.81.

Zhejiang 1.2 1.2

Fujian 1.2 1.2

Shandong 3 6

Guangdong 1.2 1.8

Hainan 1.2 2.4

Shanxi 1.2 1.8

Ji Lin 1.2 1.2

Heilongjiang 1.2 1.8

Anhui 1.2 1.2

Jiangxi 1.2 1.2

Henan 1.2 4.8

Hubei 2.4 2.4

Hunan 1.2 2.4

Inner Mongolia 1.2 1.2

Guangxi 1.2 1.8

Chongqing 1.2 2.4

Sichuan 1.2 3.9

Guizhou 1.2 2.4

Yunnan 1.2 1.2

Xizang 1.2 1.2

Shaanxi 1.2 1.2

Gansu 1.2 1.2

Qinghai 1.2 1.2

Ningxia 1.2 1.2

Xinjiang 1.2 1.2

Table 1.  Pollutant discharge fee to environmental protection tax rate. 1 The tax rate standards in Hebei 
Province are divided into three tiers based on geographic regions : ​h​t​t​p​s​:​​​/​​/​h​b​e​p​​b​.​h​e​b​e​​i​.​g​​o​​v​.​​c​n​/​​h​b​​h​j​t​/​​x​​w​z​x​/​​m​
e​i​t​i​b​​​o​b​a​o​/​1​0​1​5​9​3​6​8​5​5​4​​3​0​8​8​.​h​t​m​l. The data, obtained from the work reports of each province and collected 
manually by the author, reflect changes in atmospheric sulfur dioxide pollution. Since changes in atmospheric 
and water pollutants are synchronous, the choice of pollutant for analysis does not affect the results of the 
division. Since the Environmental Protection Tax rate adjustment in 2018, the tax rates have remained 
unchanged across cities.
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for pollution reduction through more tax reductions when actively engaging in environmental governance52,53. 
Based on the above theory, the paper proposes Research Hypothesis 1:

Hypothesis 1  The Environmental Protection Tax can effectively reduce corporate carbon emissions.

Green innovation, as a key driver of environmental quality improvement and economic transformation, 
occupies a central position in the mechanism of environmental regulation. According to the Porter Hypothesis, 
appropriate environmental regulation can encourage firms to internalize environmental costs, break existing path 
dependencies, and stimulate green technological innovation54. As a typical market-based environmental policy, 
the Environmental Protection Tax significantly alters the cost-benefit trade-off for enterprises by increasing 
emission costs, thereby prompting firms to incorporate green innovation into their core strategies to cope with 
the additional tax burden and environmental compliance pressures. From the microeconomic perspective 
of firm decision-making, the Environmental Protection Tax raises the marginal costs of traditional high-
pollution production models, lowers pollution tolerance, and forces companies to accelerate the development 
and application of green technologies16. Enterprises can adopt advanced technologies and facilities such as 
coking, coal preparation, and gas purification to achieve ultra-low concentration emissions of pollutants. Green 
innovation not only directly reduces pollutant emissions and lowers tax burdens but also brings long-term 
competitive advantages through optimizing production processes and developing green products. Therefore, 
the Environmental Protection Tax creates an intrinsic incentive chain of “regulatory pressure - innovation 
investment - pollution reduction” by enhancing the relative returns on green innovation55. At the regional level, 
green innovation exhibits significant knowledge spillover effects across different enterprises and industries. 
Breakthroughs by leading firms in green technologies can spread through supply chain diffusion, imitation 
learning, and professional labor mobility, thereby improving the overall green technology level of the region 
and generating large-scale, systematic carbon emission reduction effects. The Environmental Protection Tax, by 
incentivizing leading firms to take the lead in green transformation, indirectly promotes the accumulation and 
expansion of regional green innovation capacity, accelerating the systemic process of low-carbon transformation. 
Moreover, when facing environmental taxes, firms are more likely to invest in substantial emission reduction, 
energy efficiency improvements, and clean production technologies rather than merely complying with the 
minimum emission standards56. This high-quality green innovation becomes a key force in continually reducing 
carbon emission intensity. Based on the above theory, the paper proposes research hypothesis 2:

Hypothesis 2  The Environmental Protection Tax effectively reduces carbon emissions by improving green re-
search and development.

Carbon dioxide emissions primarily stem from the use of fossil fuels, which make up a significant portion of 
China’s energy mix. In 2023, coal consumption accounted for 55.3% of the total energy consumption in China 
(National Bureau of Statistics of China). Traditional fossil fuels result in higher pollutant emissions, which, 
in turn, lead to increased penalties for companies that exceed pollution limits. To avoid these fines, profit-
driven companies may adjust their input structures to reduce reliance on high-pollution, low-energy-value 
fuels. Improving coal energy efficiency or optimizing the energy mix is essential for reducing carbon emissions. 
Research has found that enhancing energy efficiency can lead to a 25% reduction in pollutant emissions57. The 
Environmental Protection Tax, which imposes taxes on pollutants such as sulfur dioxide, incentivize companies 
to adopt energy-saving and emission-reduction technologies. With strong government oversight and tax 
incentives, this policy is likely to drive innovations that improve energy utilization efficiency and reduce energy 
consumption per unit of GDP. Technological advancements and better optimization of the energy mix will lower 
carbon dioxide emissions per unit of fossil energy and increase the adoption of clean energy. Since fossil fuel 
combustion contributes to both pollutants and carbon emissions, improving energy efficiency or restructuring 
the energy mix can reduce both pollution and carbon emissions simultaneously27–29. Based on the above theory, 
the paper proposes research hypothesis 3:

Hypothesis 3  The Environmental Protection Tax effectively reduces carbon emissions by improving energy ef-
ficiency.

