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Abstract

:

The air pollution control in China has gradually transitioned from single pollutant control to multi-pollutant collaborative governance. Among the relevant factors, the control of ozone (O3) pollution has received widespread attention. Among the numerous air pollution regulations, environmental protection tax (EPT) is highly valued, as it can effectively control the emissions of O3 precursors. The objective of this study is to investigate whether the implementation of an EPT can reduce urban O3 pollution in China. Based on this, we used the difference-in-differences (DID) method, combined with the panel data from 221 cities in China from 2015 to 2020, to conduct an empirical analysis of the impacts of EPT reform policy on O3 pollution. The econometrics results indicate that the EPT reform policy can effectively inhibit urban near-surface O3 pollution by approximately 2.1%, and this result was confirmed to be accurate by multiple robustness tests. Additionally, significant spatial heterogeneities of this control effect are captured in this paper. Due to urban development levels and geographical factors, the better pollution reduction effects were national-model environmental protection, and efforts based on inland cities and high-level financial cities. Furthermore, three potential mechanisms, including cutting energy consumption, industrial structure optimization, and technological advance, were verified as being relevant to the impact path of EPT reform policy as to O3 pollution. This paper can provide empirical evidence for O3 pollution control in China, and also contribute to the further improvement of environmental protection policies.
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1. Introduction


Since the reform and opening up, economic growth has appeared to be an accelerating trend in China. However, serious challenges to environmental carrying-capacity, especially air pollution problems, exist behind the extensive economic development model [1,2]. Due to this issue, the Chinese government adopted a series of environmental protection policies aiming to reduce air pollution exposure at the national and local scales [3]. By 2022, the city-level average PM2.5 (fine particles) concentration in China reached 29 μg/m, with a year-on-year decrease of 3.3%, which was lower than the national secondary standard (35 μg/m) for three consecutive years. However, surface O3 pollution has increased recently [4]. Long-term exposure to high levels of ozone (O3) pollution poses serious threats to the health of residents, crop production, and vegetation growth [5,6]. Therefore, effectively reducing urban O3 pollution has become the key point for the government in seeking to improve the atmospheric environment in China.



Among all anti-pollution economic policies, the environmental protection tax (EPT), as a market-based environmental regulation, is one of the most effective methods for emission reduction and air pollution control [7]. Using panel data from 15 countries along the Belt and Road, Fang et al. [8] found that EPT is beneficial for renewable energy consumption. Then, based on data from 29 Organization for Economic Co-operation and Development (OCED) countries, Rafique et al. [9] found that EPT contributes to economic and environmental sustainability in OCED countries experiencing ecological footprint issues. Meanwhile, different types of environmental taxes will generate different environmental benefits. Fuel-tax reform and green taxes are proven to curb harmful road transport air pollutants and reduce negative environmental externalities, respectively [10,11], eventually realizing green dividends [12].



The EPT system carried out in China was relatively late in coming. It was not until 2018 that the EPT policy was formally implemented, with the promulgation of the EPT Law of the People’s Republic of China. Notably, the EPT standards for gas pollutants have become stricter, especially for sulphur dioxide (SO2) and nitrogen oxides (NOX), which are important precursors for O3 generation. Compared with other taxes, the standards are highly professional, representing an optimization and transformation of environmental regulation policies in China, although the EPT has only been levied for a short time [13]. Notably, although the EPT is a fiscal policy tool, its main purpose is to make pollutant dischargers bear the negative external costs of necessary pollution discharge and treatment through the tax levy capacity of the EPT rather than to obtain fiscal revenue. Meanwhile, by the regulating role of green tax levers, the government can promote regional enterprises, encouraging them to carry out energy conservation and emission reduction, increase pollution control efforts, accelerate green transformation and upgrading, and eventually promote ecological civilization construction in China [14]. Currently, some studies indicate that the implementation of EPT can bring significant emission reduction effects in China. Using data from fossil fuel power plants in 30 provinces in China, Li et al. [15] found that EPT policies reduce pollutant emissions from power plants and that there is an inverted U-shaped relationship between emission reduction effects and tax rates. Subsequently, Gao et al. [16] used panel data from 107 cities to examine the impacts of EPT on the synergistic effects of pollution emission reduction and carbon emission reduction in China, showing that EPT may enhance the synergy between pollution emission reduction and carbon emission reduction. In addition, at a micro level, Lu [17] empirically analyzed the impacts of EPT on the illegal emission behavior of heavily polluting enterprises, based on datasets from Chinese listed companies, suggesting that EPT can significantly reduce the day–night differences in PM2.5 concentrations around the nearest monitoring site to the company and effectively inhibit the illegal emissions of enterprises.



Many socio-economic factors are recognized as key determinants of air pollution [18]. In an investigation of the factors influencing air pollution, Zhao et al. [19] found through empirical analysis that education expenditure is conducive to lowering PM2.5 concentrations, Dong et al. [20] found that green technology innovation is conducive to lowering the AQI index, and Levinson [21] found that international trade is also an important factor influencing air pollution.



