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Market-oriented environmental policy has made an indelible contribution to promoting sustainable development in China. We consider the introduction of the Sulfur dioxide Emissions Trading Pilot Scheme (SETPS) as a quasi-natural experiment and adopt PSM-DID method to study the reduction effect of SETPS on corporate carbon emissions. We find that SETPS can effectively promote the carbon emission reduction of enterprises, which highlights the dual significance of market-based environmental regulation policies in the field of pollution reduction and carbon emission reduction. Considering the heterogeneity of enterprises, SETPS imposes a more significant effect on carbon emission reduction of enterprises with high energy consumption and high pollution. The mediation effect analysis indicates that the indirect reduction effects of SETPS on the carbon emission through the marketization process and the development of non-state-owned economy. In addition, results from the test of moderation effect suggest that both financing constraint and ownership are the moderation factors for SETPS to affect enterprise carbon emission reduction. The empirical results suggest that there exists such a green bonus: reduction effect of introducing the SETPS on firm level carbon emission and other pollutant discharges. It should be paid more attention by the authorities.
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INTRODUCTION
Global warming poses a serious threat to global sustainability. Excessive carbon emissions are the main cause of climate change (Lin et al., 2018; Xiang et al., 2021; Yang et al., 2022). Since China’s reform and opening up, the Chinese government has accelerated the pace of industrialization and development at the expense of the environment (Zhang et al., 2021). China’s energy consumption structure is dominated by traditional fossil fuels (Schreifels et al., 2012; Umar et al., 2021; Xiao et al., 2022). It is an important source of environmental pollution. Since 2006, China has been the world’s number one emitter of carbon dioxide (Guan et al., 2021). In 2021, China’s carbon dioxide emissions accounted for 30.7% of the world’s total carbon dioxide emissions, and its share of pollution continues to grow. Achieving sustainable environmental development is a very important issue, especially for developing countries (Nawaz et al., 2021). In September 2020, Chinese President Xi Jinping announced that China would strive to achieve its carbon peak by 2030 and be carbon neutral by 2060. To sum up, China has been suffering from the greenhouse effect for a long time and has an urgent need to reduce carbon emissions. Therefore, it is necessary to measure the policy effects of environmental regulation policies.
The Chinese government has adopted two kinds of environmental regulation policies. One is command-and-control policies, such as environmental emission standards and non-tradable emission permits. The other is market-oriented policies, such as environmental taxes and emission trading schemes. In terms of environmental governance, traditional command-and-control environmental regulation policies may appear as “government failure.” The single traditional command-and-control environmental regulation policy has been unable to achieve the ideal emission reduction effect, and the traditional environmental regulation policy may to some extent damage the economic benefits of enterprises (Gray et al., 1993).
Compared with traditional command-and-control environmental regulation policies, emissions trading schemes are regarded as effective policies to address global climate change (Coase, 1960; Jog & Kosmopoulou, 2014; Xiao et al., 2022). These schemes can control the cost of emission reduction (Montgomery, 1972; Tietenberg, 1985), technological incentives, and the advantages of political acceptability (Anke et al., 2020). The system entrusts enterprises with the right to discharge pollutants within the limits set by the government. And then economic entities can sell excess emission rights in the emission trading market, or buy additional emission rights from other enterprises. The scheme’s ultimate purpose is to introduce a forced mechanism for enterprises through market means. It aims to maximize profits while achieving the best pollution control effect.
Our study aims to investigate the effect of sulfur dioxide emission trading pilot scheme (SETPS) on firm carbon emissions, that is, whether the introduction of SETPS will cause the enterprise to reduce carbon emissions. In 2007, Chinese government approved 11 pilot provinces1 for emission right trading. In order to avoid the intervention of endogenous problems and other policies, we chose the propensity score matching difference-in-differences (PSM-DID) method to conduct quasi-natural experiments. Moreover, we also used the Annual Environmental Survey of Polluting Firms (AESPF) and the Annual Survey of Industrial Firms (ASIF) to collect pollution panel data from Chinese industrial enterprises span from 1998 to 2013. The results indicated that introduction of SETPS imposes a significant reduction effect on corporate carbon emission. This means that an SETPS not only can achieve pollution reduction, but can also achieve an additional carbon reduction effect.
