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Abstract

:

Green innovation has become an important support to promote the strategic goals of peak carbon dioxide emission and high-quality economic development. This paper systematically examines whether internal control can effectively drive enterprise green innovation and achieve the “win–win” result of enterprise economic development and environmental protection. We found that internal control can significantly improve the green innovation level of enterprises, which is mainly reflected in the mandatory disclosure stage of internal control information and the other four elements of internal control, except the control environment. The mechanism test found that internal control can promote green innovation by reducing enterprise risks, alleviating agency conflicts, relieving financing constraints, and improving the rationality of innovation investment. The heterogeneity test found that the promotion effect of internal control on green innovation is more significant in large enterprises and private enterprises; internal control can effectively supervise the maintenance of relationship resources, and relationship resources positively regulate the promotion effect of internal control on green innovation; excessive executive power will weaken the internal control supervision and punishment of executives, and weaken the positive effect between internal control and green innovation; internal control can improve the utilization rate of government subsidies, and government subsidies positively regulate the positive effect of internal control on green innovation. The research conclusions enrich the market-oriented research on the driving factors of enterprise green innovation, and provide empirical evidence for enhancing the competitiveness of enterprise green innovation and achieving carbon neutrality.






Keywords:


green innovation; green development; carbon neutrality; internal control; government subsidies; enterprise characteristics












1. Introduction


China’s economy has maintained rapid growth and made remarkable economic achievements, but China has also paid a heavy price of destroying the ecological environment and wasting resources. According to the 2020 Environmental Performance Index, China ranks 120th with an environmental performance index of 37.3, far behind the United Kingdom (4th), France (5th), Japan (12th), the United States (24th) and other Western developed countries, and the gap in environmental protection is prominent. Green innovation activities can reduce environmental pollution and gain long-term competitive advantages, achieving a win–win situation for environmental protection and economic development [1,2,3]. Accordingly, China has been deeply aware of the serious environmental problems and has proposed the concept of ecological governance and green development that “Clear waters and green mountains are as good as mountains of gold and silver”, to strengthen the reform of environmental policies, actively implement the green economic transformation strategy, take various measures to manage the green ecological environment, and accelerate the pace of driving enterprises to carry out green innovation. However, although China has successively promulgated many environmental protection laws and regulations, forcing enterprises to meet environmental protection requirements in the production process, there are still quite a few enterprises that have failed to make corresponding adjustments in their business decisions in time. Environmental violations occur frequently and participation in green innovation is low. In view of the slow greening pace of many enterprises’ economic activities, a hot issue in current research is how to effectively drive enterprises to carry out green innovation and enhance their green competitiveness.



The knowledge spillovers and environmental cost spillovers of green innovation often leads to market failures. Most existing studies focus on the driving factors of green innovation from the perspective of national policies based on institutional theory and stakeholder theory. Scholars who support the Porter hypothesis believe that national policies such as environmental regulation and government subsidies can overcome enterprise inertia, force enterprises to carry out green innovation activities, and improve green innovation performance [4,5,6,7,8,9,10]. For example, Berrone et al. found that government regulation is conducive to improving the green innovation level of enterprises [5]. Chakraborty et al. found that environmental regulation can effectively promote innovation input and output and promote the green transformation of enterprises [10]. However, the cost–benefit of environmental governance is asymmetric, and enterprises often passively cater to the government and implement short-sighted environmental protection investment strategies [11]. Scholars who deny the Porter hypothesis believe that environmental regulation and government subsidies will change the allocation of enterprise resources, increase the cost of enterprise system compliance and pollution control, squeeze out the resource input of green innovation, and reduce the enthusiasm for green innovation [12,13,14,15,16,17,18]. It is not difficult to discover that there is considerable controversy over the impact of environmental regulations and government subsidies on green innovation. Therefore, enterprises should incorporate environmental issues into strategic decision making, rather than only passively catering to environmental policies [19].