However, previous studies have mainly focused on the effects of EPT on PM2.5 concentrations, SO2 concentrations, and carbon emissions [16,22,23,24]. There is no research investigating the quantitative impacts and potential mechanisms of the EPT reform on O3 pollution. In addition, previous studies usually select pollution fees and quasi-environmental protection taxes as economic indicators to analyze the environmental dividends of the EPT in China, but this is inaccurate, and it has certain measurement biases caused by possible endogeneity problems. To avoid this uncertainty, we use the EPT reform as a quasi-natural experiment to explore the policy effect of the EPT.



The purpose of this study is to explore the impact and underlying mechanisms of the EPT reform on O3 pollution in China by econometric methods. Based on this, we employ the EPT reform as a quasi-natural experiment and apply the DID model to evaluate its impacts on O3 pollution at the city level in China from 2015 to 2020. Thus, the research on the effects of EPT emission reductions is expanded. Then, we discuss the mechanism paths of reduced energy consumption, industrial structure optimization, and technological advances in regional O3 pollution reduction; thereby, the understanding of the emission reduction pathway of EPT is deeply enriched. In addition, the heterogeneities of the effects of the EPT reform on O3 pollution were captured with positioning scales, region-specific analyses, and with attention to urban intrinsic characteristics; empirical evidence is provided to support the implementation of differentiated environmental regulatory policies in diverse localities. This study will enrich the relevant air pollution research and help to provide a realistic reference for O3 pollution control. Furthermore, we have combined the analyses of O3 pollution and EPT reform for the first time, which has groundbreaking significance for the future evaluation of environmental policies in China.



The layout of the article is structured as follows: Section 1. Introduction; Section 2. Data and Methods; Section 3. Results; Section 4. Impact Mechanism Analysis; and Section 5. Conclusions and Policy Recommendations.




2. Data and Methods


2.1. Study Area


Figure 1 shows the spatial distribution of the changes in SO2- and NOX-EPT standards across China. (The software used to create the maps was ArcMap10.8, and the data for the maps came from the data center of the Institute of Geography, Chinese Academy of Sciences). Overall, 13 provinces have seen increases in the strictness of SO2- and NOX-EPT standards, among 31 provincial-level administrative regions in mainland China; the administrative regions are concentrated in the eastern and central regions. The increases in the stringency of the standards for the two air pollutants in other provinces are generally consistent, except for Tianjin, with an increase in regulated levels of SO2 (NOX) of 3.70 (1.50) Yuan/pollution equivalent. Among all regions in which SO2- and NOX-EPT standards improved, the maximum improvement value was captured in Nanjing, with an increase of 4.80 Yuan/pollution equivalent. Approximately 43.1% of regions have increased their EPT-regulated standards for air pollutants by more than 2.00 Yuan/pollution equivalent, indicating the determination of the Chinese government with respect to environmental governance.




2.2. Data Employed


2.2.1. Ground-Level O3


To explore the effect of the EPT reform on O3 pollution, we used panel data of 221 cities in China from 2015 to 2020 as samples in our empirical model. These panel data trim all continuous variables by dropping observations outside the range of the 1st to the 99th percentile to reduce the effects of uncertainty of heteroscedasticity upon the results. Table 1 shows the descriptive statistics for the explained, explanatory, control, and mechanism variables used here. Among them, the ground level maximum eight-hour O3 concentration (  M D A 8    O 3   ) was selected as the explained variable, which was collected from the China High Air Pollutants (CHAP) dataset (https://weijing-rs.github.io/product.html, accessed on 5 June 2024) [25]. Based on surface measurements and satellite remote sensing records, the   M D A 8    O 3    concentration was calculated by the ensemble learning method called extremely randomized trees (extra-trees, or ERT), at spatiotemporal resolutions of 10 km and 1 day. The annual mean   M D A 8    O 3    concentration was 94.921 μg/m3, and the maximum value reached 123.850 μg/m3, indicating that O3 pollution was relatively severe in China during our study period. In addition, to eliminate the heteroscedasticity caused by different data units, we took logarithmic measurements of   M D A 8    O 3    concentration (  ln  O 3   ).




2.2.2. Environmental Protection Tax


To accurately identify the potential impacts of EPT reform on O3 pollution, a dummy variable (  E P T R  ) was established in our econometric model. If the standard of EPT reform was improved in a certain city in 2018 and in subsequent years, the values of this variable are 1, and 0 is used in other cases. Table 1 also shows the descriptive statistics of the   E P T R  . The mean value was 0.260, which met the construction requirements of DID model-building.