The contribution of this paper can be summarized in the following three aspects. First, we enrich the literature on the effect and evaluation of market-oriented environmental regulation policies. Contrary to traditional environmental regulation policies, an SETPS is a market-oriented policy. Not only does it achieve an SO2 emission reduction (Chang & Wang, 2010; Cheng et al., 2016; Wu et al., 2019; Chen et al., 2022), but it also achieves an additional carbon emission reduction effect. This highlights the importance of market-oriented policies in pollution reduction and carbon abatement.
Second, we further tested the moderation effect. The results demonstrated that both financial constraints and ownership are moderation factors of SETPS, affecting enterprise carbon emission reduction; the moderation effect of financial constraints is slightly greater than that of the ownership.
Third, we tested the influence mechanism of an SETPS on enterprise carbon emission reduction through a mediation effect analysis. The results indicated that SETPS can influence carbon emissions by promoting the marketization process and the development of the non-state-owned economy. The mediation effect of the marketization process is more significant.
Finally, we also conducted a variety of robustness tests, such as a placebo test, and all the results indicated robustness. Considering the heterogeneity of enterprises, an SETPS has a more significant effect on the carbon emission reduction of enterprises with high energy consumption and high pollution levels.
The remainder of the thesis is arranged as follows. Chapter 2 introduces the institutional background and describes the literature review. Chapter 3 discusses our model design and data sources. Chapter 4 reports the empirical results and tests. Finally, Chapter 5 summarizes the paper and provides policy implications.
LITERATURE REVIEW
China’s emission trading system has progressed through the initial, exploratory, and deepening stages. In the 1960s, Coase (1960) proposed the important role of property rights theory in public management, laying the foundation for the theoretical development of emission rights trading (Dales, 1968). It has been demonstrated that by incorporating the concept of property rights into pollution control. The emission trading system can reduce emissions through the commercialization of emission rights in a perfect competition market. With the gradual improvement of the domestic market economy, the decisive role of the market mechanism in the allocation of environmental factors has become an important idea to explore a new path for environmental governance.
In 2002, the former State Environmental Protection Administration initiated a pilot scheme of sulfur dioxide emission trading in seven provinces and cities. It passed a resolution to conduct pilot emission trading in 7 provinces and cities. In 2007, the Ministry of Finance, the Ministry of Environmental Protection, and the National Development and Reform Commission approved 11 provinces for pilot projects for trading of pollution discharge rights. The emission trading policy was officially launched, and now 28 provinces and cities in China have conducted pilot schemes in emission trading. The pilot schemes use SO2 as the main component, and further include nitrogen oxides, chemical oxygen demand, and ammonia nitrogen.
Existing research on the policy effects of SETPS focus primarily on the schemes’ effects on emission reduction, economic growth (Ramanathan et al., 2017), enterprise innovation, and total factor productivity (Ren et al., 2020; Tang et al., 2020; Peng et al., 2021). More researchers have focused on SO2 about the emission reduction effect of SETPS. Many studies have concluded that an SETPS has a positive emission reduction effect on SO2 (Loschel et al., 2019; Zhu et al., 2019; Wu et al., 2020; Zhang et al., 2020). Regardless of whether the research uses panel data of pilot provinces in China (Wu et al., 2019) or focuses on a specific province (Cheng et al., 2016), the SETPS has been demonstrated to achieve good emission reduction effects. At the same time, the policy effects of an SETPS have regional heterogeneity, that is, the results are different in different regions (Chen, 2022), and the results may be related to other conventional policies (Chang & Wang, 2010).
However, some studies have come to quite different conclusions, suggesting that China’s emissions trading policies have not been effective in reducing sulfur dioxide emissions (Greenstone, 2004; Wang et al., 2004; Gerking & Hamilton, 2008). The reasons for the failure to implement China’s emission trading system are that the pilot areas have not really institutionalized sulfur dioxide emission trading. Lacking domestic institutional innovation, it is difficult to adapt the scheme to China’s national conditions (Shin, 2013). Furthermore, China has not formed a perfect emission trading market (Wang et al., 2004).
