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Introduction: Environmental concerns and the escalating impacts of climate change have prompted governments to set ambitious carbon emission reduction targets. Corporations, as major contributors to carbon emissions, play a critical role in achieving these goals through transparent carbon disclosure. This study investigates the impact of environmental penalties on corporate carbon disclosure practices among Chinese-listed firms from 2009 to 2019, drawing on organizational legitimacy theory.Method: Using data from publicly available corporate reports, we employed multivariate regression analysis to examine how environmental penalties influence carbon disclosure. Additionally, we explored the moderating roles of firms’ financial resource conditions and social media scrutiny.Result: The results revealed that environmental penalties significantly enhance carbon disclosure, particularly in resource-redundant firms, while their effect diminishes in resource-constrained enterprises. Social media scrutiny amplifies the positive impact of penalties by increasing public pressure, highlighting the role of external stakeholders in fostering transparency.Discussion: These findings underscore the importance of integrating tailored regulatory frameworks with active public and social media engagement to enhance corporate accountability and transparency. This study contributes to the literature on corporate social responsibility, offering actionable insights for policymakers, regulators, and corporate managers aiming to advance sustainability goals.Keywords: sustainability strategy, transformation, punishment mechanisms, corporate resources management, social media, carbon disclosure, carbon reduction regulation
1 INTRODUCTION
Carbon emissions have been recognized as the primary driver of global warming, and their detrimental impact on the environment has been consistently validated. Governments have proposed carbon emission reduction objectives, such as those outlined in the Kyoto Protocol and the Paris Agreement (Sustainable Development Goal (SDG) 7: SDGs 2030), to address global climate change and decrease greenhouse gas emissions. Corporate carbon information disclosure (CID) is a significant research focus in related sectors since it is vital for reducing carbon emissions. Enterprises play a crucial role in carbon emission reduction and trading as they are the main contributors to carbon emissions through their production and operation activities. Their efforts in reducing carbon emissions are essential for achieving a low-carbon economy and society. To reduce carbon emissions, governments must implement rules that specifically target significant polluters, such as corporations, and ensure their compliance with carbon emission standards.
The Chinese government has established emission reduction goals to reach the carbon emissions peak by 2030 and achieve carbon neutrality by 2060 (Tan et al., 2022; Wang et al., 2021; Pian-Pian et al., 2023). However, due to the low level of carbon reporting by highly polluting firms in China, firms’ carbon abatement efforts and disclosure still need to be debated (Bilal et al., 2022; Nguyen et al., 2021; Yu et al., 2020). As a result, the transformation and upgrading of China’s manufacturing industry now faces a significant challenge in transitioning to low-carbon practices. Naturally, the corporate sector has also shown interest in this objective, leading to increased corporate initiatives in carbon disclosure. Companies’ endeavors to transition to a low-carbon model contribute to their sustainable growth and get ongoing attention and recognition from external stakeholders. Consequently, the government, firms, and external stakeholders are highly concerned about enterprises’ endeavors to decrease carbon emissions and enhance information transparency regarding their carbon reduction initiatives. Given the pressing need for transparency and corporate accountability, understanding the factors that drive or hinder carbon disclosure is crucial for achieving these ambitious environmental goals.
Corporate carbon disclosure behavior has become more prevalent and is frequently regarded as a voluntary way for companies to make internal and external decisions. The current body of research on the factors influencing carbon disclosure may be classified into two main categories: the external pressures that companies encounter and the internal attributes of the companies themselves. External pressures on enterprises encompass various factors such as environmental regulations (Liu et al., 2018), market regulation (Xu et al., 2022), business environment (Kang et al., 2010), and financial market pressures (Zhao et al., 2014). These external pressures significantly influence the disclosure of corporate carbon information (Tang et al., 2022). Strict environmental regulation, in particular, can significantly improve China’s green productivity (Tong et al., 2022). In other words, when faced with substantial external pressure, enterprises tend to increase their carbon information disclosure to promote their development (He et al., 2019). In addition, stakeholders’ pressure will also affect the obstacles and motivations for decarbonizing operation management practices, and various obstacles and incentive factors will seriously affect the adoption of low-carbon operation management practices. Therefore, it is essential to establish a positive relationship with the stakeholders to overcome the external environment’s obstacles and improve the organization’s competitiveness (Jabbour et al., 2021). Firms’ internal characteristics encompass their corporate governance structure, which includes board characteristics and management shareholding (Wintoki et al., 2012). Financial characteristics such as profitability, leverage, opportunities for improvement, and managers’ attitudes and philosophies toward environmental protection are also considered. Studies have demonstrated that a company’s external carbon disclosure is of superior quality when its board governance is more effective in terms of corporate governance structure (Ben-Amar and McIlkenny, 2016). Regarding the financial attributes of businesses, there is a positive correlation between the size of the enterprise and its financial leverage, profitability, and R&D expenditures. Additionally, larger enterprises are more likely to voluntarily disclose information about carbon emissions (Cui and Hwang, 2018). Research surfaces in the current commercial market; organizations must cooperate to control rising levels of carbon emissions while gaining lasting economic benefits (Tiwari et al., 2019). The literature extensively examines the internal and external factors influencing corporate carbon disclosure. However, there remains uncertainty regarding the impact of government-imposed environmental penalties on corporate carbon disclosure, particularly in China’s centralized system. Due to pressure from public opinion, the government may impose strict regulations on corporations’ environmentally harmful actions in this system. Furthermore, it is still being determined if the internal limitations on resources within companies and the influence exerted by external stakeholders coincide with the imposition of environmental penalties by the government. Therefore, our study aims to fill this void by examining the correlation between corporate environmental fines and carbon disclosure.
Building on these considerations, organizational legitimacy offers a theoretical framework for understanding how external pressures like environmental penalties compel corporations to enhance their carbon disclosure practices. According to the idea of organizational legitimacy, we propose that environmental regulators imposing penalties on companies undermines their credibility. As a result, companies are compelled to enhance their carbon disclosure practices more favorably. Organizational legitimacy refers to the degree to which the actions of a social system align with laws, regulations, conventions, values, beliefs, customs, and other relevant factors (Suchman, 1995). An actual or possible conflict between the two parties raises doubts about the organization’s legitimacy, resulting in pressure for legitimacy. Environmental legitimacy refers to the perception that a firm’s environmental behavior or performance is desired and appropriate. It is a crucial aspect of organizational legitimacy. From the legitimacy perspective, scholars argue that the pressure for environmental legitimacy plays a crucial role in motivating enterprises to disclose information. This pressure primarily stems from regulatory requirements imposed by external governments and other entities, as well as the expectations of internal and external stakeholders. Additionally, media scrutiny and public opinion also contribute to the public pressure for information disclosure (Mahadeo et al., 2011; Li et al., 2018).
This framework becomes particularly relevant when analyzing the role of authority-driven systems, such as China, where regulatory penalties and external pressures interact in unique ways. In a system characterized by authority, such as China’s, regulatory authorities can apply administrative penalties for non-environmental actions, which can lead to direct or indirect economic setbacks or even undermine the legitimacy of companies. They are more worried about their lack of legitimacy than economic loss since it can result in forced closure. Carbon disclosure gives them a significant level of control in improving their legitimacy. Furthermore, we posit that the impact of environmental sanctions on corporate carbon disclosure will be contingent upon the organization’s internal resource limitations and the external pressure exerted by stakeholders. Within an enterprise’s internal structure, the diverse resources it possesses or manages form a cohesive entity with interrelated and interdependent components that sustain its operations. Enterprises use various tactics based on the extent of resource limitations during business administration.
