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This study uses data from listed companies in China from 2008 to 2021, constructs a comprehensive evaluation of corporate environmental performance from the perspective of internal efficiency and externalities based on the text analysis method, and analyzes the impact and mechanism of environmental performance on profitability. In addition, we find that improving environmental performance can significantly increase profitability, especially if the company tackles pollution at the source. Furthermore, the impact of environmental performance on profitability tends to be driven by external markets. Obtaining environmental certifications, awards, and green patents can provide positive feedback and significantly increase profitability. In addition, the mechanism analysis shows that environmental performance affects firm profitability by improving green technology innovation, reducing financing constraints and increasing operating income. Finally, the results of the heterogeneity analysis show that the profitability-enhancing effect of environmental performance is stronger in non-state-owned firms, in clean industries firms and in regions with carbon emission trading.
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1 INTRODUCTION
Environmental protection and sustainable development as a global consensus pose growing challenges and opportunities for Chinese companies (Ren et al., 2024; Wang et al., 2024; Ren et al., 2022; Wang et al., 2023a; Wang et al., 2023b). Companies are the main sources of pollutant emissions and bear the responsibility for environmental management (Wang et al., 2024). The Chinese government’s policy of “carbon neutrality and carbon peak” not only imposes strict requirements on corporate carbon emissions but also urges more companies to incorporate environmental performance into their social responsibility strategies. Some scholars have identified value enhancement (Freund et al., 2023; Lins et al., 2017), risk management (Miao et al., 2024a; Barnett et al., 2018), and altruism (Bénabou and Tirole, 2010; Xue et al., 2022) can motivate companies to improve environmental performance. However, there are currently no objective and uniform standards for evaluating corporate environmental performance in China, and whether Chinese listed companies can achieve both environmental and profitable sustainability needs further investigation.
Environmental performance has a significant impact on corporate sustainability and investment decisions. Most current research focuses on the impact of environmental performance from perspectives such as green innovation (Ma et al., 2024; Wang et al., 2022), environmental information disclosure (Ingram and Frazier, 1980; Clarkson et al., 2008; Meng et al., 2014), dividend policy (Li et al., 2024), risk-taking (Qiu et al., 2024) and firm value (Jacobs et al., 2010; Harahap et al., 2019; Aydoğmuş et al., 2022). For companies and stakeholders, however, the primary concern is whether environmental investments can bring economic benefits. More and more scholars underscore the increasing relevance of environment to corporate finance (Ren et al., 2024; Ren et al., 2022; Chen et al., 2024; Erhemjamts et al., 2024). Intuitively, environmental performance can have two opposite effects on profitability. On the one hand, according to the theory of increased costs and competitive disadvantage, companies that have to comply with strict environmental regulations incur higher compliance costs, which reduce profit margins and put them at a competitive disadvantage in price-sensitive markets, which has a negative impact on profitability (Friedman, 1970; Palmer et al., 1995; Walley and Whitehead, 1994; Li et al., 2017; Tao et al., 2020). On the other hand, environmental performance can bring both tangible and intangible benefits to companies (Giannarakis et al., 2018; Kassinis and Vafeas, 2006). The resource-based view states that the ability to address environmental aspects enhances organizational capabilities and that such intangible resource is valuable, rare, inimitable and non-interchangeable (Buysse and Verbeke, 2003). Stakeholder theory suggests that consideration of environmental issues beyond mere compliance can help to meet stakeholder expectations and enhance the organization’s reputation, which in turn promotes business growth and sustained value creation (Zou et al., 2015). Theoretically, it is difficult to determine whether the positive effects of environmental performance on profitability outweigh the negative ones. It is therefore important to investigate this question empirically.
The explanations for why the empirical results between environmental performance and profitability are inconclusive also vary. Konar and Cohen (2001), for example, argue that early empirical studies suffer from several problems, such as small sample size (Ambec and Lanoie, 2008), lack of objective environmental criteria (Ullmann, 1985; Cohen et al., 1997). Harahap et al. (2019) investigated the relationship between environmental performance and profitability in only 15 listed companies in Indonesia. Ramlawati et al. (2022) increased the sample size but still only included 22 listed companies, and conclusions drawn from such small sample sizes may not be representative. In additional, some scholars have used single indicators to measure environmental performance, such as energy efficiency (Vinayagamoorthi et al., 2015; Pan et al., 2024), environmental investment (Zhang et al., 2019) and carbon dioxide emissions (Qin and Wu, 2004). However, as environmental performance is a multidimensional construct (Margolis et al., 2007; Xie et al., 2019), relying on a single indicator may lead to incomplete and inaccurate conclusions. This article addresses the shortcomings of previous studies by examining 35,340 samples of 4,479 listed companies in China. Using text analysis methods, a comprehensive assessment of corporate environmental performance from the perspective of internal efficiency and externalities is provided. Our extensive data set and accurate measurement of environmental performance are critical to conducting a robust analysis.