Sulfur dioxide and carbon dioxide are highly homologous. Their emissions are correlated (Agee et al., 2014). Therefore, it is feasible and necessary to consider the coordinated treatment of atmospheric pollutants and greenhouse gases (Labriet et al., 2009; Zhang & Wang, 2011). In fact, an introduction of SETPS may be able to promote the emission reduction of carbon at the same time as the emission reduction of SO2. However, to date, in the process of studying the policy effect of SETPS, few studies have focused on the schemes’ effect on carbon emission reduction.
To fill this gap, the PSM-DID model is adopted to estimate the effect of implementing the SETPS. Potential endogeneity problems are avoided and the results are more robust. Second, to better estimate the policy effects of an SETPS, we constructed an enterprise pollution dataset that included 13,314 observations span from 1998 to 2013.Third, historical research studies lack robustness tests and heterogeneity analyses. Various robustness tests, moderation effect tests, and heterogeneity analyses were conducted. Finally, few historical documents have analyzed the influence mechanism of the SETPS policy effect, whereas we tested the mediation effect.
METHODOLOGY AND DATA
Model Specification
Propensity Score Matching
On the basis of considering the effects of market-oriented environmental regulation policies, we selected fuel consumption, gross industrial production value, effluent charges, exhaust gas treatment capacity, firm exports, and enterprise growth as the characteristic variables to match the treatment group with the control group. The model is represented by the following equation:
[image: image]
In Eq. 1, [image: image] is a dummy variable, [image: image] when the firm is located in a province where an SETPS is implemented, and 0 otherwise. [image: image] is the characteristic variable. Using the PSM method, individuals within the same value range were matched.
Difference-In-Differences Estimation
To measure the impact of China’s emissions permit system on carbon emissions, it was necessary to exclude the effect of other policies on carbon emissions. Therefore, we adopted the PSM-DID method to solve the endogeneity problem. Based on Beck et al. (2010), the model can be represented as follows:
[image: image]
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In Eq. 2, [image: image] and [image: image] denote firm and year, respectively, [image: image] represents the carbon dioxide emissions of firm i in year t. [image: image] represents the SETPS for a specific firm in a given year. [image: image] is a vector of the control variables, including the fuel consumption, gross industrial production value, effluent charge, exhaust gas treatment capacity, firm exports and enterprise growth. [image: image], [image: image], and [image: image] represent fixed effects for time, area and individual firm, respectively. [image: image] is the error term.
Variable Definition
The definitions of variables used in the empirical analysis are listed in Table 1.
TABLE 1 | Variable definition.
[image: Table 1]Dependent Variable
The dependent variable is carbon dioxide emissions, which are calculated using the carbon emission coefficient method. The conversion formula is: CO2 = log(1 + co2), and co2 = standardized coal *0.714*2.492. China’s energy consumption structure is dominated by traditional fossil fuels (Huang et al., 2011; Schreifels et al., 2012; Umar et al., 2021), which are an important source of environmental pollution. We therefore chose carbon dioxide emissions as the dependent variable.
Independent Variable
The independent variable is an SETPS. This means that by giving enterprises the right to discharge pollutants within the limits set by the government, they can sell excess emission rights in the emission trading market or buy additional emission rights from other enterprises. Marketization gives enterprises a forced mechanism to achieve the best pollution control effect. An SETPS is represented by the interaction term [image: image], [image: image]. time = 0 if time is before 2007, otherwise time = 1; treat = 1 if the firm located in the cities that with SETPS implemented, and treat = 0 otherwise.
Control Variable
We selected enterprise-level control variables based on the existing literature in the field of environmental regulation (Hu et al., 2020; Du & Li, 2020; Bertarelli & lodi, 2019; Ouyang et al., 2020), that is, factors such as fuel consumption, gross industrial product, effluent charge, exhaust gas treatment capacity, firm exports, and enterprise growth. In the current international division of labor, China is still mainly at the lower end of the value chain. Enterprises can obtain advanced technology and management experience through exports and improve production efficiency (Clerides et al., 1998; Yang et al., 2017), thus influencing the energy conservation and emission reduction activities of the industry. In addition, the capital flow of enterprises restricts the updating of products or technologies (Yin et al., 2022). Companies with higher profitability tend to invest more in the introduction of environmental protection facilities and technologies, thus affecting the pollution emission intensity of these enterprises.
