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This paper creatively studies the impact of the environmental governance on corporate performance in the context of China. We take the first round of central environmental inspections as the quasi-natural experiment shocks, and then test its effects on Chinese listed companies’ performance using the propensity score matching method and the difference-in-differences with multiple periods method. Furthermore, we discuss the transmission mechanism between central environmental inspections and corporate performance. The results indicate that central environmental inspections have significantly improved the corporate performance of listed companies in polluting industries in the inspected provinces. The central environmental inspections reduce agency costs and enhance corporate performance by improving the internal agency problems of listed companies. In addition, state-owned and large-scale companies are more sensitive to the central environmental inspections, and the effect of corporate performance improvement is more obvious. However, in regions with different levels of environmental regulations, there is no significant difference in the effects of central environmental inspections on the improvement of corporate performance.
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1 INTRODUCTION
The global economy has experienced rapid development after World War II. However, the economic boom is at the cost of resource consumption and environmental pollution, which has caused increasingly noticeable ecological problems (Ren et al., 2022). The environmental issues are increasingly becoming the main focus of attention around the world (Deng, 2016; Duan et al., 2021; Ren et al., 2021). As the largest developing country, China has shouldered the heavy task in mitigating climate change and reducing carbon emissions. On 15 March 2021, at the ninth meeting of the Central Finance and Economics Committee in China, the members clearly stated that “carbon peak and carbon neutrality” should be included in the overall layout of ecological civilization construction, striving to achieve carbon peak by 2030 and carbon neutrality by 2060. Moreover, the members pointed out that the “14th Five-Year Plan” would be a key period as well as a window period for the carbon peak, and the goals would be to implement pollution and carbon reduction actions in key industries. Therefore, this paper is designed to study the measures that government takes to achieve environmental goals and their impact on corporate performance of companies in polluting industries. To achieve green and low-carbon ecological civilization development, the central government has revised and issued several environmental protection laws and regulations to punish corporate pollution violations severely. However, China’s command-and-control environmental regulatory policies (Tu and Chen, 2015; Xie et al., 2017; Zhang et al., 2021; Xiang., 2022) generally have problems such as “government-enterprise collusion” (Liang and Gao, 2014; Long and Hu, 2014) and “formalism” (Zhang et al., 2018), which make the policy implementation less satisfactory. To solve the current dilemma facing environmental regulatory policies, the Ministry of Ecology and Environment of China has launched five batches of central environmental inspections in 31 provinces, autonomous regions, and municipalities across the country since 2016, urging corporations to effectively rectify pollution violations while taking the initiative to accept environmental protection responsibilities. The first batch of central environmental inspections, known as the “environmental storm” which is the toughest environmental policy in China’s history (Chen et al., 2019). To respond to the supervision of the central environmental inspection team, listed companies in heavy-polluting industries are bound to adopt corresponding environmental protection measures to reduce corporate pollution. The companies generally use the following three methods: (1) stop production for a short period (Shi et al., 2016), resulting in temporary reduction of pollution; (2) reduce the discharge of pollutants in the manufacturing process by improving environmental protective innovation and introducing green equipment or green manufacturing processes (Porter & Linde, 1995; Rubashkina et al., 2015; Galloway and Johnson, 2016; Lei et al., 2022; Dong et al., 2021); (3) reduce the level of corporate pollution by optimizing the efficiency of internal resource utilization and investing part of the funds in the field of environmental governance (Porter and Linde, 1995; Yang et al., 2021). The negative impact of the first method on corporate performance is self-evident, whereas the impact of the latter two methods requires empirical testing combined with actual conditions to draw definite conclusions.
With the in-depth development of the central environmental inspections, on 26 July 2021, at a regular press conference held by the Ministry of Ecology and Environment of China, it was proposed that the second round of central ecological and environmental inspections would include the level of implementation of “the carbon peak and carbon neutrality goal” for the first time. In the context of carbon neutrality, exploring the impact of central environmental inspections on corporate performance from the perspective of environmental economics provides not only a new research path for analyzing whether the environmental regulatory policies design is reasonable and sustainable but also crucial empirical evidence for China to achieve carbon peak and carbon neutrality goals. Considering that the second round of central ecological and environmental inspections is currently in the initiation stage, this paper takes the first round of central environmental inspections as the research object. We used the propensity score matching (PSM) and the difference-in-differences (DID) with multiple periods to analyze the impact of central environmental inspections on the performance of listed companies in heavy-polluting industries. Moreover, we analyzed whether there is an innovation-driven mechanism or a principal-agent mechanism between them. In order to explore the actual policy effects of central environmental inspections, we further investigated corporate and regional heterogeneity. We found that central environmental inspections have a more significantly effect on improving corporate performance for state-owned corporations. There is no significant difference in the effects of central environmental inspections on the improvement of corporate performance.
