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In recent years, the backbone of China's market economy has involved controlling corporate carbon emissions and reducing environmental pollution. This study aimed to investigate the relationship between the characteristics of senior managers and the carbon emission performance of enterprises. The empirical study used panel data on high-emission industries operating in the China A-shares market from 2014 to 2017. The results showed that the natural age, education level, and professional background of senior managers in high-emission enterprises were negatively correlated with the carbon emission performance of enterprises. However, in the case of large enterprises, there is no strong relationship between the natural age of executives and carbon emission performance, while professional background and education level are negatively correlated with carbon emission performance. However, natural age is significantly related to carbon emission performance in small and medium-sized enterprises. In the regional classification of enterprises, the natural age and professional background of the core executives of high-emitting enterprises in the eastern region are negatively correlated with carbon emission performance, while the professional background of the core executives of high-emitting enterprises in the central and western regions is positively correlated with carbon emission performance. Moreover, the natural age and educational level of executives are negatively correlated with carbon emission performance. To measure the carbon emission performance of an enterprise, the study used the balanced scorecard evaluation system (CEP). Meanwhile, it innovatively classifies and sorts the sample companies based on their overall size and distribution area, and analyzes the carbon performance and executive characteristics from two perspectives. The study provides suggestions and countermeasures for companies in China, especially those in high-emission industries, to help reduce pollution.
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1. Introduction

As an important part of corporate governance in the production and operation of a firm, management undoubtedly controls, to a large extent, decisions related to the firm, either directly or indirectly by influencing controlling shareholders. Since the introduction of higher-order theory in 1984, numerous studies have found that managers of firms have different behavioral choices and psychological characteristics depending on their background characteristics, which affect their decisions and performance, including the performance of corporate environmental protection. From this perspective, corporate socially responsible behavior can be predicted using certain characteristics of the executive team, such as age, education, tenure, and gender (Arslan et al., 2022). Elsayih et al. (2021) used the average age of the executive team as an independent variable of the study in a comprehensive industry sample and found a significant positive relationship with corporate economic performance indicators. In terms of education, Ding et al. (2020) demonstrated that CEOs with MBA degrees can significantly contribute to corporate carbon emissions. In terms of professional background, Fan (2016) found that executives with management training and business education can promote environmental pollution prevention behaviors and improve corporate carbon performance. Some scholars have also studied the factors affecting carbon emission performance at the macro level. Li et al. (2021a,b) showed that economic growth and economic structure are the most important positive and negative factors affecting carbon emissions. Liu (2023) found that, under the carbon neutral scenario, carbon emissions can be better controlled through carbon neutral and carbon peak strategies.

Most scholars still focus on the relationship between executive team characteristics and corporate financial performance, but pay less attention to this area of corporate social responsibility. The available research results show that research on carbon emission performance is still limited to the impact of differences in property rights on the results, but does not further expand the research system to the scale and spatial area of the enterprise. In addition, the research on the relationship between core management characteristics and carbon performance has not yet been unified, and there is a lack of research specifically focused on enterprises in specific high-emission industries in China.

This study focuses on companies in China's high-emission industry and innovatively classifies and sorts the sample companies based on their overall size and distribution area to analyze their carbon emission performance and executives' characteristics from two perspectives, which broadens existing research ideas. In addition, to measure the carbon emission performance of corporate management dimensions from multiple perspectives, we designed a balanced scorecard evaluation system (CEP) that is intended to fill gaps in existing literature related to the CEP evaluation system. This study can provide more reasonable and effective suggestions for the setting of core management personnel in terms of controlling the carbon emission performance of enterprises and helping listed companies in China to make greater contributions to protecting the environment and reducing emissions.

The structure of the article is arranged as follows: Section 2 presents the research hypothesis based on the literature review, Section 3 presents the research design, Section 4 presents the empirical results and analyses, and finally, Section 5 presents the corresponding countermeasure analysis based on the summary of the empirical results.



