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Abstract

:

With the rapid development of global industrialization and modernization, carbon emissions have brought about serious climate warming and environmental pollution problems. Chinese enterprises, as the major players in carbon emissions, are important in terms of promoting the green transformation of the economy. It is particularly important to investigate the relationship and mechanism of action between carbon emission reduction and corporate sustainable development in Chinese enterprises. This study aims to determine whether reducing the intensity of carbon emissions can make businesses more sustainable and to analyze the moderating influences of government environmental subsidies, media monitoring, and executives’ green opinions on the link between the two variables. The study sample consists of Shanghai and Shenzhen A-shares data from 2015 to 2020, and a fixed-effects model is employed for analysis. Data were obtained from the China Stock Market & Accounting Research database, the Financial News Database of Listed Companies, and enterprise financial statement notes, etc. Stata17.0 was used to clean and analyze the data. The results indicate that businesses can greatly improve their long-term viability by lowering their carbon emissions. Additionally, government environmental subsidies, media monitoring, and executives’ green perceptions all enhance the correlation between corporate sustainability and reduce carbon emission intensity. This study not only enriches the relationship between environmental governance and sustainable development from a theoretical perspective, but also further expands the stakeholder theory. It also finds the mechanism of the role of the government and media on corporate carbon emissions for sustainable development in practice, which provides effective guidance to accelerate the promotion of carbon emission reduction and, thus, the sustainable development of Chinese enterprises.
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1. Introduction


The high rate of global industrialization has caused serious carbon emission problems. Concentrations of greenhouse gases (GHGs) are currently very high, far greater than those at the beginning of the industrial age. A survey conducted in 2019 found that the atmospheric concentration of CO2 had hit 409.8 ppm (parts per million), making it the highest in at least 800,000 years [1]. CO2 emissions not only threaten biodiversity but also pose a significant threat to sustainability [2]. The negative impacts of climate change on the economy and society have prompted nations to look for the causes of environmental degradation and novel ways to lessen the effects of global warming and reduce carbon dioxide (CO2) emissions [3,4,5].



Reducing greenhouse gas emissions is crucial to the sustainable development of the world economy [6]. The issue of carbon emission reduction has started to receive high levels of attention globally. In 2015, numerous countries joined the Paris Agreement [7] in a collaborative effort to reduce emissions of GHGs. The European Union (EU) has similar objectives for combatting climate change and creating a cleaner environment. Many scholars have begun to explore the factors influencing carbon emissions, such as Mardani et al., who considered economic growth a major driver of carbon emissions [8]. Zafar et al. also noted that Asia-Pacific industrialization increased carbon emissions [9].



As the most populous developing nation in the world, China consumes a large amount of fossil fuels to power its rapid industrialization and urbanization [10], the result of which is significant pollution and CO2 emissions. As a major carbon-emitting country [11], China has proposed the development goal of “carbon peaking and carbon neutrality”. Compliance with sustainable development goals is also a top priority for the business community [12]. According to the eighth Sustainable Development Goal (SDG) outlined in the United Nations’ 2030 Agenda, governments must cut emissions, increase energy consumption, decarbonize energy systems, and ensure sustainable energy [13]. SDG 9 aims to prevent environmental degradation, actively safeguard biodiversity, and maintain ecosystems that foster equitable human and economic development. Enterprises, as the main source of carbon emissions, are also the main participants in economic activities. This study focuses on sustainability at the firm level, i.e., achieving corporate sustainability. Elkington’s triple bottom line approach argues that the long-term prosperity of a company depends on a focus on three dimensions of sustainability: social, environmental and economic [14]. Companies need to equally balance the needs of the company with these three dimensions when developing a sustainability strategy [6]. The American financier Robert C. Higgins proposed a sustainable growth model in 1977 for the corporate SGR problem that better reflects the sustainability of a firm [15]. In 2000, James C. Van Horne developed a steady-state equilibrium and dynamic nonequilibrium sustainable growth model based on this model to better reflect the business ability and competitiveness of a firm [15].



However, in the study of carbon emission reduction in China, current scholars focus their research areas on the influencing factors of carbon emission reduction and the methods to reduce carbon emissions. For example, Li et al. argued that the digital economy is an important factor influencing carbon emission reduction, and they concluded that there is a U-shaped relationship between the level of digital economy development and carbon emission [16]. Ming et al. constructed a spatial panel Durbin model and a mediating effects model to demonstrate that the digital economy directly and indirectly reduces carbon emissions [17]. These studies all provide theoretical support for the implementation of a digital economy to mitigate carbon emissions in China. Due to the significant macro-regulatory role of the Chinese government, many scholars have also explored the effect of carbon trading-related policies on carbon emission reduction from the perspective of carbon trading. For example, Shi et al. found that carbon trading pilot projects, especially carbon allowances and prices, reduced regional carbon emissions and per capita CO2 emissions [15]. Huo et al. studied the low-carbon city pilot policy and found that this policy can reduce carbon emissions by changing industrial structure and promoting enterprises to develop low-carbon technologies [18]. Li et al. used difference-in-differences (DID) and spatial Durbin models to demonstrate that the spatial spillover effect of carbon emissions trading significantly reduced carbon intensity [19]. These studies also provide a theoretical basis for the government to test the effects of carbon trading policies and provide confidence for Chinese enterprises to reduce carbon emissions. However, the study of the influencing factors in carbon emission reduction ultimately aims to promote the effective carbon emission reduction and sustainable development of enterprises through green transformation. This is also the core issue of this study.



Although some scholars have studied carbon emissions and sustainable development, most have focused on macroeconomic and environmental sustainability. For instance, Erdoğan et al. suggested that well-planned emission reduction plans have few adverse effects on sustainable economic growth [20]. Yang et al. found that the reduction in carbon emissions in the COVID-19 era improved environmental performance [21]. Additionally, micro-level studies have focused on carbon emissions, financial performance, and short-term corporate performance. Palea’s study showed that a low-carbon orientation can reduce enterprises’ environmental regulatory risk and environmental management costs [22]. Liu et al. employed the DID technique to evaluate enterprises’ micro-level financial performance and found that carbon emissions trading enhanced non-operating income [23]. Desai disagreed with the conclusion that corporate carbon emission reduction promotes financial performance [24]. This study shows that although there are opposing views on exploring the micro-level aspects of corporate carbon emission reduction enhancing corporate financial performance, most of the findings indicate that carbon emission reduction has a significant impact on financial performance, especially by reducing systemic risk. Although this study selects micro-level data, it is not limited to studying the impact of corporate carbon emission reduction on corporate financial performance and environmental performance. This study considers corporate sustainability in terms of corporate profitability and competitiveness, and explores the role of carbon emission reduction in corporate sustainability.



In addition, the government, media, and corporate executives play critical roles in decreasing carbon output and promoting sustainable business practices. Many scholars have studied the relationship between government subsidies and media coverage as independent variables with corporate carbon emissions or with corporate sustainability. For example, Yunus et al. argued that the environmental pressure exerted on firms by stakeholders such as regulators, the media, and creditors is conducive to the adoption of proactive carbon management strategies [25]. Raghunandan used empirical data to suggest that institutional investors favor the selection of stocks for socially responsible companies. Additionally, it is more beneficial to promote the sustainable development of such enterprises [26]. In examining the government’s drive to reduce corporate carbon emissions, some scholars argue that environmental regulation techniques, such as a hybrid of control and market incentive-based approaches, can be useful for encouraging greater carbon efficiency in businesses [27]. However, some scholars contend that environmental regulation has a “green paradox” [28] and may discourage firms from increasing their environmental investments, effectively discouraging economic activities that damage the environment [29]. From an executive perspective, executives with more environmentally conscious world views have constructive effects on their companies’ carbon-efficient management and green financial success [30]. This study chooses to further investigate the mechanism of the role of corporate carbon emission reduction in enhancing corporate sustainability from the stakeholder perspective so as to fill this gap. It also provides a theoretical basis for the government and media in promoting carbon emission reduction in enterprises.



This study also has many innovative points. Firstly, the subject of this study is relatively new. This study creatively selects two topical issues of current world concern—carbon emission reduction and sustainable development capacity—as research objectives, and takes Chinese enterprises with large carbon emissions as research samples. Secondly, this study is more innovative in its measurement of variables. In the context of the digital age, the media plays an increasingly important role in guiding the green transformation of companies. While most of the literature uses the total number of news reports in the news media as a measure of media attention, this study uses the J-F coefficient (Janis and Fadner, 1965) to measure the propensity of media coverage and as a more objective measure of media monitoring. The executive perspective, on the other hand, uses word frequency to select executives’ green perceptions as a moderating variable. This variable captures the internal motivation that drives executives to make green transition decisions. Lastly, this study is more innovative in terms of research methodology. As we know, the difficulty of studying corporate carbon emission reduction from a micro perspective lies in the acquisition of corporate carbon emission data. This study refers to the globally recognized Greenhouse Gas Accounting System (GHGAS) protocol and locates the sources of carbon emissions as direct GHG emissions owned or controlled by the company and indirect GHG emissions caused by commercial energy and thermal energy procurement. Carbon emissions directly disclosed by companies are obtained directly from their annual reports and social responsibility reports, while those not disclosed are calculated with reference to the Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories. Various indicators are used to measure carbon emissions to ensure the robustness of the study results and to better reflect the micro-level findings.