2.2.3. Other Control Data


According to the environmental Kuznets curve, there is an inverted “U” relationship between economic development and environmental pollution [26]. For this item, we selected the GDP per capita (  P G D P  ) and its square term (  P G D P 2  ), which could reveal the overall level of the regional economy. Moreover, population density (  P o p  ) is often considered an influencing factor in environmental pollution [27]. High population density usually means a higher degree of industrialization and urbanization, resulting in higher levels of polluting emissions [28]. Meanwhile, local residents will tend to be more concerned about changes in local environmental conditions and are more willing to improve environmental quality. Accordingly, we measure population density by using the ratio of the total population to the land area of the administrative region at the end of the year [29]. The level of openness to the outside world and to the development of science and technology both can reflect the potential for pollution control at the local scale [30,31]. Here, we selected the proportion of foreign direct investment in GDP and the ratio of science and technology expenditure to local fiscal general budget expenditure to measure the openness level (  O p e n  ) and regional technology level (  T e c  ), respectively. All of the socioeconomic index data are collected from the China City Statistical Yearbook. Furthermore, natural factors could affect the relationships among the policy effects on air pollution [32]. To control these effects, we added the annual average precipitation (  T p  ), as a control variable, to the DID model. The   T p   data were sourced from the ERA5 dataset available in the European Centre for Medium-Range Weather Forecasts (ECMWF), which has been confirmed to be accurate for model building [33]. In a treatment similar to that used for the O3 concentration, all dimensional variables were logarithmically calculated to eliminate erroneous estimates caused by heteroscedasticity.




2.2.4. Mechanism Variables


Energy consumption, technological progress, and industrial structure were important channels through which EPT reforms affected O3 concentration. From the perspective of energy consumption, the taxation standards for pollutants such as SO2 and NOX were raised by the EPT reform, the costs of using coal and other energy sources were indirectly increased, and enterprises were prompted to vigorously develop cleaner new energy sources [31]. SO2 and NOX emissions would be reduced by this shift, which, in turn, would lead to a reduction in O3 pollution. Based on this, energy consumption (  E c  ) was measured in this study by industrial electricity consumption (switched to standard coal, the same as below) [30]. From the perspective of industrial structure, the production methods of heavily polluting enterprises became unsustainable, as affected by the EPT reform, leading to their forced withdrawal from the market; thus, the industrial structure was optimized [34]. In addition, optimizing the industrial structure, that is, reducing the proportion of secondary industry in the GDP while increasing the proportion of tertiary industry in the GDP, directly reduces O3 pollution. The reason is that the higher the proportion of secondary industry in GDP is, the more serious the air pollution is [35]. Based on this, industrial structure (  I s o  ) was measured in this study by the ratio of the output value of secondary industry to the output value of tertiary industry [36]. From the perspective of technological progress, the production and operation costs of enterprises were increased by the EPT reform, and enterprises were prompted to strengthen technological innovation, achieve a sustainable development based on making up for cost losses [37], and then reduce O3 pollution. The technological progress aspect was divided into two parts in this study. The first part was innovation input (  I n n v  ), which was measured by the ratio of research and development (R&D) internal expenditure to the number of R&D personnel [38]. The second part was innovation output, which is expressed in terms of green technological innovation (  G p p  ) and energy efficiency (  E e  ). Green patent ownership per capita (considering the lag in patent acquisition, the lag was processed together on the return) [39] and the ratio of GDP to energy consumption were measured [30]. In addition to the green patent data from the Chinese Research Data Services Platform, all the socioeconomic index data are collected from the China City Statistical Yearbook. In a treatment similar to that used for the O3 concentration, all dimensional variables were logarithmically calculated to eliminate erroneous estimates caused by heteroscedasticity.





2.3. Methods Employed


2.3.1. Econometric Model


The main purpose of this paper is to explore the impacts of the EPT reform on O3 pollution. The flowchart of this paper’s methodology is reported as Figure 2. A DID model was established based on the practice of Liu et al. [40], with the EPT reform implementation considered a quasi-natural experiment in order to quantitatively identify its effectiveness on O3 pollution. The DID model is set as follows:


  ln  O  3   i , t   =  α 0  +  α 1  E P T R  P  i , t   +  α 2   X  i , t   +  λ i  +  ν t  +  ε  i , t    



(1)






  E P T R  P  i , t   = T i m  e t  × T r e a  t i   



(2)




where  i  and  t  represent regions and time, respectively.    ln  O  3   i , t     represents the logarithmic value of the near-surface   M D A 8    O 3    concentration.   E P T R  P  i , t     is the policy item, indicating EPT implementation, which was calculated according to Formula (2). Among them,   T r e a  t i    is an individual dummy variable; if the city value belongs to a city with an EPT reform and the pollution standard was raised, it takes the value of 1; otherwise, it is 0.   T i m  e t    is a time dummy variable which takes the value of 1 in 2018 and beyond, and 0 otherwise.    α 1    is the average change in O3 concentrations in cities that raised discharge standards relative to other cities during the implementation of the policy.    X  i , t     represents a set of control variable vectors, including   ln P G D P  ,   ln P G D P 2  ,   ln P o p  ,   O p e n  ,   T e c   and   ln T p  .    λ i    is the city-fixed effect to control all the influencing factors that do not change with the city, e.g., climate, geographical features, and natural endowments.    ν t    is a year-fixed effect to control all influencing factors that do not change with the individual over time, e.g., macroeconomic shocks, and fiscal and monetary policies and economic cycles.    ε  i , t     is the random perturbation term.