2. Theoretical analysis and research hypothesis

Age is the most basic statistical characteristic of a person. With the accumulation of social experience and management experience, older executives are more stable and even conservative, tend to be more risk-averse, generally act strictly within the legal and even ethical framework, and therefore actively assume social responsibility. Related research has shown that, as people get older, they pay closer attention to environmental issues and have more positive environmental awareness and behavior. As people grow older, their moral evaluation standards will also increase. Therefore, older executives have more mature moral values compared to younger executives. Based on Maslow's hierarchy of needs theory, Ferrat (2021) found that, as CEOs grow older, their sense of responsibility to society will gradually increase and they will be willing to take on more social responsibilities. Second, increasing age brings more experience accumulation; compared with younger executives, older executives have more accumulated experience and are more adaptable in the face of the increasingly tightening regulatory environment (Li et al., 2021a,b). Huffman and Hegarty (1993) study demonstrated that, as the age of a chairperson grows, the quantity and quality of the frequency and disclosure of corporate environmental information increases. As the difference between the age of executives and the average age increases, the level of corporate environmental information disclosure increases accordingly (Chu et al., 2021).

In contrast, from the perspective of the size of enterprises, with the expansion of assets and the rapid increase of business revenue, the public opinion and regulatory environment in which the social responsibility and ethical awareness of enterprises are located are becoming more stringent. Therefore, large enterprises with more sound management modes and management systems will pay more attention to management experience and management stress resistance than small and medium-sized enterprises, thus resulting in the relationship between the natural age of executives and the carbon performance of enterprises. Simultaneously, owing to the different geographical conditions in the eastern, central, and western regions of China, there are obvious differences in the economic development strengths, the modes of management, and the philosophy of enterprises; moreover, there may be differences in the awareness and ability to fulfill social responsibilities. Specifically, due to its unique advantages in transportation, material distribution, and information exchange, the eastern region attracts more entrepreneurs of different ages and experts in related fields, who use more advanced international management experience to create value for the company and become the main source of China's economic development. On the contrary, due to the limitations of talent exchange and economic development, enterprises in the central and western regions tend to be more conservative in the selection and deployment of management personnel and pay more attention to management experience; hence, age is more likely to be the main consideration in management staff selection.

Therefore, we assume that:

Hypothesis 1 (H1a). Corporate carbon performance improves as the natural age of public company executives increases.

Hypothesis 1 (H1b). The relationship between the natural age of senior managers and carbon performance is stronger in large firms than in SMEs.

Hypothesis 1 (H1c). The relationship between the age of core senior managers and carbon performance is stronger in firms in the midwest than in those in the east.

It is generally presumed that the education level can reflect the cognitive ability of an individual and that it has a positive relationship with learning power, insight, and information processing ability. Executives with higher education levels can still maintain a clear mind in the face of a complex market environment, which is conducive to making correct decisions. In addition, the accumulation of knowledge brought by education provides executives with more macro-awareness and big-picture awareness in management, as well as a stronger sense of responsibility. Therefore, they generally consider various factors, such as corporate, stakeholders, consumers, and society, before making decisions. Cui et al. (2022), after a practical survey, found that, from the perspective of fulfilling social responsibility and environmental obligations, better-educated executive teams and higher-educated executive teams manage companies that have a greater chance of success in implementing corporate reforms, bringing better reputation, and providing corporate growth ability to the company. Higher levels of education lead to greater awareness of ethics and social responsibility. This motivates better-educated people to make higher-quality environmental disclosures (George Wilson et al., 2015). Chinese scholar Fu (2017) found a significant positive correlation between entrepreneurs' education and CSR disclosure status based on a survey of private enterprises in Zhejiang province. Gjerløv-Juel (2019) found that well-educated managers were more likely to make decisions concerning taking up jobs, receiving services, and buying shares and that they would consider the company's reputation, business ethics, and social responsibility and hence would be more likely to disclose high-quality environmental information. Guo et al. (2019) argued that the higher the education level, the more rational and objective executives would be in making decisions, and those with higher education levels and higher social status compared to others would be more concerned about issues such as environmental protection and food safety. Han (2019) found that the higher the proportion of executive team members who had graduated from prestigious universities, the better the CSR performance.