This study provides a theoretical framework for furthering the paradigm of studies that focus on corporations’ carbon emissions. It also serves as a guide that enriches the literature on enterprise carbon emission reduction and sustainable development and assists businesses in achieving their sustainability objectives. Specifically, it identifies the critical mechanism of the role of enterprise carbon intensity reduction in influencing firms’ sustainable growth from the standpoint of three stakeholders. This study further enriches the research on environmental governance theory and sustainable development based on corporate carbon emissions and offers theoretical help for businesses to actively reduce carbon emissions and carry out ecological remediation.




2. Theoretical Background and Assumptions


2.1. Enterprise Carbon Emission Intensity Reduction and Enterprise Sustainable Development Capability


Rapid economic expansion has resulted in serious ecological issues [12]. The theory of environmental economics posits that economic and ecological developments are complementary [31]. People should ensure harmonious symbiosis between the two to satisfy growing material needs, promote harmony between humans and the natural world, and maintain an ecological balance as the basis for business expansion [31]. Therefore, the environment can be better protected by reducing carbon emissions and any efforts toward a world with stricter carbon limits would be greatly appreciated. From 1970 to 2011, non-renewable energy (e.g., burning fossil fuels) and industrial activities were the primary sources of GHG emissions [32], making businesses the primary producers and environmental polluters. According to corporate social responsibility theory, companies should be proactive in undertaking environmental social responsibility, protect the environment, and use resources wisely, such as taking measures to save energy and reduce carbon emissions, all of which contribute to long-term positive corporate development [33]. According to Ferrat’s extensive research, while reducing carbon emissions may negatively impact business performance in the short term, it will favorably influence business performance in the long run [34]. Low-carbon business behavior is also important for boosting firms’ low-carbon competitiveness [35].



Since the Paris Agreement, countries have also started to target sustainable development technologies in an attempt to achieve environmental and sustainable development goals by reducing environmental degradation and CO2 emissions, respectively [36]. Corporate sustainability is measured in three dimensions: economic, social, and environmental; that is, it is not possible to trade off social and environmental benefits to increase economic efficiency [37]. Products manufactured sustainably save energy and natural resources, ensure the safety of workers, communities, and the environment, and reduce negative effects on the environment. The long-term success of these businesses also comes from maintaining a balance among their financial, social, and environmental well-being [14]. An increasing number of producers are realizing the economic and environmental benefits of sustainability [38]. In addition, according to signaling theory, carbon reduction behavior is an important manifestation of companies’ adherence to the concept of low-carbon environmental protection and social responsibility [39]. Increasing the intensity of carbon emission reduction also conveys the concept of low-carbon enterprise development to the outside world and establishes a good green image for enterprise managers. Doing so can improve an enterprise’s reputation, attract the attention of stakeholders, and play a positive role in the accumulation of resources. Simultaneously, it also communicates a sustainable development strategic target through the non-financial indicator of corporate social responsibility (CSR) and reduces the degree of information asymmetry within and outside the enterprise, which helps reduce costs and improve its long-term performance. The following hypothesis was derived from the analysis presented above:



Hypothesis 1 (H1).

The reduction in carbon emission intensity by enterprises can effectively enhance their sustainability.






2.2. The Regulatory Function of Environmental Subsidies


The government is a visible force in market regulation, which is crucial for the green transformation of businesses. Porter’s hypothesis [39,40] suggests that incentive-based environmental regulations (e.g., environmental subsidies) can generate innovation compensation effects and motivate firms to increase R&D expenditure. Enterprises may improve their profitability through green transformation and technological upgrades to reduce the high costs of governmental environmental regulations. According to Yuan et al. [41], government subsidies positively impact supply chain participants’ marketing and carbon reduction efforts, which can boost chain profits and improve society’s overall well-being. Stakeholder theory argues that companies should not only focus on financial performance, but also integrate and balance the interests of other stakeholders and consider enhancing their social benefits. According to signaling theory, government environmental subsidies are positive signals that convey the government’s green governance. In addition, resource dependence theory suggests that enterprises, as economic agents, are inseparable from the government in their production and operation. Thus, enterprises should accept and actively respond to signals from stakeholders, such as the government, to conduct low-carbon and environmentally friendly production and operations. They should also match the government’s demand for green transformation with the goal of sustainable development to obtain more government resources and achieve long-term growth. Wu et al. [42] found that green growth-oriented government energy subsidies positively affect the carbon efficiency of firms in low-carbon industries, such as clean energy. According to Zhao et al., environmental regulations in China contribute to the reduction in CO2 emissions [43]. Government environmental subsidies can also promote upgrades of industrial structures and technological progress in businesses. Both measures are beneficial in terms of reducing carbon emissions [44]. Based on the preceding analysis, we propose the following:



Hypothesis 2 (H2).

The government’s environmental subsidies amplify the sustainability-improving effect of reducing businesses’ carbon emission intensity.






2.3. The Moderating Role of Media Monitoring


With the advent of the digital age, the media, as a fourth power independent of legislation, administration, and the judiciary, has become increasingly essential for both information transmission and economic governance. Just as agenda-setting theory argues that the content of media reports is more compelling to the public, the tone of media coverage of listed businesses can directly influence company reputation and value [45].



According to signaling theory [46], the media, as publishers of information, transmits corporate information to the market after collecting, verifying, and collating information, which can ensure the efficiency of information transmission, reduce information asymmetry, and alleviate information friction among capital markets. Starting from reputation theory, many scholars have found that the media can exert public opinion and action pressure on enterprises by exposing their environmental pollution scandals, forcing them to take the initiative to reduce pollutant emissions to maintain their image [47,48]. Positive media reports improve corporate image and reputation [49] by signaling consistency. Companies engage in environmental management efforts, such as energy savings and emission reduction, to build stakeholders’ confidence and recognition of corporate development [50], which can improve corporate reputation and form a brand’s efficacy. The “corporate governance hypothesis” contends that the media plays an important role in monitoring governance. Using a random effects model, scholars such as Guo have empirically demonstrated that media monitoring has a corporate governance function and significantly affects a company’s environmental performance; specifically, the higher the media attention, the stronger the company’s regulations and the better the environmental performance [51]. Media monitoring allows companies to actively address the air pollution problem caused by carbon emissions and adopt green governance tools [46]. From the perspective of evolutionary game theory, the media can assist government departments in increasing pollutant regulation. Because government resources are limited, enterprises must cover up their violations to avoid government penalties, making it difficult for violations to be detected. Media monitoring has a wide range of characteristics, high event sensitivity, and fast dissemination, which helps focus on enterprises with excessive pollutants or high carbon emissions [52], forcing enterprises to reduce their corporate pollutant emissions. Considering this analysis, we propose the following:



Hypothesis 3 (H3).

Media monitoring further increases the positive effect of reducing enterprises’ carbon emission intensity to enhance their sustainability.






2.4. Moderating Role of Green Perception of Executives


Cognitive theory proposes that social structures and the external environment interact to shape human behavior [53]. Companies comprise individuals with specific social characteristics, and their green behavior is equally impacted by a range of variables. As key strategic decision-makers inside an organization, corporate leaders’ personal characteristics play a key role in shaping an organization’s strategic decisions. In 1997, Ocasio [54], based on the attentional perspective (ABV), proposed that both the cognitive and organizational structures of executives limit and influence what they focus on and the perspective through which decisions are made [55,56]. Previous works have also highlighted the intrinsic significance of leadership in organizations, with some authors arguing that administrators’ subjective awareness directly affects corporations’ low-carbon policies through its impact on making choices and developing strategies [57]. Managers’ internalization of information about the external environment is also a factor in strategic cognitive theory [58]. Rather than passively responding to environmental pressure [59], environmentally conscious executives subjectively drive green behaviors, such as corporate eco-innovation [60]. Theories at the highest levels of an organization state that the top management team is crucial for making and executing strategic decisions. Executive low-carbon cognition is a key driver of corporate low-carbon performance [30], and senior management environmental consciousness and dual green innovation are strongly and positively associated with a firm’s green competitive advantage [61]. Companies with more environmentally conscious executives are more likely to invest in green technology, which, in turn, leads to greater energy savings and reduced emissions, as predicted by corporate behavior theory [62]. According to reputation theory, executives who damage the environment to achieve short-term corporate performance end up hurting not only their corporate image but also their compensation, career, and reputation in the industry. Thus, environmentally conscious executives tend to make low-carbon and environmentally friendly decisions for reputational reasons, thereby increasing the green behavior of the firm. Based on this study, we propose the following:



Hypothesis 4 (H4).

Executives’ green perceptions further increase the positive effect of reducing enterprises’ carbon emission intensity to enhance their sustainability.





Figure 1 is the study model. H1 in the figure is to verify the influence of the independent variable carbon emission intensity on the dependent variable sustainability. H2-H4 are to investigate whether the influence of corporate carbon emission intensity on corporate sustainability is disturbed by the three moderating variables: government environmental protection subsidy (H2), media monitoring (H3), and executive green perception (H4), respectively.