Data Sources
Firm Pollution Data
Corporate carbon emission data are issued by the Annual Environmental Survey of Polluting Firms (AESPF) of China. Established in the 1980s by China’s Ministry of Ecology and Environment, the AESPF records data on industrial emissions and how effectively companies are reducing emissions. The database mainly includes enterprise pollutant emissions (such as SO2, nitrogen oxide, industrial waste water, industrial waste gas, smoke, and solid waste), the application of cleaning facilities and energy consumption (including fresh water, circulating water, coal, fuel, clean gas, etc.), and other indicators. Pollution data in the database are highly representative, with industrial enterprises included in the dataset accounting for approximately 85% of the total pollution. Sample enterprises need to report a large amount of environment-related information to environmental authorities every year. After verification, these data are compiled into standardized reports and then included in the database.
Other Firm-Level Data
Other firm-level data are issued by the Annual Survey of Industrial Firms (ASIF). The ASIF, compiled by the National Bureau of Statistics, is a micro enterprise data set widely used by scholars, both in China and internationally, and has strong representativeness with regard to studying enterprise issues. Its sample ASIF range includes all state-owned and non-state-owned industrial enterprises with sales of more than ¥5,000,000. The database includes two types of information regarding enterprises: One is basic information on the enterprise (including the legal person code, enterprise name, legal representative, and other indicators), and the other is financial data on the enterprise (current assets, accounts receivable, long-term investment, fixed assets, and other indicators). We matched the AESPF with ASIF based on the company names and then the corporate codes. After excluding outliers and eliminating records which violate the accounting standards, we obtained 13,314 observations between 1998 and 2013.
Descriptive Statistics
The descriptive statistics of variables is shown in Table 2 including the number of observed values, the mean, the standard deviation, and the maximum and minimum values. The mean value of carbon emissions is 6.332, and the standard deviation is 3.629, indicating that there are huge differences among firms.
TABLE 2 | Descriptive statistics.
[image: Table 2]EMPIRICAL RESULTS AND DISCUSSION
Benchmark Regression
Of our central interest is to examine the carbon emission effect of SETPS on enterprises. With the choice of fixed effects that are used to absorb confounding unobservable at time, region or industry level, the regression results as presented in Column 1) of Table 3. Consistent with the conclusion of Wang et al. (2019) and Yu et al. (2022), there is a negative and statistically significant coefficient about [image: image], indicating that an SETPS have a negative impact on the enterprise carbon emission. By including all the control variables, the regression results were determined, as presented in Column (2) of Table 3. The estimated coefficient absolute value becomes bigger and remains the statistically significant at the 1% level. In addition, Standard errors presented in the parenthesis are clustered at firm level, As shown in column (3) of Table 3, the estimated impact of SETPS on firm carbon emission is still negative and statistically significant at 1% level. These findings suggest that an SETPS can effectively reduce the enterprise carbon emissions.
TABLE 3 | PSM-DID.
[image: Table 3]Test for Assumption of Parallel Trend
The key prerequisite for the DID model to effectively identify causality is the establishment of the common trend hypothesis. Before the implementation of an SETPS, the difference in carbon emissions between enterprises in the treatment group and the control group will not change systematically over time. Based on Beck et al. (2010), the dynamic model to test the common trend as follows:
[image: image]
In Eq. 3, [image: image] is a series of dummy variables. The value is 1 if there are [image: image] periods before the SETPS is executed in enterprise, and otherwise the value is 0.; When [image: image], it indicates that the enterprise has not implemented an SETPS. We conducted trend tests on the two phases after the implementation of an SETPS and the third lagged periods. In addition, [image: image] represent fixed effects referring to time, area, and individual firm, respectively. [image: image] is the error term.
The results are presented in Figure 1. The figure illustrates that the parameters [image: image] of did_1, did_2 and did_3 in the three stages before did, are all near 0, and the 95% confidence interval also contains 0 (not significantly different from 0). This means that there is no difference in the ex ante trend between the treatment group and the control group. So the common trend hypothesis is verified. Moreover, the emission reduction effect of the treatment group is obviously better than that of the control group. This result proves that an SETPS has a significant effect on corporate carbon emission reduction.
[image: Figure 1]FIGURE 1 | Test for Assumption of parallel Trend.