Compared with small and medium-sized enterprises, large enterprises have a larger base of assets, revenue, and net profit and grow faster. Therefore, they are more strict and cautious about the educational requirements of staff and the selection of management personnel. In addition, they also have obvious advantages in terms of corporate reputation, employee welfare, and business sustainability compared with small and medium-sized enterprises, using which they can attract managers with higher education levels to participate in corporate governance. From the layouts of various enterprises in different regions of China, the eastern region is in a more prominent position in the country in the fields of transportation and human communication, and coupled with its higher level of economic development and regional tolerance, it also provides more favorable prerequisites for enterprises to attract high-level talents. Thus, the proportion of high-level talents with postgraduation or above in the overall management of enterprises is higher in the eastern region than in any other region.

Based on the above analysis, we make the following assumptions:

Hypothesis 2 (H2a). As the level of education of executives of listed companies increases, the carbon performance of companies will improve.

Hypothesis 2 (H2b). The relationship between the educational level of senior managers and carbon performance is stronger in large enterprises than in small and medium-sized enterprises.

Hypothesis 2 (H2c). The relationship between the educational level of core senior managers and carbon performance is stronger in the eastern region than in the central and western regions.

Executives with higher education, especially those with management backgrounds, are also usually more focused on long-term benefits and future development prospects than senior managers of other professions and are not easily moved by short-term interests; although environmental governance has higher short-term costs, it has higher long-term economic and social performance, and corporate managers with long-term vision usually put more attention on corporates. Haselhuhn et al. (2022) found that CEOs with MBA degrees showed significantly higher carbon performance than CEOs without academic backgrounds in 482 companies listed on the New York Stock Exchange. Li et al. (2021a,b) demonstrated that executives with a master's degree in business administration had a more significant positive impact on corporate carbon performance than those with other professional backgrounds; simultaneously, highly educated executives paid more attention to corporate environmental pollution issues and were more motivated to improve corporate carbon performance than executives with a lower education level (Li et al., 2020). Liang (2019) investigated the relationship between professional education and students' learning ability and found that management education promotes the improvement of cognitive ability, innovation ability, judgment ability, and values (Li, 2019).

With the increasing connection between enterprises in modern society, the internal control system and the financial system required by large enterprises must be more stringent than those of SMEs due to the complexity of their business. Influenced by the training program and curriculum, executives whose professional background is in finance and management have a clear advantage in the theoretical foundation and practical experience of business management compared with others. At the same time, due to the influence of the human environment and economic layouts in the eastern region, the number of financial enterprises is higher and is attracting more management talents. However, the western region, where heavy industry is the main focus, mainly attracts engineering-based talents to enhance and upgrade the technical strength of enterprises, accelerate the efficiency of industrial production, and create higher value for enterprises, thus paying more attention to senior managers from engineering backgrounds.

Hypothesis 3 (H3a). Corporate executives with economics and management majors perform better in terms of corporate carbon performance.

Hypothesis 3 (H3b). The relationship between the professional background of senior managers and carbon performance is stronger in large companies than in SMEs.

Hypothesis 3 (H3c). The relationship between the professional background of core senior managers and carbon performance is stronger in the eastern region than in the central and western regions.