Our study contributes as follows: First, existing research on the impact of central environmental inspections on corporate performance is mainly limited to industrial companies. We extend the sample to listed companies in the Shanghai and Shenzhen A-share exchange markets. In addition, this study combines the PSM method with the DID model for empirical analysis, eliminating the problem of sample selection bias, making the empirical results more robust. Second, We discover that the principal-agent mechanism acts as a mediator through central environmental inspections to improve corporate performance. Finally, this article expands the existing literature on the theoretical explanation between the central environmental inspection system and corporate performance, making the research conclusions more universal.
The remainder of the paper is arranged as follows. Section 2 explains the policy background and the hypotheses. Section 3 illustrates the data, define variables and research design. The results and findings are elaborated in Section 4. Section 5 discusses on heterogeneity while assessing the robustness of testing and Section 6 concludes the paper.
2 HYPOTHESES DEVELOPMENT
From January 2016 to September 2017, the Ministry of Ecology and Environment carried out five batches of environmental inspections in 31 provinces across the country. The first round of inspections solved about 150,000 environmental problems for the people. Additionally, more than 2,100 major ecological and environmental problems have been solved in various regions, with more than 18,000 individuals held accountable through measures such as inspection reports and special inspections. The specific inspection details are shown in Table 1.
TABLE 1 | Implementation effectiveness of the first round of central environmental inspections.
[image: Table 1]Environmental resources are public goods, whereas the goods produced by corporations are private goods. According to the basic principles of economics and the production possibility frontier analysis, the economy must choose between public and private goods. When corporations increase the production of private goods, it may reduce public goods, so public and private goods are opportunity costs of each other. If there are no environmental regulations, the price of environmental resources is zero. Companies may produce environmental pollution to increase private goods. Environmental degradation then keeps the economy within the production possibility frontier, and inefficiency arises consequently. Efficient environmental regulations can restore the production possibility frontier to the efficient frontier, conducive to readjusting resource allocation and solving the dilemma of misallocation of resources in society. Environmental regulations improve the overall economic efficiency of society, which benefits economic growth. Li and Li (2007) pointed out that regulatory externalities themselves result from a political process. These regulatory externalities manifest themselves as the external benefits or costs conferred on some interest groups. The externalities of environmental regulations preferably explain the mechanism through which environmental regulations affect the economic performance of corporations and provide theoretical support for further research on different effects of environmental regulations on corporate performance.
The relationship between environmental regulations and corporate performance has been one of the popular topics of academic research, but the existing literature has not drawn definitive conclusions. The main theories are the traditional hypothesis, Porter hypothesis, and uncertainty hypothesis. The early traditional hypothesis holds that environmental regulations harm corporate performance because regulatory costs would squeeze out corporate operating costs, leading to a decline in corporate performance (Jorgenson and Wilcoxen, 1990; Greenstone, 2002). The traditional hypothesis is based on the premise that a corporation’s technical conditions and resource utilization remain unchanged in the short term. The constraints of environmental regulations inevitably lead to an increase in the corporation’s operating cost, which could negatively affect corporate performance (Deng and Lu, 2017; Zhang et al., 2018; He et al., 2020). With the improvement of the internal governance structure of modern enterprises and the development of environmental and technological innovations, this hypothesis has been challenged by the Porter hypothesis. According to the Porter hypothesis (Porter and Linde, 1995), appropriate environmental regulations can improve corporate performance. The specific transmission path is that environmental regulations could stimulate corporations to carry out technological innovation and boost business operations, so the benefits created by innovative activities could even exceed the cost of environmental regulations, hence improving corporate performance (Johnstone et al., 2010). The uncertainty hypothesis holds that environmental regulations and corporate performance are restricted by various uncertain factors, making the impact of environmental regulations on corporate performance uncertain (Barbera and McConnell, 1990; Dou et al., 2022).
The central environmental inspections could affect corporate performance by shutting down the production of companies in heavily polluting industries, promoting companies’ research and development (R&D) and innovation, and improving companies’ principal-agent problems. However, to prevent some corporations from the indiscriminate suspension of work all at once during the inspection period, which could affect normal production, the Ministry of Ecology and Environment formulated the Prohibition of Rigidly Uniform Environmental Protection Work Guideline. The purpose of the guideline is to “strictly prohibit complete shutdowns, shutdowns before further discussion and other perfunctory responses” and to “resolutely avoid simple and rude behaviors such as centralized shutdowns of work, production and business.” The remarkable environmental governance effects of the central environmental inspections do not achieve temporary pollution and emission reduction through the suspension of production of heavily polluting enterprises. Hence, the central environmental inspections mainly affect corporate performance through an innovation-driven mechanism or a principal-agent mechanism. Moreover, to compensate for the compliance costs incurred by environmental regulations, companies might also increase asset utilization by optimizing resource allocation and using other means to promote corporate performance.
H1: Central environmental inspections can improve the corporate performance of listed companies in heavy-polluting industries.