3. Research Methodology and Design


3.1. Data and Sample


In 2015, many nations joined the Paris Agreement, and the world began to intensively investigate new energy conservation and carbon reduction strategies. In 2015, the new Environmental Protection Law passed by China was considered the most stringent in the world. It filled all the gaps in previous laws related to management and oversight, preservation of the environment, prevention of pollution, disclosure of data, and citizen involvement. Additionally, it clarifies the legal liability of businesses contaminating the environment as well as the significant expense of pollution control. While we consider that the carbon emission reduction actions of Chinese enterprises will increase significantly in the current domestic and international situation, owing to insufficient access to carbon emission reduction data for enterprises before 2015, we set the sample period as 2015–2020.



The Shanghai and Shenzhen A-share market is one of the largest domestic stock markets in China, with a very large market scale that reflects the overall situation of China’s domestic economy, the operation of industrial policies, etc. Moreover, the Shanghai Stock Exchange and Shenzhen Stock Exchange have been issuing social responsibility guidelines since 2006, requiring listed companies to disclose environmental information. The listed companies in Shanghai and Shenzhen A-shares were chosen as they are more representative and the data are more available.



We used the China Stock Market & Accounting Research (CSMAR) database to choose all A-share market companies listed from 2015 to 2020 on the Shanghai and Shenzhen stock exchanges. Special treatment, special treatment*, and special transfer status enterprises were omitted from the sample. The sample data for the finance industry, which is not a high-carbon industry, were also eliminated, as were samples with significant gaps in essential information. The variables were winsorized at the upper and lower 1% levels to reduce outliers (excluding dummy variables). Furthermore, we treated continuous variables logarithmically to eliminate heteroscedasticity interference. Following screening, a valid sample size of 11,822 was obtained. Stata 17.0 was used to clean and analyze the data and to generate statistical analysis findings.



The majority of Chinese businesses’ carbon emissions information is disclosed in their social responsibility, sustainability, and environmental reports. In this study, the carbon emissions data of Chinese listed companies were manually collected using crawler technology through the above-mentioned channels. Data on government environmental protection subsidies were obtained manually using web crawlers from annual company reports, social responsibility reports, company websites, and environmental department websites. Media monitoring-related data were obtained from the reported data in the CFND, a financial news database of Chinese listed companies. Data on the green perceptions of executives were obtained primarily from annual company reports. Finally, data on corporate financial indicators and other related variables were derived primarily from the CSMAR database.




3.2. Definition and Measurement of Variables


3.2.1. Explained Variables


Corporate sustainability is the independent variable in this study because it describes a company’s capacity to accomplish its strategic goals and protect its market position for long-term survival and perpetual growth, which allow a company to remain dominant, maintain profitability, and grow robustly in highly competitive fields. This study uses the Van Horne static model cited by Wu et al. [63,64] to measure a firm’s profitability and competitiveness sustainability. Namely,


  S G R =   N e t   s a l e s   i n t e r e s t   r a t e × t o t a l   a s s e t   t u r n o v e r × i n c o m e   r e t e n t i o n   r a t e × e q u i t y   m u l t i p l i e r   ( 1 − n e t   s a l e s   i n t e r e s t   r a t e × t o t a l   a s s e t   t u r n o v e r × i n c o m e   r e t e n t i o n   r a t e × e q u i t y   m u l t i p l i e r )    



(1)








3.2.2. Explanatory Variables


Carbon intensity, defined as greenhouse gas emissions per unit of revenue, is a credible statistic that can supplement climate risk metrics. To make the indication easier to read, it was multiplied by 100 based on the formula used by Chapple et al. [65] to determine the carbon intensity.


  E n t e r p r i s e   c a r b o n   i n t e n s i t y =   E n t e r p r i s e   c a r b o n   e m i s s i o n s   E n t e r p r i s e   m a i n   b u s i n e s s   i n c o m e   × 100  



(2)







According to Zhang et al. [66], firms accounting for GHGs must utilize the globally recognized Greenhouse Gas Accounting System (GHGAS) protocol. The calculation technique released by the National Development and Reform Commission (NDRC) is the same as that described above. The GHG accounting method divides enterprise carbon emissions into three categories. Companies must report Scope 1 and Scope 2 carbon emissions under GHG accounting. Scope 3 includes all indirect emissions from non-company sources. This research focuses on Scope 1 and Scope 2, owing to data availability and reliability. Scope 1 comprises direct GHG emissions from sources owned by the company or under the company’s control, such as combustion emissions from boilers, furnaces, cars, etc., and process equipment emissions from chemical manufacturing. Scope 2 covers the indirect GHG emissions caused by commercial energy and heat purchases.



We found that businesses’ carbon emissions can be divided into two distinct categories. The first is carbon emissions that are stated directly in enterprises’ annual and social responsibility reports. In the second category, enterprises do not directly disclose their carbon emissions but calculate and reveal different types of fossil energy, electricity, and heat consumption. We separate Scope 1 and Scope 2 emissions and sum them according to the “Guidelines on Enterprise Greenhouse Gas Emissions Accounting Methods and Reporting” (hereinafter referred to as “Guidelines”) issued by the NDRC for different industries. The final summation of the two types of carbon emissions is used as the scope of the independent variables in this study.



The specific calculation technique for businesses that declared only fossil energy, electricity c, and heat consumption is as follows. According to the Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories (2006), one fuel’s carbon emissions are determined as follows:


    E   i   = A   D   i   ∗ E   F   i    



(3)




where AD is the activity-level data for the consumption of this fossil fuel, which is the product of the consumption of this fuel and the average low-level heat content, and EF is the emission factor of this fossil fuel. Fuel consumption was obtained from the data disclosed by the enterprises, and the default values of the average low-level heat content and the emission factor of the fossil fuel were obtained from the guide issued by the NDRC, which provides the commonly used official parameters.



The calculation method for electricity consumption is the same as that for fossil fuel energy consumption: AD is the power purchased by the enterprise and EF is the average emission factor of the power grid in the region where the enterprise is located. Climate change data were obtained from the National Center for Strategic Research and International Cooperation.



For thermal power consumption, the emissions factor determined by the national uniform regulations needs to be   0.11 t   C   O   2   / G J  .



The total carbon emissions in this study were obtained from both direct and indirect sources.




3.2.3. Moderating Variables


Information on government environmental subsidies was gathered manually from annual firm reports, social responsibility reports, company websites, and environmental department websites. There is mention of study [67], in which government environmental subsidies were measured by adjusting the relative levels of government environmental subsidies for adequate scaling.



The Financial News Database (CFND) coverage data from the Chinese Research Data Services (CNRDS) database were used to collect media monitoring data, which can be categorized into positive, neutral, and negative reports based on the emotion trends in media coverage. Considering that the tendency of all reports can more comprehensively reflect the indicator of media pressure and the degree of media monitoring, this study refers to Clarkson’s [68] method and uses the Janis–Fadner (JF) coefficient, which integrates the sentiments of positive and negative media reports. To measure the tendency of media reports and treat the indicator positively for the sake of understanding, the larger the index, the more companies are under greater media pressure and scrutiny. Therefore, media coverage is defined as follows:


  J a n i s − F a d n e r   J F   c o e f f i c i e n t =           e c −   c   2         t   2     , e < c             e   2   − e c       t   2     , e > c       0 , e = c        



(4)




where e represents negative media reports, c represents positive media reports, and t is the sum of e and c. In addition, the Janis–Fadner coefficient has a value range of [–1,1]. The closer it is to 1, the more negative the media coverage of the company, indicating that public pressure is higher and the company is under tighter supervision; the closer it is to −1, the more positive the media coverage of the company, indicating less public pressure and less supervision.



There are three main dimensions of executive green cognition: the perception of green competitive advantage, awareness of social responsibility, and perception of external pressure. Executive green cognition is defined as corporate executives’ knowledge of and psychological experiences regarding resources and environmental issues. Reyes-Menendez et al. demonstrated that longitudinal data could be obtained using text analysis [69]. We chose textual analysis to obtain longitudinal data to effectively measure executives’ environmental perceptions. We also referred to Zhang et al.’s study [70] to select a series of keywords based on the above three dimensions using Python and measured executives’ green perceptions by the rate of occurrence with which these terms appeared in listed corporations’ annual reports from 2015 to 2020.




3.2.4. Control Variables


Referring to the studies of Gallego-Álvarez et al. [71] and Chen et al. [72], we selected firm size (Size), gearing (Lev), return on assets (Roa), firm growth (Growth), cash flow ratio (Cashflow), net asset turnover (Ato), market value (Tobin-Q), equity nature (Soe), and firm age (Age) as control variables in this study. Additionally, we created a year effect (Year) and an industry effect (Industry) to make dummy variables equal to 1 if they fell within the appropriate year and industry, respectively, and 0 otherwise. Changes in the macroenvironment and government policies can cause firms’ efforts to reduce carbon emissions to vary from industry to industry and from year to year because industrial policies and macroeconomic environments change over time. Table 1 presents all of the study variables and their explanations.





3.3. Model Design


3.3.1. Benchmark Model


To test Hypothesis 1, we constructed the following model with reference to Busch et al. [73] to investigate the relationship between carbon intensity and corporate sustainability.


  S G   R   i t   =   α   0   +   α   1   C e   s   i t   + Σ C o n t r o   l   i t   +   µ   i   +   γ   t   +   ε   i t   .  