3. Research design


3.1. Data sources and sample selection

Regarding the definition of high-emission industries, reference is made to the “Guidelines for Disclosure of Environmental Information of Listed Companies (Draft for Comments)” issued by the Ministry of Ecology and Environment in 2010, and according to the 2012 edition of the SFC's “Guidelines for the Classification of Listed Companies by Industry”, 16 categories of industries, including thermal power, iron and steel, cement, electrolytic aluminum, coal, metallurgy, chemical, petrochemical, building materials, paper, brewing, pharmaceutical, fermentation, textile, tannery, and mining, are classified as high-emission industries. Due to the limitation of space and research time, this study intends to use the 2014–2017 data from the extractive industry, the coal industry, and the chemical industry as the research samples of listed companies in high-emission industries in China and exclude other abnormal samples such as incomplete data, ST or *ST, and long-term negative equity to get 30 valid samples. The data of the independent variable CEP were all collected manually. The data on whether the enterprises have obtained ISO14000 environmental management standard certification were taken from the official website of CNCA (China National Certification and Accreditation Administration) and the data on environmental pollution were from the Public Environment Research Center. In addition to the above-mentioned websites, the annual reports of enterprises and social responsibility reports were also used. “ISO14000,” “environmental protection system,” “environmental training”, and other keywords were searched to supplement the data in this study. Meanwhile, the data related to the main characteristics of the executives of listed companies and corporate financial indicators were obtained from the CSMAR database and Sina Finance to ensure the integrity and fairness of the data. Table 1 shows the carbon emission performance evaluation system based on BSC.


TABLE 1 Carbon emission performance evaluation system based on BSC.
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3.2. Variable design
 
3.2.1. Explained variable declaration

Carbon emission performance is the main object of this study and the specific measurement indexes that are mainly referred to are the carbon emission performance assessment standard developed by the International Organization for Standardization (ISO) in 1999 according to the ISO14031 system, which provides a reference basis for organizations to carry out internal environmental management and carbon emission performance assessment. The ISO 14031 standard does not define specific carbon performance indicators but rather provides a structural framework. Based on the environmental protection philosophy and environmental protection system, this study innovatively develops a set of accounting systems for corporate carbon emission performance indicators, mainly from the perspective of the environmental protection strategy of the management of companies. Specifically, we compiled the annual reports and social responsibility reports of enterprises and then filtered out eight dimensions based on the principles and framework of the balanced scorecard. These eight dimensions were used to examine the carbon emission performance of the management of enterprises. Table 2 provides a description of the variables used. The specific evaluation system and the corresponding criteria are as follows.


TABLE 2 Variable description.
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3.2.2. Explanatory variables

Ethical growth is often accompanied by age, experience, and risk appetite stabilization. In an empirical study, Lin and Zhou (2021) found a negative relationship between executive team age and CSR (corporate social responsibility reporting) disclosure, but it did not pass the significance test. In a study of the influence of executive team characteristics on CSR information disclosure, Liu et al. (2022) found that there is a significant positive correlation between the age and education of the executive team on CSR information disclosure. As age and experience increase, managers are satisfied with the process of accumulation of money and power, and there may be a tendency to weaken the pursuit of it. Instead, they are more enthusiastic about reputation and spiritual realization and thus focus and fulfill more on CSR. Ma and Chen (2022) found that the older the average age of the executive team, the better the corporate social responsibility performance. Similarly, a study by Zhang et al. (2022) found that the proportion of executives' age over the average age is positively related to the performance of the environmental responsibility disclosure system; the older the executive age, the better the firm's carbon performance. The logarithm of the average natural age (AGE) of the independent variable firm executive characteristics is used as the main indicator in this paper.