Consequently, when enterprise resource alterations occur, the effect on the total internal interconnections will also vary. External stakeholders such as environmental organizations and audit institutions have the potential to enhance the extent to which corporations disclose their carbon emissions (Shen et al., 2020). With the increasing prominence of environmental protection organizations, auditing institutions, public education, and awareness, external institutions and mass media are becoming more attentive to enterprises’ environmental protection practices. Consequently, this heightened scrutiny will likely result in a surge in penalties imposed on companies for environmental violations.
In order to validate our assumptions, we analyze the influence of environmental penalties imposed on corporations on their carbon disclosure. This analysis is based on data about Chinese-listed enterprises from 2009 to 2019. Initially, we examine the impact of the penalty mechanism on companies’ carbon disclosure behavior. We discover that the penalty mechanism serves a dual purpose of motivating and exerting control over enterprises, particularly their carbon disclosure practices. Second, we investigate how the resource status of enterprises influences the connection between corporate environmental sanctions and corporate carbon disclosure. Because contracts based on enterprise performance play a positive role in driving sustainable improvement, this is consistent with the activities occurring in the industry (Ma et al., 2022). We specifically investigate how a company’s internal resources affect the connection between its environmental fines and its carbon disclosure. This analysis focuses on the company’s resource limitations and resource redundancy. We see that the penalty mechanism has a more pronounced beneficial effect on corporate carbon disclosure in companies facing limitations in obtaining funding. At the same time, its influence is less significant in companies with surplus resources. Third, this study investigates how social media influences the connection between corporate environmental penalties and corporate carbon disclosure. Critical assessments of companies’ fulfillment of social responsibility through social media can result in public opinion exerting pressure on corporations, strengthening the regulatory impact of environmental penalties on corporate carbon disclosure. To summarise, we contend that the environmental penalty mechanism directly and efficiently influences corporate carbon disclosure. However, the primary factors driving corporate carbon emission reduction and carbon disclosure are the adverse evaluations of corporations by social media users and the limitations imposed by the corporations’ resources.
This study addresses a critical research gap by investigating the impact of government-imposed environmental penalties on corporate carbon disclosure within the context of China’s centralized system. While previous research has extensively examined the internal and external factors influencing corporate carbon disclosure, the specific role of environmental penalties as a dual mechanism for motivation and regulation remains underexplored. Moreover, this study uniquely considers how internal resource conditions, such as scarcity and redundancy, mediate the effectiveness of these penalties, diverging from earlier studies that often treat penalties as universally effective. By integrating organizational legitimacy theory, this research further explores how external pressures, such as social media scrutiny, amplify the regulatory effects of penalties on carbon disclosure. Unlike traditional studies that primarily focus on internal governance or external regulatory pressures in isolation, our work highlights the interplay between resource availability, public opinion, and regulatory actions. This integrated perspective provides policymakers and regulators with nuanced insights into designing targeted interventions for improving corporate transparency and advancing a low-carbon economy.
The remain of this paper is structured as follows. Section 2 develops the research hypotheses, focusing on the significance of penalty mechanisms in influencing corporate carbon disclosure behavior, with particular attention to the moderating roles of enterprise resource restrictions and media social responsibility. Section 3 outlines the methodology, detailing the sample, data, and variable measures, as well as the estimation model used for analysis. Section 4 presents the results, including descriptive statistics, multivariate regression tests, robustness checks, endogeneity checks, and supplementary analysis to ensure the validity and reliability of the findings. Section 5 provides a comprehensive discussion of the results, highlights the study’s theoretical and practical contributions, acknowledges its limitations, and suggests directions for future research. The paper concludes with a summary of the key findings and their implications for advancing the field of corporate carbon disclosure and environmental policy.
2 HYPOTHESIS DEVELOPMENT
2.1 The significance of penalty mechanisms and corporate carbon disclosure behaviour
From a theoretical perspective, environmental penalties can be seen as a form of comprehensive environmental regulation. They are a government policy tool to control and discourage corporate pollution and ensure effective environmental governance. Compared to other market-based governance tools like environmental protection taxes, environmental fines have more distinct administrative features. While environmental penalties primarily target firms with poor environmental performance, they can effectively discourage such firms and encourage those with high environmental performance; this mitigates the adverse effects originating from outside the organization, such as environmental contamination (Shevchenko, 2021). More precisely, on one side, imposing environmental fines can result in both direct and indirect economic costs for enterprises with poor environmental performance.
Additionally, these penalties can expose firms to various dangers and damage their reputation. Consequently, firms are motivated to enhance their environmental performance. On the other hand, governments can provide incentives to companies that actively enhance their environmental performance (Berry and Rondinelli, 1998; Kassinis and Vafeas, 2002), and the efficacy of these incentives has been extensively proven (Dasgupta et al., 2000). Companies facing environmental penalties must respond constructively to uphold their validity. Indeed, enterprises exhibit various responses, ranging from superficial enhancements to substantial actions that surpass the minimum regulatory obligations (Aragón-Correa et al., 2008; Shao and He, 2022), all of which are encompassed. China has adopted carbon emission reduction as a significant national strategy to achieve the objectives of “carbon peak” and “carbon neutrality.” The Chinese government has implemented significant measures at various levels, such as promoting the growth of new energy sectors and establishing a carbon trading system. Carbon reduction efforts and disclosure are crucial components of corporate social responsibility, serving as effective measures for corporations to address government-imposed environmental penalties. Hence, companies penalized for environmental violations must address the identified environmental issues and showcase their determination to enhance their environmental performance to avoid further penalties from environmental regulators. This, in turn, will significantly enhance their corporate legitimacy. Corporate carbon reduction efforts and disclosure are crucial for showcasing corporate environmental actions, and firms possess significant autonomy in carbon disclosure. Enterprises can reveal symbolic actions taken to reduce carbon emissions, such as setting carbon reduction goals, as well as the specific amount of carbon that has been reduced. Hence, enhancing carbon disclosure is crucial for reinstating a company’s credibility following its environmental conservation penalization. Considering this, we put forth the following conjecture:
Hypothesis 1. Imposing environmental sanctions on corporations has a notable and beneficial impact on their level of disclosure regarding carbon emissions.
2.2 The role of enterprise resource restrictions as a moderator
The comprehension of enterprise resources differs across different socio-economic stages. Enterprise resources, as defined by contemporary scholars, encompass the assortment of production elements that an enterprise possesses, governs, or can employ to deliver products or services to society, ultimately aiding in attaining the enterprise’s economic goals. Comprehended within a more expansive framework, corporate resource encompasses all tangible and intangible assets that can be utilized to provide assistance, support, and competitive advantage. Enterprises frequently utilize many resources concurrently in their company operations, and those who demonstrate flexibility are more likely to succeed in expanding into new markets or launching new products (Tasavori et al., 2018).