(5)







In the baseline regression model in Equation (5), the subscripts   I   and     γ   t     denote individual companies and years, respectively. The explanatory variable is a firm’s ability to sustain itself (SGR). The carbon intensity of the enterprise is the explanatory variable (Ces). The control variables influence a firm’s ability to sustain itself. This study adds industry fixed effects to individual effects and year fixed effects t to lessen the effects of person heterogeneity and year features on firm sustainability, where     ε   i t     is the random error term of the model. Robust standard error regressions were employed to address potential heteroscedasticity concerns. If     α   1     is less than zero, this indicates that reducing enterprises’ carbon emission intensity has a positive impact on corporate sustainability, confirming Hypothesis 1.




3.3.2. Moderating Effect Model


We added the interaction terms of the moderating variables with corporate carbon emission intensity to the baseline regression model to investigate how they reduce carbon emission intensity and improve corporate sustainability [74]. Hayes [75] regenerated the transaction multiplier term after centering the variables to make the regression equation coefficients more explanatory and regressed the three sets of moderating variables with robust standard errors to account for heteroscedasticity. The model is shown below.


  S G   R   i t   =   β   0   +   β   1   C e   s   i t   +   β   2   E n v s u   b   i t   +   β   3   C e   s   i t   ∗ E n v s u b + Σ C o n t r o   l   i t   +   µ   i   +   γ   t   +   ε   i t   .  



(6)







Model (2) modifies Model (1) by adding government environmental subsidies and their interplay with enterprise carbon emission intensity. Model (2) predicts that government environmental subsidies (Envsub) have a beneficial effect on lowering firms’ carbon emission intensities, leading to more sustainable growth if the coefficient of the interaction term has a statistically significant negative value.


  S G   R   i t   =   γ   0   +   γ   1   C e   s   i t   +   γ   2   M e d i   a   i t   +   γ   3   C e   s   i t   ∗ M e d i a + Σ C o n t r o   l   i t   +   µ   i   +   γ   t   +   ε   i t    



(7)







Model (3) builds on Model (1) by including the moderating variable of media monitoring and its interaction term with firms’ CE intensity. Model (3) predicts that media monitoring (Media) can further attenuate the positive effect of firms’ reduction in carbon emission intensity on improving enterprise sustainability if the interaction term’s coefficient is negative and can pass the significance test.


  S G   R   i t   =   θ   0   +   θ   1   C e   s   i t   +   θ   2   E g   a   i t   +   θ   3   C e   s   i t   ∗ E g a + Σ C o n t r o   l   i t   +   µ   i   +   γ   t   +   ε   i t   .  



(8)







Model (4) incorporates the independent variable of carbon emission intensity of the firm as well as the moderating variable of executive green perception and their interaction term, all of which is based on Model (1). With a negative coefficient for the interaction term in Model (4), executive green perception (Ega) would be expected to have a beneficial influence on enhancing enterprise sustainability by decreasing the intensity of carbon emissions.






4. Results of the Empirical Analysis


4.1. Descriptive Statistics and Correlation Analysis


Table 2’s descriptive statistics show that Chinese businesses generally have a low level of sustainability capability, with a mean value of 0.0317 for the sustainability capability indicator (SGR) and a median value below the average of 0.0081, which indicates that over half of Chinese businesses have a low level of sustainability capability. There is also a wide range in sustainability capabilities across the sample businesses, as indicated by the standard deviation of 0.0792, which ranges from −0.0658 to 0.5668. The independent variable carbon emission intensity (Ces) index in the sample enterprises has a mean value of 0.0047 and a standard deviation of 0.0018, suggesting that the index follows a normal distribution. Its median value is 0.0044, which is closer to the mean value of 0.0047, suggesting that roughly half of the carbon emission intensities of the sample enterprises are located in the middle level. Its minimum value is 0.0015 and the maximum value is 0.0180, suggesting that the distribution spans from very low to very high and that there are high-carbon enterprises. Nearly half of the businesses are eligible to receive government subsidies, and the range is wide: government environmental subsidies (Envsub) have a mean value of 0.003 and a standard deviation of 0.002. The minimum value is 0, the median value is 0.0002, and the maximum value is 0.0015. There is a wide range in the extent to which businesses receive media monitoring, with the median and mean indicators for media monitoring (Media) showing that less than half of all businesses receive media monitoring, with values ranging from −0.7959 to 0.7959. Half of all executives are environmentally conscious, according to the Executive Green Awareness Index (Ega), yet there is a wide range of scores on this metric. In conclusion, it is clear that the sample companies display a wide range of individual traits. In addition, the variables were selected from a fair range, and there were no major outliers or indicators that were inconsistent with the regression premise. More importantly, the sample we chose corresponds to the needs of this investigation.



As shown in Table 3, before analyzing the effect of corporate carbon intensity on corporate sustainability, a correlation test was performed to test for multicollinearity and to understand the correlation between the variables. Pearson correlation coefficients were obtained. The table demonstrates a substantial relationship between the carbon intensity of a firm (Ces) and its sustainability capabilities (SGR), with a coefficient of −0.0833, thus confirming Hypothesis 1. Based on the data presented in the table of correlation coefficients, it appears that all the variables in this study are independent of one another and that multicollinearity is not a major issue. In addition, the variance inflation factor (VIF) value test showed that no variables had VIF values greater than 3; therefore, we can disregard any confounding caused by multicollinearity in the primary results.




4.2. Analysis of Empirical Results


4.2.1. Corporate Carbon Emission Intensity and Corporate Sustainability


Before selecting the model, a Hausman test was performed, yielding a p-value of 0.000. This study employed a fixed-effects regression model that simultaneously adjusts for year, industry, and person effects. Table 4 shows the results of the regressions between carbon emission intensity and corporate sustainability. After controlling for several variables, the regression coefficients of enterprise carbon intensity (Ces) and enterprise sustainability capabilities (SGR) are negative at the 1% significance level, establishing a negative link between the two. In other words, the lower the enterprise’s carbon emission intensity, the better its sustainability. Hence, H1 is supported.




4.2.2. The Moderating Role of Government Environmental Subsidies on the Carbon Emission Intensity and Sustainability of Enterprises


Government environmental subsidies strengthen the relationship between the intensity of a company’s carbon emissions and its sustainability. After controlling for several control variables, the corporate carbon emission intensity coefficient (Ces) in Model (2) is −2.5756, and the coefficient of its cross-product term with the government environmental protection subsidy (Ces*Envsub) is −0.0015. Both outcomes are significant at the 1% level. According to the regression analysis, firms’ sustainable development potential increases with lower carbon emission intensity. This positive effect is further bolstered when government environmental subsidies increase. The adjusted-R2 for Model (2) increased significantly from 0.210 to 0.230 in Model (1). Thus, H2 is supported.




4.2.3. The Moderating Effect of Media Monitoring on Corporate Carbon Emission Intensity and Corporate Sustainability


Media monitoring moderates the association between corporate carbon emission intensity and company sustainability. As shown in column (3) of Table 4, the coefficient of the independent variable corporate carbon intensity (Ces) in Model (3) is −4.4094, and the coefficient of its cross-product term with media supervision (Ces*Media) is −0.0088, both of which are significant at the 1% level. This demonstrates that media monitoring has a negative moderating effect on the relationship between an enterprise’s carbon emission intensity and its sustainability. In other words, the closer the value of media monitoring is to 1, the more negative the media coverage, the more media pressure enterprises face, the stronger the supervision they receive, and the greater the effect of enterprises reducing their carbon emission intensity on improving their sustainability. Media monitoring further strengthens the relationship between enterprises’ carbon emission intensity and sustainability. However, the change in media pressure is limited and its value range is [−1,1], indicating that media pressure alone is not sufficient to reduce corporate carbon emissions on a large scale. The adjusted     R   2     for Model (2) increased significantly from 0.210 in Model (1) to 0.244. Therefore, H3 is supported.




4.2.4. The Moderating Effect of Executives’ Green Perceptions on Carbon Emission Intensity and Corporate Sustainability


The green perceptions of executives moderate the association between carbon intensity and firm sustainability. The coefficient of the independent variable corporate carbon emission intensity (Ces) in Model (4) is −4.4198, and the coefficient of its cross-product term (Ces*Ega) with executive green perception is −0.0113, both of which are statistically significant at the 1% level, as shown in column (4) of Table 4. This suggests that CEOs’ green perception negatively moderates the association between carbon emission intensity and business sustainability. In other words, the greener the executives’ perspective, the greater the benefit of reducing the carbon emission intensity of businesses to boost their capacity for sustainable development. The adjusted-R2 for Model (2) increased significantly from 0.210 to 0.253. Hence, H4 is supported.





4.3. Robustness Tests


Four methods were adopted for robustness testing. In addition to removing the sample of the pandemic year and rerunning the regression analysis after adjusting for the statistical methods of the independent variables, considering the large sample size of this study, the total sample was regressed by grouping the top and bottom 20% of the extreme samples according to the enterprise size to test the reliability of the results. To further validate these findings, two-stage least squares (2SLS) regression was performed to investigate the robustness of the main effects regression.