Education level affects an individual's perceptions, values, and behaviors. Highly educated executives are more concerned about the long-term benefits and prospects of the company, the realization of their self-worth, and the interests of multiple parties such as consumers and community members. Meng and Yang (2017) used empirical methods to investigate the relationship between the intensity of corporate environmental R&D investment and corporate performance, which was positive in firms with highly educated managers and negative in firms with less educated managers. Qin (2012) argued that, as the social capital possessed by corporate executives and the education level of the firm continues to increase, the firm can obtain better results in terms of carbon performance. The independent variable in this study is the average educational level of the company's executive team (EDU), which is used as the main indicator, where “2,” “3,” “4,” and “5” are used in this study according to the level of education. “2,” “3,” “4,” and “5” are used as proxies for the company's senior executives' specialist degree, bachelor's degree, master's degree, and doctoral degree, respectively, to facilitate the regression study of panel data. The professional background reflects the level of professional qualification or competence of the executive. Compared with other professional backgrounds, managers with professional background in management may be more adept at making the most appropriate decisions for the enterprise even under the complex economic environment and tend to have a higher sense of social responsibility based on the basic goal of corporate profitability: paying more attention to the green development of the enterprise and pursuing the long-term benefits of the enterprise. Li (2019) selected some enterprises in China's electronic information industry as a sample and reported that the professional background of members was significantly and positively related to corporate performance. Kang et al. (2011) found that executive background characteristics such as age, years of service, professional background, and career experience can have an impact on managerial style, which affects corporate environmental efficiency indicators. The independent variable in this study is the average professional background of the company's executive team. Using (PRO) as the main indicator, considering that the professional backgrounds of executives in the sample data are mainly concentrated on engineering, economics, and management, according to the degree of similarity with management disciplines, “1,” “2,” and “3” were used as proxies for the professional backgrounds of the company's executives in engineering, economics, and management.



3.2.3. Control variables

Compared with small and medium-sized enterprises, large enterprises require more social resources and obtain greater economic benefits, while facing more political pressure and the need to assume greater social and environmental responsibilities (Yu et al., 2017). The larger the company and the better its performance, the more media scrutiny and public attention it receives and the more resources it has to improve its carbon emission performance (Wu et al., 2018). Chen et al. (2022) analyzed that the environmental regulation index plays a significant role in promoting green development. Investors of companies are deeply concerned about the financial performance of companies, and the degree to which a company pays attention to environmental issues depends largely on economic performance (Yang et al., 2022). In general, the higher the economic performance, the stronger the awareness of the social responsibility of the company and the more motivated it is to improve its carbon emission performance (Tian et al., 2020); simultaneously, changes in macroeconomic factors will also have an impact on the carbon emission performance of the company. Moreover, from the perspective of the production method, as the gross domestic product increases, the overall production capacity and the actual annual output value of society will also increase, and the attention of consumers and regulators to the social responsibility of listed companies will also increase, thus indirectly urging and accelerating the management of enterprises to further set up programs and plans to control carbon emission performance. Shao et al. (2022) found that social media legitimacy pressure significantly enhances corporate carbon disclosure. However, enterprises with better business performance are generally more willing and able to fulfill social responsibility; therefore, a company's operating income and return on net assets may have an impact on the carbon emission performance of enterprises; the value added of the secondary industry, mainly traditional manufacturing, will have an impact on the carbon emission performance of enterprises. Ying et al. (2022) found that the tightening of environmental regulations had a significant net negative effect on the innovation behavior of heavily polluting firms, with a significant decrease in their innovation inputs. The value added of the secondary industry, mainly traditional manufacturing, and the proportion of the number of employees in the total industry reflect, to a certain extent, the proportion of high-emission enterprises in the total business entities. Based on this, the initial indicators of firm size, total operating income, operating income growth rate, total net asset margin, real GDP, the proportion of secondary industry and consumer price index, and the stated year are used as control variables in this study.




3.3. Model construction

This study investigates the relationship between the carbon performance of companies and the characteristics of company executives, such as age, professional background, and education level, and analyzes the influences of executive characteristics on the carbon performance of listed companies in the high-emission industry through a multiple linear regression model based on the research hypothesis and other factors that may affect the dependent variable of the model. The model is as follows:

[image: image]

where β0 represents the constant term of the model; β1−β13 are the regression coefficients of the model, and the sign of the coefficient represents the direction of the correlation between the independent variable and the dependent variable. ε is the random disturbance term of the regression model.