2.3.2. Parallel Trend


The parallel-trend test can identify the reasonableness and reliability of our DID model, and thus can test the consistency of O3 concentration in the treatment and control groups before the implementation of the EPT reform policy. Here, we conducted parallel-trend tests according to Li et al. [41], as follows:


  ln  O  3   i , t   =  β 0  +   ∑  t = 2015   2020     β j    t r e a t ×  ν t  +  X  i , t   +  λ i  +  ν t  +  ε  i , t    



(3)







Among all years, 2017 is the base year of our study.    β j    represents the estimated coefficient of the variables from 2015 to 2020, and other variables are set the same as in Model (1).    β j    is the core coefficient of interest for the parallel-trend test, as it can reflect the difference in O3 pollution between the experimental and control groups in year  t . If the results of our DID model are reliable,    β j    will be insignificant before the EPT reform implementation.




2.3.3. Mechanism Analysis Model


To investigate the mechanisms by which the EPT reform can effectively mitigate O3 pollution, based on Model (1) in this paper, Model (3) was constructed by replacing the explained variables:


  M  V  i , t   =  α 0  +  α 1  E P T R  P  i , t   +  α 2   X  i , t   +  λ i  +  ν t  +  ε  i , t    



(4)







Among them, mechanism variables (  M V  ) represent energy consumption (  ln E c  ), industrial structure (  I s o  ), innovation input (  ln I n n v  ), green technological innovation (  ln G p p  ) and energy efficiency (  ln E e  ). The remaining variables and their explanations were consistent with those in Model (1). If    α 1    is significant and meets expectations, then it is a reasonable channel of influence.




2.3.4. Placebo Test


Specifically, the policy randomly disturbed the sample cities, while the number of treatment and control groups equal to the benchmark regression was selected. To represent the real state of affairs, the cities in the treatment groups implement EPT reforms, and the cities in the control groups do not. Furthermore, the benchmark regression is performed according to Equation (1) and repeated 500 times. Here, we calculated the kernel density values of 500 estimated coefficients.






3. Results and Discussion


3.1. The Effect of the EPT Reform on O3


Table 2 shows the results of our DID model. Among them, columns (1) to (3) are listed as the regression results, with the gradual addition of control variables. Overall, the coefficient of   E P T R P   is significantly negative with or without control variables (p < 0.1). In particular, the coefficient of the policy shock variable (  E P T R P  ) in column (3) is −0.021 (p < 0.1), indicating that the O3 concentration can be decreased by 2.1% with the reformation of the EPT policy.



For the control variables, the coefficients of   ln P G D P   and   ln P G D P 2   are 1.530 (p < 0.05) and −0.070 (p < 0.05), respectively. This proves that the inverted “U” shape of the environmental Kuznets curve indicates that economic development and environmental pollution are not simply linear relationships in China. The coefficient of   T e c   is significantly positive, suggesting that the improvement of the technological level will increase the emission of pollution. Here, the level of technology does not refer to green technology and therefore does not necessarily inhibit polluting emissions, especially for some precursors. In addition, the improvement of the technology level may prompt enterprises to expand their scales of production, resulting in aggravated pollution emissions [42]. The coefficient of   ln T p   is significantly negative, indicating that an increase in precipitation will have a certain wet removal effect on air pollutants. Notably, the regression results of the remaining control variables (  O p e n   and   ln P o p  ) are not the determinants of O3 concentration, which shows that it is necessary to further optimize the urban industrial structure, give full play to the emission reduction effect of population agglomeration, and introduce advanced pollution control concepts and equipment to reduce O3 pollution.




3.2. Parallel-Trend Test


Figure 3 shows the results of the parallel-trend test. Before the implementation of the policy, there were no significant differences as to change in O3 concentration between cities with and without raised discharge standards, which satisfies the parallel-trend hypothesis. In addition, a significant decline was captured in the second year (2020) after the implementation of the EPT reform, indicating that there is a lag period in the impact of the EPT reform on O3 pollution. As an important source of precursor emissions, enterprise production often optimizes and updates its own equipment to reduce pollution emissions. However, the improvement of enterprise equipment may take a long time, resulting in a lag in the impacts of EPT reform on O3 pollution [43].




3.3. Robustness Tests


3.3.1. Placebo Test


We performed robustness tests to ensure the accuracy of our benchmark regression. First, to further determine whether the results of this study are influenced by random factors at the city or year level, we performed a placebo test according to the method of Li et al. [41]. Figure 4 shows the mean of the regression estimate coefficients after 500 random assignments. The mean of the estimated coefficients of all values is concentrated around the 0 value, indicating that the virtual policy shock does not affect O3 pollution. Moreover, the p values (red, solid circles) of 500 estimated coefficients are shown in Figure 4. Most of the p values are above 0.1, suggesting that most of the 500 regression results are not significant. In addition, the true regression coefficient (−0.021, i.e., the red vertical line) is a significant outlier, proving the robustness of our benchmark regression results.