Reasonable environmental regulations can drive technological innovation, with such advancements helping to 
offset the costs of environmental governance (Porter and Van Der Linde, 1995)55. The Environmental Protection 
Tax encourages companies to use resources more efficiently, conserve energy, and improve production processes. 
By investing in pollution control technologies, green production methods, and research and development 
(R&D) in green technologies, companies can enhance market share, increase product value, and advance 
technological sophistication. Furthermore, the Environmental Protection Tax disrupts reliance on traditional, 
pollution-intensive industries, fostering innovation in green technologies and boosting total factor productivity 
in green sectors. This shift supports the development of higher-level industries59,60, transitioning towards 
technology-intensive sectors and facilitating carbon reduction through industrial upgrading. Additionally, 
the Environmental Protection Tax affects energy input prices and pollution costs, raising production costs for 
high-energy-consuming industries. This may lead to the reduction or closure of such industries, prompting 
firms to reallocate resources to cleaner, higher-return sectors, such as finance, services, or green industries. This 
optimization of resource allocation fosters a more rational industrial structure, increases the share of the tertiary 
sector, and reduces investment in high-carbon production. As a result, the tax promotes industrial upgrading, 
specialization, and the growth of emerging green industries, effectively lowering carbon emissions. Based on the 
above theory, the paper proposes research hypothesis 4.
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Hypothesis 4  The Environmental Protection Tax effectively reduces carbon emissions by optimizing the indus-
trial structure.

Research design
Data sources
This study uses panel data from 287 cities in China, spanning the period from 2009 to 2021, to examine the 
impact of the Environmental Protection Tax on regional carbon emissions. Since industrial production is a 
major source of carbon dioxide emissions and the financial crisis significantly impacted domestic industrial 
production and demand, the analysis begins in 2009. The data were sourced from the Express Professional 
Superior (EPS) database, the China Energy Statistical Yearbook, and the China City Statistical Yearbook. To 
ensure the robustness of the results, the data underwent 1% winsorization and logarithmic transformation for 
absolute indicators. The empirical analysis was conducted using STATA 15.0.

Variable selection
Explained variables
Urban carbon emissions encompass emissions from both direct energy consumption, such as gas and Liquefied 
Petroleum Gas (LPG), and indirect sources like electricity and heat consumption. The emissions from direct 
energy consumption can be calculated using the relevant conversion coefficients provided by IPCC2006 
guidelines. Follow the existing research methods60the total carbon emissions of a city are determined by summing 
the emissions from electricity, gas, LPG, transportation, and thermal energy consumption. This approach is 
consistent with the calculations used in previous studies61–63.

Explanatory variables
The Environmental Protection Tax was officially implemented on January 1, 2018. To analyze its impact, we 
define a time dummy variable, post, where years after 2017 are assigned a value of 1, and all other years are 
assigned a value of 0. Additionally, we introduce a policy dummy variable, treat, where regions that experienced 
an increase in environmental protection tax rates on taxable pollutants are assigned a value of 1, otherwise, 
as to 065–67. The interaction term of these two variables, serves as the core explanatory variable in this study, 
capturing the net effect of the Environmental Protection Tax on regional carbon emissions. Most provinces 
raised their Environmental Protection Tax rates, and the corresponding municipal-level cities maintained the 
same rates as their provinces. However, some cities did not align with the provincial tax rates. For example, 
Hebei Province classified its cities into three categories: First-class cities with a tax rate of 9.6 yuan per kilogram, 
second-class cities with a tax rate of 6.6 yuan per kilogram, and third-class cities with a tax rate of 4.8 yuan per 
kilogram. The specific tax rates for provinces and cities are presented in Table 1. The treat variable is based on 
the environmental protection tax rates of individual cities.

Control variables
To ensure the accuracy of the empirical results, the study controls for various factors that may influence regional 
carbon emissions. Regions with more developed economies generally consume more energy, which can lead 
to higher carbon dioxide emissions. Therefore, the study includes controls for regional economic growth, 
represented by the logarithm of GDP. Since economic development is closely associated with industrial expansion, 
and service sector growth is positively related to carbon reduction, the study also controls for the development of 
these sectors. This is measured by the proportion of secondary industry value-added to GDP and the proportion 
of tertiary industry value-added to GDP, respectively. Trade development is another key driver of economic 
growth, so the study controls regional openness, captured by the ratio of total imports and exports to GDP. In 
line with the “pollution haven” hypothesis67,68which suggests that pollution-intensive industries are often located 
in regions with more lenient environmental regulations, the study controls for foreign direct investment (FDI), 
measured by the logarithm of actual foreign capital utilized. Population size, which reflects regional density and 
associated production activities, is controlled using the logarithm of the resident population. The study also 
controls for the regional tax burden, measured by the ratio of general budgetary revenue to GDP, as tax levels can 
influence business operations. Government intervention, which can affect regional production and operational 
behavior, is controlled by using the proportion of general budgetary expenditure to GDP. Finally, recognizing 
that passenger transportation contributes significantly to emissions, the study includes a control for passenger 
transport, measured by the logarithm of the number of taxis at year-end. Given the variation in Environmental 
Protection Tax rates across different regions, the study controls for the environmental protection tax rate (SO2). 
Before 2018, this was the pollutant discharge fee rate, and from 2018 onwards, it became the Environmental 
Protection Tax rate. Additionally, the study controls for provincial-level environmental protection tax (or 
pollutant discharge fee) revenue. Before 2018, this was revenue from pollutant discharge fees, and from 2018 
onwards, it became revenue from environmental protection taxes. This revenue is logged to adjust for scale 
effects. Since energy structure plays a key role in regional carbon emissions, the study also controls for regional 
energy structure, using the ratio of coal consumption to total energy consumption as a proxy. The specific 
variable definitions are detailed in Table 2.

Table 3 presents the descriptive statistics for the variables, including the number of observations, means, 
standard deviations, minimum values, and maximum values. For carbon emissions, the minimum value 
observed during the sample period is 3.0032, while the maximum value reaches 9.523. The standard deviation 
of 1.1115 indicates considerable variability in carbon emissions across the different regions. This relatively large 
standard deviation underscores the significant differences in carbon emissions between regions in the study.
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Model construction
To identify the actual impact of the Environmental Protection Tax on regional carbon emissions, this study 
employs a difference-in-differences (DID) model for analysis. The specific model specification is presented in 
Eq. (1):

	 Yit = α 0 + β 1DIDit + controlit + yeart + cityi + ϵ it� (1)

.