Based on the above analysis, this study aims to investigate the impact of environmental performance on profitability and the underlying mechanisms in Chinese listed companies for the period 2008–2021. The main contributions of this study are as follows: (1) An innovative evaluation of corporate environmental performance was proposed. We utilize text and patent data of listed companies to provide a comprehensive assessment of corporate environmental performance that examines both internal efficiency and externalities, which provides valuable evidence for government regulators to identify companies with high environmental performance and provides data support for future related research. (2) This study provides valuable insights into the relationship between the environmental performance of enterprises and their profitability in China. While previous research has often focused on specific industries (Harahap et al., 2019; Pan et al., 2024), this study examines the impact of environmental performance on the profitability of Chinese listed companies. In addition, a decomposition analysis of environmental performance is conducted to show the different effects of internal efficiency and externalities on profitability. The results provide corporate managers with evidence to justify the mobilization of more resources for environmental performance. (3) The influence mechanism between environmental performance and profitability is systematically analyzed in this study. Previous research has not looked in depth at the underlying mechanisms of this relationship. By examining both internal and external channels, this study uncovers how environmental performance influences profitability through internal innovation effects, external financing constraints, and income effects, which helps to identify the motivations for corporate social responsibility. (4) the heterogeneity effects of environmental performance are closely examined and broaden the understanding of the focal relationship. This not only complements and enriches existing literature, but also provides a reference to achieve a win-win situation between development and environmental protection. It also helps governments in formulating more targeted environmental regulations for businesses instead of using a “one-size-fits-all” approach.
The remainder of this study is organized as follows. Section 2 is the literature review and theoretical hypotheses, in which the relevant literature is reviewed and our research hypotheses are developed. Section 3 presents the data source and the measurement of environmental performance. Section 4 reports the results of the empirical studies and Section 5 summarizes the conclusions and policy implications.
2 LITERATURE REVIEW AND THEORETICAL HYPOTHESES
2.1 Measurement of corporate environmental performance
Environmental performance is a measure for evaluating the results of environmental protection activities (Ayu et al., 2017). It is widely recognized as a multidimensional construct (Margolis et al., 2007; Xie et al., 2019), and the accurate measurement of environmental performance is challenging (Aydoğmuş et al., 2022). Due to the lack of environmental data, most scholars initially used a single indicator to measure environmental performance, such as emissions of pollutants like sulfur dioxide (Qin and Wu, 2004), environmental investments (Zhang et al., 2019), pollution charges per unit of income (Hu, 2012), and energy efficiency (Vinayagamoorthi et al., 2015; Pan et al., 2024).
As the theory and methods of environmental performance evaluation have matured, some scholars and institutions have begun to conduct the related evaluation research from different perspectives. Ramlawati et al. (2022) and Harahap et al. (2019) investigated the impact of environmental performance on the profitability of listed companies in Indonesia, using PROPER environmental performance ratings to categorize companies into five levels. However, this rating system requires high quality data and only 15 listed companies disclosed such information, making it difficult to apply widely. In addition, some studies have developed environmental performance rating systems that focus on specific industries or companies. For example, Fang et al. (2013) measured environmental performance in three specific dimensions—environmental management, resource and energy conservation, and pollution reduction—focusing only on Baoshan Iron and Steel Group in 2011. Similarly, Wu and Chen (2014) measured the environmental performance of a textile dyeing and printing company based on seven aspects: green procurement, eco-design, clean production, green transportation, green sales, green use, and building a green corporate culture. These indicator systems have limited applicability and cannot be generalized.
At present, the more mature standards for evaluating the environmental performance of listed companies mainly include environmental, social responsibility and governance (ESG), such as Awaysheh et al. (2020), which directly use the Corporate Environmental Responsibility Index. However, this has been criticized by scholars (Barnett and Salomon, 2012) because the company-level indices provided by different institutions are not identical, and the subjectivity of the institutions is too strong, resulting in limited effectiveness. Another reseacher has developed an environmental performance evaluation indicator from the perspective of corporate disclosure of environmental information, mainly using text data from the annual reports of listed company for content analysis. Christmann (2004) and Jose and Lee (2007) believe that companies have omitted information, vision, and strategic statements on environmental behavior from their annual reports that reflect the company’s environmental management policies and practices. Ilinitch and Thomas, (1998) classified corporate environmental and social responsibility disclosure into four environmental performance indicators, while Clarkson et al. (2008) divided the elements of environmental disclosure into hard and soft environmental disclosure, but this classification is too simplistic.
There are several problems with the existing environmental performance: (1) Most studies use a single indicator to measure environmental performance, which cannot fully and accurately reflect environmental performance; (2) In studies that use comprehensive indicators to measure environmental performance, some studies have developed environmental performance evaluation systems that focus on specific industries or companies, which is highly subjective and not complete; (3) Some scholars directly use ESG indices that are subject to institutional subjectivity. Therefore, in this study, we conduct an evaluation of the environmental performance of companies by using text-mining analysis, which has recently been widely used to measure attention level or sentiment changes and has proven quite effective (Liu et al., 2024; Sautner et al., 2023). This study not only provides an objective and truthful assessment of the environmental performance of listed companies in China, but also provides an effective reference for government regulators.