3.3.2. Exclude Municipality Data


Considering that the administrative levels, as well as the economic, political, and cultural levels, of municipalities are all higher than those of ordinary prefecture-level cities [36], this possibly leads to significant uncertainty in benchmark regression results. Therefore, we exclude the sample of four municipalities and perform a benchmark regression according to Equation (1) to eliminate the errors caused by extreme values [44]. Column (1) of Table 3 shows the regression results. The regression coefficient is −0.023 (p < 0.1), indicating that the EPT reform will significantly reduce O3 pollution, which is consistent with the results of our benchmark regression. This phenomenon confirms the robustness of our DID model.




3.3.3. Exclude Other Policy Implications


During our study period, other environmental policies were successively promulgated in China, which could cause uncertainties in the evaluation of the impacts of the EPT reform on O3 pollution. To accurately evaluate the effectiveness of the EPT reform, referring to the method of Li et al. [41], we excluded other policy implications affecting our DID model. Because the Three-Year Action Plan for Winning the Blue Sky Defence War was implemented at the same time as the EPT reform (in 2018), this policy acted to reduce contemporaneous O3 pollution and its precursors (NOX, etc.) [45,46]; therefore, we excluded the samples from the key regional cities set out in the Three-Year Action Plan for Winning the Blue Sky Defence War, as issued by the State Council. In addition, the samples of the third batch of low-carbon pilot cities (set in 2017) are excluded here. Then, we performed regression according to Model (1), and column (2) of Table 3 shows the results of the DID model. The benchmark regression results are still significantly negative, with a regression coefficient of −0.028 (p < 0.05), indicating that the results of our benchmark regression are not disturbed by the implementation of other environmental policies.




3.3.4. Prior Policy Implementation Times


In the time before the EPT reform, the environmental tax law was first issued in 2016, and may have had a foreseeable effect on the relationships between O3 pollution and the EPT. Thus, to eliminate concerns about the time in which the policy was implemented, we set the policy implementation time of EPT reform to 2016 for robustness testing here. Column (3) of Table 3 shows the results of the virtual implementation time of the EPT reform. Obviously, the regression coefficient is not significant for this DID model, suggesting that the expected effects of the EPT law can be excluded, and this can also verify that our benchmark regression results are robust.





3.4. Heterogeneity Analysis


3.4.1. Impacts of EPT Reform by Means of Environmental Regulations


Through the benchmark regression model, we have found that EPT reform can significantly reduce O3 pollution. However, due to the differences in urban geographical and internal characteristics at the city scale, there may be differences in the responsiveness of O3 pollution levels to EPT reforms. Based on this, we investigated the heterogeneity between National Environmental Protection Model (EPM) cities and non-EPM cities, coastal and inland cities, and fiscally high- and low-level cities. Figure 5a depicts the spatial distribution of EPM cities and non-EPM cities. These cities were proposed by the Ministry of Environmental Protection of China in accordance with the Ninth Five-Year Plan for National Environmental Protection and the Long-term Objectives for 2010; they have played active, exemplary roles in promoting the construction of ecological civilization and are excellent representatives of sustainable-development cities. EPM cities account for approximately 26.3% of all sample elements, and are mainly distributed in the eastern and central regions of China. Columns (1) and (2) of Table 4 show the regression results of the heterogeneity analysis. The EPT reform policy mainly has the expected policy effect in non-EPM cities, with a regression coefficient of −0.025 (p < 0.1). The reason is that the EPM cities have done relatively well in matters of air pollution control, and the EPT reform did not play its expected role.




3.4.2. Impacts of EPT Reform by Region


Figure 5b shows the spatial distribution of coastal and inland cities, which account for approximately 39.8% and 60.2% of cities, respectively; the coastal cities are concentrated in eastern and southeastern China. Then, we performed regression according to Model (1); the regression results are shown in columns (3) and (4) of Table 4. Obviously, the EPT reform mainly plays a role in controlling O3 pollution in inland cities, with a regression coefficient of −0.050 (p < 0.01), while it is not significant in coastal cities (p > 0.1). Inland cities are heavily polluted and more sensitive to environmental policies. Meanwhile, due to the influence of their own geographical environment, natural factors, e.g., sea breezes, in coastal cities may also reduce O3 pollution.




3.4.3. Impacts of EPT Reform by Financial Level


In accord with the method of Yin et al. [47], we used the ratio of local fiscal general budget expenditure to regional GDP to measure the regional fiscal level. The sample was divided into two equal parts (high-level and low-level fiscal) according to the 2015 financial levels. Note that the base period was set before the implementation of the policy, which is beneficial for mitigating the interference of the policy with the sample group and reducing endogenous interference. Columns (5) and (6) of Table 4 show the heterogeneity regression results. In general, regions with higher regional financial levels usually have more financial strength, allowing them to carry out energy-saving and emission reduction activities, and more investment is made in introducing advanced green technologies and equipment. Therefore, the impact of EPT reform on O3 pollution in cities with high-level fiscal arrangements is significantly negative, with a regression coefficient of −0.044 (p < 0.05), while the impact on cities with low-level fiscal arrangements is not significant (p > 0.1).