Variable Variable名称 Observed Mean Standard deviation Minimum Maximum

Explained variable lnce 3731 6.0425 1.1115 3.0032 9.5235

Explanatory variable

time 3731 0.182 0.392 0.000 1.000

treat 3731 0.422 0.494 0.000 1.000

DID 3731 0.077 0.266 0.000 1.000

Control variable

lngdp 3731 7.2525 0.9371 4.8822 10.2565

indus 3731 0.4792 0.1172 0.1215 0.8324

serv 3731 0.4085 0.0995 0.1542 0.7445

open 3731 0.1956 0.2742 0.0015 2.0212

lnfdi 3731 10.0322 1.8215 2.9962 14.1636

lnpop 3731 5.8742 0.6546 3.8503 7.8124

tax 3731 0.0786 0.0322 0.0255 0.2112

gov 3731 0.1962 0.0965 0.0565 0.7216

lntra 3731 7.4127 1.0342 4.62492 10.3839

Eptr(SO2) 3731 2.1781 0.1253 1.2600 12.0000

Tax- Fee 3731 10.7642 0.9733 7.9564 12.8322

Estructure 3731 0.4978 0.1876 0.8622 0.0433

Mechanism variable

GR&D 3731 0.0341 0.1542 0.0074 0.1433

Eefficiency 3731 0.0758 0.0681 0.0068 0.5623

Istructure 3731 2.2752 0.1432 1.9267 2.7495

Table 3.  Describes the statistics.

 

Variable Variable name Symbol Variable processing method

Explained variable Carbon emission lnce Regional carbon emissions are logarithmic

Explanatory 
variable

Time dummy post The years after 2017 as to 1, otherwise, as to 0

Policy dummy variable treat Regions that experienced increased environmental protection rates on taxable pollutants 
as to 1, otherwise, as to 0.

Environmental protection tax DID Time dummy variable * Policy dummy variable

Control variable

Economic development lngdp The gross regional product (GDP) was logarithmic

Industrial development indus Value added of secondary industry as a share of regional GDP

Service industry development serv Value added of tertiary industry as a share of regional GDP

Opening open Total imports and exports as a share of regional GDP

Foreign direct investment lnfdi The actual amount of foreign capital used in the current year (US $10,000) is logarithmic

Population size lnpop The permanent population of the region (10,000) is logarithmic

Tax burden level tax The proportion of budgetary revenue in the GDP of the region

Government intervention gov The proportion of budgetary expenditure in the GDP of the region

Passenger traffic lntra The number of actual taxis at the end of the year is logarithmic

Environmental protection tax rate (SO2) Eptr(SO2) Before 2018, it was the rate of pollution discharge fees, and after 2018, it was the rate of 
environmental protection tax

Revenue from environmental protection tax 
(pollution discharge fee) Tax- Fee Before 2018, it was the revenue from pollution discharge fees. From 2018 onwards, it 

was the revenue from environmental protection taxes

Energy structure Estructure The ratio of coal consumption to energy consumption

Mechanism 
variable

Green research and development GR&D The ratio of regional green patents to total patents

Energy efficiency Eefficiency The ratio of regional coal consumption to GDP

Industrial structure Istructure The ratio of the added value of the tertiary industry to that of the secondary industry

Table 2.  Variable design.
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In Eq. (1), i represents the city, and t represents the year. y is the dependent variable, which measures 
regional carbon emissions, expressed as the logarithm of regional carbon emissions. DIDit is the key 
explanatory variable, reflecting the Environmental Protection Tax, and is composed of two dummy variables: 
postt and treati. Specifically, postt takes the value of 1 for years after 2017, and 0 otherwise. treati is set to 

1 for regions that raised the tax rate on taxable pollutants, and 0 otherwise64–66. control includes a set of control 
variables, which account for factors such as economic development, industrial development, service sector 
growth, openness, foreign direct investment, population size, tax burden, government intervention, passenger 
transport, the Environmental Protection Tax rate (SO2), environmental tax (pollution fee) revenue, and energy 
structure. yeart represents year-fixed effects, controlling for macroeconomic factors and policy changes that 
affect all cities in a given year. ciyti represents city-fixed effects, which control for factors that do not change 
over time, such as city location and cultural factors. ϵ it is the error term.

Empirical results analysis
Baseline regression
Table 4 presents the impact of the Environmental Protection Tax on regional carbon emissions. Columns (1) and 
(4) display the results for the two-way fixed effects model, both without and with control variables, respectively. 
Columns (2) and (3) provide the results with time-fixed effects and city-fixed effects, both incorporating control 
variables. The empirical findings show that the Environmental Protection Tax significantly reduces regional 
carbon emissions, with results passing significance tests at the 5% level. This indicates that the implementation 
of the Environmental Protection Tax has a positive effect on regional carbon emission reduction. Using the 
estimated coefficient from Column (4) as a baseline, we estimate that the Environmental Protection Tax results 
in an average reduction of 10.63% in regional carbon emissions. Hypothesis 1 is thus verified, confirming that 
the Environmental Protection Tax can significantly decrease regional carbon emissions.

Parallel trend test
The parallel trend test is a critical aspect of ensuring that the results derived from the difference-in-differences 
(DID) model are unbiased. The baseline regression has already provided evidence that the Environmental 
Protection Tax significantly reduces carbon emissions. However, to confirm that this reduction can be attributed 
to the policy itself, the study uses an event study method to conduct the parallel trend test. The key assumption 
of the parallel trend test is that, before the policy’s implementation, the experimental and control groups should 
follow similar trends in carbon emissions. A significant divergence between the two groups after the policy is 

lnce (1) (2) (3) (4)

DID −0.0633**
(0.0298)

−0.1045**
(−0.0483)

−0.0431**
(−0.0204)

−0.0563***
(−0.0181)

lngdp 0.4432***

(0.1381)
0.4245***

(0.01263)
0.2222***

(0.0667)

indus 1.3455***

(0.3877)
0.4342
(0.7753)

0.6544
(0.9518)

serv 1.1356***

(0.3483)
0.6532
(0.7666)

0.1356
(0.1244)

open 0.2452**

(0.1032)
0.1234
(0.0988)

0.1435
(0.1165)

lnfdi −0.0355
(0.0220)

−0.0351**
(0.0158)

−0.0146
(0.0165)

lnpop −0.0332
(0.0543)

0.0434
(0.0655)

0.0363***
(0.0109)

tax 0.7325
(0.8454)

−0.0432
(0.1676)

0.2542
(0.8034)

gov 0.0122
(0.3523)

0.5422
(0.3445)

0.2255
(0.3557)

lntra 0.2442***

(0.0543)
0.0442
(0.0556)