2.2 The impact of corporate environmental performance on profitability
Researchers of the neoclassical school argue that improved environmental performance leads to an increase in costs, which decreases the marginal net benefit (Palmer et al., 1995; Walley and Whitehead, 1994). With the development of the economy and the increasing urgency of environmental protection, companies are not only pursuing profits but also actively assuming social and environmental responsibilities. The two seemingly competing goals of environmental performance and corporate profitability can be balanced by the changes in the external environment and the adjustment of internal strategies. Thus, improving a company’s environmental performance can also lead to an increase in profitability (Giannarakis et al., 2018; Kassinis and Vafeas, 2006; Buysse and Verbeke, 2003).
From an external environmental perspective, as economic development accelerates, the public demand for a green environment increase, and the cost of violating environmental laws and regulations becomes higher, so the benefits of actively fulfilling environmental responsibilities outweigh the company’s investment in environmental protection (Sharma and Vredenburg, 1998; Chuang and Huang, 2018). On the one hand, according to the signal theory, fulfilling environmental responsibility sends a positive signal to the government and social stakeholders, which can effectively eliminate the problem of information asymmetry, help companies gain government recognition and public support, and thus gain advantages in obtaining funding, selling product, and using government resources (Donaldson and Preston, 1995; Liu et al., 2020; Luo et al., 2012). On the other hand, due to external pressure, it is becoming increasingly costly for companies to violate environmental regulations, and companies that do not behave in an environmentally conscious manner are penalized by the government and receive negative media coverage (Wong et al., 2018).
From an internal interest perspective, several factors such as social sustainable development of resources, environmental regulations, and public environmental awareness objectively form economic incentives and contractural incentives for companies to carry out effective environmental management (Orlitzky et al., 2003). The “Porter hypothesis” states that reasonable environmental regulations can generate innovative compensation effects, thereby improving a company’s productivity and ultimately generating economic benefits. Maxwell et al. (1997) believe that companies should pursue proactive environmental strategies, as these strategies can bring competitive advantages such as cost reductions, quality improvements, better corporate reputation and the development of new markets. In addition, the environmental reputation that companies gain by fulfilling their environmental responsibilities is a valuable and non-imitable resource that meets the expectations of the public and society (Buysse and Verbeke, 2003), thus helping to increase the company’s sales and profits and achieving a win-win situation of “green” and competitiveness (Porter and Vanderlinde, 1995).
H1. Improving environmental performance has a positive impact on profitability.
2.3 Channel analysis of the impact of corporate environmental performance on profitability
Environmental performance can form internal and external drivers that lead companies to implement more green innovations (Cai and Zhou, 2014). On the one hand, environmental performance may lead to stricter environmental regulations, which may encourage participants to undertake more green technology innovation to comply with the regulations and gain further benefits (Frondel et al., 2007; Darnall et al., 2008; Kammerer, 2009; Dubey et al., 2015). On the other hand, environmental performance can increase customers demand for better environmental quality, which in turn can spur further green technology innovation (Handfield et al., 2002). Moreover, the higher a company’s environmental performance, the fewer administrative regulations and restrictions there are on the company’s green technology innovation behaviour and the more government support it receives for research and investment (Xu et al., 2022). This can also bring benefits in the labour market, attract more creative employees and further promote the company’s green innovation (Xie and Zhu, 2021). According to the “Porter hypothesis”, well-designed environmental regulations can stimulate innovation and offset the cost increase caused by environmental regulations, creating a virtuous cycle to improve the environmental performance and profitability of enterprises. Green technology innovation is an important channel for companies to reduce costs, conserve resources (Marin, 2014) and improve corporate profitability (Wang et al., 2020).
Environmental performance has a halo effect that helps to improve competitiveness, product prices, and market share, which in turn increases sales and profitability. According to stakeholder theory, companies can gain competitive advantages by meeting the demands of shareholders, e.g., long-term stable relationships with suppliers and consumers as well as positive relationships with investors (Bansal and Roth, 2000; Hillman and Keim, 2001; Orlitzky et al., 2003; Ambec and Lanoie, 2008; Lankoski, 2008; Surroca et al., 2010). At the same time, a company’s environmental responsibility also influences consumers’ decisions. As consumer demand for low-emission, energy-efficient products increase, companies with good environmental performance can charge higher prices or sell more products and stock (Hillman and Keim, 2001; Hart and Dowell, 2011; Richardson and Welker, 2001). In additional, companies with good environmental performance have more low-cost intangible assets that increase their brand and market value, allowing them to command price premiums and gain greater market share (Porter and Vanderlinde, 1995).