Some scholars have found that environmental regulations can improve corporations’ internal principal-agent problem and restrain agency costs. Ambec and Barla (2002) proposed that environmental regulations can promote corporate environmental innovation and increase corporate profits by reducing agency costs. Li et al (2016) found that environmental regulations can improve corporate performance, and agency costs play a mediating role between them. The company behavior under the principal-agent framework results from the game that various stakeholders of the company play to find the optimal solution. Under the circumstance where both environmental protection and corporate development could be accomplished, the corporate shareholders hope that managers will maximize resource utilization efficiency and actively do a good job in environmental management. Therefore, managers are expected to reduce the possibility of corporate reputational damage caused by corporate pollution, since the corporate image is not only a negotiation basis for companies to obtain financial subsidies or bank loans, but also contributes to the improvement of corporate performance (Ren, 2017). However, due to information asymmetry, shareholders can only observe the input and output of a company and cannot know the whole process of realizing economic benefits. To ensure their interests and the limitation of the tenure period, managers might engage in short-sighted behaviors in the process of realizing economic benefits and hence fail to make reasonable use of corporate resources and cause specific damage to the environment (Li et al., 2016). In the absence of strict external environmental regulations, managers’ short-sighted behavior often causes severe environmental pollution, affecting the company’s reputation and leading to a decline in the company’s long-term financial performance. Whether a corporation takes the initiative to implement environmental governance is not only subject to external environmental regulatory policies but is also encouraged by environmental regulations to apply environmental protection management through the corporation’s internal governance mechanism. Corporate governance has played an important part in the transmission path from the negative environmental externalities of corporate behavior to corporate environmental governance. Furthermore, the Structure-Conduct-Performance model also provides theoretical explanations for the economic behavior and operating performance of corporations in the market (Rosenbaum and Rubin, 1983). Building on this analytical framework, scholars carry out relevant empirical studies to test whether environmental regulations, which are an important external shock that affects corporate behaviors, improve corporate performance through corporate governance. The huge political deterrence promoted by the central environmental inspections may arouse the public and the media’s attention to heavily polluting companies. Attention from the public and the media plays an important role in alleviating information asymmetry between shareholders and managers. It also helps central environmental inspections, which are means of environmental regulation, to influence corporations’ internal decision-making behavior on environmental protection. Managers may be forced to conduct scientific management of the corporation actively. The final manifestation is the improvement of the principal-agent relationship within the corporation, the reduction of agency costs, and thus the improvement of corporate performance.
H2: There is a principal-agent mechanism between the central environmental inspections and corporate performance, and the central environmental inspections improve corporate performance by improving the internal principal-agent problem of the corporation.
According to the Porter hypothesis (Porter and Linde, 1995), the appropriate intensity of environmental regulations can improve corporate performance while improving environmental quality, creating a win-win situation for environmental protection, pollution reduction, and economic growth. However, existing literature studies have not reached a consensus on the relationship between environmental regulations and economic growth (Feng and Chen, 2018; Hille et al., 2020; Shao et al., 2020; Zhou et al., 2020; Sun et al., 2021; Li et al., 2022). For China, a developing country that is in a critical period of economic transition, some Chinese scholars’ empirical evidence on Chinese companies supports the conclusion that there is no “Porter effect” or a “weak Porter effect” (Tu and Chen, 2015; Chen, 2016; Long and Wan, 2017; Chen. et al., 2022). Meanwhile, many scholars’ studies have provided evidence to support the “strong Porter effect.” Hamamoto (2005) took Japanese manufacturing companies as the research object, and the empirical results show that environmental regulations can increase companies’ R&D investment and improve enterprises’ total factor productivity. He and Luo (2018) showed that environmental regulations could increase industrial total factor productivity by promoting technological innovation. Yang and Peng (2021) found that environmental regulations affect corporate performance by promoting technological innovation, and technological innovation plays a mediating role between them. However, the current literature on central environmental inspections is limited, and most of the research focuses on the analysis and discussion of the system itself (Chen, 2017; Ren, 2018; Zhang et al., 2022) or the effectiveness of environmental governance (Liu and Wu, 2019; Wang et al., 2019). We determine the existence of the innovation-driven mechanism.
H3: There is an innovation-driven mechanism between the central environmental inspections and corporate performance, and the central environmental inspections stimulate corporations’ innovation vitality to improve corporate performance.
3 VARIABLES, METHODOLOGY, DATA
3.1 Variables
We select the natural logarithm of a company’s quarterly total profit (CP) as a tool to measure corporate performance (Chen et al., 2019). To ensure the robustness of the model, the natural logarithm of a company’s quarterly net profit (CP1) and the quarterly return on assets (ROA) are used as proxy variables for corporate performance in the robustness test.