4.3.1. Removing Samples during the 2020 Pandemic Year for Robustness Testing


As we all know, in late 2019 and early 2020, the COVID-19 pandemic overtook the globe. In response, all countries adopted blockade and quarantine policies. During the COVID-19 blockade, many businesses ceased production, and travel activities were restricted, leading to significant changes in carbon and other GHG emissions worldwide. According to the Global Energy Review: CO2 Emissions 2020 report issued by the International Energy Agency, worldwide energy-related CO2 emissions decreased by 5.8% as a result of COVID-19, marking the highest annual fall since World War II. Owing to decreased energy demand, worldwide energy-related CO2 emissions in 2020 were approximately 2 billion tons lower than those in the previous year. Of these, CO2 emissions from the transportation sector owing to oil use alone were reduced by 1.1 billion tons.



To ensure the accuracy of the results, the researchers decided to remove the sample from 2020, a year with a sudden force majeure event, and rerun the regression test. The results, displayed in Table 5, show that the regression coefficient of the independent variable enterprise carbon emission intensity on the sustainability of enterprises shown in column (1) of Table 5 is −6.5335 and is at the 1% significance level, which agrees with the outcomes of the prior regression analysis and suggests that a reduction in enterprise carbon emission intensities can improve sustainability. After incorporating the moderating variables in columns (2)–(4), the three interaction term coefficients are −0.0016, −0.0091, and −0.0126, respectively, and are all significant at the 1% level. By adding moderating variables to the model, the corrected values significantly increased. These findings match those of the regression analysis in this study. The intensity of a company’s carbon emissions is positively correlated with green sentiment among executives, media scrutiny, and government environmental incentives. That is, with the involvement of the above-mentioned moderating variables, the promotional effect of corporate carbon emission intensity reduction on improving corporate sustainable development is further enhanced.




4.3.2. Adjusting the Statistical Methods of Independent Variables for Robustness Testing


To ensure the validity of the research results, this study adjusts the statistical methods of the independent variables and reruns the regression analysis because of the difficulty in obtaining carbon emission indicators for publicly traded companies. The accounting of the carbon intensity of businesses continues to use the method of Chapple et al. [65]. The statistical method of carbon emissions is related to the study of Xu et al. [76], which is roughly based on the industry’s total energy consumption in million tons of CO2. The specific accounting equation is given in Equation (9).


   E n t e r p r i s e   c a r b o n   e m i s s i o n s   =   E n t e r p r i s e   m a i n   o p e r a t i n g   c o s t s   I n d u s t r y   m a i n   c o s t   × Total   energy   consumption   of   the   industry ×  CO 2     conversion   factor  



(9)







The CO2 conversion factor for one ton of standard coal, as suggested by the National Development and Reform Commission, is 2.4567. Based on Equation (9), the carbon emissions of enterprises were first counted and then introduced into Equation (10) to obtain the carbon emission intensity of enterprises (Ces2) in kg/CNY. We examined the China Energy Statistics Yearbook and China Industrial Economic Statistical Yearbook to determine the industry’s total energy use and main costs, respectively.


  E n t e r p r i s e   c a r b o n   i n t e n s i t y =   E n t e r p r i s e   c a r b o n   e m i s s i o n s   E n t e r p r i s e   m a i n   b u s i n e s s   i n c o m e    



(10)







Table 6 presents the regression results. After controlling for a series of variables affecting enterprise sustainability, the regression coefficient of the independent variable of enterprise carbon emission intensity on enterprise sustainability, shown in column (1) of Table 6, is −0.0257 and significant at the 1% level, which matches the results of the previous regression analysis. This indicates that for each unit reduction in enterprise carbon emission intensity, enterprise sustainability increases by 2.57%. After incorporating the moderating variables in columns (2)–(4), the three interaction term coefficients are −0.0028, −0.0069, and −0.0075, respectively, all of which are statistically significant at the 1% level. In the model in which the moderating variables were included, the adjusted R2 increased considerably. This finding supports the regression analysis results of this study. The results reveal that government environmental incentives, media monitoring, and executives’ green perceptions all improve the correlation between carbon emission intensity and firm sustainability. That is, with the involvement of the above-mentioned moderating variables, the contribution of corporate carbon emission intensity reduction to enhancing corporate sustainable development is further enhanced.




4.3.3. Robustness Test by Taking the Top and Bottom 20% of the Total Sample for the Mechanism Sample


Considering that we have a sufficient sample size, we divided the total sample according to the size of enterprises and took the upper and lower 20% quartiles of the total sample as two extreme value groups for group regression to validate the results. According to the regression results in Table 7, the coefficients between carbon emission intensity and enterprise sustainability in the two extreme value groups are −10.4756 and −4.6701, respectively, and are significant at the 1% level. This confirms the previous regression results, further verifying the stability of the regression results.




4.3.4. Robustness Test Based on the Two-Stage Least Squares Method


Baseline regressions may encounter endogeneity issues when analyzing the effect of corporate carbon emission intensity on company sustainability because of the study’s varied selection of control factors, as well as missing and causality variables. According to the findings, businesses that reduce their carbon emissions can have a major impact on corporate sustainability, but improvements in sustainability may have the opposite effect. Thus, additional endogeneity tests on the model are required to reinforce the validity of the results. Referring to relevant studies on carbon emissions by previous scholars, we draw on the research of Liu et al. [77] and Yang et al. [78] and select the independent variable lagged one-period data (lCes) as the instrumental variable for the intensity of corporate carbon emissions, which is tested using a two-stage estimation method. In the 2SLS regression, the same tests were employed to determine the existence of weak instrumental factors and identify instrumental variables.



Table 8 presents the results of the 2SLS analysis. The regression coefficient of the independent variable corporate carbon intensity (Ces) on corporate sustainability (SGR) is −14.4760, which is significant at the 1% level, and increases significantly after addressing the endogeneity of the variable. This finding suggests that reducing the intensity of a company’s carbon emissions has a beneficial effect on sustainability. Consistent with the findings of previous studies, the regression results incorporating instrumental variables further verified the robustness of this investigation. Moreover, according to Table 8, the model’s Kleibergen–Paap rk LM statistic is 99.520, which equates to a p-value of zero, suggesting that the instrumental variables are identifiable. Additionally, the Cragg–Donald Wald F statistic value of 273.224 is significantly greater than the 10% judgment threshold of the crucial value of 16.38 for the Stock–Yogo weak ID test; consequently, there is no concern with respect to weak instrumental variables.






5. Study Results


This study empirically examines the influence of corporate carbon emission intensity on corporate sustainability using a fixed-effects model with a sample of non-financial listed companies in Shanghai and Shenzhen A-shares in China from 2015 to 2020. It verifies the mechanisms of action through the participation of three moderating variables: government environmental subsidies, media monitoring, and executives’ green perceptions. The results indicate that a reduction in the intensity of carbon emissions plays an essential role in fostering the sustainable growth of corporations. Every unit increase in carbon intensity of a company reduces the sustainability of the company by 0.0649 units, thus validating Hypothesis 1. Moreover, the coefficients of the cross-product terms of the three moderating variables and the independent variable are −0.0015, −0.0088, and −0.0113, respectively, and they are significant at the 5%, 1%, and 1% confidence levels, respectively. This indicates that government environmental subsidies, media monitoring, and executives’ green perceptions all strengthen the positive effect between corporate carbon emission reduction and corporate sustainable development, thus validating Hypotheses 2–4.




6. Discussion and Conclusions


6.1. Discussion


This study focuses on two hot topics that are currently of global concern—carbon emissions and sustainable development. It also cleverly argues that there is a significant negative relationship between the intensity of corporate carbon emissions and corporate sustainability at the firm level. Although it has been confirmed in previous studies that carbon emissions are crucial to the sustainable development of the world economy [6], this study further argues for a correlation between the two from the perspective of Chinese enterprises. This has practical implications for the Chinese government to formulate energy conservation and emission reduction policies according to local conditions.



Moreover, Chinese companies are very conscious of their relationship with the government due to resource dependence, and the Chinese government even has a strong influence on competition between companies [79]. In order to conform to the government’s green orientation or to obtain government subsidies, enterprises often passively choose to increase green investments and reduce carbon emissions. As several scholars, such as Zhang et al. [80] and Li et al. [81], have used empirical analysis to demonstrate, governmental low-carbon pilot city policies help firms reduce carbon emissions. Additionally, this policy is essential for enterprises to improve their environmental performance and achieve sustainable development. This study demonstrates that reducing carbon emissions can effectively enhance the sustainability of enterprises at the enterprise level. This will help Chinese enterprises to strengthen their determination to save energy and reduce emissions.



Of course, many scholars have already stated from the financial performance and environmental performance that enterprises are concerned, and argued for the impact of corporate carbon emissions on them. Additionally, different conclusions have been obtained. For instance, Yu et al. [39] thought that corporate carbon intensity significantly improved corporate financial performance, while Laskar et al. [82] hold the opposing view. This study does not select the financial indicators that measure the short-term performance of enterprises as the research object, but focuses more on the growth and competitiveness of enterprises. This study uses corporate sustainability as the dependent variable and explores the impact of corporate carbon emission reduction on it, which is more in line with the long-term goals of enterprises.