4. Empirical research


4.1. Descriptive statistics

Table 3 describes and analyzes the extreme value, mean, and fluctuation of the dependent variable (carbon emission performance) and the independent variables (natural age, education level, and professional background) in the sample panel data regression model: the maximum value of carbon emission performance is 1.00, the minimum value is 0.13, and the mean value is 0.63, thus reflecting that the difference between different companies in carbon emission performance is still very high and that the proportion of companies with higher carbon emission performance is also very high in the whole. The standard deviation of this variable is 0.21, which indicates that even among companies in the same or similar industry, the amount of emission of pollutants may vary due to the differences in the types of products produced, production processes, production procedures, and management's attitude toward social responsibility. The minimum value of the independent variable is 41 years old and the maximum value is 60 years old. The average age is close to 53 years old, with a standard deviation of 3.86 years, indicating that the average age of the executive team in the sample data is generally around 40–60 years old. In general, managers in this age group are in the golden period of personal development, in terms of management experience, professional reserve, social experience, and stress resistance, and are also the more prominent in the team and organization. The average education level is roughly 3.92, while the standard deviation is only 0.66, which indirectly reflects that the senior management of the sample companies is generally at master's degree level. The average value of professional background of the sample data is 1.71, while the standard deviation is 0.88, which indicates that employees with professional backgrounds in economics and management are more likely to become the main managers of the company. Regarding the macroeconomic factors, the minimum value of GDP is 641,286,000 yuan and the maximum value is 820,743,000 yuan, which indicates that there is still a large gap between the different annual GDP, which will be one of the main factors affecting the dependent variable. Meanwhile, the minimum value of the producer price index (PPI) is 94.8 and the maximum value is 106.3, which indicates the operating cost of enterprises in different time periods. Second, the standard deviations of operating income and total asset size are 1.47 and 1.28, respectively, while the mean values are roughly 23.32 and 24.29, indicating that the difference between the sizes of the business scale of enterprises in the same industry is not very obvious.


TABLE 3 Descriptive statistical table.
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4.2. Analysis of regression results

As can be seen from Table 4, the overall significance of the model is 27–28% and the p-value is <0.01, indicating that the overall significance of the model is strong and the fit is good. Under the fixed-effects model, the regression coefficient of the natural age of executives is −0.006 and it is significant at the 5% level, indicating a negative relationship between the natural age of executives and carbon emission performance. It is the opposite of original hypothesis 1, indicating that as the age of executives grows, they become more conservative in their perceptions, and those with longer tenure may prefer to maintain their original system and achievements compared to making contributions to the environmental protection cause, and therefore, may have a negative impact on the carbon emission performance of the enterprise; however, at the same time, the regression coefficients of the educational level and professional background of executives are −0.017 and −0.001, respectively, and both are significant within the 10% level, which are different from both original hypotheses 3 and 2, indicating that the carbon emission performance of high-emission-listed companies decreases with the increase in the average educational level of the management team. However, due to the lack of technical ability and background, managers with management or economics background are more passive in the specific implementation plans and technologies of carbon emission performance control. In addition, among the control variables studied, the overall size of the enterprise and the return on net assets are positively correlated with carbon emission performance and are significant at the 5% level, indicating that they will affect the carbon emission performance to a certain extent and the larger and more efficient enterprises will be more willing and able to reduce carbon emissions. This indicates that the increase in the price of raw materials and labor will, to a certain extent, increase the operating cost of enterprises and reduce their net profit, which indirectly affects the ability and willingness of enterprises to control their carbon emission performance, while the relationship between the two is not very strong.


TABLE 4 Regression test of executive characteristics and carbon emission performance (excluding the nature of equity and enterprise size).