The core explanatory variable, the central environmental inspections (CEI), is a difference-in-differences term containing two dummy variables. The first is the treatment group and the control group dummy variables (treat): The treatment group is a heavy-polluting industry corporation1, whereas the control group is a non-heavy-polluting industry corporation. When a listed company belongs to a heavy-polluting industry enterprise, treat is set to one; otherwise, it is set to 0. According to the Environmental Protection Inspection Project (Trial), the central environmental inspections mainly inspect the environmental pollution behaviors of industrial corporations in heavily polluting industries, so there is little or no impact of environmental inspections on non-heavy-polluting industries. The second dummy variable is the policy time dummy variable (post): When the central environmental inspection team starts to inspect a province, post is set to one; otherwise, it is set to 0. Moreover, considering the continuity of the central environmental inspections, the policy time dummy variable of the province after the end of inspections is still retained as a value of 1.
When the central environmental inspectorate starts to inspect a province does the core explanatory variable (CEI) of listed companies in the heavily polluting industry in that province take the value of 1, that is, [image: image] CEIjt = treatj×postt.
Regarding the mediator variable of R&D and innovation, because corporate-level green patent data are difficult to obtain and most of it has missing values, the number of green patents has a longer time lag in response to environmental regulatory policies than innovation investment (such as corporate R&D investment amount) does. We use the natural logarithm of a company’s annual R&D investment (lnRD) as a variable to measure the company’s R&D and innovation capabilities. As for the mediator variable of agency cost, there are currently two main methods for measuring agency cost used by domestic and foreign scholars, namely operating expense ratio and total asset turnover. The operating expense ratio measures agency costs from the perspective of input, and the additional increase in business expenses for companies with principal-agent problems is the agency costs of those companies. The asset turnover ratio measures agency costs from the perspective of output, which can better reflect the managers’ effort, level of management, and perquisite consumption and is more suitable for measuring agency costs. The higher the asset turnover rate, the higher the utilization efficiency of the company’s total assets and the lower the agency cost. We select the asset turnover rate (AC) as the reverse indicator of agency costs. Moreover, variables such as company size, debt-to-asset ratio, and company’s age are the control variables in the model, as shown in Table 2.
TABLE 2 | Definition of main variables.
[image: Table 2]3.2 Methodology
The DID model can efficiently avoid the endogeneity problem and estimate the policy effect more accurately. Therefore, the DID model is suitable for this paper. We use the central environmental inspections as a quasi-natural experiment to construct a DID model to empirically test the net effect of the policies on corporate performance. Because the first batch of central environmental inspections was divided into five batches to inspect 31 provinces (autonomous regions and municipalities) across the country from 2016 to 2017, a multi-time period difference-in-differences method is used for empirical analysis. To eliminate sample selection bias caused by endogeneity, we use the PSM method to match the treatment group and the control group, and we construct the following benchmark model for empirical testing:
[image: image]
The subscript [image: image] represents the listed company, [image: image] represents the industry of the listed company, [image: image] represents the quarter, [image: image] is a constant term, [image: image] and [image: image] are the coefficients of each variable, [image: image] is the individual fixed effect, [image: image] is the year fixed effect, and [image: image] is the residual term. The response variable [image: image] represents corporate performance. The explanatory variable [image: image] represents the central environmental inspections dummy variable, [image: image] represents the control variable, including company size (size), company age (age), company social wealth creativity (lnTobinQ), debt-to-asset ratio (Lev), ownership concentration (First) and independence of board (Ind).
We referred to the “three-step method” (Wen et al., 2005) to test the mediation and constructed the following six models to test the mediating effect of R&D and innovation and agency costs. Suppose the regression coefficients [image: image] and [image: image] are significantly positive. After controlling R&D and innovation costs, in model (4) the regression coefficient [image: image] is significantly positive. In that casive, the regression coefficient [image: image] is significantly positive and less than [image: image], it means the innovation-driven mechanism between the central environmental inspections and corporate performance, but it is not the only mechanism, R&D and innovation partly perform as mediation between them. If the regression coefficients [image: image] and [image: image] are significantly positive,. After controlling R&D and innovation costs, in model (4) the regression coefficient [image: image] is significantly positive. However,t the regression coefficient [image: image] is not significant, indicating that there is a unique innovation-driven mechanism between the central environmental inspections and corporate performance, R&D and innovation completely perform as mediation between them. If the regression results do not meet the above two conditions, it is considered that there is no mediation based on R&D and innovation. When testing the mediation of agency costs, if the regression coefficients [image: image] and [image: image] are significantly positive, after controlling the agency cost, in model (6) the regression coefficient [image: image] is significantly positive, and the regression coefficient [image: image] is significantly positive and less than [image: image], indicating that there is a principal-agent mechanism between central environmental inspections and corporate performance, but it is not the only mechanism, agency costs partly perform as mediation between them. If the regression coefficients [image: image] and [image: image] are significantly positive, and after controlling agency costs, in model (6) the regression coefficient [image: image] is significantly positive, but the regression coefficient [image: image] is not significant, indicating that there is a unique principal-agent mechanism between the central environmental inspections and corporate performance, agency costs completely performs as mediation between them. If the regression results do not meet the above two conditions, it is considered that there is no mediation based on agency costs.