In addition, this study selects moderating variables from the stakeholder perspective in addition to arguing that corporate carbon emission reduction can effectively enhance corporate sustainability. Further exploring the mechanism of the role of enterprise carbon emission reduction and enterprise sustainable development makes this paper richer and enables it to provide practical guidance. Previous studies have mostly used government environmental subsidies [83], media monitoring [46], and executives’ environmental perceptions [62] as independent variables to explore their effects on corporate carbon emissions. Some studies argue that the government provides the best subsidies for corporate green technology investments, stimulating companies to reduce their carbon emissions. In addition, media monitoring can determine whether companies want to obtain positive media coverage for reputational reasons or are afraid of the risk of public opinion due to negative coverage. Corporate executives’ low-carbon awareness plays an important and positive role in the low-carbon transition process. Instead of focusing on their relationship with business decisions, this study focuses on whether it can enhance the positive relationship between corporate carbon reduction and sustainable development. Additionally, the hypotheses are confirmed by the empirical results.



Furthermore, this research expands the stakeholder analysis of the relevance of corporate carbon intensity in achieving development goals, which is helpful in clarifying the important role of government, media, and corporate executives in promoting corporate sustainable development. It assists regulators in formulating policies according to local conditions, encouraging enterprises to raise awareness of low-carbon and environmental protection, practicing green governance of energy saving and emission reduction, achieving green and sustainable development, and realizing China’s double carbon goal.



In this study, four methods were used for testing to ensure the robustness of the firm-level findings. This study first took the statistical approach of re-running the regression analysis after removing the sample from the pandemic year and replacing the carbon emission intensity of the firms. The 2SLS approach was also utilized for endogeneity testing. In addition, considering a more adequate sample size, this study also conducted regression analysis by dividing two extreme value groups according to the upper and lower 20% quartiles of enterprise size, and reliable research results were obtained.




6.2. Conclusions


6.2.1. Conclusion of the Study


Advance studies have been conducted to show that about 15% of companies achieved the sustainability paradigm in 2018–2019. Carbon-efficient companies are the majority of those that achieve sustainability. Even carbon-efficient firms have economic advantages over environmental advantages and are better able to achieve high-quality economic growth [84]. The adoption of new energy materials and innovations in low-carbon technologies by companies can improve the efficiency and sustainability of energy systems [85,86]. This is in line with the sustainable development goals proposed by the United Nations. At the same time, it can motivate firms concerned about financial performance to take the initiative to save energy and reduce emissions and improve carbon efficiency. The results of the previous study further support the hypothesis proposed in this study that the reduction in carbon emission intensity by firms is beneficial to enhance corporate sustainability. This study also argues for a significant relationship between the two after empirical analysis. It provides confidence for enterprises to carry out carbon emission reduction on their own and follow the green and sustainable development path.



Government subsidies have received much scholarly attention as a common means for governments to achieve economic and social goals. Prior studies have argued that firms increase their environmental expenditures [87] and mitigate carbon emissions [88] in order to obtain government support. Additionally, these behaviors promote the sustainable development of enterprises [88]. In addition, government subsidies can also positively moderate the positive effect between corporate green investment and sustainable development [89]. In this study, this variable was chosen as the moderating variable and the regression analysis proved that it can positively promote the positive effect of carbon reduction and sustainable development of enterprises. The findings of this study are consistent with the results of previous studies. In addition, it has also been shown in the literature that media monitoring can promote companies to actively adopt green tools for energy saving and emission reduction [46]. Additionally, environmentally conscious executives make green investment decisions and use green technologies to improve corporate carbon efficiency [62,86]. Positive stakeholders may drive companies toward more sustainable business practices [90], such as media engagement and green management behaviors of executives. This provides the necessary prior research support for this study. The results of this study also demonstrate that media monitoring and executives’ green perceptions can enhance the contribution of corporate carbon reduction to sustainable development.




6.2.2. Implication of the Study


This study explores the theoretical and practical significance of reducing businesses’ carbon emission intensity and supporting the implementation of development goals.



1. At the theoretical level, owing to the difficulty in obtaining carbon emissions data at the enterprise level in China, the entry points of existing studies are mostly carbon policy-related studies using provincial panel data. This study further enriches the research on enterprise carbon emissions and broadens the relevant theory of environmental governance. Simultaneously, it establishes a link between corporate carbon emission intensity and corporate sustainability from a micro-level corporate perspective. This study has important theoretical implications for firms’ green transformation and the effect of corporate carbon emission intensity reduction on sustainable corporate development.



2. At the practical level, this study is useful from three perspectives. (1) The corporate perspective: The results of this study provide effective support for addressing the shortsightedness of companies that focus only on financial performance and raises awareness of sustainable development. This provides confidence that enterprises can take the initiative to reduce carbon emissions, undertake green transformations, and achieve environmental social responsibility. (2) Government perspective: The government should assist regulators in drafting environmental policies that consider environmental sensitivity and optimize and adopt flexible environmental regulation strategies. The government can subsidize finances, tax concessions, and technology subsidies for businesses that participate in cleaner production, energy conservation, and emission reduction projects to encourage them to invest in emission reduction technologies and reduce their carbon footprint. (3) Stakeholder perspective: The results of this study also demonstrate the importance of media monitoring for enterprise carbon emission reduction. To ensure carbon peaking and neutrality, the media should be encouraged to actively participate in social supervision and enhance the coverage, accuracy, and timeliness of news reports. Through the media, we can further strengthen the environmental constraints on enterprises to increase their enthusiasm and incentives to participate in environmental management and consider environmental benefits while focusing on economic benefits. This study enhances executives’ understanding of the economic impacts of carbon emissions. Moreover, it increases awareness of the role of executives’ green perceptions and environmental awareness in guiding companies’ green transformations. To promote enterprise development in the direction of low-carbon and environmental protection, the government should incentivize senior management talents with green awareness to take up positions in enterprises, particularly high-carbon enterprises, by providing salaries, housing, and welfare subsidies. Meanwhile, management can also be motivated to make autonomous strategic decisions regarding energy savings and green transformation.




6.2.3. Limitations of the Study and Future Research Directions


The independent variable in this study only adopts the indicator of enterprises’ carbon-emission intensity. Future research can study multiple measurement dimensions, such as carbon emission efficiency, low-carbon input, and carbon management levels, to enhance the precision and depth of this study.



This study includes all industries, except the financial sector, which lacks focus and is not targeted in terms of guidance for subsequent policy formulation. The 2010 National Economic and Social Development Statistics Bulletin lists six industries that utilize large amounts of energy. These industries can be used as examples of high-carbon businesses. Examples of high-carbon industries include making chemical raw materials and products, smelting and rolling metals, smelting and rolling non-ferrous metals, making non-metallic mineral products, processing and coking oil, making nuclear fuel, and generating and supplying electricity and heat.



No additional heterogeneity analysis was conducted in this study. However, the differences in carbon emission intensity and its impact on the sustainability of enterprises can be explored further from the perspective of enterprise equity natures and life cycles to obtain more robust conclusions.
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Figure 1. The study model. 
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Table 1. Variable Names and Definitions.






Table 1. Variable Names and Definitions.





	
Variable

	
Symbol

	
Name

	
Definition






	
Explained variable

	
SGR

	
Sustainable development

	
Net sales interest rate × total asset turnover × income retention rate × equity multiplier/(1 − net sales interest rate × total asset turnover × income retention rate × equity multiplier)




	
Explanatory variable

	
Ces

	
Carbon emission intensity

	
Enterprise carbon intensity = enterprise carbon emissions/enterprise main business income




	
Moderating variable

	
Envsub

	
Government environmental subsidies

	
Government environmental subsidies/total assets




	
Media

	
Media monitoring

	
JF coefficient constructed using total media network coverage




	
Ega

	
Green awareness for executives

	
Frequency of keywords in the green perception measurement dimension of executives in the annual reports of listed companies




	
Controlled variable

	
Size

	
Enterprise size

	
Natural logarithm of total assets for the year




	
Lev

	
Gearing ratio

	
Total liabilities/total assets




	
Roa

	
Return on assets

	
Net income/average balance of total assets




	
Growth

	
Business growth

	
Main business income of this period/main business income of period − 1




	
Cashflow

	
Cash flow ratio

	
Net cash flow from operating activities/total assets




	
Ato

	
Net asset turnover ratio

	
Sales revenue/average of total net assets at the beginning and end of the period




	
Tobin-Q

	
Tobin’s Q

	
(Outstanding market value + non-marketable par value/total assets − net intangible assets − net goodwill)




	
Soe

	
Nature of shareholding

	
State-controlled = 1; otherwise = 0




	
Age

	
Business age

	
ln (year of observation − year of registration + 1)




	
Year

	
Year

	
Time dummy variable, belonging to the corresponding year = 1, otherwise = 0




	
Industry

	
Industry

	
Industry dummy variable, belonging to the corresponding year = 1, otherwise = 0
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variable
	N
	Mean
	SD
	Min
	p50
	Max





	SGR
	11,822
	0.0317
	0.0792
	−0.0658
	0.0081
	0.5668



	Ces
	11,822
	0.0047
	0.0018
	0.0015
	0.0044
	0.0180



	Envsub
	11,822
	0.0003
	0.0002
	0.0000
	0.0002
	0.0015



	Media
	11,822
	0.0032
	0.3470
	−0.7959
	0.0000
	0.7959



	Ega
	11,822
	22.3531
	7.8991
	5.0000
	22.0000
	40.0000



	Size
	11,822
	22.3930
	1.3357
	19.9588
	22.2045
	26.3656



	Lev
	11,822
	0.4106
	0.1929
	0.0595
	0.4032
	0.8754



	Roa
	11,822
	0.0550
	0.0452
	0.0000
	0.0433
	0.2280



	Growth
	11,822
	0.1855
	0.3930
	−0.5200
	0.1109
	2.5015



	Cflow
	11,822
	0.0578
	0.0649
	−0.1372
	0.0559
	0.2461



	Ato
	11,822
	1.2317
	0.9701
	0.1318
	0.9647
	5.9038



	Tobin-Q
	11,822
	2.0435
	1.3171
	0.8472
	1.6196
	8.5233



	Soe
	11,822
	0.3455
	0.4756
	0.0000
	0.0000
	1.0000



	Age
	11,822
	2.9493
	0.2894
	2.0794
	2.9957
	3.5264
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Table 3. Correlation matrix.