0.0657
(0.0543)

Eptr(SO2) −0.0322***
(0.0099)

−0.0198**
(0.0089)

−0.0102**
(0.0047)

−0.0211***
(0.0067)

Tax- Fee 0.4322***
(0.1342)

0.2139**
(0.0991)

0.3211**
(0.1446)

0.3422**
(0.1569)

Estructure 0.0437***
(0.0144)

0.0216**
(0.0106)

0.0135**
(0.0061)

0.0343**
(0.0153)

City FE Yes No Yes Yes

Year FE Yes Yes No Yes

R-squared 0.6345 0.5325 0.5422 0.6667

Observations 3731 3731 3731 3731

Table 4.  Baseline regression. Note: *, **, and *** indicate significance at the significance level of 10%, 5%, and 
1% respectively, the values in brackets are standard errors. The model adopts the clustering standard estimation 
at the city level.
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implemented indicates that the policy may have had an effect. Figure 1 presents the results of the parallel trend 
test. The findings indicate that, before the policy implementation, there was no significant difference in carbon 
emissions between the experimental group (cities where the Environmental Protection Tax rate increased) and 
the control group (cities where the tax rate remained unchanged). However, after the policy’s implementation, the 
experimental group experienced a significant reduction in carbon emissions, suggesting that the Environmental 
Protection Tax was effective in reducing emissions. These results support the parallel trend assumption, further 
validating the empirical findings and reinforcing the conclusion that the observed decrease in carbon emissions 
is indeed due to the implementation of the Environmental Protection Tax.

Robustness test
Alternative administrative levels
In Column (1) of Table 5, the analysis excludes municipalities, sub-provincial cities, and provincial capital cities 
to account for the influence of these higher-level cities, which typically have superior economic development 
and social endowments compared to other cities. The findings indicate that, even after controlling for the higher 
administrative status of these cities, the Environmental Protection Tax still has a significant effect on reducing 
carbon emissions in the remaining cities. This suggests that the tax’s impact on carbon emissions is not solely 
driven by the economic and social advantages of these higher-level cities.

Alternative identification method
In the previous empirical strategy, the study classified cities that increased the tax rate on taxable pollutants 
under the Environmental Protection Tax as the treatment group, while the remaining cities were designated as 
the control group. However, in some cities, although the Environmental Protection Tax rate was not increased, 
stricter tax enforcement and enhanced environmental regulations were implemented. First, when companies 
evade or underpay the Environmental Protection Tax, they now face criminal penalties rather than just 
administrative fines. Even in regions that did not increase the tax rate, stricter environmental regulations are 
still enforced. Second, while some provinces did not raise the Environmental Protection Tax rate, they already 
had higher base rates in place. For instance, Tianjin (a municipality directly under the central government) 
maintained an Environmental Protection Tax rate of 6, while other provinces that did not raise their rates kept 
the rate at 1.2. Given these considerations, some provinces that did not increase their Environmental Protection 

Fig. 1.  Parallel trend test.
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Tax rates might still have experienced policy shocks. Therefore, the study uses an intensity-based difference-in-
differences (DID) model for identification. Column (2) of Table 5 uses the 2017 Environmental Protection Tax 
rate as an intensity variable for analysis. Column (3) of Table 5 distinguishes between the treatment and control 
groups based on the median 2018 Environmental Protection Tax rate. Cities with tax rates above the median 
for taxable pollutants (1.8) are classified as the treatment group, while those below the median are classified as 
the control group3. The empirical results indicate that, even with these alternative identification methods, the 
Environmental Protection Tax continues to significantly reduce carbon emissions in cities.

Changing the explained variable
Column (4) of Table  5 addresses the potential influence of regional population factors by using per capita 
carbon emissions as the dependent variable. Per capita, carbon emissions are calculated by dividing total carbon 
emissions by the total population of the region. This adjustment allows the study to account for the population size 
and its potential impact on overall carbon emissions. The empirical results presented in Column (4) demonstrate 
that, even after controlling for population effects, the Environmental Protection Tax still significantly reduces 
carbon emissions in cities. This suggests that the observed reduction in carbon emissions is not merely a result 
of population differences across regions, but rather an effect directly attributable to the implementation of the 
Environmental Protection Tax.

Changing the clustering
In response to potential correlations among cities within the same province, which could be influenced by 
provincial policy documents, the study applies robust clustering at the provincial level to adjust for intra-
provincial correlations. This approach ensures that the standard errors are more accurately estimated, accounting 
for the fact that cities within the same province may be exposed to similar provincial policies that could affect 
their carbon emissions. Column (5) of Table 5 presents the results with robust clustering at the provincial level. 
It is important to note that while the standard errors are adjusted in this specification, the estimated coefficients 
of the core explanatory variables remain unchanged. As such, the coefficients in Column (5) are consistent with 
those in Column (4) of Table  4, which presents the baseline regression results. The empirical findings show 
that, even after applying robust clustering at the provincial level, the Environmental Protection Tax continues to 
have a significant and negative impact on regional carbon emissions. This reinforces the reliability of the results, 
confirming that the observed reduction in carbon emissions can still be attributed to the implementation of the 
Environmental Protection Tax, even after addressing potential intra-provincial correlations.

PSM-DID
To address potential biases arising from the discretion that provincial governments have in setting Environmental 
Protection Tax rates, the study employs a more robust identification method: Propensity Score Matching with 
Difference-in-Differences (PSM-DID). This method is designed to account for the possibility that economically 
developed regions may opt for higher tax rates as a means to set an example, while less developed regions may 
avoid raising tax rates to prioritize economic growth. The PSM-DID method is implemented by first applying a 
Logit regression with 1:1 matching, using all control variables as covariates for the matching process. Cities that 
do not match well based on their propensity scores are excluded from the DID regression analysis, ensuring that 
the treated and control groups are more comparable. This matching process helps mitigate biases related to the 
decision of whether or not to raise the Environmental Protection Tax rates in different regions. Column (6) of 
Table 5 presents the results from the PSM-DID estimation4. The findings confirm that, even after addressing this 

3  The setting for the treatment variable treat in this model is as follows: cities with an Environmental Protection Tax rate 
greater than the median of 1.8 in 2018 are assigned a value of 1, while those below the median are assigned a value of 0. The 
setting for post remains consistent with Eq. (1), while the setting for treat is based on the Environmental Protection Tax rate 
for each city.
4  The appendix reports the results of the matching balance test, which shows that all variables have passed the balance test. 
This indicates that the propensity score matching process has successfully balanced the covariates between the treatment and 
control groups, ensuring that the groups are comparable before applying the Difference-in-Differences (DID) methodology.