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3.3 Data and Descriptive Statistics
We used the quarterly unbalanced panel data from the Shanghai and Shenzhen A-share exchange market in China from 2014 to 2018 as the initial sample. To improve the validity of the data, the initial sample was processed according to the following criteria: (1) excluding ST and *ST companies; (2) excluding companies with severe absence of key variables; (3) excluding companies in the financial industry and real estate industry2; (4) excluding companies whose listing year is later than 2014. Finally, 41,786 groups of unbalanced panel data of 2,256 listed companies are obtained. The main reason for using quarterly data is to refer to the practice of Chen et al. (2019). The quarterly data can make the evaluation results of the policy effect of the multi-period DID method more accurate.
The listed company data was from the CSMAR database and the Chinese Research Data Services (CNRDS). The relevant data of the central environmental inspections was obtained from the released inspection information from the official website of the Ministry of Ecology and Environment of the People’s Republic of China3 and was sorted out. The measurement software used for empirical analysis in this paper is Stata 15.1.
Table 3 is the descriptive statistics of each variable. Table 3 shows that the minimum value of the response variable corporate performance (CP) is 0, the maximum value is 25.778, and the standard deviation is 5.59, indicating that the corporate performance of the sample listed companies is quite different overall. The minimum and maximum values ​​of the mediator variable R&D and innovation (lnRD) are also quite different. The mean value of the entire sample is much larger than the minimum value, suggesting that the overall sample has a high level of R&D and innovation. The mediator variable agency cost (AC) also has large differences within the sample. The median is 0.289 and the mean is 0.39, which is very different from the maximum value of 11.416. Since the agency cost (AC) is an inverse indicator, the lower its value, the more serious the principal-agent problem of the enterprise. Therefore, most of the sample corporates have a lower level of internal governance.
TABLE 3 | Descriptive statistics.
[image: Table 3]Table 4 shows the Spearman correlation coefficient matrix between the variables. The absolute value of the largest correlation coefficient is 0.669, which is less than 0.8, and most of the coefficients are less than 0.5, suggesting that there is no collinearity problem in the model. Based on the above analysis, it can be decided that there is a significant correlation between the main variables, and the follow-up empirical analysis can be continued.
TABLE 4 | Correlation coefficient matrix.
[image: Table 4]4 EMPIRICAL ANALYSIS
4.1 Baseline Regression
The sample companies are grouped by industry and are divided into heavy-polluting companies and non-heavy-polluting companies. Many factors affect corporate performance, and there are naturally differences in company size, governance level, and financing costs between companies in heavy-polluting industries and companies in non-heavy-polluting industries. Suppose there is no parallel trend between the treatment group and the control group in the sample before the impact of the central environmental inspection policies. In that case, the estimated regression parameters of the central environmental inspections dummy variable based on these sample data cannot accurately reflect the net effect of the policy shock. Building on the above analysis, we use propensity score matching to match the treatment group with the control group. To make other corporate characteristics of both the treatment and control groups as similar as possible, we select six covariates: company size, company age, company social wealth creativity, debt-to-asset ratio, the shareholding proportion of the largest shareholder, and the proportion of independent directors. The PSM method calculates the propensity score according to the multidimensional covariate index and matches the treatment group with the control group according to the similarity of the propensity score. To test the quality of matching, we perform a balance test on the sample after matching, as shown in Table 5. Table 5 illustrates that the deviation rate of the covariates after matching is significantly reduced. The t-test results show that the null hypothesis that the treatment group and the control group are not significantly different is not rejected, indicating that the differences in corporate characteristics between the treatment group and the control group have been drastically reduced through propensity score matching. Figure 1 shows the fitting results of the propensity scores of the treatment group and the control group. The fitting after matching is significantly better than the fitting before matching. Table 6 reports the distribution of the number of individuals in the treatment group and the control group before and after matching. Due to the one-to-many matching, the number of samples in the treatment group after PSM is 11,073, and the number of samples in the control group is 10,759.
TABLE 5 | Balance test.
[image: Table 5][image: Figure 1]FIGURE 1 | Propensity score fitting plot before and after PSM.
TABLE 6 | Sample distribution table before and after matching.
[image: Table 6]In Table 7, column (1) is the full sample for regression, and the second column is the PSM matched sample for regression. Table 7 shows that the regression coefficients of the central environmental inspections (CEI) in columns (1) and (2) are both significant positive at the 1% level, indicating that the central environmental inspections significantly enhance corporate performance. Thus, H1 can be verified. Furthermore, after PSM, the coefficient of central environmental inspections (CEI) is slightly reduced compared with the coefficient of the full sample. Therefore, it could be deduced that propensity score matching can preferably eliminate sample selection bias and exclude other factors’ influences on corporate performance; thus, the coefficient of the central environmental inspections (CEI) only reflects the net effect of the policy on corporate performance. The R2 value of the PSM matched model fits better than the full sample model. Figure 2 shows that before the implementation of the central environmental inspection policies in 2016, the treatment group and the control group basically conformed to the assumption of parallel trends. After the central environmental inspections were launched in 2016, the corporate performance of the treatment group became significantly higher than that of the control group.