In recent years, many scholars have turned to exploring the impact of internal factors, such as organizational conditions, executive characteristics, financial performance, and corporate governance on green innovation based on resource-based theory and high-order theory [20,21,22,23]. Green innovation has the dual characteristics of knowledge spillover and environmental cost spillover, which will force enterprises to face more serious financing problems and agency conflicts [24]. Based on the theory of information asymmetry, these two resulting problems seriously restrict the green innovation and development of enterprises. Although government subsidies are an effective mechanism to promote green innovation, because of the information asymmetry between the government and enterprises, the opportunistic motivation of management often makes green innovation a tool for obtaining government subsidies and chasing private interests [25]. In order to meet the environmental standards stipulated by the government, enterprises only purchase pollution control equipment or start from the end of the treatment, and fail to allocate resources to green innovation projects, which is not conducive to the realization of the strategic goal of enterprise sustainable development [26,27]. Wu and Hu pointed out that the optimal allocation of resources is conducive to enterprise green innovation [28]. As a systematic internal governance mechanism, internal control must compensate for the incompleteness of the company’s contract, and it has the capabilities of resource allocation and risk control, which can effectively reduce information asymmetry, alleviate financing constraints and agency conflicts, and then affect the choice and implementation of enterprise innovation strategy [29,30], so as to reasonably ensure the achievement of enterprise strategic objectives. In the related research on internal control and enterprise innovation, scholars have also generally agreed with the hypothesis of “reasonable management and control” [31,32,33,34,35]. However, few studies have focused on the driving factors of green innovation decision making and risk control from the perspective of internal control implementation.



Based on the internal control system environment during the transition period of China’s market economy, this paper expands the internal influencing factors of enterprise green innovation to the level of green innovation implementation management and risk control, and discusses the impact mechanism of internal control on enterprise green innovation, which not only enriches the theoretical research on the preconditions of enterprise green innovation and the economic consequences of internal control, but also provides empirical evidence that China’s mandatory implementation of the internal control system can promote the sustainable development of enterprises. With China’s situation and from the perspective of micro-enterprise characteristics, this paper combines macro-factors and micro-enterprise behavior to deeply analyze the differences in the impact of internal control on green innovation under different situations, revealing that the impact of internal control on green innovation has state-dependent characteristics, and provides more reliable suggestions for different enterprises. The rest of the paper is arranged as follows. The second part puts forward the benchmark research hypothesis. The third part introduces the data source, index selection and model construction. The fourth part empirically analyzes the impact of internal control on green innovation. The fifth part tests the path mechanism of internal control affecting green innovation. The sixth part further tests it under the condition of heterogeneity. The seventh part includes the research conclusions and suggestions.




2. Theoretical Analysis and Research Hypothesis


Green innovation is not only riskier and more uncertain than general innovation activities, but its dual attributes also lead to dual externalities, which often causes the green innovation activities of enterprises to be abandoned or suspended [36]. Effective internal control is based on the strategic objectives of enterprises, organically integrates the five elements of internal control into the process of enterprise green innovation, realizes the standardization and institutionalization of green innovation, and promotes the green innovation development of enterprises.



Firstly, a high level of internal control can optimize resource allocation in the enterprise green innovation process. According to the resource-based theory, it is difficult for enterprises to effectively launch green innovation activities by relying only on their own resource accumulation. Improving the green innovation level requires breaking through organizational boundaries, efficiently reconstructing internal and external resources, and optimizing resource allocation and supply. Effective control activities can ensure that all departments within the enterprise perform their respective duties to the greatest extent; form a reasonable check and balance mechanism; guarantee appropriate allocation of rights and responsibilities, and scientific activity process arrangements; identify promptly the operational errors within the company [37], as well as unclear definitions of responsibilities, buck-passing and other problems; and effectively eliminate the waste and reduce the resource and cost consumption in the process of green innovation. This improves the rational allocation of existing resources, ensures the implementation and refinement of enterprise green innovation projects, and improves the implementation efficiency of green innovation.



Secondly, a high level of internal control can effectively reduce the risk in green innovation. Internal control can minimize the risks in implementing innovation activities through a series of control measures and guarantee the implementation of green innovation activities [38,39]. On the one hand, a good internal control environment helps enterprises set goals, ensures the continuity and repeatability of risk assessment activities, effectively identifies potential risks affecting the realization of innovation goals, and determines the risk tolerance consistent with innovation [40], providing a favorable environment for green innovation. On the other hand, effective risk assessment cannot only identify risks in the implementation of an enterprise green innovation strategy by testing the rationality and effectiveness of various management systems and business processes, but also weigh the existing and potential risks in innovation activities and formulate differentiated risk response strategies in combination with the long-term development strategy, improving the ability to cope with green innovation risks.