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

Robustness test Alternative administrative levels Alternative identification method Change the explained variable Change the clustering PSM-DID

DID −0.0712**
(0.0321)

−0.0922***
(0.0274)

−0.1034**
(0.0467)

−0.0811**
(0.0377)

−0.1009*
(0.0554)

−0.1032**
(0.0462)

Control variable Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

R-squared 0.7654 0.7432 0.8522 0.6532 0.6244 0.6913

Observations 3731 3731 3731 3731 3731 3134

Table 5.  Robustness test. Note: *, **, and *** indicate significance at the significance level of 10%, 5%, and 1% 
respectively, the values in brackets are standard errors. For brevity, the results of the control variables are not 
reported. The model adopts the clustering standard estimation at the prefecture-level city level.
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potential bias through matching, the Environmental Protection Tax still significantly reduces carbon emissions 
in cities. This provides further validation of the robustness of the results and reinforces the conclusion that 
the implementation of the Environmental Protection Tax leads to a meaningful reduction in regional carbon 
emissions.

Policy uniqueness test
In the study, several factors and policies that may influence carbon emissions are considered to ensure the 
robustness of the results and account for potential confounding effects. Column (1) of Table 6: This column 
excludes cities that participated in the carbon emissions trading pilot program, introduced in 2011 across seven 
provinces and cities. Since this market-based mechanism incentivizes enterprises to reduce carbon emissions, 
it could potentially affect the carbon dioxide emissions in those cities. By excluding these cities, the analysis 
isolates the impact of the Environmental Protection Tax from that of the emissions trading program. Column 
(2) of Table 6: This column shortens the study period to 2016–2020 to mitigate the potential effects of dynamic 
adjustments to pollution discharge fee standards, which were made by provinces and cities before 2015. This 
adjustment period may have affected emissions, and this column helps isolate the impact of the Environmental 
Protection Tax by excluding the earlier period. Column (3) of Table 6: The inclusion of a dummy variable for 
low-carbon cities in this column controls for cities with initiatives aimed at reducing emissions through low-
carbon buildings, transportation, and emerging energy-saving industries. These cities may have already been 
undertaking significant efforts to reduce carbon emissions, so this variable accounts for their potential effect. 
Column (4) of Table 6: This column includes a dummy variable for innovative cities, which reflects the impact of 
technological innovation on reducing carbon emissions. Technological advancements can drive improvements 
in energy efficiency and production processes, potentially influencing the carbon emissions reduction observed 
in these cities. Column (5) of Table 6: This column controls for industrial clusters, which play a role in optimizing 
industrial structures and promoting low-carbon development. As industrial clusters often lead to economies of 
scale and specialization, they can influence the rate at which industries shift toward greener practices. Column 
(6) of Table 6: This column includes a control for the green finance reform pilot launched by the People’s Bank 
of China and other ministries in 2017. This initiative, which applies to certain regions such as Zhejiang, Jiangxi, 
Guangdong, Guizhou, and Xinjiang, could impact companies’ investments in green technologies due to the 
availability of green credit. By including this variable, the analysis controls for the potential influence of green 
finance policies. Despite controlling for these additional factors and related policies, the results consistently show 
that the Environmental Protection Tax remains effective in reducing regional carbon emissions. This strengthens 
the conclusion that the tax contributes significantly to the reduction of carbon emissions, independent of other 
policies and factors that might also play a role.

Placebo test
To address the potential influence of unobservable factors that could lead to spurious conclusions, this study 
employs a placebo test to assess the robustness of the empirical results. The placebo test involves randomly 
assigning policy implementation dates and selecting policy regions, with the regression process repeated 500 
times. Figure 2A and B present the probability density of the estimated coefficients and p-values from the placebo 
tests, respectively. The figures show that the placebo test coefficients generally follow a normal distribution 
centered around a mean of zero. In contrast, the actual estimated coefficients significantly deviate from these 
placebo values, suggesting that the empirical results are robust and not due to random chance.

IV Estimation
This study employs a Difference-in-Differences (DID) model to analyze the impact of the Environmental 
Protection Tax on regional carbon emissions. However, the increase in regional tax rates may be influenced 
by local environmental and economic factors, potentially leading to endogeneity. To address this concern, the 
study applies Instrumental Variables (IV) estimation. Drawing on the research design of Zhang et al. (2025), 
river density is used as an instrumental variable for the implementation of the Environmental Protection Tax 
policy. First, regions with higher river density tend to have larger water areas and stronger public oversight. As a 
result, local governments in these areas are more likely to adopt stricter pollution control measures due to public 
pressure. Therefore, regions with higher river density are more inclined to implement stricter Environmental 

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

Policy uniqueness test Emissions trading rights The adjustment of the sewage fee standard Low-carbon cities Innovative city Industrial cluster Green finance

DID −0.0754*
(0.0349)

−0.0431*
(0.0204)

−0.1032**
(0.0462)

−0.0932 **
(0.0431)

−0.1223**
(0.0543)

−0.0811**
(0.0378)

Control variable Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

R-squared 0.5654 0.5422 0.6763 0.6621 0.6764 0.6654

Observations 3298 1509 3731 3731 3731 3731

Table 6.  Policy uniqueness test. Note: *, **, and *** indicate significance at the significance level of 10%, 5%, 
and 1% respectively, the values in brackets are standard errors. For brevity, the results of the control variables 
are not reported. The model adopts the clustering standard estimation at the prefecture-level city level.
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Protection Tax policies, which in turn result in higher tax rates on taxable pollutants. This relationship satisfies 
the homogeneity assumption between river density and the Environmental Protection Tax rate. Second, river 
density is generally considered an exogenous factor, largely determined by large-scale weather systems, thus 
satisfying the homogeneity assumption between river density and urban carbon emissions. Given that river 
density data is cross-sectional, its direct use would prevent estimation in a two-way fixed effects model. To 
address this limitation, the study follows the existing methods by interacting river density with time dummy 
variables and constructing a time-varying river density instrumental variable (IV)69.