TABLE 7 | Baseline regression results.
[image: Table 7][image: Figure 2]FIGURE 2 | Corporate performance change trend. Note: IEP stands for treatment group and Non-IEP stands for control group.
4.2 Mediation Test
According to the above baseline regression analysis, the central environmental inspections have significantly improved corporate performance. To identify the specific transmission path through which the policy affects corporate performance, we focus on the innovation-driven mechanism and principal-agent mechanism while introducing the mediation model to test.
4.2.1 Innovation-Driven Mechanism
Table 8 shows that after controlling the individual effects and time effects, the regression coefficients of the explanatory variable, namely central environmental inspections (CEI), in column (2) are not significant. There is not an innovation-driven mechanism. R&D and innovation have not yet acted as mediators between the central environmental inspections and corporate performance, so H2 fails the test. The empirical results show that the current environmental regulatory policies of the central environmental inspections have failed to stimulate the innovative vitality of heavily polluting corporations, and the “strong Porter effect” cannot explain the mechanism by which the central environmental inspections improve corporate performance. Because it takes a long time for companies to carry out R&D and innovation, corporate performance cannot be improved in the short term, as the innovative compensation effect brought by the increase of companies’ R&D investment cannot surpass the cost effect of compliance in limited time. Companies in heavy-pollution industries in China do not have enough motivation to invest a large amount of R&D funds in green innovation, and they have not yet reached the “strong Porter effect” where a positive cycle and mutual promotion of economic benefits and green environmental protection are achieved.
TABLE 8 | Innovation-driven mechanism.
[image: Table 8]4.2.2 Principal-Agent Mechanism
In Table 9, in both columns (1) and (2), the regression coefficients of the central environmental inspections (CEI) pass the significance test at the 1% level. In column (3), the regression coefficient of the central environmental inspections (CEI) is significantly positive and slightly lower than the regression coefficient in column (1). The regression coefficient of agency cost (AC) is significantly positive at the 1% level. This suggests that there is a principal-agent mechanism between central environmental inspections and corporate performance, but it is not the only mechanism. Agency costs partly perform as a mediator between them. Thus, H2 is verified.
TABLE 9 | Principal-agent mechanism.
[image: Table 9]The empirical results show that the central environmental inspection policies improve corporate performance by reducing corporate agency costs, which provides an empirical basis from the perspective of the principal-agency problem for analyzing the theoretical mechanism by which central environmental inspections affect corporate performance. The central environmental inspections have a strong political deterrent. Under these environmental regulations, external policy pressure has made the managers of heavily polluting corporations actively follow the environmental management system; reduce energy consumption and corporate pollution; and implement environmental protection behaviors in line with the interests of shareholders, leading to restrained agency costs and improved corporate performance. Moreover, the central environmental inspections involve public participation in supervision. To maintain a good corporate image, the managers of heavy-polluting companies may also take the initiative to adopt environmental management measures, and the possibility of environmental pollution behaviors that violate the interests of shareholders is reduced. Thereby, the principal-agent problem may be greatly reduced, and corporate performance can also be improved.
5 DISCUSSION
The abovementioned baseline regression and mechanism analysis demonstrate that central environmental inspections can improve corporate performance by reducing corporate agency costs. For companies of different types or in different regions, would this policy show different policy effects? Based on the two major levels of corporate heterogeneity and regional heterogeneity, respectively, we test the heterogeneity of corporate size, equity nature, and level of regional environmental regulations.
5.1 Heterogeneity of Corporate Size
The interaction term of the independent variable central environmental inspections (CEI) and the moderator variable corporate size (size) is added to the model, and a moderation model is constructed to test the impact of company size on the effect of the central environmental inspection policies. To overcome the regression bias of the moderation model, the corporate size in the interaction term is decentered5. The regression results are shown in Table 10.
TABLE 10 | Heterogeneity test for corporate size.
[image: Table 10]Table 10 illustrates that the coefficients of the independent variable and the interaction term are both significantly positive at the 1% level, implying that the size of a corporation plays a significant role in promoting the positive relationship between the central environmental inspections and corporate performance. That is, the larger the size of the corporation, and the more obvious the positive effect of the central environmental inspections on corporate performance could be. The larger the listed company’s scale, the better the internal governance structure of the company and the corporate managers’ level of decision-making could also improve accordingly. When faced with external environmental regulations of the central environmental inspections, companies are more capable and motivated to optimize their internal resource allocation, manage environmental protection strategies, and reduce the perquisite consumption of corporate managers, thereby curbing agency costs and improving corporate governance performance.
5.2 Heterogeneity of Equity Nature
According to the different nature of the equity of sample companies, the sample is divided into the state-owned corporate group and the non-state-owned corporate group, and the regression model is tested in layers. The regression results are presented in Table 11. In Table 11, the regression coefficients of the independent variable (CEI) of the non-state-owned corporate group and the state-owned corporate group are significantly positive at the 1% level, indicating whether a corporation is state-owned or not, the central environmental inspections can improve corporate performance. Specifically, the regression coefficient of the independent variable in the state-owned corporate group is higher than that in the non-state-owned corporate group, which implies that central environmental inspections have a more significant effect on the improvement of corporate performance for state-owned corporations.