The operation of an enterprise involves continuous and dynamic changes in both the quantity and quality of resources. The enterprise possesses or has control over a diverse range of resources, which are interconnected, mutually influential, and collectively support the functioning of the enterprise. Hence, proficiently overseeing enterprise resources can yield economic advantages for businesses, conserve resources for society, and generate wealth for the nation.
Amidst the constraints of low-carbon development, firms increasingly opt to reveal carbon information and enhance penalties for corporate environmental protection. This is done in response to the national objective of reducing carbon emissions, aiming to mitigate the threats posed by climate change. Studies have demonstrated that companies can modify their corporate resources over time to stimulate economic expansion (Lee and Kim, 2021). Enterprises select business management strategies based on their internal resource limitations. Companies with higher firm value or more corporate resources tend to have better carbon accounting disclosure quality (Nazwa and Fitri, 2022). The variables that have the most significant influence on corporate carbon disclosure include capital structure, market value of stock (Saka and Oshika, 2014), and corporate property (Wang and Zhong, 2022). This phenomenon is especially conspicuous in developing nations (Jiang et al., 2021). The impact of government environmental regulation on green technological progress is more substantial when the enterprise has greater financial power or resources, according to Song et al. (2021).
Similarly, the influence of government environmental regulation is more significant when the enterprise has more financial power or resources (Song et al., 2021); this indicates that companies are more likely to raise environmental fines and improve their carbon disclosure practices when they have excess resources. On the other hand, organizations that operate well tend to have lower levels of carbon activities (Eleftheriadis et al., 2015). It demonstrates a strong correlation between favorable carbon performance and exceptional financial performance (Busch and Lewandowski, 2018). In this scenario, enterprises more inclined to disclose carbon information (Cui and Hwang, 2018) are more likely to signal the presence of significant carbon risks. This is done to prevent adverse market responses resulting from the concealment of such information (Lemma et al., 2019).
Furthermore, stakeholders must not overlook the correlation between carbon disclosure and business resources while making investment decisions (Shen et al., 2020); the reason for this is that elevated carbon disclosure and effective corporate governance have a crucial role in enhancing business performance (Kurnia et al., 2020). Corporate performance, corporate reputation, and corporate commercial value are all accurate indicators of corporate resources. Corporations, the primary entities responsible for using and controlling resources, play a crucial part in societal development.
Thus, enterprises with limited resources are unlikely to prioritize social responsibility and instead focus on maximizing their economic gains. This is because they need more resources to address environmental penalties and allocate their limited resources toward economic pursuits. On the other hand, while enterprises are the primary source of pollutant emissions and play a crucial role in environmental management, their primary financial objective is to maximize shareholder wealth. Managers are primarily focused on market competition and effectively controlling consumption. As a result, when corporations have limited resources, they may dedicate less effort toward maintaining environmental penalties. In cases of resource redundancy, firms consider decision-making uncertainty regarding inputs, production, and outputs due to constraints on their environmental behavior, specifically in environmental management. The imposition of environmental penalties prompts this consideration.
Consequently, companies can take proactive measures to address environmental concerns by modifying their management practices and systems. They can also enhance their strategic position by developing green supply chains and effectively communicating with stakeholders. Additionally, these actions help prevent future cost escalations from more stringent environmental regulations. Based on this, the presence or absence of sufficient resources in a business might have varying effects on the environmental penalties imposed on the business.
Amidst the widespread promotion of sustainable development and low carbon economy, firms must restructure themselves, considering the environmental costs and enhancing resource efficiency (Tao, 2016). This study posits that firms may allocate limited resources towards carbon disclosure. However, in situations of resource abundance, firms are more likely to allocate more significant effort toward carbon disclosure. Thus, we put forward the subsequent hypothesis:
Hypothesis 2a. More corporate resources can diminish the beneficial effect of corporate environmental sanctions on corporate carbon disclosure.
Hypothesis 2b. Excess corporate resources amplify the favorable effect of corporate environmental fines on corporate carbon disclosure.
2.3 The function of media social responsibility as a moderator
Social media encompasses the tools, routes, carriers, intermediates, or technological methods individuals employ to communicate and access information. Media reports serve as a means of sharing information and function as an external regulatory agency. The media’s social responsibility is receiving significant attention from media theorists, the press, and the public. This responsibility encompasses various aspects, such as media ethics, professional work ethics in the media, and information ethics. These aspects can be evaluated within the broader political, social, and cultural context (Polakova, 2010). The media plays a crucial role in the capital market by acting as a middleman for information. As a result, companies and their employees use social media more frequently. The evaluation of public opinion on social media has a varied impact on corporate social responsibility (CSR) disclosure. Social media allows firms to enhance CSR engagement (Zhang and Yang, 2021). This research contends that the imposition of corporate environmental penalties for disclosing corporate carbon emissions is influenced by the pressure of public opinion exerted by the media.
The significant impact of social media on the capital market is evident. Furthermore, extensive use of social media can influence the awareness and actions of various stakeholders, including environmental organizations, auditors, and the general public. This, in turn, can increase the company’s commitment to environmental responsibility and adherence to environmental regulations (Shen et al., 2020; Kalu et al., 2016). When companies face a media environment that is not actively expressing opinions, the expense of maintaining their environmental credibility and reputation can be much greater than the cost of investing in efforts to enhance their commitment to addressing climate change (Tavakolifar et al., 2021). Consequently, this encourages the company to fulfill its social responsibilities in a proactive manner (Jiang et al., 2022), which in turn helps to restore its diminished environmental credibility (Pan et al., 2022). Consequently, the media’s conduct in the capital market significantly impacts the implementation of corporate social responsibility practices. Additionally, the media’s social responsibility actions greatly influence the environmental penalties imposed on companies.
Due to industrial production’s climate and environmental effects, companies worldwide must disclose and aim to decrease their carbon emissions. This has led to the need for a pressure group in China, consisting of the government, the public, and investors, to promote corporate carbon disclosure (He and Wang, 2014). Social media can effectively fulfill this function, exerting pressure on companies to disclose information about their carbon emissions. As a means of disseminating information, this pressure can significantly enhance corporate carbon disclosure (Shao and He, 2022). Additionally, media coverage can improve carbon disclosure accuracy and reliability (Li et al., 2017). When a firm encounters a regulatory dilemma in the media, its motivations to participate in carbon disclosure impression management are more powerful (Mateo-Marquez et al., 2021). This phenomenon is especially noticeable in companies experiencing significant negative environmental legitimacy pressures (Luo et al., 2022). Thus, corporations can lessen the adverse effects of their carbon disclosure on the market by proactively releasing regular updates on their carbon-related activities through the media before disclosing them (Lee et al., 2015).