Thirdly, a high level of internal control can effectively alleviate agency conflicts in the green innovation process. Internal control can provide effective incentives and supervision for principals and agents, discourage the self-interested behaviors of management, and improve the rationality and efficiency of enterprise green innovation. On the one hand, a good control environment can support an effective check and balance mechanism to restrain agency behavior in the green innovation process according to the status of the strategic development of the enterprise, and apply appropriate incentive policies to encourage the management and employees to participate in green innovation activities, so as to create a good institutional environment and cultural atmosphere. On the other hand, in the absence of effective supervision, managers may avoid investing in risky projects in order to enjoy a comfortable life [41], and effective internal supervision can ensure that enterprise activities are compatible with enterprise risk-taking capabilities, allowing managers’ behaviors to comply with national policies.



Finally, a high level of internal control can effectively alleviate the financing constraints in the green innovation process. Green innovation activities under the influence of double spillovers are more restricted by financing constraints than general innovation activities [42]. Green financial instruments can promote green innovation, and external financing is better than internal financing in promoting innovation [43,44]. When there is a lack of R&D funds, enterprises often obtain external financing through bank loans, bond financing, equity financing, venture capital and other channels. Efficient information and communication can break the information asymmetry between enterprises and financial institutions, enable financial institutions and other stakeholders to accurately evaluate the green innovation activities of enterprises, alleviate the financing constraints, and improve the external financing capabilities of enterprises. This will provide sufficient capital flow to enterprises for launching green innovation activities and achieving sustainable green innovation.



Thus, as an organic whole, the five elements of internal control are interrelated and blend with each other, actively conveying the green innovation program, jointly dealing with the green innovation risks, alleviating the financing pressure and agency conflicts, urging enterprises to effectively implement green innovation and achieve green transformation. Based on this, the following hypothesis is proposed:



Hypothesis 1 (H1).

Under the same conditions, internal control can promote green innovation.






3. Research Design


3.1. Data Sources and Sample Processing


In 2012, China officially listed the development of an ecological civilization as the overall basis for national construction, and green development was acknowledged at the national level. Therefore, we took Chinese A-share listed companies from 2012 to 2020 as samples and determined all variables that should be present, excluding financial, ST- and *ST- listed companies (companies with abnormal financial status or other conditions). Our financial data came from the China Stock Market Accounting Research (CSMAR) database, the data on the number of enterprise green patent applications came from the China Innovation Patent Research Database (CIRD), the internal control data came from the Dibo database (DIB), and other data came from the WIND Economic database (WIND). The main continuous variables in this paper were Winsorized by 1% up and down, and 23,215 sample data of 3430 listed companies were finally obtained.




3.2. Variable Definition


(1) Explained variables. The explained variable is internal control (ic), and the DIB “internal control index” was selected as the measurement index. This index comprehensively evaluates all elements of the enterprise’s internal control, whether independent directors and the board of supervisors express their opinions, and whether the accounting firm issues evaluation reports, etc., that comprehensively and objectively reflect the quality of internal control.



(2) Explanatory variables. The explanatory variable is green innovation (pat). Existing studies mainly measure enterprise green innovation from the perspective of input and output, but green innovation activities take time from initial input to final output, and there are high risks and uncertainties in the activity process. So, if measured from the perspective of green innovation input, it is possible to overestimate the enterprise green innovation [45]. Therefore, referring to Qi Shaozhou [46], from the perspective of green innovation output, the number of enterprise green patents was selected as the proxy variable of enterprise green innovation level.