Companies with good environmental performance receive more funding from governments, financial institutions and stakeholders. In recent years, the government has frequently introduced relevant policies on environmental protection and green financing, including the establishment of special funds, subsidies for certain industries, low-interest loans, and tax reductions and exemptions. According to the theory of a “financing advantage”, companies with good environmental performance tend to have better political connections (Xiao and Shen, 2022), politically connected firms have easier access to formal financing sources (Miao et al., 2024b). In addition, commercial banks and other financial institutions will also actively increase their financing support for green and low-carbon enterprises to better fulfill their own environmental and social responsibilities, such as green loans, green bonds and other green financing methods (Mai and Xu, 2015). This supports the improvement of companies’ environmental performance, significantly alleviates the problem of financing constraints for companies, and guarantees the improvement of their profitability.
The signal theory states that companies with good environmental performance create positive expectations among stakeholders such as investors and consumers, and are willing to pay a “green premium”, thereby increasing the company’s share price or cash flow and decreasing its financing costs.
We present the following hypothesis for examination:
H2. Improving environmental performance can increase profitability by increasing green technology innovation.
H3. Improving environmental performance can increase profitability by increasing operating income.
H4. Improving environmental performance can increase profitability by reducing financing constraints.
We present our research framework in Figure 1.
[image: Figure 1]FIGURE 1 | Research framework.
3 DATA AND MEASUREMENT OF ENVIRONMENTAL PERFORMANCE
3.1 Data
After the adoption of the “Environmental Information Disclosure Order” in 2008, Chinese listed companies have started to disclose their environmental information. Therefore, this study selects data from Chinese listed companies from 2008 to 2021, excluding ST companies, financial companies and observations with missing data. Annual observations from non-financial sector with less than 5 company observations were also deleted to ensure that there were sufficient observation results are available for data analysis. Finally, the continuous variables were trimmed at the 1% level so that the final dataset contained 35,340 valid observations from 4,479 listed companies. The annual reports of listed companies were obtained from the Wind Information Website, the data on green patent were obtained from the National Intellectual Property Administration, and the data for other variables from the China Stock Market and Accounting Research Database (CSMAR) and the China National Research Data Service platform (CNRDS).
3.2 Measurement of environmental performance
Single indicators, incomplete indicators, and missing data are some of the issues with the current environmental performance indicator system. We build an environmental performance evaluation based on Xiao and Shen (2022) using environmental governance methods, environmental governance effectiveness, and reverse indicators of environmental performance. This results in a more thorough assessment of corporate environmental performance, as indicated in Table 1. There are a total of 9 secondary indicators in this evaluation.
TABLE 1 | Environmental performance indicator system.
[image: Table 1]3.2.1 Environmental governance strategy
The environmental governance method mainly reflects in four aspects by classifying the contents of social responsibility reports of listed companies: the reduction of “three wastes”, recycling of resources, green office, and energy conservation. These indicators are a natural way to gauge how well the business is doing with environmental governance procedures. Some scholars have also introduced these indicators to measure environmental performance in their research. For example, Qin and Wu (2004) synthesized several important waste emission indicators into a comprehensive index to represent environmental performance; Kassinis and Vafeas (2006) use harmful gas emissions to measure environmental performance; Hao et al. (2014) studied the environmental impact of industrial enterprises using CO2 emissions as a proxy variable. Furthermore, it is feasible to explore the differences in the impact of different environmental governance strategies on profitability in a follow-up analysis. Therefore, this study concludes that it is essential to create four sub-indicators and take into account the environmental governance process dimension: the reduction of “three wastes”, resource recycling, green office, and energy conservation.
3.2.2 Environmental governance effectiveness
Environmental performance can bring both tangible and intangible benefits to companies (Giannarakis et al., 2018; Kassinis and Vafeas, 2006). Melnyk et al. (2003) analyzed that the ISO 14001 certification can significantly promote corporate environmental performance. Wu and Chen (2014) and Zou et al. (2016) used the environmental awards as a measure of environmental performance, believing that environmental awards can give the company favorable feedback. The application for green invention patents reflects the significant achievements in green investment. Therefore, this paper builds three sub-indicators: environmental awards, environmental certification, and green invention patents.
3.2.3 Reverse environmental performance indicators
Companies with good environmental performance have fewer environmental violations than polluting companies, and environmental performance is a concentrated reflection of environmental governance. Illegal behavior and environmental violations can greatly lower its environmental performance. Du et al. (2019) stated that a company’s environmental performance is determined by whether it has a history of environmental violations or has been penalized for excessive emissions. Therefore, the indicator system becomes more objective and complete when corporates’ bad environmental practices are taken into account. Two sub-indicators comprise this indicator: environmental penalties and excessive waste emissions.
3.3 Variables
3.3.1 Dependent variable
The existing literature on measuring corporate profitability are mainly based on accounting indicator, such as return on equity (ROE), return on assets (ROA), and earnings per share (EPS), which are easy to obtain and have strong applicability, and are widely used in current research. Among these indicators, ROA has better macroscopic and comprehensive characteristics, and reflects corporate profitability from the overall perspective of the enterprise. In this paper, we select ROA to measure corporate profitability (Deng, 2020), which is the percentage of net profit of listed companies and average total assets.