Furthermore, as public education and awareness continue to grow, media-induced public opinion will alter consumers’ preexisting perception of the company; companies also engage in socially responsible actions to ensure customer loyalty (Al-Haddad et al., 2022). The media has triggered a chain reaction that has compelled firms to enhance their carbon disclosure practices and elevate transparency (Kalu et al., 2016). Hence, it is evident that the public scrutiny exerted by social media platforms in response to firms publishing their social responsibility reports can compel companies to fulfill their social responsibilities and disclose their carbon emissions actively. Given this information, this study presents the following conjectures:
Hypothesis 3. Social media platforms’ social responsibility amplifies corporate environmental penalties’ positive influence on corporate carbon disclosure.
3 METHODOLOGY
3.1 Sample and data
For our research, we have selected all Chinese companies listed on the Shanghai Stock Exchange and the Shenzhen Stock Exchange from 2009 to 2019 to examine how environmental sanctions affect corporate carbon disclosure. Listed firms are the primary entities responsible for disclosing carbon information and are the primary focus of environmental regulatory organizations. We primarily gather data on corporate carbon disclosure information by manually extracting it from corporate social responsibility reports and business sustainable development reports. Furthermore, the environmental penalties data was acquired through cross-validation with two databases, namely the IPE database (https://www.ipe.org.cn/) and the BYU Legal Information Network (https://www.pkulaw.com/). The former database is the most extensive collection of environmental research in China, while the latter is the most reliable source of legal information in China. The data on press reports is sourced from the press and Opinion Module of listed firms in the CNRDS database. Additional data is sourced from the CSMAR database, renowned as one of the primary information repositories on publicly traded companies in China (Marquis and Bird, 2018). We compiled a preliminary panel dataset upon obtaining data from the sources above. Subsequently, we applied the following criteria, as outlined by Liu et al. (2021), to choose our sample. (a) Omit all data from foreign stocks listed in the Shanghai and Shenzhen B-share markets; (b) Exclude data from stocks with special treatment (ST), which refers to stocks that have incurred losses for two consecutive years; and (c) Exclude data from observations where all variables are missing (Song et al., 2015). There are a total of 25,956 firm-year observations belonging to 3,590 distinct firms.
3.2 Measures of dependent variable
The dependent variable in this study is the corporate carbon disclosure score (CID), as indicated by Li et al. (2018), Li et al. (2017). Following the research technique of Aerts and Cormier (2009), we employ content analysis to evaluate the extent of corporate carbon disclosure. More precisely, we examine the extent to which companies disclose their carbon emissions by examining nine factors. We base our evaluation on the content of the Carbon Disclosure Project’s China report and consider the specific carbon information provided in the reports of the sample companies (as shown in Table 1 below). The carbon disclosure level is determined by adding the scores assigned to each of the nine factors. The nine items encompass Low-carbon development goals or plans, Low-carbon advocacy and training, Government subsidies or incentives for carbon reduction, Response to national low carbon policies, Investment in carbon reduction technology, funding, Government recognition of carbon reduction, Carbon emission reductions, Greenhouse gas emissions, IS014001 environmental management system certification. Regarding the handling procedures, we conducted a rating system based on whether all Chinese corporate social responsibility reports and corporate sustainable development reports listed on the Shanghai Stock Exchange and Shenzhen Stock Exchange from 2009 to 2019 contained corresponding words. The disclosed items were rated as 0, while the undisclosed items were rated as 0.
TABLE 1 | Specifications of carbon information disclosure.
[image: Table 1]3.3 Measures of independent variable
The study’s independent variable is the quantity of environmental penalties enforced on companies. The information regarding the administrative penalties and the corresponding fines imposed on each firm by environmental regulators on a specific date was collected manually from the IPE and BYU legal information databases (Marquis and Bird, 2018). After sorting, we obtained 2,250 records documenting environmental fines imposed on listed businesses. These penalties involved 924 companies, with the cumulative penalties reaching RMB 543.7 million. Based on the research conducted by Porteous et al. (2015), we calculate the firm’s environment for the current year by adding the number of penalties per firm-year.
Furthermore, in the robustness analysis, we employ the aggregated acceptable amount by firm-year, referred to as Environmental_penalty_value, as a substitute for Environmental_penalty. According to our data, companies that faced penalties from environmental regulators had an average CID score of 1.15, whereas companies that did not face penalties had an average CID score of 0.69. Furthermore, 60% of companies that have faced penalties from environmental regulators have engaged in carbon disclosure, but the number is 40% for companies that have not been penalized by environmental regulators. These findings indicate that companies that receive penalties from authorities tend to have higher ratings for disclosing their carbon emissions.
Furthermore, we selected three moderating variables. The variables Resource_Constraint and Resource Slack are two opposing moderator variables. Resource restriction in this context primarily pertains to financing constraints, which are the fundamental financial activity of a business and a significant means of acquiring external resources. Hence, we should utilize the firm’s finance constraint level to indicate its resource constraint. More precisely, we assess the extent of limitations on enterprises’ resources by employing the KZ index introduced by Kaplan and Zingales (1997). The KZ index is determined based on five factors: the capacity to create cash flow from operational activities, cash dividend distribution, cash reserve position, the extent of financial leverage, and the development potential of the company. The net cash flow ratio from operations to total assets measures resource slack. Seifert et al. (2004) argue that a firm’s financial performance only sometimes reflects the availability of surplus resources. Instead, they suggest that cash flow provides a more accurate measure of discretionary resources. According to Lehn and Poulsen, (1989), discretionary resources are calculated by subtracting non-discretionary expenses such as interest on debt, taxes, and dividends from a firm’s operating income before depreciation. Cash flow refers to surplus finances that are accessible for business operations. We have selected the media Negative_Coverage as another moderating variable. More precisely, we quantify Negative_Coverage by taking the logarithm of the quantity of adverse media reports. Negative media reports are often a significant way external stakeholders apply legitimacy pressures. This measure has been extensively employed in research on corporate environmental conduct (Burke, 2022; Shao and He, 2022).
3.4 Measures of control variable
We choose control variables at the executive team level (TMT), firm level, and industry level to account for potential influences on corporate carbon disclosure. We include the proportion of independent directors (Indep) and the duality of the chairman of the board and the managing director (Dual) at the executive team level, in line with prior research (Li et al., 2018; Li et al., 2017). Indep is calculated by dividing the independent directors by the total number of executives. Dual equals 1 when the chairman of the board and the managing director are the same person and 0 otherwise.
We also account for other business factors that could influence companies’ carbon disclosure. We utilize the natural logarithm of total assets as a metric for firm Size, the ratio of net profit to total assets for firm profitability (ROA), the ratio of total liabilities to total assets for leverage (Lev), the growth rate of firms’ operating revenues for Growth, the ratio of the sum of the market value of equity and the book value of liabilities to total assets for TobinQ, the ratio of the first most significant shareholder ownership for Top1, and the nature of ownership of the firm for SOE (Li et al., 2018; Li et al., 2017). At the industry level, heavy pollution is measured based on whether the firm belongs to a heavy-polluting industry (Luo, 2019). We adjust for year, industry, and provincial effects to account for CID variations across different periods, industries, and provinces.
3.5 Estimation model
We developed the test model to examine the assumptions Hypothesis 1, Hypothesis 2a, Hypothesis 2b, and Hypothesis 3 in this paper. The dependent variable CID is truncated at 0, meaning that 59.5% of firms do not report carbon information and have a carbon disclosure score of 0. We estimated the following equations using a Tobit model while accounting for year, industry, and province fixed effects (Li et al., 2017).
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The variable CID represents the carbon disclosure score of firm i in year t. The study’s independent variable is environmental_penalty, which represents the frequency of penalties imposed on firm i by the environmental regulator in year t. The paper utilizes three moderating factors known as Resource_constraint, Resource_slack, and Negative_Coverage. Controls are a group of variables used to manage or influence a system or process.