The estimation results in Table 7 show that the F-statistic of the first-stage regression is 1221.3452, which 
is significantly greater than the critical value of 10. The estimated coefficients of the instrumental variable are 
all significant, indicating a strong correlation between the instrument and the endogenous variable, thereby 
eliminating concerns about the “weak instrument” problem. The Kleibergen-Paap rk LM statistic passes the 
1% significance test, rejecting the null hypothesis of “under-identification” of the instrument. This confirms 
the validity of the selected instrument. Furthermore, the coefficient of the core explanatory variable (DID) 
remains significantly negative and passes the 1% significance test, indicating that even after addressing potential 
endogeneity, the Environmental Protection Tax continues to significantly reduce regional carbon emissions.

Mechanism test
Green research and development
Column (1) of Table  8 examines the mechanism of the impact of green technological innovation. Green 
technological innovation is measured by the proportion of green patents in the region, with a higher value 
indicating stronger green technological innovation5. As shown in Column (1), the Environmental Protection 
Tax significantly promotes green technological innovation, passing the 5% significance level test. The low-

5  The regional green patent data is sourced from https://www.cnrds.com/.

Variable (1) (2)

2SLS The first stage The second stage

IV −1.1125***
(0.3341)

DID 0.0503**
(0.0225)

Kleibergen-Paap Wald rk F statistic 1221.3452***

Kleibergen-Paap rk LM statistic 432.4431***

Control variable Yes Yes

Year FE Yes Yes

City FE Yes Yes

R-squared - 0.6773

Observations 3731 3731

Table 7.  IV Estimation. *, **, and *** indicate significance at the significance level of 10%, 5%, and 1% 
respectively, the values in brackets are standard errors. For brevity, the results of the control variables are not 
reported. The model adopts the clustering standard estimation at the prefecture-level city level.

 

Fig. 2.  Placebo test.
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carbon transition requires technological progress, such as investments in green production equipment at the 
front end and carbon capture and storage at the end. The Environmental Protection Tax plays an important 
role in increasing investment in green research and development, thus supporting carbon reduction efforts. 
Hypothesis 2 is thus verified.

Energy efficiency
Column (2) of Table 8 examines the mechanism of energy efficiency. Energy efficiency is measured by the coal 
consumption per unit of energy in the region, where a smaller value indicates that less coal is consumed per unit 
of output, reflecting higher energy efficiency. From Column (2), it can be seen that the Environmental Protection 
Tax significantly improves regional energy efficiency, passing the 5% significance level test. Energy transition 
and improving energy efficiency are the primary ways to reduce greenhouse gas emissions, and the improvement 
in energy efficiency plays a key role in achieving the net-zero emission target. Hypothesis 3 is thus verified.

Industrial structure
Column (3) of Table 8 examines the mechanism of industrial structure. The industrial structure is measured 
by the ratio of the value-added of the tertiary sector to the value-added of the secondary sector, where a higher 
value indicates that the regional industrial structure has been optimized and upgraded. From Column (3), it can 
be seen that the Environmental Protection Tax significantly promotes the optimization and upgrading of the 
industrial structure, passing the 5% significance level test. The implementation of the Environmental Protection 
Tax imposes pressure on high-pollution enterprises while also fostering the development of green emerging 
industries, which is of significant importance for regional carbon reduction. Hypothesis 4 is thus verified.

Heterogeneity analysis
Regional heterogeneity
China is vast, with diverse resource endowments and varying levels of economic development across regions. 
Specifically, the eastern region includes Hebei, Liaoning, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and 
Hainan; the central region includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan; the 
western region includes Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, 
Ningxia, and Xinjiang6. Table 9 reports results based on regional heterogeneity. The findings indicate that the 
Environmental Protection Tax has a significant impact on reducing carbon emissions in the eastern region, 
passing the 5% significance level test, while its effect on the central and western regions is not as pronounced. 
The possible reasons for this discrepancy are as follows: the eastern region is primarily composed of high-end 
manufacturing and service industries, but traditional high-energy-consuming industries still account for a 
certain proportion. These enterprises have a large base of pollutant emissions, making them more sensitive 
to the marginal cost of the Environmental Protection Tax, thereby forcing them to accelerate technological 
upgrades or exit the market. Additionally, environmental protection tax rates in eastern provinces are generally 
higher (for example, the air pollutant tax rate in the Beijing-Tianjin-Hebei region is set at 9.6 yuan per pollution 
equivalent, close to the national maximum), and government oversight is stricter. In contrast, the central and 
western regions have smaller energy-consuming industries and relatively lower environmental protection tax 
rates, which explains the significant regional differences in the impact of the Environmental Protection Tax on 
carbon reduction.

Industrial regional heterogeneity
The rapid industrialization of China has been a key driver of its economic growth, with industrial development 
playing a significant role in the increase of carbon dioxide emissions. This study examines the heterogeneous 
effects of the Environmental Protection Tax on different industrial regions, specifically comparing the old 

6 There are a total of 34 provincial-level administrative regions in China, and Hong Kong, Macao and Taiwan, China, are not 
included in the sample. In addition, the sample excludes the Tibet Autonomous Region (TAR) due to its truly severe sample.

Variable (1) (2) (3)

Mechanism test Green research and development Energy efficiency Industrial structure

DID 0.1033**
(0.0473)

−0.0102**
(0.0047)

0.0132**
(0.0059)

Control variable Yes Yes Yes

Year FE Yes Yes Yes

City FE Yes Yes Yes

R-squared 0.7565 0.6543 0.7611

Observations 3731 3731 3731

Table 8.  Mechanism test. *, **, and *** indicate significance at the significance level of 10%, 5%, and 1% 
respectively, the values in brackets are standard errors. For brevity, the results of the control variables are not 
reported. The model adopts the clustering standard estimation at the prefecture-level city level.
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industrial areas with the non-old industrial areas7. Columns (1) and (2) of Table  10 present the differential 
impacts of the Environmental Protection Tax on these regions. The results show that the tax significantly reduces 
carbon emissions in non-old industrial areas, with the effect passing the 5% significance level test. However, the 
Environmental Protection Tax does not have a significant impact on carbon emissions in old industrial areas. 
Old industrial areas, which were primarily developed during the planned economy era with state investments, 
have relatively complete industrial sectors. These regions are often highly resource-dependent and constrained 
by their existing infrastructure, making it more challenging to implement substantial technological upgrades. 
In contrast, non-old industrial areas typically have better access to modern technologies and greater innovation 
potential, enabling them to more effectively reduce carbon emissions. Consequently, the Environmental 
Protection Tax has a more pronounced effect on carbon emission reduction in non-old industrial areas.