We also use the ROE as a replacement variable for robustness testing, and its specific calculation formula is the percentage of net profit of listed companies and average owner’s equity.
3.3.2 Independent variable
This paper follows Sautner et al. (2023). It uses a machine learning algorithms to identify environmental protection content in the annual reports of listed companies. A related words were built based on various aspects of the indicator system. If the company’s annual report mentions a keyword and it is neither negated nor related to the future, the company is considered to have implemented environmental measures or faced environmental penalties in that area. Finally, drawing on Flammer (2015), the paper measures environmental performance (EP) by subtracting the score of reverse environmental performance indicators from the total environmental advantage score. The higher the environmental performance value and the lower the reverse indicator value, the better the company’s environmental performance and the deeper involvement in environmental protection. The paper also uses a weighted average environmental performance indicator as an alternative to the environmental performance indicator for robustness checks.
3.3.3 Control variables
In order to minimize bias caused by omitted variables, this paper also controls for the following variables that may affect a company’s profitability: (1) Age, which is the logarithm of the difference between the current and established year plus one; (2) Size, measured by the natural logarithm of total assets; (3) Top1, measured by the shareholding ratio of the largest shareholder; (4) Number, measured by the number of independent directors; (5) Tobin-Q, measured by the ratio of market value to total assets; (6) Growth, measured by the ratio of current year revenue growth to previous year revenue; (7) Cur, measured by the ratio of revenue to average total current assets.
3.3.4 Descriptive statistics of variables
The descriptive statistics for each variable are presented in Table 2. Descriptive statistics show that the average environmental performance score is 1.31, showing that many enterprises have good environment performance. However, the minimum value is −2, representing that some companies not only do not have environmental advantages, but also receive environmental penalties, indicating specific differences in environmental performance among enterprises within the sample. Dependent variable ROA and ROE also fluctuates significantly, indicating substantial differences in profitability levels across firms, reflecting the effect of environmental performance and further testing is necessary. Regarding control variables, they show large fluctuations, indicating significant differences among listed companies in China. These facts provide good test material for the empirical investigation.
TABLE 2 | Descriptive statistics of the variables.
[image: Table 2]3.4 Econometric models
To verify whether environmental performance enhances a company’s profitability, we construct the following fixed effects panel data model:
[image: image]
Here, subscript [image: image] denotes the listed company, and [image: image] denotes the year. The dependent variable is profitability, measured by ROA. The core explanatory variable [image: image] is the net environmental performance, including three indicators: governance method (Process), actual effectiveness (Effect), and reverse indicators (Negative). Control variables include firm size (Size), age (Age), ownership concentration (Top1), independent board size (Number), Tobin-Q ratio (Tobin-Q), revenue growth rate (Growth), and current asset turnover rate (Cur). [image: image] represents individual fixed effects that do not vary over time, [image: image] represents time fixed effects that do not vary across individuals, and [image: image] is the random disturbance term.
Finally, to verify whether environmental performance can enhance profitability by improving green technology innovation, increasing revenue, and reducing financing constraints, we construct a two-way effects model:
[image: image]
[image: image]
Where Medit represents green technology innovation (creativity), operating income (income), financing constraints (finance), respectively. The other variables in Equations 2 and 3 are the same as those in Equation 1.
4 EMPIRICAL ANALYSIS
4.1 Benchmark regression results
We used Equation 1 to evaluate the influence of environmental performance on profitability using a two-way fixed-effects model. Table 3 reports the estimation results, showing that environmental performance significantly improves the profitability. The regression model in Column (1) includes the independent variable and two-way fixed-effects without control variables, indicating that the impact of environmental performance on ROA is significantly positive at the 1% level. The model in Column (2) includes the control variables and firm fixed-effects, GDC was still positively correlated with profitability. The model in Column (3) presents the results of the full model, indicating that environmental performance improves the profitability. Taken together, these findings support Hypothesis 1. That is, environmental performance significantly increases profitability. This finding shows that, although environmental performance will raise the cost of compliance, it is also an economic resource that can increase profitability for enterprises.
TABLE 3 | Results of the baseline regression on the impact of environmental performance on profitability.
[image: Table 3]As for the control variables, there is a negative correlation between enterprise age and profitability, mainly because older enterprises have larger asset scales, lower capital allocation efficiency and innovation capabilities, resulting in lower profitability. The number of independent directors has a negative impact on profitability, mainly because the larger the size of the independent board, the lower the decision-making efficiency, which will reduce profitability. Firm size, revenue growth rate, shareholding ratio of the largest shareholder, Tobin-Q ratio, and current asset turnover rate all have significant positive impacts on profitability.
We further decompose the environmental performance and analyze how the sub-indices affect profitability. Environmental governance strategies can be mainly divided into end-of-pipe treatment and source control. End-of-pipe treatment refers to first discharging pollutants and then treating waste, while source control is to prevent and control pollution and emissions throughout the entire production process. Companies have different decisions and behaviors as a result of the growing environmental pressure and regulatory burden.