(3) Intermediary variables. The intermediary variables are enterprise risk (fr), agency cost (mcost), financing constraints (sa) and green innovation investment rationality (es). Referring to the enterprise risk measurement formula proposed by Altman [47]: fr = 3.3a1 + 1.4a2 + 1.2a3 + 0.999a4 + 0.6a5, where a1 is the ratio of earnings before interest and tax (EBIT) to total assets; a2 is the ratio of retained earnings to total assets; a3 is the ratio of the listed company’s working capital to total assets; a4 is the ratio of operating income to total assets; a5 is the ratio of the sum of the total market value of tradable shares and the total net assets of non-tradable shares to the total liabilities. Referring to Ang et al. [48], the management expense ratio (mcost) was used to measure agency cost, that is, the larger the proportion of management expense to operating revenue, the higher the agency cost. Adopting the research method of Cui Huayun et al. [42], the ratio of interest expense to total debt (sa) was used as the measurement index of enterprise financing constraints; the difference between the actual innovation scale and the expected innovation scale was used to measure the rationality of green innovation investment. If the actual innovation investment is greater than the expected investment, it indicates that the innovation investment is excessive; otherwise, it indicates that the innovation investment is insufficient. Both excessive and insufficient innovation investment are ineffective investment, that is, the innovation investment is unreasonable. For regression by industry and year, when the residual in Model (1) is in the lowest or highest quarter interval, it is inefficient investment, es = 1; and when it is in the middle two quantile intervals, it is effective investment, that is, reasonable investment, es = 0. Referring to the research of Xiao Renqiao [49], the traditional R&D investment replaces the green R&D investment. This is because it is hard to completely separate green innovation investment from traditional innovation investment. At present, there are no statistical data on green innovation investment, and many traditional innovation projects can effectively improve economic and environmental benefits at the same time.



(4) Control variables. To control other factors affecting internal control, we selected the following control variables: property right nature (state), establishment time (age), equity concentration (top), cash holding ratio (cash), solvency (debtr), net cash flow (cf), executive incentives (con), capital expenditures (expend), profitability (roa), the Big Four (icq), and the percentage of independent directors (board). The specific definitions of variables are shown in Table 1.




3.3. Model Construction


Many companies do not engage in green innovation activities, and the number of green innovation applications is 0. Therefore, the probability distribution of the explained variables here consisted of two parts: continuous distribution and discrete point distribution. The following model was used to demonstrate whether internal control promotes green innovation:


  p a t =  α 0  +  α 1  i c +  ∑   α k    c o n t r o l s + ε  



(1)






  p a t =       p a  t ∗         i f     p a t > 0                  0           i f     p a t ≤ 0            








where ic is the proxy variable of internal control, control is the control variable (the definitions of variables are shown in Table 1), and ε is a random disturbance term.



According to the above, reducing enterprise risks and agency conflicts, alleviating financing constraints, and improving the rationality of innovation investment are the path mechanisms of internal control that affect green innovation. We constructed an intermediary effect model on the basis of Model (1) to further investigate the path mechanism of internal control affecting green innovation.


  m e d i a t o r =  α 0  +  α 1  i c +  ∑   α k    c o n t r o l s + ε  



(2)






  p a t =  α 0  +  α 1  i c +  α 2  m e d i a t o r +  ∑   α k    c o n t r o l s + ε  



(3)




where mediator is the intermediary variable, which respectively represents enterprise risk (fr), agency conflict (mcost), financing constraints (sa), and rationality of green innovation investment (es).



Drawing on the investment prediction model of Richardson [50] and the definition of innovation inefficient investment by Liu eping [51], Model (1) was adopted to calculate the expected value of innovation investment, and the residual of the model was used to estimate the rationality of green innovation investment (es):


  r d =  α 0  +  α 1  a g e +  α 2  s i z e +  α 3  d u a l +  α 4  b o a r d +  α 5  t o p +  α 6  c o n +  α 7  d e b t r +  α 8  g r o u t h +  α 9  r o a + ε  



(4)




where rd is innovation investment, that is, the logarithm of innovation investment plus 1; size is the enterprise scale, that is, total assets plus 1 and then take the logarithm; dual is the combination of two rights, if the chairman and the general manager are the same person, dual = 1, otherwise, dual = 0; top is the shareholding percentage of the largest shareholder, which is used below to represent executive power; and growth is the growth percentage of operating income. (See Table 1 for definition of other variables.)



Strategic management research has found that enterprise economic behavior depends on the combined action of internal and external factors, and it exhibits different forms under the action of different situational factors. Furthermore, we examined the impact of heterogeneity factors on the research results from the perspectives of enterprise characteristics, relationship resources, executive power, and government support, and constructed the following model:


  p a t =  α 0  +  α 1  i c +  α 2  a d j u s t +  α 3  i c × a d j u s t +  ∑   α k    c o n t r o l s + ε  



(5)




where adjust is the adjustment variable, which respectively represents enterprise characteristics (state, size), relationship resources (rel1, rel2), executive power (top) and government subsidies (bt). Other variables are the same as those in Model (1). Relationship resources include government–enterprise relationship resources and business relationship resources. Government–enterprise relationship resources (rel1) represent the proportion of executives with government background of the total executives [52]; business partnership resources (rel2) represent the proportion of executives with part-time behavior of the total executives [53]. Government subsidies (bt) represent the logarithm of the total government subsidies in the current period.