[image: Table 4]

As can be seen from Table 5, the R2 of small and medium-sized enterprises is higher than that of large enterprises and the goodness of fit is stronger, probably because the financial situation and profitability level of large enterprises are better than those of small and medium-sized enterprises, in general. However, unlike the lack of liquidity of enterprises, the main bottleneck that restricts the development of small and medium-sized enterprises, the main dilemma faced by large enterprises is the competitive pressure of international technology and industry. From the specific regression results, the correlation coefficients between the natural age of the executive team and the carbon emission performance of large enterprises tend to be close to 0, indicating that natural age is not the main factor affecting the environment; however, the correlation coefficients between education level and professional background and carbon emission performance are −0.111 and −0.05, respectively, and both are significant at the 10% level, indicating that there is still a negative relationship between the main independent variables and carbon emission performance. The correlation coefficients are 0.046 and 0.006, respectively, which is mainly because, in private capital-held SMEs, the management philosophy and vision of the managers are constantly updated and broadened with the increase of their natural age (Fan, 2016). The longer the tenure, the more they recognize the importance of strengthening their innovation ability and enhancing their R&D strengths in terms of industrial competition. In addition, the more educated the senior managers, the deeper their mastery of enterprise production and management theories and the more they pay attention to technological innovation, meaning they will improve to some extent the innovation performance. Among the control variables, the net interest rate on total assets and the size of total assets are also positively correlated with the innovation performance of enterprises, mainly because enterprises with larger capital and better economic efficiency have more economic strength and research teams to engage in scientific and technological research and development, which improve the innovation performance of enterprises. However, macroindicators such as gross domestic product and producer price index are roughly the same as those described in the previous section.


TABLE 5 Regression results of high-carbon industry companies with different asset sizes.

[image: Table 5]

Table 6 shows the regression results from a subregional perspective. The adjusted R2-values of the regression results for enterprises in the central and western regions are ~40–41%, and the overall goodness of fit of the equation is better than that of the eastern region. This is probably because the eastern region has been developing for a long time and is in the late stage of high-quality economic development, technology, and innovation, which are no longer the main factors to improve the innovation performance of enterprises (Fu, 2017). In addition, due to the priority development and strong support policies of the state for the central and western regions in recent years, enterprises can enjoy various support and preferences for their investments in innovation and R&D; therefore, the management will put more effort into innovation and R&D. The regression coefficient of the main explanatory variable, professional background of executives, is 0.029, and the variable is significant at the 10% level or less, which verifies the original hypothesis 3, that is, executives with management background have a more global and long-term strategic vision in enterprise development than those with other majors. They are also more likely to focus their future core competencies on industrial innovation and technology research and development, thus enhancing the innovation performance of the company. However, the regression coefficient of the natural age of executives is −0.01 and significant at the 10% level, indicating that the innovation performance of enterprises is closely related to the natural age of executives, i.e., the younger the natural age of senior managers in privately held companies is more likely to have a more complete awareness and view of environmental protection.


TABLE 6 Regression results of high-carbon industry companies in different economic regions.
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5. Discussion and conclusion


5.1. Theoretical contributions

Using the above data, the multiple linear regression model analyzed the relationship between the characteristics of executives (natural age, professional background, tenure, and education level) and the control variables of operating income and asset size, and carbon emission performance. In contrast to other recent literature, which has involved studies on the impact of macroelements on carbon performance (Zhou and Liu, 2020; Shao et al., 2022), this study focused on the micro level. The relationship between the natural age of core executives in large enterprises and the carbon emission performance of large enterprises is not strong; however, professional background and education level have a negative relationship with carbon emission performance. In small and medium-sized enterprises, natural age is significantly correlated with carbon emission performance. In the regional classification of enterprises, the core executives of high-emitting enterprises in the eastern region are negatively correlated with carbon emission performance in terms of tenure, natural age, and professional background, while those in the central and western regions are positively correlated with carbon emission performance in terms of professional background and natural age. Moreover, the educational level of executives is negatively correlated with carbon emission performance. The findings of this study provide some important policy insights that will enable China to explore the low carbon transition of economic development and achieve the goal of carbon peaking and carbon neutrality.



5.2. Practical implications

By studying the influence of the characteristics of executives on corporate carbon performance, this study anticipates that the research results will provide ideas and methods for current regulators to formulate and introduce regulations and policies. These research findings could also help companies to effectively build and integrate their executive teams, optimize their senior governance structure, improve the resource allocation of top management, and promote sustainable development from the perspective of controlling corporate carbon performance. Therefore, we make the following recommendations in terms of laws and regulations, the internal senior management setup, and the environmental protection of enterprises.