TABLE 11 | Heterogeneity test for equity nature of corporates.
[image: Table 11]5.3 Heterogeneity of Regional Environmental Regulations Level
The interaction term of the independent variable central environmental inspections (CEI) and the moderator variable regional environmental regulations level (ER) is added to the model to construct a moderation model for testing the influence of the regional environmental regulations level on the effect of central environmental inspection policies. The regional environmental regulations level (ER) in the interaction item is decentered. Furthermore, the expression for the regional environmental regulations level (ER) is given by annual local fiscal environmental protection expenditure in each province/annual local fiscal general budget in each province. The regression results are shown in Table 12.
TABLE 12 | Heterogeneity test for regional environmental regulations level.
[image: Table 12]Table 12 shows that the regression coefficient of the independent variable (CEI) is significantly positive at the 1% level, whereas the regression coefficient of the interaction term (CEI*CE) fails the significance test, indicating that the regional environmental regulations level does not strengthen the positive relationship between central environmental inspections and corporate performance. There is no significant difference in the effect of central environmental inspections on the improvement of corporate performance when comparing regions with higher and lower levels of environmental regulations. The central environmental inspectorate stayed in various provinces, autonomous regions, and municipalities to carry out environmental inspection work. The law enforcement was intense and lasted for an unprecedentedly long time. This has promoted the implementation of environmental protection responsibilities by party committees and governments at all levels. In turn, this has created a top-to-bottom political pressure of environmental protection covering all provinces, autonomous regions, and municipalities. Still, no apparent adjustments in the intensity of law enforcement have been made according to the level of environmental regulations in a certain province. The environmental pressure on corporations would not be significantly different depending on their region, and the effects on corporate performance improvement caused by environmental regulatory externalities are correspondingly similar. The level of regional environmental regulations has not yet had a significant impact on the effectiveness of the central environmental inspection policies.
5.4 Robust Test
5.4.1 Parallel Trend Test
The important premise of using the difference-in-differences model is that the treatment group and the control group meet the parallel trend assumption to ensure the unbiasedness of the regression coefficients. The hypothesis of parallel trends means that before the central environmental inspections, both heavy-polluting and non-heavy-polluting companies’ performances are basically the same in terms of time trends. After the central environmental inspections, the performance of heavy-polluting companies has improved significantly compared with that of non-heavy-polluting companies. To satisfy the assumption of parallel trends, we first match the treatment group with the control group using propensity scores before introducing the difference-in-differences method. The parallel trend test is carried out on the matched sample companies.
Figure 3 illustrates that before PSM, the coefficients of the dummy variable in each period are significantly different from 0 in the first three periods, and the preliminary judgment suggests it does not meet the parallel trend assumption. After PSM, in the first three periods, the dummy variable coefficients of each period are not significantly different from 0, and in the last five periods, the dummy variable coefficients of most periods are more significant than 0, revealing that the parallel trend assumption is satisfied, and the policy has a significant positive treatment effect. Furthermore, the tvdiff command in Stata 15.1 is used to perform a parallel trend test. The test results are presented in Table 13. Table 13 shows that after PSM, in the first three periods of implementing the central environmental inspection policies, the dummy variable coefficients in each period are not significantly different from 0, which shows that the sample companies after PSM have passed the parallel trend test.
[image: Figure 3]FIGURE 3 | Parallel trends before and after PSM.
TABLE 13 | Parallel trend test.
[image: Table 13]5.4.2 Replacing Key Variables
Using the natural logarithm of the company’s quarterly net profit (CP1) and the company’s quarterly ROA as measurement indicators of the response variable company performance, the empirical results are shown in columns (1) and (2) of Table 14. According to the regression results, the regression coefficient of the central environmental inspections is still significantly positive at the 1% level, indicating that the central environmental inspection policies have indeed improved corporate performance, and the results are consistent with the baseline regression results.
TABLE 14 | Robustness test.
[image: Table 14]5.4.3 Policy Changing Time Window
Assuming that the implementation time of the central environmental inspections in each province is 2 years earlier, respectively, we now reconstruct the central environmental inspections dummy variable (CEI1). According to the regression results in column (3) of Table 14, the regression coefficient of the pseudo policy dummy variable is not significant. This conclusion supports the assumption of randomness in the policy implementation time.
6 CONCLUSION
This study applies the multi-period PSM-DID model to empirically test whether central environmental inspections can improve corporate performance by considering 2,256 listed companies in China’s Shanghai and Shenzhen A-share exchange markets. Moreover, we discuss the innovation-driven and the principal-agent mechanisms as mediators between the two factors in-depth. Based on the heterogeneity of corporations and regions, we analyze the differences in the policy effects of central environmental inspections on corporations of different types and in different regions. The research conclusions have vital theoretical and practical significance.