Based on the above research assumptions and models, the research framework diagram was formed and is shown in Figure 1.





4. Empirical Test


4.1. Descriptive Statistical Analysis


According to Table 2, the mean of internal control (ic) was 6.232, the median was 6.497, and the median was slightly higher than the mean, indicating that the internal control quality of most Chinese listed companies has improved. However, the minimum, maximum, and standard deviation of internal control (ic) were 0, 6.792, and 1.237, respectively, indicating that the quality of internal control among companies is relatively different. The median (0.693) of green innovation (pat) was smaller than the mean (0.969), indicating that the general level of green innovation of Chinese listed companies is fairly low. The standard deviation of green innovation was 1.222, indicating that the level of green innovation varies greatly among companies. The variance inflation factor test showed that the maximum value of VIF was 1.38, which was less than 10, and the average value of VIF was 1.18, indicating that there was no serious multicollinearity.




4.2. Regression Result Analysis


(1) Green innovation and internal control. The regression results of green innovation and internal control are shown in Table 3. In column (1), the regression coefficient between internal control (ic) and green innovation (pat) was 0.045, and the relationship between the two was significantly positive at the 1% level, supporting Hypothesis 1, indicating that the higher the internal control quality, the higher the green innovation level of listed companies. Profitability (roa), solvency (debtr) and executive incentives (con) were all highly correlated with internal control (ic), and the estimated results of control variables were basically in line with expectations.



In 2014, China issued the “Compilation Rules for Information Disclosure by Companies Offering Securities to the Public, No. 21”, requiring all listed companies on the main board to disclose internal control audit reports. Accordingly, we divided the samples into two- groups: the non-mandatory disclosure group (2012–2014) and the mandatory disclosure group (2015–2020), to further explore the impact of internal control on green innovation. In column (2), the relationship between ic and pat in the non-mandatory disclosure group was not significant, indicating that internal control at this stage cannot significantly improve green innovation. In column (3), the regression coefficient between ic and pat in the mandatory group was 0.050, which was significant at the 1% level, indicating that the internal control in the mandatory disclosure stage can significantly improve green innovation. This is because, in the non-mandatory disclosure stage, the management will make selective disclosure for their own interests, the reliability of performance prediction is low, and the information transmission and supervision functions of internal control cannot be effectively exerted; while in the mandatory disclosure stage, the reliability of performance prediction is high, and the management will try to reduce the cost of implementing its own internal control on the premise of meeting the mandatory disclosure requirements as much as possible, thereby reducing the crowding out of investment resources.



(2) Green innovation and five elements of internal control. We further tested the impact of the five elements on green innovation, in order to determine the specific role of each element in green innovation. Since the 2020 index of the five elements has not been updated, the sample period for this part is 2012–2019. The test results are shown in Table 4. ic1, ic2, ic3, ic4 and ic5 respectively represent the five elements, namely, control environment, risk assessment, control activities, information & communication, and internal supervision. From the test results, we can see that the relationship between green innovation (pat) and control environment (ic1) was not significant, but the relationship between green innovation and the other four elements was significantly positively correlated. The impacts of the five elements of internal control on green innovation are different, which does not mean that the control environment does not play any role in green innovation. The internal control activities and processes beyond the control environment cannot be implemented. In the actual implementation process, internal control is an operating system, and the realization of all control objectives is the result of the joint action of the control environment and other elements.




4.3. Robustness Test


(1) Consider substitute variables for the main variables. Choose other measures of internal control. The whole sample was divided according to the mean of the internal control index. For sample companies whose internal control index is higher than the mean, the value of internal control is 1; otherwise, the value is 0. The number of green invention patent applications was selected as the measurement index of green technology innovation, and Model (2) was used for the robustness test.



(2) Change the handling of extreme values. To avoid the influence of extreme values, we further strengthened the processing of outliers, and Winsorized the upper and lower 2% quantiles for all continuous variables.



(3) Change the model settings. The number of green patent applications of many sample enterprises was 0, and the robustness test was carried out again using the Tobit model.



After the above endogeneity test and robustness test, the main results remained robust and reliable.