The paper will further explore the differences in the impact of different environmental governance strategies on profitability. From the estimation results in column (1) of Table 4, the estimated coefficient of governance strategy is significantly positive at the 5% level. For every one-unit increase in the performance level of environmental governance methods, profitability increases by approximately 0.087. Columns (2)–(5) of Table 4 report the estimation results of the impact of second-level environmental treatment methods on profitability. The estimated coefficients of “three waste”, circle resource, energy-saving, and green office are all positive, but the estimated coefficient of “three waste” is not significant, indicating that end-of-pipe treatment that discharges pollutants first and then treats waste cannot significantly improve profitability. Traditional end-of-pipe treatment has no economic benefits because too high running costs, treatment complexity, and investment requirements. Source control can not only achieve the unity of environmental and economic benefits and is also the fundamental way to achieve coordinated economic and environmental development.
TABLE 4 | The impact of environmental governance methods on profitability.
[image: Table 4]Based on the estimation results in the first column of Table 5, the coefficient of actual effectiveness is significantly positive at the 1% level, indicating that for every one unit increase in environmental effectiveness, the profitability of the enterprise increases by approximately 0.204. The estimated coefficient is larger than that of environmental governance measures, suggesting that the impact of corporate environmental performance on business capacity is driven more by market acceptance than internal efficiency. This conclusion is consistent with Orlitzky et al. (2003). Columns (2) to (4) of Table 5 report the impact of different types of environmental effectiveness on enterprise profitability. According to the estimation results, environmental awards, environmental qualifications certification, and invention of green patents all have a significantly positive impact on enterprise profitability, and the estimated coefficients are all significant. This indicates that environmental issues that exceed compliance standards can enhance a company’s ability to meet stakeholder expectations, leading to an outstanding reputation for the company, which fosters organizational growth and long-term value creation.
TABLE 5 | The impact of actual environmental effectiveness on profitability.
[image: Table 5]TABLE 6 | The impact of environmental reverse indicators on profitability.
[image: Table 6]4.2 Underlying mechanism
4.2.1 Mediating effect of green technology innovation
This paper draws on Chen and Ma (2021) to use the number of green invention patent as the mediating variable. Column (1) of Table 7 shows the OLS estimation results, where the improvement of environmental performance significantly improves innovation capability. Column (2) shows that the green innovation had a significant positive effect on profitability at the 1% level (β = 0.008). Moreover, environmental performance had a significant positive effect on profitability at the 1% level (β = 0.138). Compared with the baseline regression in Table 3, the environmental performance coefficient decreased from 0.156 to 0.138, indicating that the green innovation positively mediated the relationship between environmental performance and profitability. Column (3) and (4) show the 2SLS estimation results using industry average environmental performance as the instrumental variable, presenting the similar results of the OLS estimation. Above all, these results support Hypothesis 2. That is, environmental performance can enhance profitability by increasing green technology innovation. Environmental performance can form internal and external drivers to push firms to conduct more green innovation.
TABLE 7 | The mediating effect of green technology innovation.
[image: Table 7]4.2.2 Mediating effect of income
We use the logarithm of operating income as the mediating variable. Column (1) of Table 8 shows the OLS estimation results, where the improvement of environmental performance significantly increases operating income. Column (2) shows that the operating income had a significant positive effect on profitability at the 1% level. Column (3) and (4) shows the 2SLS estimation results using industry average environmental performance as the instrumental variable, and the results indicate that environmental performance still has a significant positive impact on operating income, indicating that environmental performance can improve profitability by increasing income, which supports Hypothesis 3. Environmental performance has a halo effect, helping to enhance competitiveness, product pricing, and market share, which increases revenue and profitability.
TABLE 8 | The mediating effect of income.
[image: Table 8]4.2.3 Mediating effect of financing constraints
In theory, financing costs can be indirectly reflected through many key financial indicators. Kaplan and Zingales (1997) were the first to use five factors, including operating cash flow, cash holdings, dividend payout, debt level, and growth, as proxy variables for financing constraints and construct a composite index (KZ index) to measure the degree of a company’s financing constraints through regression analysis. Since then, this approach has been widely used in the field of financing constraints research (Almeida et al., 2004; Wei et al., 2014). Therefore, this paper borrows from Kaplan and Zingales (1997) and uses the KZ index as the measure of a company’s financing constraints. The smaller the KZ index, the smaller the financing constraints faced by the company. Column (1) of Table 9 shows the OLS estimation results, where the improvement of environmental performance can significantly reduce financing constraints. Column (2) shows that financing constraints had a significant negative effect on profitability at the 1% level. Column (3) and (4) show the 2SLS estimation results using industry average environmental performance as the instrumental variable, and the results support Hypothesis 4. Mainly because that companies with good environmental performance will receive more funding from governments, financial institutions and stakeholders.
TABLE 9 | The mediating effect of financing constraints.