The research conclusions are as follows: (1) Central environmental inspections can significantly improve the corporate performance of listed companies in heavily polluting industries, and the results are still significant under the robustness test. (2) The principal-agent mechanism acts as a transmission path between the central environmental inspections and corporate performance, but it is not the only path. Central environmental inspections reduce corporate agency costs by improving the internal principal-agent problem of listed companies, improving the corporate performance. The innovation-driven mechanism cannot explain the impact path of the central environmental inspections on corporate performance. The central environmental inspection system has not yet exerted the “strong Porter effect,” and these environmental regulations have not improved the green innovation level of heavily polluting corporations. (3) Central environmental inspections have a differentiated policy effect on different types of companies. Central environmental inspections can boost the corporate performance improvement of listed companies with different micro-features, but they have a more obvious effect on enhancing the improvement of larger companies and state-owned companies; however, various levels of regional environmental regulations do not result in differentiated policy effects of the central environmental inspections. In regions with different levels of environmental regulations, there is no significant difference in the effect of central environmental inspections on the improvement of corporate performance. Therefore, it is necessary to establish a sound and standardized corporate environmental disclosure system. For corporate pollution behaviors, the rectification plan should be publicly disclosed; information asymmetry between the company and the public, shareholders, and managers should be effectively reduced; companies’ agency problem must be improved; and the corporate governance structure must be optimized. We must strongly promote the development of climate change investment and financing, guide more social funds into the field of low-carbon environmental protection, and help companies to obtain sufficient funds to invest in environmental protection equipment, thereby reducing carbon emissions and helping China achieve the “carbon peak and carbon neutrality” goal soon.
DATA AVAILABILITY STATEMENT
Publicly available datasets were analyzed in this study. This data can be found here: Most of the basic data are publicly available, mainly from the National Bureau of Statistics of China, the official website, http://www.stats.gov.cn/, and the RESSET and IFind financial databases.
AUTHOR CONTRIBUTIONS
XD: Conceptualization, Writing Original draft preparation, Methodology QZ: Software, Data Analysis Original draft preparation, BH: Writing, Reviewing and Proof, XR: Supervision Writing, Editing and Reviewing.
FUNDING
This research was supported by National Social Science Foundation of China under grant No. 17ZDA089, the Minister of Education of China New Liberal Art Research and Practice of Reform Project under grant No. 2021100064, the Minister of Education of China Industry-university Cooperative Education Project under grant No. 202102057010, the Fundamental Research Funds for the Central Universities, Zhongnan University of Economics and Law under grant No. 2722021AJ015.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
FOOTNOTES
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Batch Inspection time Inspection Inspected provinces Number of problems that the Number of

feedback accountability of ecological individuals held
time. environment damage accountably
Experimental 2016.01.04-2016.02.05 2016.05 Hebei China - 487
batch
1st 2016.07.12-2016.08.19 2016.11 Inner Mongolia, Heilongjiang, 100 1140
Jiangsu, Jiangxi, Henan, Guangxi,
Yunnan, Ningxia, China
2nd 2016.11.24-2016.12.30 2017.04 Beiing, Shanghai, Hubei, 91 1048
Guangdong, Chongaing, Shaanxi,
Gansu, China
3rd 2017.04.24-2017.05.28  2017.07-2017.08  Shanxi, Anhui, Tianjin, Hunan, 92 917
Fujian, Liaoning, Guizhou, China
4th 2017.08.07-2017.09.15  2017.12-2018.01  Jilin, Zhejiang, Shandong, Hainan, 89 1085
Sichuan, Tibet, Qinghai, Xinjiang,
China

Source: The central environmental inspection information published by the official website of the Ministry of Ecology and Environment of the People's Republic of China (http://www.mee.
Ve
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Number of individuals after matching 11,073 10,759 21,832
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Covariate Sample Treatment Control Deviation Percentage t-value poltl v/

group group rate decrease ve)

mean mean of deviation

rate

size u 22354 22164 148 9.2 14.91 0000 1.08"
M 22.337 22.328 07 064 0521 094
age u 2836 2793 129 85.8 12.77 0.000 078"
M 2835 2841 -18 -7 0.087 0.5
InTobinQ u 0649 0716 -13.2 9.4 -13.21 0.000 096
M 0651 0655 -07 -069 0.491 1.02
Lev u 0.405 0.405 04 365 037 0710 096"
M 0405 0405 02 021 0830 092
First u 0351 0335 1.0 89.1 11.03 0.000 1.00
M 0350 0348 12 1.08 0281 0ot
ind u 0377 0382 37 97.7 -3.72 0.000 0.4
M 0377 0377 0.1 008 0936 0.86"

, ™, indlcate significance at the level of 1%, 5%, and 10%, respectively. In column (2) “M" means the treatment group and the control group were matched according to the similarity of
the propensity score, and “U” means the treatment group and the control group were not matched.
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