Table 3. Correlation matrix.






















	
	SGR
	Ces
	Envsub
	Media
	Ega
	Size
	Lev
	Roa
	Growth
	Cflow
	Ato
	Tobin-Q
	Soe
	Age





	SGR
	1
	
	
	
	
	
	
	
	
	
	
	
	
	



	Ces
	−0.0833 ***
	1
	
	
	
	
	
	
	
	
	
	
	
	



	Envsub
	−0.1981 ***
	0.3414 ***
	1
	
	
	
	
	
	
	
	
	
	
	



	Media
	−0.1953 ***
	0.0775 ***
	0.2878 ***
	1
	
	
	
	
	
	
	
	
	
	



	Ega
	−0.1910 ***
	0.0722 ***
	0.2774 ***
	0.2818 ***
	1
	
	
	
	
	
	
	
	
	



	Size
	0.0735 ***
	0.0354 ***
	−0.0445 ***
	−0.0603 ***
	−0.0702 ***
	1
	
	
	
	
	
	
	
	



	Lev
	0.0734 ***
	0.1058 ***
	0.0664 ***
	−0.0152 *
	−0.0310 ***
	0.5698 ***
	1
	
	
	
	
	
	
	



	Roa
	0.2520 ***
	−0.1416 ***
	0.0237 ***
	−0.0921 ***
	−0.0960 ***
	−0.1331 ***
	−0.3965 ***
	1
	
	
	
	
	
	



	Growth
	0.3396 ***
	0.0842 ***
	0.0905 ***
	−0.0605 ***
	−0.0845 ***
	0.0172 *
	0.0846 ***
	0.1540 ***
	1
	
	
	
	
	



	Cflow
	−0.0345 ***
	−0.0580 ***
	0.0695 ***
	0.0105
	0.0146
	0.0336 ***
	−0.1722 ***
	0.4759 ***
	−0.0200 **
	1
	
	
	
	



	Ato
	−0.0498 ***
	0.0083
	0.4155 ***
	0.0249 ***
	0.0134
	0.2628 ***
	0.5189 ***
	−0.0308 ***
	0.1186 ***
	0.0362 ***
	1
	
	
	



	Tobin-Q
	0.0524 ***
	−0.0221 **
	0.0027
	−0.0074
	0.007
	−0.3964 ***
	−0.3310 ***
	0.3337 ***
	0.0308 ***
	0.1321 ***
	−0.1187 ***
	1
	
	



	Soe
	−0.0643 ***
	0.0860 ***
	0.0134
	0.0111
	−0.0014
	0.4199 ***
	0.3021 ***
	−0.2173 ***
	−0.0692 ***
	−0.0457 ***
	0.1488 ***
	−0.1657 ***
	1
	



	Age
	−0.0346 ***
	0.0820 ***
	0.0269 ***
	0.0208 **
	−0.0015
	0.1571 ***
	0.1468 ***
	−0.0736 ***
	−0.0528 ***
	0.009
	0.0637 ***
	−0.0944 ***
	0.2539 ***
	1







Note: ***, **, and * indicate significance at 0.01, 0.05, and 0.1 levels of significance, respectively.
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Table 4. Results of the regression analysis.
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(1)

	
(2)

	
(3)

	
(4)




	
SGR

	
SGR

	
SGR

	
SGR






	
Ces

	
−6.4946 ***

	
−2.5756 ***

	
−4.4094 ***

	
−4.4198 ***




	

	
(−7.714)

	
(−2.634)

	
(−5.260)

	
(−5.635)




	
Envsub

	

	
−67.7245 ***

	

	




	

	

	
(−6.447)

	

	




	
Ces*Envsub

	

	
−0.0015 **

	

	




	

	

	
(−2.406)

	

	




	
Media

	

	

	
−0.0201 ***

	




	

	

	

	
(−8.448)

	




	
Ces*Media

	

	

	
−0.0088 ***

	




	

	

	

	
(−7.819)

	




	
Ega

	

	

	

	
−0.0006 ***




	

	

	

	

	
(−6.181)




	
Ces*Ega

	

	

	

	
−0.0113 ***




	

	

	

	

	
(−10.949)




	
Size

	
0.0260 ***

	
0.0228 ***

	
0.0243 ***

	
0.0246 ***




	

	
(4.733)

	
(4.263)

	
(4.625)

	
(4.698)




	
Lev

	
0.1349 ***

	
0.1260 ***

	
0.1263 ***

	
0.1235 ***




	

	
(7.479)

	
(6.994)

	
(7.138)

	
(6.993)




	
Roa

	
0.7394 ***

	
0.7327 ***

	
0.7085 ***

	
0.7146 ***




	

	
(15.275)

	
(15.439)

	
(15.336)

	
(15.591)




	
Growth

	
0.0474 ***

	
0.0492 ***

	
0.0453 ***

	
0.0449 ***




	

	
(10.426)

	
(10.882)

	
(10.262)

	
(10.298)




	
Cflow

	
−0.1129 ***

	
−0.1087 ***

	
−0.1006 ***

	
−0.1010 ***




	

	
(−6.194)

	
(−6.220)

	
(−5.806)

	
(−5.947)




	
Ato

	
−0.0257 ***

	
−0.0200 ***

	
−0.0238 ***

	
−0.0246 ***




	

	
(−7.043)

	
(−5.756)

	
(−6.793)

	
(−7.093)




	
Tobin-Q

	
−0.0036 ***

	
−0.0034 ***

	
−0.0034 ***

	
−0.0035 ***




	

	
(−3.130)

	
(−3.062)

	
(−3.015)

	
(−3.149)




	
Soe

	
−0.0181 ***

	
−0.0154 **

	
−0.0147 **

	
−0.0138 **




	

	
(−2.775)

	
(−2.444)

	
(−2.249)

	
(−2.156)




	
Age

	
−0.0474 *

	
−0.0447

	
−0.0456 *

	
−0.0485 *




	

	
(−1.660)

	
(−1.602)

	
(−1.658)

	
(−1.792)




	
_cons

	
−0.4133 ***

	
−0.3554 ***

	
−0.3914 ***

	
−0.3713 ***




	

	
(−3.087)

	
(−2.729)

	
(−3.018)

	
(−2.893)




	
Industry

	
Yes

	
Yes

	
Yes

	
Yes




	
Firm

	
Yes

	
Yes

	
Yes

	
Yes




	
Year

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
11822

	
11822

	
11822

	
11822




	
R2

	
0.211

	
0.231

	
0.245

	
0.254




	
adj. R2

	
0.210

	
0.230

	
0.244

	
0.253




	
F

	
45.8572

	
42.5416

	
44.3198

	
46.8087








Note: t statistics are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5. Robustness test: removing the 2020 sample.






Table 5. Robustness test: removing the 2020 sample.





	

	
(1)

	
(2)

	
(3)

	
(4)




	
SGR

	
SGR

	
SGR

	
SGR






	
Ces

	
−6.5335 ***

	
−2.0284 *

	
−4.1178 ***

	
−3.7575 ***




	

	
(−6.652)

	
(−1.773)

	
(−4.174)

	
(−4.080)




	
Envsub

	

	
−77.8017 ***

	

	




	

	

	
(−6.312)

	

	




	
Ces*Envsub

	

	
−0.0016 **

	

	




	

	

	
(−2.290)

	

	




	
Media

	

	

	
−0.0228 ***

	




	

	

	

	
(−8.114)

	




	
Ces*Media

	

	

	
−0.0091 ***

	




	

	

	

	
(−7.209)

	




	
Ega

	

	

	

	
−0.0008 ***




	

	

	

	

	
(−6.346)




	
Ces*Ega

	

	

	

	
−0.0126 ***




	

	

	

	

	
(−10.327)




	
Size

	
0.0278 ***

	
0.0246 ***

	
0.0273 ***

	
0.0274 ***




	

	
(3.629)

	
(3.338)

	
(3.819)

	
(3.838)




	
Lev

	
0.1556 ***

	
0.1439 ***

	
0.1411 ***

	
0.1401 ***




	

	
(7.025)

	
(6.602)

	
(6.584)

	
(6.652)




	
Roa

	
0.7653 ***

	
0.7606 ***

	
0.7272 ***

	
0.7321 ***




	