Robustness Checks
Replacing Dependent Variables
Considering the diversity of enterprise emissions, this study replaced the dependent variable carbon with total industrial gas emissions (tgas), chemical oxygen demand (cod_discharge) and industrial fumes emissions (fumes_emission), respectively. It examined whether an SETPS also imposes reduction effect on these emissions. As shown in Table 4, the results indicate that an SETPS has a strong inhibitory effect on the discharge of these pollutants and statistically significant at the 1% level. This indicates that SETPS achieved the dual significance of promoting carbon emission reduction and pollution emission reduction. The reason may be that SETPS significantly promotes enterprises adopting green innovation (Ren et al., 2020; Tang et al., 2020; Peng et al., 2021), forcing enterprises to transform and upgrade to clean enterprises, thereby reducing the overall level of enterprise pollution rather than specific emissions. In addition, it can be seen from the regression results that the emission reduction effect for other pollutants is better than that for carbon emission reduction. The reason may be that the main purpose of SETPS is to achieve SO2 emission abatement by trading SO2 emission permits. Although carbon emission discharged by enterprises together with pollutants in industrial production, an SETPS does not reduce carbon emissions as much as pollutants.
TABLE 4 | Replacing dependent variables.
[image: Table 4]Placebo Test
Furthermore, we used a placebo test to solve the estimation error caused by missing variables. We randomly chose enterprises that implemented SETPS every year and repeated the regression to Eq. 2 1,000 times. As shown in Figure 2, the coefficients obtained based on the random sample estimation are all distributed near 0, which indicates that the influence of the SETPS on the carbon emissions of an enterprise is not affected by the missing variables.
[image: Figure 2]FIGURE 2 | Placebo Test.
Heterogeneity
The industry where an enterprise is located has a significant influence on its pollution emission levels. Industries with high energy consumption and high pollution levels will inevitably produce more carbon emissions, so it is necessary to further understand the impact of industry heterogeneity on the emission reduction effect. This study divided enterprises into high energy consumption and high pollution enterprises on the one hand, and low energy consumption and low pollution enterprises on the other hand. As shown in Table 5 we report the results for enterprise carbon emission measured by pollution degree. In both columns, the estimated coefficients for [image: image] are consistently negative and statistically significant at the 1% level. It can be seen that introduction of SETPS imposes a significant reduction effect on enterprises carbon emission in both high and low-pollution industries. Specifically, an SETPS has a more significant effect on carbon emission reduction for enterprises with high energy consumption and high pollution levels. The reason may be that the pollution emission levels of low energy and low pollution enterprises are relatively lower. For enterprises with high energy consumption and high pollution levels, their own pollution emission base is large. The introduction of SETPS just provides a suitable platform to promote emission reduction.
TABLE 5 | Heterogeneity test.
[image: Table 5]Further Discussion
This study investigates whether financial constraints and ownership are moderation factors for SETPS to affect enterprise carbon emissions. The moderation effect has been tested according the following models:
(1) Moderation effect Model 1—Financial constraints (SA):
[image: image]
(2) Moderation effect Model 2—Ownership (state):
[image: image]
In terms of financial constraints (SA), this study divided enterprises into two categories according to whether they have financial constraints. With regard to the nature of the enterprises (state), this study classified enterprises according to their actual controllers. If the actual controllers are central or state organs, they were classified as state-owned enterprises, and the rest were classified as non-state-owned enterprises. When an enterprise is state-owned, state = 1; otherwise, state = 0.
As shown in Table 6, when it comes to the interaction term between [image: image] with financial constraints, we document the consistently negative coefficient and the coefficient is statistically significant at the 1% level, indicating that financial constraints can adjust the impact of SETPS on enterprise carbon emission. Similarly, when it comes to the interaction term between [image: image] with ownership. we find the coefficient is -0.5949 and the coefficient is also statistically significant at the 1% level. This indicates that the ownership influences the impact of SETPS on enterprise carbon emissions. Both financial constraints and ownership can be used as regulatory factors for SETPS to affect enterprise carbon emissions; the regulatory effect of financial constraints is slightly greater than that of the ownership.
TABLE 6 | Moderation effect.