4. Impact Mechanism Analysis


The implementation of environmental regulations can increase the production and operation costs of enterprises; if the profits obtained by enterprises are less than the costs of production losses, then enterprises will choose to reduce production to meet the standards of environmental regulations, resulting in a decrease in energy consumption, such as electricity consumption [48]. The reduction of energy consumption favors the reduction of O3 pollution. In addition, with the introduction of environmental protection and energy conservation enterprises, a ‘crowding out effect’ on pollution-intensive industries was magnified at the regional scale. In these cases, commercial banks would reduce loans to heavily polluting enterprises, resulting in the enhancement of the financing costs of heavily polluting enterprises. Eventually, the producing enterprises would be withdrawn from the market, the proportion of secondary and tertiary industries would be reduced, and the urban industrial structure would be optimized [49]. Furthermore, at the market-mechanism level, the EPT reform policy can increase the enterprise’s green patent output by increasing the R&D investment, and then improve the enterprise’s innovation ability [16], and this improvement of innovation ability will increase the total factor productivity of enterprises so that less resource input produces more output, reducing the pollution emissions per unit output of enterprises [50,51]. Based on the above theoretical aspects, as combined with the mediating-effect model, we explored the impact mechanisms of EPT reform on O3 as to the levels of energy consumption reduction, industrial structure optimization, and scale of technological progress.



Table 5 shows the regression results of the impact mechanism analysis of EPT reform relative to O3. At the energy consumption reduction level, column (1) in Table 5 reveals that the regression coefficient of   ln E c   is significantly negative, with a value of −0.030 (p < 0.1), indicating that environmental tax reform can curb O3 pollution by reducing industrial electricity. Because industrial electricity consumption is highly correlated with the level of total energy consumption [30], the EPT reform would reduce energy consumption, which is beneficial for reducing O3 pollution.



Column (2) in Table 5 shows the impact mechanism of industrial structure optimization. Obviously, EPT reform can significantly promote the transformation and upgrading of industrial structure, and the regression coefficient of the policy shock variable to   I s o   was −0.070 (p < 0.05). This means that the path of optimizing industrial structure through EPT reform to reduce urban O3 pollution is effective [32].



For technological progress, we further conducted the mechanism analysis from both the input and output perspectives. Column (3) in Table 5 shows that the implementation of the EPT reform can significantly promote innovation investment, with the regression coefficient of the policy shock variable to   ln I n n v   being 0.256 (p < 0.05). Among all variables, upgrading production processes and introducing advanced processing equipment are important means used to control O3 pollution [40]. For output perspectives, columns (4) and (5) of Table 5 suggest that increasing innovative output is a way to reduce O3 pollution through EPT reform, with regression coefficients of   ln G p p   and   ln E e   being 0.111 (p < 0.05) and 0.032 (p < 0.1), respectively.




5. Conclusions and Policy Recommendations


Currently, the Chinese government has attached great importance to environmental pollution issues, especially O3 pollution, and many environmental regulatory measures have been gradually applied for the purpose of O3 pollution control. Overall, the contributions of the EPT reform policy cannot be ignored. In this context, we used the difference-in-differences method to empirically analyze the impacts of the implementation of the EPT reform policy on O3 pollution control. The empirical analysis results indicate that the EPT reform policy can effectively reduce regional O3 pollution by approximately 2.1%, which is accurate and reliable, after many robustness tests. Furthermore, the potential impact mechanism has been explored. Energy consumption, industrial structure optimization, and technological progress are confirmed as the essential paths for O3 pollution control. However, due to the differences in urban geographical characteristics and economic development, there is significant spatial heterogeneity in the effectiveness of the EPT reform policy in O3 pollution control. More effective effects were captured in national environmental protection model cities, inland cities, and fiscally high-level cities.



The limitations of the research in this paper include the following: First, there is no further delving into the spatial effects of EPT policies on O3 impacts, because of the specific spatial spillover effects of O3 pollution. Second, there is no further delving into the enterprise level to specifically study the ways in which EPT reduces O3 pollution. Third, there is no further delving into enterprise-level analysis to specifically investigate the ways in which EPT reduces O3 pollution.



To further leverage the control effects of the EPT reform policy as to O3 pollution, we draw some policy recommendations. First, support and accelerate the transformation and upgrading of the regional industrial structure. During the implementation of the EPT, local governments should take the initiative to support relevant measures that are beneficial to the adjustment of the industrial structure. While introducing high-precision and cutting-edge technology enterprises, resource-intensive enterprises should be actively guided to transform into capital-intensive enterprises.



Second, urban innovation capabilities should be strengthened. For EPT reform, it is necessary to optimize the market business environment, increase environmental protection investment-related incentives, and help enterprises improve their innovation capabilities. In addition, the local government needs to ease the financing constraints of enterprises and solve the problems of difficult and expensive financing for small and medium-sized enterprises.