[image: Table 9]4.3 Heterogeneous effects
4.3.1 Firm heterogeneity
The equity structure of a company affects its operation and management, resulting in different behaviors, competition, and performance between state-owned and private companies. Therefore, it is necessary to explore the impact of environmental performance on profitability across different types of companies. Table 10 reports the estimation results of the baseline model after distinguishing the property rights. Column (1) shows that the coefficients of environmental performance in the state-owned enterprise subsample are all positive, but the estimated coefficients are not significant. However, column (2) shows that the coefficient of environmental performance in the private enterprise subsample is significantly positive, indicating that environmental performance has a more significant improvement effect on the profitability of private enterprises. Mainly because that state-owned companies should take on more environmental responsibilities, increasing the negative incentive effects and costs. By improving productivity to offset environmental protection costs, non-state-owned enterprises will show higher flexibility and innovation (Xu and Cui, 2020). Therefore, the special characteristics of state-owned enterprises determine that they need to undertake more social functions while pursuing profits, and they also face stronger regulatory constraints. The improvement of environmental performance may be relatively limited for state-owned enterprises.
TABLE 10 | The impact of environmental performance on profitability for different types of companies.
[image: Table 10]4.3.2 Industry heterogeneity
The pollution heterogeneity of companies may lead to different environmental compliance strategies. We investigate the profitability effect of environmental performance at different industry pollution levels. According to the draft of the “Guidelines for Environmental Information Disclosure of Listed Companies” issued by the State Environmental Protection Administration, 16 industries including thermal power, steel, cement, electrolytic aluminum, coal, metallurgy, chemical industry, petroleum, building materials, papermaking, brewing, pharmaceuticals, fermentation, textiles, leather, and mining are defined as heavily polluting industries. Table 11 reports the estimation results of the model after distinguishing the pollution level. Column (1) shows that the coefficients of environmental performance in the heavily polluting company sample are all positive, but the estimated coefficients are not significant. However, column (2) shows that the coefficient of environmental performance in the clean company sample is significantly positive, indicating that clean companies are more motivated to improve environmental performance, which has a more significant improvement effect on profitability. For highly polluting companies, they have the characteristics of high energy consumption, high pollution, and high carbon emission intensity, making governance difficult and compliance costs high. It is relatively difficult to achieve source reduction through technological innovation, and innovation activities have long cycles and high risks. Even if Porter’s hypothesis is true, higher compliance costs may still limit the improvement of profitability for highly polluting companies (Zhan et al., 2023).
TABLE 11 | The impact of environmental performance on profitability for companies with different levels of pollution.
[image: Table 11]4.3.3 Regional heterogeneity
According to the arrangement of the carbon emission trading system, the carbon emissions of a unit cannot exceed the carbon emission quota within a certain period. If exceeded, the excess must purchase from units with surplus quotas, which is an effective means of controlling total carbon emissions and reducing decarbonization costs (Dong and Wang, 2021). According to the “Notice on Carrying out Pilot Work on Carbon Emission Trading” issued by the National Development and Reform Commission in October 2011, six provinces including Beijing, Tianjin, Shanghai, Chongqing, Hubei, and Guangdong (including Shenzhen) were approved to carry out regional carbon emission trading pilot, and Fujian Province started carbon emission trading pilot in 2016. Column (2) of Table 12 shows that environmental performance has a significant positive impact on the profitability of companies in the carbon emission trading provinces, while in column (1), environmental performance has no significant impact on profitability in non-carbon emission trading regions. This indicates that companies in carbon emission trading regions, under strong environmental regulation policies, are more able to promote green innovation technology, and the “Porter effect” is more significant. At the same time, the market has stronger positive incentives for high environmental performance enterprises, which significantly improves their profitability.
TABLE 12 | The impact of environmental performance on profitability for companies in different regions.
[image: Table 12]4.4 Robustness tests
4.4.1 Alternative measurements of dependent and independent variables
In accounting indicators, another indicator that measures profitability is ROE, which is the percentage of a listed company’s net profit to the average owner’s equity. Columns (1)–(4) of Table 13 report the estimation results after changing the measurement method of the dependent variable. The coefficients of environmental governance methods and actual effectiveness are still significantly positive, and the estimated coefficient of environmental adverse indicators has a negative impact on profitability, indicating that improving environmental performance can significantly increase profitability. In terms of the measurements of explanatory variables, the environmental performance is measured using a weighted average. The estimation results in column (5) of Table 13 indicate that the empirical results did not change fundamentally after changing the measurement of environmental performance.
TABLE 13 | Changing the dependent and independent variable measurement method.
[image: Table 13]4.4.2 Dependent variable lagged one period
To “mitigate” endogeneity issues caused by reverse causality, the profitability indicator in Equation 1 was replaced with a lagged profitability level indicator for regression. Generally, there is no correlation between the lagged dependent variable and the current error term. Using the lagged profitability indicator instead of the current profitability indicator can alleviate endogeneity issues. From the estimation results in columns (1)–(4) of Table 14, the estimated coefficients of environmental performance and environmental governance methods are still significantly positive at the 10% level, the estimated coefficient of actual environmental effectiveness is positive but not significant, and the estimated coefficient of environmental adverse indicators is negative but not significant. The conclusion that environmental performance can improve profitability still holds.