[image: Table 6]Mechanism Analysis
Next, we analyzed the mechanism of SETPS’s influence on carbon emissions using the mediation effect test. With the wide application of market-based environmental regulation policies, the marketization process is accelerated, and the trading market of emission rights becomes more mature. In addition, state-owned enterprises have problems with regard to principal-agent relationship (Zhang, 1997) and the policy burden (Lin et al., 1998), due to their nature. These problems can be solved by introducing non-state-owned capital into state-owned enterprises governance (Kornai et al., 2003). Therefore, we speculate that SETPS can influence carbon emissions by promoting the marketization process and the development of the non-state-owned economy. When testing, we controlled for time effect, industry effect, and region effect in all regressions. The estimated results are presented in Table 7.
TABLE 7 | Mediation effect.
[image: Table 7]The Marketization Process
It can be clearly seen from column 2) of Table 7 that the marketization process is inversely related to the proportion of carbon emissions. The coefficient of market_score is −0.4436 and is statistically significant at 1% level, which demonstrates that SETPS can indeed reduce the enterprise carbon emissions by speeding up the process of marketization. Specifically, the effect of SETPS on enterprise carbon emission reduction by affecting the marketization process is 0.3431*(−0.4436) = −0.1522. In addition, according to the above basic regression results, the total effect of SETPS on enterprise carbon emission reduction is −1.78. This accounts for approximately 8.6% of the total effect, indicating that the mediation effect of the marketization process is relatively significant.
The Development of the Non-state-owned Economy
Based on column (4) of Table 7, we document that the coefficient of state_score is −0.3517 and is statistically significant at 1% level. This demonstrates that SETPS can reduce carbon emissions by promoting the development of the non-state economy. Specifically, SETPS has an effect of 0.3278*(−0.3517) = −0.1153 on the carbon emission reduction of enterprises by affecting the development of the non-state-owned economy. Its mediation effect is slightly smaller than that of the marketization process.
CONCLUSION AND POLICY IMPLICATION
This paper examines whether sulfur dioxide emission trading pilot scheme (SETPS) can help reduce the carbon emissions of enterprises. We hypothesize that the implementation of SETPS can negatively affect carbon emissions. Based on the pollution data of Chinese industrial enterprises from 1998 to 2013, we adopted the propensity score matching-difference in differences (PSM-DID) method to evaluate the impact of SETPS on enterprise carbon dioxide emissions in these pilot areas. The results demonstrate that the introduction of SETPS has a positive effect on the carbon emission reduction of enterprises, while the pollution emission differences in different industries lead to the heterogeneity of emission reduction effect. Specifically, SETPS achieves better emission reduction effect for enterprises in high pollution industries. We also find that SETPS reduces carbon emissions by promoting the marketization process and the development of the non-state-owned economy. In addition, both financial constraints and enterprise nature can regulate the impact of SETPS on carbon emissions.
Our research provides certain policy implications. First, faced with the “carbon neutrality” target, the command-and-control environmental regulation policy has been unable to achieve the desired emission reduction goal. the Chinese government should vigorously promote market-oriented environmental regulation policies such as SETPS. The emission rights could be distributed reasonably according to enterprise needs through market means. Implementation of SETPS can not only promote SO2 emission abatement, but also impose a reduction effect on carbon emission and other pollutant discharges, which constitutes a green bonus for the policy.
Second, Industrial differences should be taken into account when controlling carbon emissions in China. Authority should, based on industrial particularity, introduce more targeted policies and supporting mechanisms to reduce carbon emissions. Enterprises from high-polluting industries should be allocated relatively more emission rights. This will assist in increasing the incentive for companies to reduce emissions.
Then, A perfect emission trading market need to be constructed, allowing market to display the decisive role in allocating resources. The government should continue to consistently deepen market-oriented reform and promote the development of the non-state-owned economy. Speeding the marketization process support the full operation of SETPS and improve the efficiency of emission rights allocation.
Eventually, Government should pay more attention to the moderation effect of financing constraints on enterprise emission reduction, to ensure that enterprises have sufficient funds for environmental protection. One effective measure is to reduce the financing constraints of enterprises, thus increasing the working capital of enterprises and giving enterprises more incentive to use capital for green innovation to improve air quality.
In addition, the article also has some limitations inevitably. This paper only analyzes the effectiveness of market policy on enterprise carbon emission. However, the marketization policy and the traditional environmental regulation policy complement each other, and the coordination of various policies will achieve better emission reduction effect. If data are available, future research can focus on exploring policy effects under the framework of constructing multiple policy combinations.
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