Third, the transfer of pollution from enterprises should be prevented and controlled. To avoid the costs of environmental regulation, governments should strengthen cooperation in environmental regulation and jointly address regional O3 pollution issues to prevent companies from choosing to transfer pollution. Additionally, collaborative management of multiple pollutants, especially PM2.5 and O3, ultimately achieves comprehensive improvements in air quality in China.



Finally, control measures for O3 need to be strengthened to effectively improve air quality. This paper found that the implementation of EPT led to a significant reduction in urban O3 concentrations. Therefore, local governments need to gradually raise the pollutant levy standards and form effective constraints on the pollutant emission behavior of enterprises in order to strengthen the control of O3 and improve the overall air environment.
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Figure 1. The spatial distribution of the changes in the collection standards of EPT for SO2 and NOX in China. 
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Figure 2. The flowchart of this study. 
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Figure 3. The results of the parallel-trend test. 
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Figure 4. The results of the placebo test. 
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Figure 5. The spatial distribution of sample heterogeneity: (a–c) show the differences in the environmental protection model (EPM), spatial location, and financial level, respectively. 
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Table 1. The descriptive statistics for all variables.
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	Variable
	Unit
	N
	Mean
	SD
	Min
	Max





	Explained variable
	MDA8 O3
	μg/m3
	1326
	94.921
	14.520
	58.807
	123.850



	Explanatory variable
	EPTRP
	-
	1326
	0.260
	0.439
	0
	1



	Control variables
	PGDP
	CNY/people
	1326
	51,671.831
	27,535.759
	17,990.426
	141,390.469



	
	Pop
	people/km2
	1326
	512.859
	350.962
	34.146
	2278.418



	
	Open
	-
	1326
	1.675
	1.610
	0.016
	6.846



	
	Tec
	-
	1326
	0.020
	0.0180
	0.001
	0.097



	
	Tp
	m
	1326
	0.003
	0.002
	0.000
	0.007



	Mechanism variables
	Ec
	10,000 tce
	657
	180.866
	202.998
	3.828
	1508.929



	
	Iso
	-
	1326
	1.011
	0.387
	0.187
	2.839



	
	Innv
	-
	519
	28.506
	22.435
	0.002
	402.392



	
	Gpp
	N/10,000 people
	1325
	1.184
	2.144
	0.002
	24.411



	
	Ee
	CNY/tce
	657
	234,379.621
	170,065.096
	17,652.271
	1,771,004.250










 





Table 2. Regression results of the DID model.
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(1)

	
(2)

	
(3)




	

	
lnO3

	
lnO3

	
lnO3






	
EPTRP

	
−0.020 *

	
−0.019 *

	
−0.021 *




	

	
(−1.72)

	
(−1.67)

	
(−1.80)




	
lnPGDP

	
1.468 **

	
1.567 **

	
1.530 **




	

	
(2.06)

	
(2.18)

	
(2.16)




	
lnPGDP2

	
−0.066 **

	
−0.071 **

	
−0.070 **




	

	
(−1.99)

	
(−2.12)

	
(−2.11)




	
lnPop

	
0.143

	
0.098

	
0.064




	

	
(1.06)

	
(0.73)

	
(0.50)




	
Open

	

	
−0.003

	
−0.003




	

	

	
(−0.56)

	
(−0.56)




	
Tec

	

	
0.771 **

	
0.780 **




	

	

	
(2.18)

	
(2.20)




	
lnTp

	

	

	
−0.056 ***




	

	

	

	
(−3.95)




	
_cons

	
−4.436

	
−4.671

	
−4.560




	

	
(−1.18)

	
(−1.23)

	
(−1.23)




	
City FE

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes




	
N

	
1326

	
1326

	
1326




	
R2

	
0.767

	
0.768

	
0.770








Note: T value is shown in brackets. *, **, *** represent 10%, 5%, and 1% significance levels.













 





Table 3. The regression results of robustness test.
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(1)

	
(2)

	
(3)




	

	
lnO3

	
lnO3

	
lnO3






	
EPTRP

	
−0.023 *

	
−0.028 **

	
−0.036




	

	
(−1.95)

	
(−2.35)

	
(−0.87)




	
lnPGDP

	
1.136

	
−0.155

	
1.541




	

	
(1.57)

	
(−0.20)

	
(1.61)




	
lnPGDP2

	
−0.051

	
0.008

	
−0.070




	

	
(−1.51)

	
(0.23)

	
(−1.59)




	
lnPop

	
0.064

	
0.240 *

	
0.068




	

	
(0.51)

	
(1.72)

	
(0.50)




	
Open

	
−0.000

	
0.003

	
−0.004




	

	
(−0.09)

	
(0.47)

	
(−0.67)




	
Tec

	
0.781 **

	
0.515 *

	
0.732 **




	

	
(2.21)

	
(1.82)

	
(2.33)




	
lnTp

	
−0.056 ***

	
−0.077 ***

	
−0.054 **




	

	
(−3.95)

	
(−4.73)

	
(−2.76)




	
_cons

	
−2.507

	
3.363

	
−4.657




	

	
(−0.66)

	
(0.80)

	
(−0.96)




	
City FE

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes




	
N

	
1302

	
894

	
1326




	
R2

	
0.768

	
0.786

	
0.771








Note: T value is shown in brackets. *, **, *** represent 10%, 5%, and 1% significance levels.