4 RESULTS
4.1 Descriptive statistics and correlation matrix
Table 2 presents the descriptive statistics for all variables in this study. The average value of the dependent variable carbon information disclosure (CID) is 0.70, suggesting that the level of corporate carbon disclosure is relatively low, consistent with findings from previous studies on corporate carbon disclosure (Li et al., 2017). Moreover, the highest number of penalties levied on enterprises by environmental regulators is 5, with the maximum value reaching 61 before tailing down and the lowest value being 0. Only a minuscule fraction of companies face administrative penalties from the regulator.
TABLE 2 | Descriptive statistics.
[image: Table 2]Table 3 displays the Pearson correlation coefficients for the variables. The corporate carbon disclosure score (CID) is positively correlated with the environmental penalties levied by the regulator, as hypothesized, with a correlation coefficient of 0.066. We computed variance inflation factors (VIFs) for each variable to verify that correlations between variables did not impact our results. The VIFs varied from 1.02 to 3.42, with an average of 1.57, all falling below the empirical criterion of 10, as per Greene (2003). Therefore, our analysis is not likely to have significant multicollinearity issues.
TABLE 3 | Pairwise correlations.
[image: Table 3]4.2 Multivariate regression tests
Based on our hypotheses, we used the Tobit model to analyze the link between Environmental_penalty and CID. Table 4 displays the regression results with clustered standard errors at the industry level. Model 1 serves as the baseline model, using solely control variables. Using Model 1, we included the variable Environmental_penalty to investigate Hypothesis 1. The findings indicate that Environmental_penalty has a statistically significant beneficial impact on corporate carbon disclosure at a 10% confidence level; this supports assumption 1. Calculating the marginal effect reveals that in samples where carbon disclosure scores exceed 0, the average impact of penalties from environmental authorities on firms’ carbon disclosure scores is 0.030. The average marginal effect for the entire sample is 0.023.
TABLE 4 | Estimates for carbon information disclosure and regulatory effects.
[image: Table 4]In addition, we also describe the moderating effects of the moderating variables Resource_constraint, Resource_slackfor, and Negative_Coverage fo in Models 3–Model 5 in Table 4. We describe the moderating effects of Resource_constraint for Model 3, Resource_slack for Model 4, and Negative_Coverage for Model 5. In Model 3 and Graph 1, we included the interaction terms of Resource_constraint and Environmental_penalty to test Hypothesis 2a. The findings indicate the coefficient of Environmental_penalty × resource_constraint has a strong negative impact and is statistically significant ([image: image]), This strongly corroborates Hypothesis 2a. This result suggests that enterprises with fewer resource restrictions show a more substantial positive effect of environmental regulatory fines on carbon disclosure than those with higher resource constraints. In Model 4 and Graph 2, the Environmental_penalty × Resource_slack variable shows a statistically significant positive coefficient ([image: image]), which indicates that corporate Resource_slack positively moderates the connection between environmental regulatory fines and carbon disclosure. This outcome corroborates Hypothesis 2b. In addition, we included an interaction factor for Negative_Coverage and Environmental_penalty in Model 5 to examine Hypothesis 3. The results of Model 5 and Graph 3 indicate that the coefficient of Negative_Coverage × Environmental_penalty is positive and statistically significant, aligning with our expectations. Negative media coverage enhances the connection between environmental regulatory penalties and carbon disclosure. Thus, Hypothesis 3 was also examined.
[image: Graph 1]GRAPH 1 | Moderation effect plot of Resource_comstrain as a moderating variable.
[image: Graph 2]GRAPH 2 | Moderation effect plot of Resource_slack as a moderating variable.
[image: Graph 3]GRAPH 3 | Moderation effect plot of Negative_coverage as a moderating variable.
4.3 Robustness check
We verified the strength and reliability of our findings by conducting robustness assessments. We revised our regression methods and employed the ordinary least squares (OLS) regression to reassess all the assumptions. All findings are documented in Table 5. Models 2 to 5 indicate that the coefficients for Environmental_penalty, Environmental_penalty × Resource_constraint, Environmental_penalty × Resource_slack and Negative_Coverage × Environmental_penalty are all statistically significant ([image: image]. The conclusions align with the prior findings. Secondly, We used Environmental_penalty_value as a proxy for Environmental_penalty in the regression analysis, and the results of replacing the explanatory variables are presented in Table 6. The findings from Model 2, Model 3, and Model 5 continue to uphold the earlier conclusions. This result is noteworthy because, although the coefficient for Model 4, Environmental_penalty_value × Resource_slack, is positive, it is not statistically significant, with a T-value of 1.55, close to the 0.10 significance threshold. In summary, the data continue to corroborate all of our prior hypotheses. We utilize the natural logarithm of CID + 1 (LnCLD) as a substitute for CID in robustness testing.
TABLE 5 | Robustness check using ordinary least square.
[image: Table 5]TABLE 6 | Robustness check using proxy independent variables.
[image: Table 6]4.4 Endogeneity check
We must acknowledge the possibility of self-selection bias in our model. It is possible that corporations do not randomly incur environmental penalties from authorities. Firms in significantly polluting industries are more likely to attract the attention of authorities. To address selection bias, the study employs the Heckman two-stage model to correct self-selection bias (Heckman, 1979), with the industry means of penalties from environmental regulators (Industry_Environmental_penalty) used as the exclusion variable (Liu et al., 2021). The first stage involves determining if the firm has incurred a penalty from the environmental regulator (Penalty_Dummy) as the dependent variable, whereas the second stage involves the dependent variable Environmental_penalty. Penalty_Dummy is a binary variable that takes one if the corporation has incurred a penalty and 0 if not. Table 7 displays the outcomes of the Heckman two-stage model. In model 1, the coefficient of Industry_Environmental_penalty is positively and significantly associated ([image: image]. From Model 2 to Model 6, the coefficient for the Environmental_penalty, Environmental_penalt × Resource_constraint, Environmental_penalty × Resource_slack and Negative_Coverage × Environmental_penalty remains statistically significant ([image: image]. Moreover, the sign has not changed. After applying the endogeneity correction, our findings remain solid and reliable.
TABLE 7 | Robustness check using two-stage Heckman selection model.
[image: Table 7]4.5 Supplementary analysis
To further rationalize the research in this paper, we show that negative comments can better drive corporate carbon disclosure compared to positive social media comments by comparing the effects of positive and negative comments on corporate carbon disclosure, as there is a clear emotional bias in discussions or evaluations on social media platforms. From the perspective of social psychology, when social masses are faced with negative comments on anything, they are willing to spend more time to find out why and how things happen (Lange and Washburn, 2012; Kwahk and Kim, 2017). Conversely, when firms generate more negative reviews, they spread faster (Lu et al., 2013), which can further create implicit pressure on the firms. We used OLS regression to analyze this study further in this paper and also controlled for fixed effects of year, industry, and province (Li et al., 2017). The study results are shown in Table 8 below, where Models 1 and 2 are the negative and positive evaluations of firms facing social media, respectively. The results show that the degree of carbon disclosure generated when enterprises face negative evaluations from social media is much higher than that generated when enterprises face positive evaluations. On the other hand, we also explored the impact of the degree of penalties when firms face different environmental disclosures, where Model 3-Model 5 represent the degree of impact of environmental penalties on carbon disclosure, industrial solid waste generation, solid waste utilization and disposal, noise, light pollution, radiation, and other governance, respectively. Although the regression results of monthly noise, light pollution, radiation, and other governance of solid waste utilization and disposal are positive and significant, the regression coefficients can significantly indicate that carbon disclosure can have a more significant effect when firms are also subjected to environmental penalties, which validates our previous conclusions.
TABLE 8 | The differential impact of social media on corporate carbon disclosure and the number of penalties on other environmental disclosures.