5. Mechanism Test


(1) Based on enterprise risk. Internal control helps encourage and motivate the management to take effective measures to prevent or deal with enterprise risks, so as to improve the green innovation level. Table 5 shows the specific path test results. The regression coefficient between internal control (ic) and enterprise risk (fr) in column (2) was −0.185, which was significant at the 1% level, indicating that internal control can effectively reduce enterprise risk. The regression coefficient between green innovation (pat) and enterprise risk (fr) in column (3) was −0.013, which was significant at the 1% level, indicating that enterprise risk played a partial intermediary role in the relationship between internal control and green innovation, that is, reducing the enterprise risk level is one of the paths for internal control to improve green innovation.



After calculating the size and strength of the intermediary effect, we found that the marginal size of the indirect impact of internal control on green innovation was 0.0024 (0.185 × 0.013), that is, for every additional unit of internal control, the enterprise risk of 0.185 units will be reduced, and then, the green innovation of 0.0024 units will be increased. The strength of the intermediary effect was 5.54% (0.185 × 0.013/(0.041 + 0.185 × 0.013)), that is, 5.54% of the promotion effect of internal control on enterprise green innovation was realized by reducing the enterprise risk.



(2) Based on agent conflict. The agency problem of managers and controlling shareholders directly affects enterprise innovation. Effectively dealing with the two kinds of agency problems is the key for internal control to act on enterprise green innovation. The regression coefficient between internal control (ic) and agency cost (mcost) in column (4) of Table 5 was −0.005, which was significant at the 1% level, indicating that internal control can alleviate agency conflict. The regression coefficient between green innovation (pat) and agency cost (mcost) in column (5) was −0.466, which was significant at the 1% level, indicating that agency problems played a partial intermediary role in the relationship between internal control and green innovation, that is, internal control helps to effectively supervise and balance managers and controlling shareholders, alleviate agency conflicts and reduce agency costs, so as to improve the green innovation level.



After calculating the size and strength of the intermediary effect, we found that the marginal size of the indirect impact of internal control on green innovation was 0.0023 (0.005 × 0.466), that is, for every additional unit of internal control, the agency conflict of 0.005 units will be reduced, and then, the green innovation of 0.0023 units will be increased. The strength of the intermediary effect was 5.38% (0.005 × 0.466/(0.041 + 0.005 × 0.466)), that is, 5.38% of the promotion effect of internal control on enterprise green innovation was realized by reducing agency conflicts.



(3) Based on financing constraints. Table 6 shows the specific path test results. The regression coefficient between internal control (ic) and financing constraints (sa) in column (2) was –0.001, which was significant at the 1% level, indicating that internal control can alleviate financing constraints. The regression coefficient between green innovation (pat) and financing constraints (sa) in column (3) was −1.193, which was significantly negative, indicating that financing constraints played a partial intermediary role in the relationship between internal control and green innovation, that is, alleviating financing constraints is an important path for internal control to affect enterprise green innovation.



After calculating the size and strength of the intermediary effect, we found that the marginal size of the indirect impact of internal control on green innovation was 0.0012 (0.001 × 1.193), that is, for every additional unit of internal control, the financing constraints of 0.001 units will be reduced, and then, the green innovation of 0.0012 units will be increased. The strength of the intermediary effect was 2.7% (0.001 × 1.193/(0.043 + 0.001 × 1.193)), that is, 2.7% of the promotion effect of internal control on enterprise green innovation was realized by reducing financing constraints.



(4) Based on the rationality of green innovation investment. The regression coefficients between internal control (ic) and the rationality of green innovation investment (es) in column (4) of Table 6 was 0.010, which was significantly positive, indicating that internal control can effectively improve the rationality of green innovation investment. The regression coefficient between green innovation (pat) and the rationality of green innovation investment (es) in column (5) was 0.110, which was significant at the 1% level, indicating that improving the rationality of green innovation investment played a partial intermediary role in the relationship between internal control and green innovation.



After calculating the size and strength of the intermediary effect, we found that the marginal size of the indirect impact of internal control on green innovation was 0.0011 (0.010 × 0.110), that is, for every additional unit of internal control, the rationality of green innovation investment of 0.01 units will be improved, and then, the green innovation of 0.0011 units will be increased. The strength of the intermediary effect was 2.34% (0.010 × 0.110/(0.046 + 0.010 × 0.110)), that is, 2.34% of the promotion effect of internal control on enterprise green innovation was realized by improving the rationality of green innovation investment.