 





Table 4. The results of heterogeneity analysis.
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(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	

	
EPM

City

	
Non-EPM

City

	
Inland

	
Coastal

	
High-Level

Fiscal

	
Low-Level

Fiscal






	
EPTRP

	
−0.002

	
−0.025 *

	
−0.050 ***

	
0.027

	
−0.044 ***

	
0.002




	

	
(−0.11)

	
(−1.87)

	
(−3.44)

	
(1.52)

	
(−2.77)

	
(0.11)




	
lnpgdp

	
1.823

	
1.462

	
2.558 ***

	
−0.870

	
1.219

	
1.914 *




	

	
(1.36)

	
(1.47)

	
(2.89)

	
(−0.89)

	
(1.17)

	
(1.77)




	
lngdp2

	
−0.082

	
−0.067

	
−0.118 ***

	
0.039

	
−0.054

	
−0.087 *




	

	
(−1.36)

	
(−1.42)

	
(−2.83)

	
(0.85)

	
(−1.10)

	
(−1.77)




	
lndensity

	
0.232

	
0.072

	
0.035

	
0.161

	
0.339 **

	
−0.088




	

	
(1.40)

	
(0.37)

	
(0.17)

	
(1.03)

	
(2.17)

	
(−0.56)




	
open

	
−0.004

	
−0.004

	
−0.002

	
−0.007

	
−0.007

	
0.001




	

	
(−0.48)

	
(−0.58)

	
(−0.31)

	
(−0.79)

	
(−0.93)

	
(0.08)




	
tec

	
0.477

	
1.015 **

	
0.831 *

	
0.954 *

	
0.684 *

	
0.784




	

	
(0.93)

	
(2.10)

	
(1.73)

	
(1.71)

	
(1.77)

	
(1.39)




	
lnsp

	
−0.037

	
−0.059 ***

	
−0.068 ***

	
−0.031

	
−0.045 *

	
−0.057 ***




	

	
(−1.32)

	
(−3.55)

	
(−3.42)

	
(−1.40)

	
(−1.97)

	
(−3.09)




	
_cons

	
−7.304

	
−4.241

	
−9.892 **

	
8.242

	
−4.472

	
−5.673




	

	
(−0.97)

	
(−0.80)

	
(−2.16)

	
(1.58)

	
(−0.81)

	
(−0.99)




	
City FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
276

	
1050

	
798

	
528

	
666

	
660




	
R2

	
0.816

	
0.756

	
0.757

	
0.812

	
0.762

	
0.740








Note: T value is shown in brackets. *, **, *** represent 10%, 5%, and 1% significance levels.













 





Table 5. The results of the mechanism analysis.
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(1)

	
(2)

	
(3)

	
(4)

	
(5)




	

	
lnEc

	
Iso

	
lnInnv

	
lnGpp

	
lnEe






	
EPTRP

	
−0.030 *

	
−0.070 **

	
0.256 **

	
0.111 **

	
0.032 *




	

	
(−1.66)

	
(−2.32)

	
(2.32)

	
(2.60)

	
(1.74)




	
lnPGDP

	
1.891

	
0.060

	
1.675

	
0.622

	
−0.803




	

	
(1.46)

	
(0.03)

	
(0.20)

	
(0.23)

	
(−0.64)




	
lnPGDP2

	
−0.088

	
0.009

	
−0.106

	
−0.007

	
0.085




	

	
(−1.45)

	
(0.10)

	
(−0.27)

	
(−0.06)

	
(1.45)




	
lnPop

	
−0.406

	
1.181 ***

	
−6.784

	
0.590

	
0.673 *




	

	
(−1.06)

	
(3.53)

	
(−1.47)

	
(1.42)

	
(1.86)




	
Open

	
0.002

	
−0.003

	
−0.294 *

	
−0.008

	
−0.003




	

	
(0.20)

	
(−0.21)

	
(−1.81)

	
(−0.53)

	
(−0.29)




	
Tec

	
−1.854

	
−0.178

	
−25.493

	
−5.507 **

	
2.237 *




	

	
(−1.30)

	
(−0.18)

	
(−1.06)

	
(−2.31)

	
(1.68)




	
lnTp

	
0.057 *

	
−0.037

	
0.354

	
0.006

	
−0.061 *




	

	
(1.84)

	
(−1.26)

	
(1.00)

	
(0.10)

	
(−1.93)




	
_cons

	
4.363

	
−7.895

	
41.076

	
−10.047

	
−0.383




	

	
(0.64)

	
(−0.79)

	
(1.05)

	
(−0.70)

	
(−0.06)




	
City FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Year FE

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
656

	
1326

	
486

	
1104

	
656




	
R2

	
0.991

	
0.844

	
0.246

	
0.960

	
0.980








Note: T value is shown in brackets. *, **, *** represent 10%, 5%, and 1% significance levels.
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