Laws and regulations in turn have a direct impact on the environmental accounting practices of enterprises, and the environmental behavior of enterprises and the environmental decisions they make follow the provisions of the law. Although current regulations, such as the Environmental Protection Law and the Accounting Law in China, have, to a certain extent, institutionally strengthened the supervision of enterprises, especially listed companies, by environmental regulators, there is less knowledge on carbon emission performance, and there is a lack of specific standards and reward and punishment systems for carbon emission performance evaluation. In addition, due to the light penalties and the lack of responsibility of the personnel in the relevant functional departments, these laws and regulations often face difficulties in the implementation and lack of enforcement in the actual implementation process; hence, the environmental pollution problems in China are becoming increasingly widespread and serious. Therefore, China urgently needs to establish and improve a set of laws and regulations on carbon emission performance.

From the perspective of age, enterprises should give more consideration to older executives instead of blindly pursuing young management teams. From the perspectives of professional background, corporate governance, and human resources can favor executives with professional backgrounds in engineering and science when conducting management screening, which can enrich and optimize the professional backgrounds of enterprise management personnel, enhance and improve the production level and efficiency of enterprises, and improve the carbon emission performance of enterprises. From the perspective of education, since carbon emission performance will improve with the improvement of the education of senior management members, enterprises, especially the senior management of listed companies, should improve their education level, and at the same time, enterprises should focus on the education level when selecting managers. From the perspective of tenure, the research findings indicate that appropriate transfer of business managers may affect the stability of management but it can promote the improvement of carbon emission performance to a certain extent. The transfer system of state-owned enterprises, which is now implemented in China, can strengthen the supervision of internal management and control within local enterprises and also drive enterprises to invest more in environmental protection and improve the carbon emission performance of the whole industry to a certain extent.

Improving the selection and incentive mechanism of key senior managers and reconfiguring the composition of the organization's management team in terms of their natural age, professional background, tenure, and educational level will strengthen the cohesiveness of the management team and improve the carbon performance of the enterprise, thus making an important contribution to the sustainable development of the enterprise and society.

In particular, for enterprises involved in high energy consumption and high pollution industries, both management and ordinary staff should have proper knowledge and understanding of environmental issues while pursuing the maximization of economic benefits for the enterprise to facilitate the smooth implementation of environmental protection work. Nevertheless, the government should introduce corresponding policies to encourage enterprises to vigorously cultivate or introduce environmental talents, set up specialized environmental management agencies from top to bottom, and slowly improve the carbon performance of enterprises with technological changes and professional environmental management tools. The relevant government departments should set up special institutions and personnel to regularly assess the carbon performance of enterprises in their areas of responsibility, especially the departments or main leaders of high-emission enterprises, actively accept the supervision of the public, and stop production in time and rectify the more polluting production lines. Moreover, a strict reward and punishment mechanism should be implemented, and individuals and departments with high carbon performance should be rewarded, and those with low carbon performance should be punished to make an effort at improving the carbon emission performance of enterprises.

Furthermore, to supervise the environment, it is not enough to rely only on the power of the government and enterprises. The level of environmental protection in our society depends on the strength of the environmental awareness of the members of society; therefore, it is necessary to strengthen the education of the general population on environmental protection and lay a solid foundation for environmental protection so that environmental pollution and other problems can be managed well.



5.3. Limitations and directions for future research

Finally, it should be noted that, due to the limited availability of data, this study only examined the influence of executive characteristics on carbon performance at the level of firms in high-emitting industries. The exploration of carbon performance–related issues at other industry levels would complement research at the high-emissions industry level, thus helping firms to fully grasp key bottlenecks in the development of China's low-carbon economic transition. Therefore, a global examination of related issues at the firm level should also be an important direction to expand subsequent research.
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