Government attention heterogeneity
Government attention refers to the selective focus of decision-makers on significant issues while disregarding 
others. The allocation of government attention plays a crucial role in national strategic development and the 
effectiveness of macroeconomic policies. Specifically, attention to environmental issues directly influences local 
governments’ environmental governance. In China, the “Government Work Report” is a key policy document 
that reflects the government’s administrative direction and priorities, guiding resource allocation and social 
development. It acts as a “command baton” for setting and adjusting governmental focus. In contrast, local 
government work reports reflect the policy goals of local leaders and demonstrate how attention is allocated at 
the regional level70. Based on the currently used methods71this study measures the intensity of local government 
environmental regulation by counting the number of environment-related terms in annual government work 
reports. Keywords include terms such as “environment,” “energy consumption,” “pollution,” “emission reduction,” 
“environmental protection,” “pollutant emissions,” “ecology,” “green,” “low carbon,” “air,” “smog,” “carbon 
dioxide,” “sulfur dioxide,” “PM10,” and “PM2.5.” The intensity of government attention is quantified by the 
total number and proportion of these 15 environmental terms mentioned in the reports. Regions with a higher 

7  Old industrial areas refer to specific regions within cities that host a relatively high concentration of industrial enterprises. 
These areas were primarily established during the “Eleventh Five-Year Plan,” “Twelfth Five-Year Plan,” and the “Third Line” 
construction periods. They played a crucial role in the development of China’s independent and comprehensive industrial 
system and made significant contributions to the formation and growth of old industrial cities. Despite their historical 
significance, these areas remain vital for local economic and social development.

Variable (1) (2)

Industrial regional heterogeneity Old industrial Non-old industrial area

DID −0.1022
(0.1064)

−0.0785**
(0.0353)

Control variable Yes Yes

Year FE Yes Yes

City FE Yes Yes

R-squared 0.6544 0.7864

Observations 1141 2590

Table 10.  Heterogeneity test: industrial regional heterogeneity. *, **, and *** indicate significance at the 
significance level of 10%, 5%, and 1% respectively, the values in brackets are standard errors. For brevity, the 
results of the control variables are not reported. The model adopts the clustering standard estimation at the 
prefecture-level city level.

 

Variable (1) (2) (3)

Regional heterogeneity Eastern Central Western

DID −0.0744***
(0.0231)

−0.0432
(0.0351)

−0.0311
(0.0228)

Control variable Yes Yes Yes

Year FE Yes Yes Yes

City FE Yes Yes Yes

R-squared 0.6753 0.6544 0.7642

Observations 1166 1417 1148

Table 9.  Heterogeneity test: regional heterogeneity. *, **, and *** indicate significance at the significance 
level of 10%, 5%, and 1% respectively, the values in brackets are standard errors. For brevity, the results of the 
control variables are not reported. The model adopts the clustering standard estimation at the prefecture-level 
city level.
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proportion of these terms than the median are classified as having strong government attention, while others are 
classified as having weak government attention. Columns (1) and (2) of Table 11 examine the heterogeneity of 
the environmental protection tax’s impact based on government attention. The results show that in regions with 
strong government attention to environmental issues, the environmental protection tax significantly reduces 
carbon emissions. In contrast, in regions with weaker government attention, the carbon reduction effect of the 
environmental protection tax is not significant.

Energy-intensive heterogeneity
Table 12 examines the heterogeneous effects of the Environmental Protection Tax on carbon emissions across 
different energy consumption sectors (energy-intensive industries). Due to the lack of detailed carbon emissions 
and energy consumption data from publicly listed companies in China, this study cannot effectively assess the 
tax’s impact on specific industries (such as the service industry and energy-intensive sectors). To address this, the 
study classifies regions based on energy consumption intensity at the city level (measured as coal consumption 
per unit of GDP) to distinguish between energy-intensive and non-energy-intensive regions. Regions with coal 
consumption per unit of GDP greater than the median are classified as energy-intensive, while those below the 
median are classified as non-energy-intensive. Columns (1) to (2) of Table 12 estimate this heterogeneity. The 
results show that in energy-intensive regions, the Environmental Protection Tax significantly reduces carbon 
emissions. In contrast, the carbon reduction effect is not significant in non-energy-intensive regions. This further 
confirms that the Environmental Protection Tax has a more pronounced impact on emission reductions in high-
energy-consumption, high-pollution areas, effectively encouraging enterprises in energy-intensive regions to 
enhance pollution control and transition to greener practices.

Conclusion and discussion
Conclusion
This paper utilizes panel data from 287 cities spanning the period from 2009 to 2021 to construct a Difference-in-
Differences (DID) empirical framework to evaluate the impact of the Environmental Protection Tax on regional 
carbon emissions. The empirical analysis reveals that the Environmental Protection Tax effectively promotes 
carbon emission reductions and drives the green transformation of regional economies through various 
channels. Specifically, the tax encourages regions to invest in green R&D innovation, improve energy efficiency, 
and optimize industrial structures, resulting in an average reduction of 5.63% in carbon emissions. These 
findings underscore the policy’s significant role in promoting sustainable development and reducing emissions, 
demonstrating notable cross-regional adaptability. However, the study also identifies regional heterogeneity in 

Variable (1) (2)

Energy-intensive heterogeneity Energy-intensive areas Non-energy-intensive areas

DID −0.1433***
(0.0431)

−0.0976
(0.0733)

Control variable Yes Yes

Year FE Yes Yes

City FE Yes Yes

R-squared 0.7665 0.8763

Observations 1529 2202

Table 12.  Heterogeneity test: Energy-intensive heterogeneity. *, **, and *** indicate significance at the 
significance level of 10%, 5%, and 1% respectively, the values in brackets are standard errors. For brevity, the 
results of the control variables are not reported. The model adopts the clustering standard estimation at the 
prefecture-level city level.