TABLE 14 | Dependent variable lagged one period.
[image: Table 14]4.4.3 Instrumental variables
Since changing the measurement method of independent variables, changing the dependent variable, and using the lagged dependent variable still cannot completely solve endogeneity issues, we further use instrumental variable method to estimate regression model (1). Following the practice of Awaysheh et al. (2020) and Husted et al. (2016), we use the industry average environmental performance score of all companies in the same industry located in the same province as the instrumental variable for environmental performance. Because the choice of company location is usually made in the first few years of the company’s establishment and is unlikely to be related to the company’s recent performance. In addition, the average environmental performance score of other companies in the same industry is unlikely to affect the company’s performance in the current year, satisfying the exogeneity condition of instrumental variables. However, environmental performance between industries can affect environmental performance, resulting in a “catch-up effect”, satisfying the relevance condition of instrumental variables.
From the results in Table 15, column (1) shows the first-stage regression results, where the estimated coefficient of industry environmental performance is significantly positive at the 1% level, and the environmental performance of other companies in the same industry has a significant positive impact on environmental performance, with an F-statistic of 76.8, higher than the recommended value of 10. The Cragg-Donald Wald F-statistic is 896.746, also greater than the critical value of 16.38 for the weak instrumental variable test, rejecting the null hypothesis of weak instrumental variables. From the second-stage regression results in column (2), environmental performance is significantly positive at the 1% level, and the p-value of the over-identification Sargan test is also small, indicating that the selected instrument is effective and the research results are not affected by endogeneity issues. The conclusion that environmental performance can improve profitability still holds.
TABLE 15 | Instrumental variables.
[image: Table 15]5 CONCLUSION AND IMPLICATIONS
We used text analysis methods to construct a comprehensive evaluation of environmental performance of Chinese listed companies and employed a panel regression model to explore the impact of environmental performance on corporate profitability, while also clarifying the underlying mechanisms. The conclusions indicate that environmental performance significantly improves corporate profitability, and a series of robustness tests support the conclusions. Moreover, a detailed index analysis reveals that the impact of environmental performance on profitability is largely driven by external markets. Environmental awards, certifications, and green patents obtained by companies in environmental protection all significantly boost profitability. In addition, channel analysis shows that companies with high environmental performance improve their profitability by increasing their green technology innovation, reducing financing constraints, and raising revenue. Finally, the heterogeneity analysis reveals that the improvement in environmental performance has a greater positive impact on the profitability of non-state-owned enterprises, while the effect on heavily polluting companies is weaker. In regions with carbon emissions trading pilots, the improvement in environmental performance is more pronounced, and its contribution to profitability is more significant.
Based on the above conclusions, this paper proposes the following policy recommendations:
(1) The government should encourage companies to improve environmental performance and actively fulfill their social responsibilities. On the one hand, the government should provide fiscal incentives such as tax reductions, subsidies, or low-interest loans to encourage companies to invest in advanced green technologies. This not only reduces environmental impacts but also lowers operating costs, improving profitability. On the other hand, companies should be encouraged to integrate environmental performance into their corporate social responsibility strategies. Companies actively participating in environmental protection initiatives can improve their reputation and customer loyalty, which drives sales and profitability.
(2) The government should remove barriers to enhancing corporate profitability. Financial constraints may negatively impact profitability, so the government should break these constraints and create financial instruments like green bonds or sustainability loans to support projects aimed at improving environmental performance. This would reduce capital costs and help companies achieve a win-win situation in terms of both environmentally friendly and profitable.
(3) The government should implement differentiated environmental performance management approaches. For state-owned and heavily polluting enterprises, mechanisms that link environmental performance with profitability should be established, encouraging companies to explore new profit models during the green transition. For non-state-owned enterprises and clean industry companies, promoting the disclosure of environmental performance information, enhancing public oversight, and improving consumer recognition of corporate brands can further boost profitability.
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0-1 variable, whether the enterprise has adopted
policies, measures, or technologies to reduce emissions
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greenhouse gases. If yes, the value is 1; otherwise, it is 0

0-1 variable, whether the enterprise uses renewable
energy or adopts policies and measures for circular
economy. If yes, the value is 1; otherwise, it is 0

0-1 variable, whether the enterprise adopts green office
policies or measures. If yes, the value is 1; otherwise, it
is 0

0-1 variable, whether the enterprise has policies and
measures or technologies for energy conservation. If
yes, the value is 1; otherwise, it is 0
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value is 1; otherwise, it is 0
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otherwise, it is 0

0-1 variable, whether the enterprise has discharged
pollutants. If yes, the value is 1; otherwise, it is 0
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