[image: Table 8]5 DISCUSSION AND CONCLUSION
5.1 Discussion
This study contributes to the broader literature on corporate social responsibility, carbon disclosure, and regulatory mechanisms, offering both corroborative and novel insights. First, our findings align with the literature highlighting the role of regulatory mechanisms in improving environmental performance. Prior studies (e.g., Clarkson et al., 2008; Luo and Tang, 2014) have emphasized the effectiveness of penalties in incentivizing environmental compliance. However, we extend this literature by demonstrating the conditional nature of this effect, influenced by the resource status of firms. While studies like those of Hahn et al. (2015) have focused on institutional pressures, our research shows that internal resource limitations can weaken the regulatory impact on carbon disclosure, adding nuance to the understanding of corporate responses to environmental policies.
Second, our results differ from earlier studies that view penalties as universally effective tools for improving CID (e.g., Stanny and Ely, 2008). We reveal that Compared to enterprises with less resource constraints, the positive effect of environmental regulatory penalties on carbon information disclosure of enterprises with more resource constraints is weaker, firms with surplus resources not only respond more positively to penalties but also exhibit greater capacity for improving disclosure practices. This highlights the critical role of resource slack as a determinant of environmental behavior, a perspective underexplored in existing literature.
Third, our study advances the discussion on the role of social media in CSR. Unlike previous studies that have primarily focused on the direct role of traditional media in influencing corporate behavior (e.g., Dyck et al., 2008), our findings illustrate Social media can create an additional layer of accountability to amplify public pressure on companies. This suggests that social media platforms serve as a dynamic channel for enhancing transparency, reinforcing penalties’ impact on CID, and shaping corporate strategies.
Finally, our research enriches the theoretical framework of organizational legitimacy. While previous studies have framed legitimacy as an outcome of regulatory compliance (Suchman, 1995), we argue that it also operates through a dual mechanism involving resource conditions and public scrutiny. By integrating these elements, our study offers a more comprehensive understanding of how firms navigate the complex interplay of internal and external pressures.
5.2 Theoretical contributions
This study has the following theoretical contributions. Firstly, the main regulatory target for carbon information disclosure by environmental regulatory agencies is listed companies, so we chose companies listed on the Shanghai and Shenzhen stock exchanges for our research. We have also applied the theory of legality to the process of enterprises’ carbon information disclosure, enriching the literature in related fields. Secondly, we explored the moderating effect of corporate resource status on the relationship between corporate environmental penalties and corporate carbon disclosure. We concluded that in addition to the penalty mechanism, the resource status of the enterprise itself is also an important factor affecting its environmental behavior. This supplements the empirical data in the relevant field. Thirdly, the social responsibility of the media can pressure social public opinion on enterprises, effectively promoting them to improve their carbon disclosure behavior. We believe that negative evaluations of companies and their resource constraints on social media are key drivers of carbon reduction and disclosure, enriching the variable composition of related research fields.
5.3 Practical implications
This study offers information and insights to help policymakers develop regulatory policies in the carbon-neutral, carbon-cycle era.
Carbon disclosure is a symbolic management measure aimed at improving corporate reputation by voluntarily disclosing carbon emissions. Our research has shown that implementing a penalty mechanism can incentivize and regulate companies’ carbon disclosure behavior. The government can implement legislation requiring corporations to disclose their carbon emissions to prevent them from attempting to conceal their environmental impact using inexpensive methods, promoting more thorough carbon disclosure. Our study also demonstrates that corporate resource scarcity weakens the positive effect of corporate environmental penalties on corporate carbon disclosure. In contrast, corporate resource redundancy strengthens this effect, offering improved managerial insights into the carbon disclosure process.
Moreover, our research has also shown that social media effectively regulates corporate carbon disclosure. The media’s social responsibility can influence public opinion to pressure companies, prompting them to enhance their carbon disclosure practices. Social media’s criticism of companies for not fulfilling their social responsibilities can create public pressure on them, offering a new way to promote a low-carbon society.
5.4 Limitations and directions for future research
Our study has several constraints. First, a dependable and uniform methodology is required to evaluate the influence of carbon disclosure in China. Only nine carbon disclosure elements were used for this study to generate business carbon disclosure ratings due to limited data availability. These items include low-carbon targets, carbon emission reduction subsidies, and investments in low-carbon technology. This measurement approach may need more reliability.
Further investigation is required to determine if this study’s evaluation index method is comprehensive and can effectively represent the fluctuations in corporate carbon disclosure levels. Future studies should explore the development of standardized and robust evaluation frameworks for assessing carbon disclosure, ensuring consistency across different contexts and industries. Besides, corporate carbon disclosure rules differ, and the information may be slanted in firms’ favor. The corporate carbon trading market is still developing, and many enterprises in China voluntarily disclose carbon statistics due to the recent introduction of the country’s carbon trading pilot program. Research could focus on comparing disclosure practices across different regulatory environments to identify best practices and examine how varying regulatory frameworks influence the accuracy and transparency of carbon disclosure. As corporate carbon disclosure quality improves, additional carbon disclosure criteria must be chosen to calculate a company’s carbon disclosure score. Finally, the quality of carbon information disclosure regarding data collection was assessed manually. One should assess the data collection scope and the ratings’ impartiality.
5.5 Conclusion
This study revealed important findings about the mechanisms driving corporate carbon disclosure, addressing the objectives of understanding the effects of environmental penalties, resource conditions, and social media on disclosure practices. By analyzing data from Chinese-listed companies between 2009 and 2019, we found that environmental penalties served as effective incentives for carbon disclosure, especially in firms with surplus resources. However, the impact of these penalties was weaker in resource-constrained enterprises, indicating that internal resource availability plays a significant role in shaping corporate responses to regulatory measures. Additionally, social media was found to amplify the influence of environmental penalties by exerting public pressure on firms, highlighting its role as a powerful external force in fostering transparency and accountability. These findings align with the research aim of exploring how external pressures and internal conditions interact to influence corporate behavior. The results underscore the need for regulatory frameworks that are sensitive to firm-specific resource conditions and utilize social media as a complementary tool to enhance carbon disclosure practices. This study contributes to the literature on carbon disclosure and corporate social responsibility while providing practical guidance for policymakers and managers seeking to promote more transparent and sustainable corporate practices.
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Heavy_polluting 0256+ 0256+ 0248+ 0033+ 0.170% 0029
| (0.036) (0.036) (0.036) (0.007) (0.019) 0.013)
Size 02754+ 02747 0274 0022+ 0135+ 0,069+
(0.016) (0.016) (0.016) (0.003) (0.007) (0.005)
ROA 0127 0.104 0,096 -0023 0.149% 0139
(0.132) (0.132) 0132) (0.029) (0.074) | 0os)
Lev ~0.006 0004 0002 -0012 ~0.113 -0.042%
(0.062) (0.062) (0.062) (0012) (0033) [ (0.024)
Growth 0022 ~0.023* ~0.022° 0002 0.007 0004
(0.010) (0.010) (0.010) (0.002) (0.006) (0.004)
TobinQ 0007 0.006 0,006 0002 0018+ 0,008+
(0.007) (0.007) ' (0007) ' o00) (0.003) [ (0.003)
Indep 0276 | oan ~0291 0.004 0160 -0.139*
(0.192) o) 1) (0.033) (0.100) )
' Dual 0057 0058+ ~0057 0,001 -0015 -0010
(0.023) (0.023) ) (0.004) (0.012) (0.009)
Topl -0.139 -0.140 ~0.142 0002 0027 0045
(0.091) (0.091) 0.091) (0.016) (0.045) )
_cons 6132 5882 6082 0439+ ~2.584 1o
(0418) (0.410) " (0a09) (0.136) (0.290) )
adj. R2 0189 0189 0.190 0038 0165 0096
Industry effect Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes
Province effect Yes Yes Yes Yes Yes Yes
| Observations 25,689 25,689 25,620 25,687 25,687 25,687
R-squared Cors 0189 0.190 0038 0165 0096

Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.






OPS/images/fenvs-12-1426046-t007.jpg
First stage Second stage

Model 1 Model 2 Model 4 Model 5
Environmental_penalty 00710+ 0128 0011 0297 0305+
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124 o ~0.131 0125 o ~0.131% on I
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(0.038) (0.034) (0.040) (0.037) (0.036)
Industry_Environmental 17287 |
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(0.819)
Constant 4856 —5.431% —5.428 -5.424% 5413 5407+
(0.588) (0511) (0511) (0512) (0514) (0514)
Industry effect | es Yes Yes ' Yes Yes Yes
Year effect ves Yes Yes ves Yes Yes
Province effect Yes Yes Yes | ves Yes Yes
Log likelihood -2,891.777
LR2 | Logs s
Observations 25,511 25,447 25,447 25,447 25,447 25,447
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Srandand ervors in pacerthesss, *Po < (0L, Mo & 0005 % < 0.1,
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\EUELICH Obs Mean SD Median Min
cID 25,956 070 107 0.000 0000 8,000
Environmental_penalty 25956 006 039 0.000 0000 5000
Resource_constraint 25,956 127 243 1489 -6713 7.300
Resource_slack 2595 004 007 0043 0201 0248
Negative_coverage 25,956 717 080 7.188 3714 8.671
soE 25,956 0w o 0,000 0,000 1.000
Heavy_polluting 25,956 028 045 0,000 0000 1.000
Size 25,956 20 132 21892 19199 27.048
ROA 25,956 004 007 | o0m -0285 0228
Lev 25,956 043 022 0414 0050 1.000
Growth 25,956 017 051 0.094 0662 3804
TobinQ 25,956 209 143 1622 0868 9.884
Indep 25,956 037 006 0333 0125 0.800
Dual 25,956 028 045 o000 0.000 1.000
Topl 25,956 Lo 015 0328 0085 0743
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(1) cp 1000

(2) Environmental_ | 0066 | 1.000

penalty

(3) Resource_ 0021 002 | 1000

constraint

(4) Resource_slack | 0091 0006  -0524 1000

(5) Negative_coverage | 0.116 | 0054 | 0117 | -0025 | 1000

(6) SOE 0170 0042 0222 | 0015 | 0147 1000

() Hawy_poluing | 0191 | 0085 | 0026 | 0085 | 0014 | 0081 | 1000

) sie 0327 0085 0122 0072 | 0347 0354 0066 | 1000

(9) ROA 0001 | -0025  -0538 | 0342 | 0153 0008 0030 0022 1000

(10) Lev 0132 0051 0662 | 0163 0199 | 0302 | 0042 | 0469 | -0399 1000

(11) Growth 0050 0017 | 0011 | -0.054  -0024 -0053 -0032 | -0094 0008 | -0016 1000

(1) TobinQ w1 o0 00% | 0010 | 003 | 012 | 0078 | 043 | 0057 | 0175 0165 | 1000

(13) Indep o024 0009 0001 | 0011 0030 0062 0045 001 | 0020 0005 0009 0084 | 1000

(14) Dual 0091 | 003 | 0134 | 0014 0071 | 0299 | 0055 | <0181 | 005 | 0156 0029 | 0046 | 0106 | 1000

(15) Topl 0067 | 0019 | -0087 0093 | -0076 0208 | 0055 | 0215 | 0129 | 0040  -0026 0143 | 0042 -0.043 1000
Note: N = 25,956; correlations greater than [0.02] are significant at the 0.05 level.
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closure items Score Instructions
Low-carbon development goals o plans 0,1 Undisclosed is 0, disclosed is 1
Low-carbon advocacy and training 01 Undisclosed is 0, disclosed is 1
Government subsidies or incentives for carbon reduction 0,1 Undisclosed is 0, disclosed is 1
Response to national low carbon policies 01 Undisclosed is 0, disclosed is 1
Investment in carbon reduction technology, funding 01,2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2
Government recognition of carbon reduction 0,1 Undisclosed is 0, disclosed is 1
Carbon emission reductions 0,1,2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2
Greenhouse gas emissions 0,1,2 Undisclosed is 0, qualitative disclosure is 1, quantitative disclosure is 2
15014001 environmental management system certification 0,1 Undisclosed is 0, disclosed is 1
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Model 1 Model 2 Model 3 Model 4 Model 5
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| | (0.004) I 7 (0.005)
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[ | 0.093) [ (0.112)
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(0.006) (0.007)
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(0.007) (0.008) (0.008) | (0.008) | (0.008) (0.008)
Resource_slack osese o7 e o | ossre 0885
(0.228) (0.254) (0.252) (0.247) (0.254) (0.248)
Negative_coverage 0.009 0.009 0.008 0.009 0.007 0.007
(0.010) (0.010) '(o.ow) | (0.010) [ (0.010) (0.010)
SOE 0157 0167 ot | o1gr o166t 0167+
| (0.043) (0.044) (0.045) (0.044) W(oAaM) (0.045)
Heavy_polluting 0264 0265+ 0265** 0.265%* 0.265** 0265
| (0.028) (0.028) (0.028) (0.028) (0.028) (0.028)
Size | ozes 0268 | oaswe | 0gsre 02680 0268
(0.022) ) (0.022) (0022) (0.022) (0.022)
oA 0037 ; 0047 oon oo ooss 0043
| (0.093) | (0.104) (0.104) | (0.104) [ (0.104) (0.105)
Lev ~0.120 -0.132% -0.128% o [y ~0.128"
| (0.056) (0.058) (0.057) (0.058) (0.058) (0.057)
Growth -0.019 -0.016 -0016 -0.016 -0016 -0016
(0.012) (0.013) (0.013) 0.013) [ (0.013) (0.013)
TobinQ oo -0.007 oo | o007 | o007 -0.007
(0.011) (0.011) (0.011) (0.011) (0.011) (0.011)
Indep ™ oz -0237 o2 -0240 -0238
(0.182) (0.194) (0.195) 0.194) (0.193) (0.194)
Dual | 0049 ~0.049% | oour | —oougeer | ooise -0.049*
(0.017) (0.017) (0.017) (0.017) (0.017) (0.017)
Topl -0.125% ~0.116* -0.116% -0.116* -7+ -0.17*
| (0.048) (0.050) (0.050) (0.050) (0.050) (0.050)
Constant —5.445%% ~6.028" | soms | 015 | 016+ ~5.967+
(0.499) (0511) (0517) (0.501) (0.514) (0.524)
Industry effect ves [ ves Yes | es | yes Yes
Year effect [ ves Yes Yes Yes Yes Yes
Province effect Yes Yes [ ves | es [ ves Yes
Observations 27,403 25,956 25,956 25,956 25,956 25,956
R-squared 0193 0194 0194 0.194 0194 0194