 

Variable (1) (2)

Industrial regional heterogeneity Strong government concern Weak government concern

DID −0.1344**
(0.0597)

0.0765
(0.0772)

Control variable Yes Yes

Year FE Yes Yes

City FE Yes Yes

R-squared 0.5622 0.6652

Observations 1492 2239

Table 11.  Heterogeneity test: industrial regional heterogeneity. *, **, and *** indicate significance at the 
significance level of 10%, 5%, and 1% respectively, the values in brackets are standard errors. For brevity, the 
results of the control variables are not reported. The model adopts the clustering standard estimation at the 
prefecture-level city level.
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the effectiveness of the Environmental Protection Tax. The tax has a more pronounced carbon reductioneffect 
in the eastern regions, non-old industrial areas, and regions with stronger government attention, and energy-
intensive areas. In contrast, in the centraland western regions, old industrial bases, and areas with weaker 
government focus, and Non-energy-intensive areas, the tax’s impact on carbon emissions isless substantial. 
Furthermore, the Environmental Protection Tax not only aids in carbon reduction but also has a positive effect 
on urban environmental quality, reducing pollutant emissions, improving air quality, and enhancing residents’ 
subjective well-being. These results highlight the broader social benefits of green development.

Discussion
To effectively address carbon emissions and promote environmental sustainability, several key measures must be 
implemented. First, enforcement of the environmental protection tax should be strengthened the enforcement of 
the environmental protection tax and more reasonable and region-specific tax rates. Currently, some provinces 
apply the minimum tax rate, which limits its potential for reducing emissions. To further incentivize carbon 
reduction, tax rates should be gradually increased, particularly in lower-income regions. Additionally, region- 
and industry-specific pricing structures should be developed to promote coordinated development across 
various sectors. The establishment of an information tax collection system will also enhance regulatory efficiency 
and compliance, ensuring the effective enforcement of environmental tax policies. Second, it is necessary to 
strengthen the collaborative governance system for pollution reduction and carbon mitigation. This includes 
enhancing coordination between the Ministry of Ecology and Environment, the National Development and 
Reform Commission, and energy-related departments. A unified governance platform should be established 
to ensure the simultaneous development and implementation of policies addressing climate change and air 
pollution. It is also important to improve joint emission reduction policies and evaluation mechanisms. This 
would involve setting joint reduction targets for carbon emissions and air pollutants, encouraging coordinated 
reductions in high-emission industries such as electricity, steel, and transportation. Furthermore, local 
governments should be held accountable for their performance, integrating carbon reduction and pollutant 
reduction into their performance assessments. A strict accountability system should be implemented to ensure 
policy enforcement. Optimizing the linkage between carbon markets and pollution control mechanisms is also 
crucial. Expanding the coverage of carbon markets to include additional sectors such as energy, industry, and 
buildings, and setting joint reduction targets, would promote the simultaneous reduction of carbon emissions 
and air pollutants. Strengthening the price signals in the carbon market will incentivize enterprises to reduce 
both carbon emissions and pollutant emissions. Third, technological innovation plays a pivotal role in carbon 
reduction efforts. The government should actively guide enterprises to invest in environmental management 
and technological advancement. Increasing research and development (R&D) efforts, cultivating talent in green 
technologies, and encouraging innovation are essential to driving progress. Financial support, tax incentives, and 
green subsidies should be provided to companies involved in environmental technologies and R&D to reduce 
innovation risks and accelerate the transition to greener technologies. Fourth, optimizing the energy structure is 
crucial for reducing emissions. Efforts should be made to explore and develop renewable energy sources, increase 
the share of clean energy in the overall energy mix, and improve energy efficiency. Environmental protection tax 
policies should be aligned with these objectives by internalizing environmental costs and correcting distorted 
energy price signals. Promoting the use of renewable energies such as wind and solar power, alongside the 
adoption of cleaner coal technologies, will further drive emissions reductions. Finally, strengthening top-level 
design is necessary to optimize the national industrial structure. There should be deliberate efforts to reduce 
over-reliance on the secondary sector, promote the development of the tertiary sector, and decrease overall 
energy consumption. This will help transition to a more sustainable, low-carbon economy. By aligning industrial 
policies with carbon reduction goals, China can foster green growth while achieving carbon decoupling from 
economic expansion.

Although this study provides valuable insights into the impact of the environmental protection tax on 
regional carbon emissions in China, several limitations should be considered. First, the research focuses 
exclusively on the effects of the environmental protection tax within China, and as such, the generalizability of 
its findings to other developing or developed countries remains unexamined. Different nations possess distinct 
political, economic, and industrial contexts, which could result in varying outcomes from similar environmental 
tax policies. Future research could extend this analysis to other countries, offering a comparative perspective 
on the effectiveness of environmental protection taxes in diverse settings. Second, while the study primarily 
examines the impact of the environmental protection tax on regional carbon emissions, it does not fully explore 
the underlying mechanisms through which the tax influences emissions at the micro-enterprise level. While 
the regional effects of the tax are clear, the micro-level mechanisms, especially for small and medium-sized 
enterprises (SMEs), remain underexplored. Data limitations, such as challenges in obtaining carbon emission 
data for publicly listed companies and the lack of data for smaller enterprises beyond 2016, hinder a more 
in-depth analysis of these mechanisms. Future studies should investigate how the environmental protection 
tax affects emission reductions within micro-enterprises and SMEs, focusing on factors such as technological 
innovation, production processes, and resource allocation. This would provide more granular insights into how 
environmental taxation can stimulate carbon reductions across businesses of different scales. Lastly, urban carbon 
emissions and environmental protection policies may exhibit spatial spillover effects, particularly concerning the 
issue of pollution industry relocation. This study solely considers the impact of the environmental protection tax 
on local carbon emissions, without accounting for the spatial spillover effects induced by the potential relocation 
of polluting industries. Future research could address this by incorporating spatial Difference-in-Differences 
(DID) or spatial Durbin models to examine the policy linkages and carbon emission effects in neighboring cities. 
In summary, while this study significantly contributes to understanding the role of the environmental protection 
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tax in reducing carbon emissions, addressing these limitations in future research could help refine emission 
reduction strategies and expand their applicability across different countries and business sectors.

Data availability
Data will be made available on request. The data that support the findings of this study are openly available in 
https://www.epsnet.com.cn/index.html#/Index.
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