	
(13.366)

	
(13.690)

	
(13.432)

	
(13.688)




	
Growth

	
0.0472 ***

	
0.0494 ***

	
0.0457 ***

	
0.0450 ***




	

	
(9.090)

	
(9.617)

	
(8.979)

	
(9.167)




	
Cflow

	
−0.1114 ***

	
−0.1048 ***

	
−0.0955 ***

	
−0.0954 ***




	

	
(−5.204)

	
(−5.134)

	
(−4.733)

	
(−4.862)




	
Ato

	
−0.0269 ***

	
−0.0205 ***

	
−0.0252 ***

	
−0.0264 ***




	

	
(−5.648)

	
(−4.622)

	
(−5.611)

	
(−5.909)




	
Tobin-Q

	
−0.0038 ***

	
−0.0036 ***

	
−0.0036 ***

	
−0.0036 ***




	

	
(−2.821)

	
(−2.641)

	
(−2.701)

	
(−2.754)




	
Soe

	
−0.0174 *

	
−0.0150 *

	
−0.0152

	
−0.0151




	

	
(−1.839)

	
(−1.669)

	
(−1.607)

	
(−1.616)




	
Age

	
−0.0851 **

	
−0.0711 *

	
−0.0703 *

	
−0.0721 **




	

	
(−2.265)

	
(−1.926)

	
(−1.955)

	
(−2.049)




	
_cons

	
−0.3559 **

	
−0.3289 *

	
−0.3934 **

	
−0.3730 **




	

	
(−1.994)

	
(−1.911)

	
(−2.309)

	
(−2.201)




	
Industry

	
Yes

	
Yes

	
Yes

	
Yes




	
Firm

	
Yes

	
Yes

	
Yes

	
Yes




	
Year

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
9474

	
9474

	
9474

	
9474




	
R2

	
0.204

	
0.228

	
0.242

	
0.256




	
adj. R2

	
0.202

	
0.227

	
0.241

	
0.255




	
F

	
40.3507

	
37.1478

	
39.1010

	
40.7685








Note: t statistics are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 6. Robustness test: adjustment of independent variable statistics.
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(1)

	
(2)

	
(3)

	
(4)




	
SGR

	
SGR

	
SGR

	
SGR






	
Ces2

	
−0.0257 ***

	
−0.0074 **

	
−0.0162 ***

	
−0.0158 ***




	

	
(−8.002)

	
(−2.577)

	
(−6.978)

	
(−6.079)




	
Envsub

	

	
−63.5031 ***

	

	




	

	

	
(−7.334)

	

	




	
Ces2*Envsub

	

	
−0.0028 ***

	

	




	

	

	
(−5.241)

	

	




	
Media

	

	

	
−0.0204 ***

	




	

	

	

	
(−8.339)

	




	
Ces2*Media

	

	

	
−0.0069 ***

	




	

	

	

	
(−7.648)

	




	
Ega

	

	

	

	
−0.0007 ***




	

	

	

	

	
(−6.402)




	
Ces2*Ega

	

	

	

	
−0.0075 ***




	

	

	

	

	
(−8.417)




	
Size

	
0.0284 ***

	
0.0244 ***

	
0.0265 ***

	
0.0266 ***




	

	
(5.225)

	
(4.631)

	
(5.038)

	
(4.979)




	
Lev

	
0.1357 ***

	
0.1275 ***

	
0.1326 ***

	
0.1343 ***




	

	
(7.481)

	
(7.083)

	
(7.379)

	
(7.430)




	
Roa

	
0.7765 ***

	
0.7518 ***

	
0.7563 ***

	
0.7627 ***




	

	
(16.085)

	
(15.959)

	
(16.170)

	
(16.273)




	
Growth

	
0.0463 ***

	
0.0493 ***

	
0.0461 ***

	
0.0457 ***




	

	
(10.153)

	
(10.848)

	
(10.353)

	
(10.245)




	
Cflow

	
−0.1172 ***

	
−0.1108 ***

	
−0.1113 ***

	
−0.1128 ***




	

	
(−6.443)

	
(−6.330)

	
(−6.366)

	
(−6.478)




	
Ato

	
−0.0247 ***

	
−0.0201 ***

	
−0.0239 ***

	
−0.0252 ***




	

	
(−6.828)

	
(−5.864)

	
(−6.874)

	
(−7.078)




	
Tobin−Q

	
−0.0034 ***

	
−0.0035 ***

	
−0.0036 ***

	
−0.0036 ***




	

	
(−2.980)

	
(−3.092)

	
(−3.143)

	
(−3.168)




	
Soe

	
−0.0172 ***

	
−0.0141 **

	
−0.0146 **

	
−0.0159 **




	

	
(−2.661)

	
(−2.255)

	
(−2.314)

	
(−2.500)




	
Age

	
−0.0422

	
−0.0435

	
−0.0449

	
−0.0483 *




	

	
(−1.480)

	
(−1.566)

	
(−1.623)

	
(−1.747)




	
_cons

	
−0.5129 ***

	
−0.4083 ***

	
−0.4632 ***

	
−0.4392 ***




	

	
(−3.901)

	
(−3.159)

	
(−3.590)

	
(−3.366)




	
Industry

	
Yes

	
Yes

	
Yes

	
Yes




	
Firm

	
Yes

	
Yes

	
Yes

	
Yes




	
Year

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
11822

	
11822

	
11822

	
11822




	
R2

	
0.210

	
0.237

	
0.237

	
0.235




	
adj. R2

	
0.209

	
0.236

	
0.236

	
0.234




	
F

	
43.0065

	
42.5889

	
41.8111

	
41.5637








Note: t statistics are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 7. Robustness test: upper and lower 20% quantile group regression.
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(1)

	
(2)




	
SGR

	
SGR






	
Ces

	
−10.4756 ***

	
−4.6701 **




	

	
(−5.819)

	
(−2.161)




	
Size

	
0.0231

	
0.0232




	

	
(1.300)

	
(1.600)




	
Lev

	
0.2650 ***

	
0.1449 ***




	

	
(4.178)

	
(3.565)




	
Roa

	
0.9957 ***

	
0.5813 ***




	

	
(8.016)

	
(5.224)




	
Growth

	
0.0414 ***

	
0.0325 ***




	

	
(3.680)

	
(3.154)




	
Cflow

	
−0.2545 ***

	
0.0304




	

	
(−4.860)

	
(0.975)




	
Ato

	
−0.0312 ***

	
−0.0106




	

	
(−4.628)

	
(−0.830)




	
Tobin-Q

	
−0.0099 *

	
−0.0032




	

	
(−1.900)

	
(−1.398)




	
Soe

	
−0.0067

	
−0.0113




	

	
(−0.503)

	
(−0.571)




	
Age

	
0.1092 *

	
−0.2470 ***




	

	
(1.876)

	
(−3.145)




	
_cons

	
−0.8921 **

	
0.2044




	

	
(−2.003)

	
(0.554)




	
Industry

	
Yes

	
Yes




	
Firm

	
Yes

	
Yes




	
Year

	
Yes

	
Yes




	
N

	
2360

	
2367




	
R2

	
0.208

	
0.204




	
adj. R2

	
0.203

	
0.199




	
F

	
13.7430

	
8.0429








Note: t statistics are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8. Heterogeneity test: two-stage least squares regression results.
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Stage1

	
Stage2




	
Ces

	
SGR






	
Ces

	

	
−14.4760 ***




	

	

	
(−3.398)




	
lCes

	
−0.1917 ***

	




	

	
(−11.007)

	




	
Size

	
−0.0002

	
0.0309 ***




	

	
(−1.240)

	
(3.807)




	
Lev

	
−0.0008

	
0.1292 ***




	

	
(−1.548)

	
(5.528)




	
Roa

	
−0.0065 ***

	
0.6648 ***




	

	
(−5.725)

	
(9.857)




	
Growth

	
0.0004 ***

	
0.0500 ***




	

	
(3.663)

	
(7.862)




	
Cflow

	
0.0011 **

	
−0.0890 ***




	

	
(2.127)

	
(−4.100)




	
Ato

	
0.0002 *

	
−0.0320 ***




	

	
(1.794)

	
(−6.604)




	
Tobin-Q

	
−0.0000

	
−0.0044 ***




	

	
(−0.079)

	
(−3.319)




	
Soe

	
−0.0002

	
−0.0103




	

	
(−0.933)

	
(−1.608)




	
Age

	
0.0013

	
−0.0152




	

	
(1.335)

	
(−0.368)




	
Constant

	
0.0075

	




	

	
(1.460)

	




	
Industry

	
YES

	
YES




	
Firm

	
YES

	
YES




	
Year

	
YES

	
YES




	
Observations

	
8584

	
8371




	
R-squared

	
0.0593

	
0.1926




	
Number of id

	
2437

	
2224




	
F

	
13.9410

	
26.7657




	
Kleibergen-Paap rk LM

	
99.520(Chi-sq(1)P-val = 0.0000)




	
statistic




	
Cragg-Donald F

	
273.224




	
statistic




	
Kleibergen-Paap rk

	
121.152




	
Wald F statistic




	
10% maximal IV size

	
16.38








Note: Robust t-statistics in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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