Robust standard esrors in parentheses, **p. < 001, *p < 0.05; %< 0.1,
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Variables
Model 1 Model 2 Model 4 Model 5 Model 6
Environmental_penalty 0.067* 0123 0.001 -0303 ~0.006
(0.036) (0.053) (0.035) (0.124) (0.200)
Environmental_penalty x Resource_constraint 0033+ -0.012
(0.017) (0.019)
Environmental_penalty x Resource_slack 1221 0966+
| (0.488) (0.423)
Environmental_penalty x Negative_coverage 0,049 0005
(0.017) (0.025)
Resource_constraint 0,055+ 0,060+ 0061+ 0,060 0019* 0060
0.017) (0.017) (0.018) ©017) (0.008) (0017)
Resource_slack 2057+ e 2079 2039 0883+ 2046%*
0532) (0.579) (0576) (0571) (0252) (0.569)
Negative_coverage 0,005 0001 -0.001 0001 0,007 ~0.001
o) 0.019) (0.019) (0.019) (0.010) )
SOE 0362 0376 0376 0375 0165+ 0375
0109 | (0.109) (0.109) (0.109) (0.044) (0.109)
Heavy_polluting 04847 04741 04747 04734 0262+ 0473+
0.043) (0.039) (0.038) (0.038) (0.027) (0.038)
Size 0,506 0502+ 0502+ osores o2 0501+
(0.031) (0.034) (0.034) (0.034) (0:022) (0.034)
oA 0,662 0693+ 0,682+ 0,690 0050 oes7
0279) 0299 00 ) 1o (0.290)
Lev 0330 0345+ 0337+ 0342 ~0.130° 0339
(0.092) (0.092) (0.092) (0.092) (0.058) (0:092)
Growth 0,065 0057 0057+ 0057 -0015 0,057+
0.023) (0.025) (0.025) (0.025) o1 (0.025)
TobinQ ~0.112%% oane 0.1+ o " oo0r 01117
(0.014) (0.013) (0013) (0.013) (0011) (0013)
Indep ~0.707* ~0657* -0.652* ~0651% -0.247 o
(0354) (0370) (0.373) (0.374) (0.192) (0.374)
Dual ~0.126"% 0124 0124+ 0125 0049+ ~0.125%
(0.041) (0.041) (0.041) (0.041) (0017) | ©om)
Topl 0243+ -0228* -0.227¢ -0228* 0120 -0.228*
©0.112) ©.117) (0.118) (©.117) (0.050) (0.118)
Constant ~11.919%+ —124440 ~12420 ~12457 6063 ~12.444%
(0.621) (0.741) (0733) (0.745) (0.495) (0733)
Industry effect Yes Yes Yes ves Yes [ ves
Year effect Yes Yes Yes Yes Yes Yes
Province effect Yes Yes | es Yes Yes Yes
Observations 27,403 25,956 25,956 25,956 25956 25956
Pseudo R-squared 00843 00832 00833 00833 00723 00833

Robust standard esrors in parentheses, **p. < 001, *p < 0.05; %< 0.1,
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Robust standard esrors in parentheses, **p. < 001, *p < 0.05; %< 0.1,

Variables
Model 1 Model 2 Model 4 Model 5 Model 6
Environmental_penalty 0,063 0113 0.007 -0303 03117
(0.020) (0.039) (0.018) (0.125) (0.110)
Environmental_penalty x Resource_constraint -0.030* -0.014
(0.016) (0.014)
Environmental_penalty x Resource_slack 1086 0778
| (0.493) (0241)
Environmental_penalty x Negative_coverage 0,049 0047
(0.017) (0.016)
Resource_constraint 0018 0019+ 0020 0019 0019* 0020
(0.007) (0.008) (0.008) (0.008) (0.008) (0.008)
Resource_slack 0,868+ ossre oz stz 0883+ 0852+
(0.228) (0253) (0.249) (0.245) (0252) (0.246)
Negative_coverage 0,009 0.009 0008 0.009 0,007 0006
00w (0.010) (0.010) (0.010) (0.010) )
SOE 0157 0,166 0.166°* 0,166 0165+ 0165
| 0om) (0.044) (0.044) (0.044) (0.044) (0.044)
Heavy_polluting 02647 0262+ 0262+ 0262+ 0262+ 0261+
(0.028) (0.028) (0.028) (0.028) (0.028) (0.028)
Size 02654 0267+ 0267+ 027 o2 0267+
(0.022) (0.022) (0022) (0022) (0:022) (0022)
oA 0037 0047 0041 0045 0050 o0
0.093) 0109 o0 ) 1o (0.104)
Lev ~0.120% 0131+ 0125 0129 ~0.130° 0126
(0.056) (0.058) (0.056) (0.058) (0.058) (0057)
Growth 0019 0015 0015 0015 -0015 ~0.015
0.012) 0.013) (0.013) (0.013) o1 (0.013)
TobinQ -0.007 oo -0.007 oo " oo0r ~0.007
0.011) (0.011) ©o11) ©o11) (0011) (©o11)
Indep 0269 0243 -0.238 0239 -0.247 oam
(0.182) 0.194) (0.196) (0.197) (0.192) (0.195)
Dual ~0049* ~0049* 0049+ 0049+ 0049 0,049
0.017) (0.017) (0017) 0017) (0017) )
Topl -0.125% 0118+ 0118+ 0118 0120 0120
(0.048) (0.050) (0.050) (0.050) (0.050) (0.050)
Constant 54450 6084+ 6046 6094+ 6063 6,054+
(0.499) (0.489) (0.506) (0.463) (0.495) (0.485)
Industry effect Yes e Yes ves Yes [ ves
Year effect Yes Yes Yes Yes Yes Yes
Province effect Yes Yes | es Yes Yes Yes
Observations 27,403 25,956 25,956 25,956 25956 25956
Rsquared 0193 0194 oo 0195 0194 0195
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