6. Heterogeneity Test


(1) Enterprise characteristics. The property right nature (state) and enterprise scale (size) were selected as the main factors of enterprise characteristics. Because of the inherent advantages, state-owned enterprises are more likely to obtain government subsidies and tax incentives, and their survival and competitive pressures are relatively small, which will weaken their emphasis on internal control. Private enterprises are at a disadvantage in resources, have a more urgent need to control risks, and will actively play the guiding and restraining role of internal control. Under the guidance of the current carbon neutrality strategic goal, the development of green innovation has become an important indicator for evaluating administrative officials in China, and the executives of state-owned enterprises have the dual status of “quasi-officials & entrepreneurs”, which will encourage them to pay more attention to the requirements of administrative promotion [54,55]. Therefore, even without effective supervision by internal control, the executives of state-owned enterprises will actively launch green innovation activities to accumulate capital for their own administrative promotion. The regulatory effect of property right nature is shown in Figure 2. In the grouping test results in columns (2) and (3) of Table 7, we can see that the correlation coefficient between internal control (ic) and green innovation (pat) of private enterprises was greater than that of state-owned enterprises, and both types of enterprises were significantly positive. In column (1), the correlation coefficient between ic×state and green innovation (pat) was −0.023, which was significantly negative, indicating that the roles of property right nature and internal control in promoting green innovation are mutually competitive and alternative.



According to the driving hypothesis, the larger the enterprise scale, the more advantages the enterprise has in terms of capital, talent, technology, and other resources, and green innovation requires sufficient resource support. The difference between enterprise scales may affect the impact of internal control on green innovation. The regulatory effect of enterprise scale is visually shown in Figure 3. In the grouping test results in columns (5) and (6) of Table 7, we can see that the correlation coefficient between internal control (ic) and green innovation (pat) of large-scale enterprises was greater than that of small-scale enterprises, and both types of enterprises were significantly positive. In column (1), the correlation coefficient between ic×size and green innovation (pat) was 0.018, which was significantly positive, indicating that the roles of enterprise scale and internal control in promoting green innovation are interdependent and complementary. Large-scale enterprises have more advantages in the construction of internal control, have the ability to implement more effective internal control, and thus have stronger technological innovation capabilities and more prominent green innovation achievements.



(2) Relationship resources. According to the theory of social capital, relationship resources are relatively important economic resources for enterprises, which can obtain various benefits or business information for enterprises, thereby promoting the development of enterprises. Compared with Western countries, China’s formal institutions are relatively weak. As a substitute for formal institutions, “relationships” can play an important role in economic development, but these special economic resources often need to be maintained by on-the-job consumption [56]. Therefore, in order to accumulate more social and human capital to enhance competitiveness, enterprises may establish relationships with business partners and government officials through banquets or entertainment [57,58]. However, because of the complex economic nature of on-the-job consumption, these various relationship resources are not all effective. Therefore, enterprises need to strengthen their supervision of the maintenance methods and maintenance strength of various relationship resources through internal governance, so as to maximize their effectiveness.



Relationship resources include government–enterprise relationship resources (rel1) and business relationship resources (rel2). Figure 4 and Figure 5 visually show the regulatory effect of relationship resources. In the grouping test results in columns (2) and (3) and the grouping test results in columns (5) and (6) of Table 8, one can see that the correlation coefficients between internal control (ic) and green innovation (pat) of the two groups were both significantly positive. In columns (1) and (4), one can see that the correlation coefficients between green innovation (pat) and ic×rel1, green innovation (pat) and ic×rel2 were 0.041 and 0.048, respectively, which were significantly positive at the 10 and 1% levels, respectively, indicating that under effective supervision by internal control, relationship resources can actively play an effective role. The role of relationship resources in promoting enterprise green innovation depends on the effective supervision by internal control.



(3) Executive power. The subjects of internal control are senior executives. Powerful executives with decision-making power and resource allocation power tend to weaken the supervision and punishment obligations of internal control while strengthening their personal power, which may override the internal control of the enterprise, resulting in failures of internal control such as “management override” or “selective execution”. Enterprise green innovation contains the dual externalities of the economic environment. In the absence of effective management and control, executives tend to take a risk-averse attitude and do not allocate enterprise resources to green innovation activities but use them for other “short-term and fast” investment activities. In addition, in China, which emphasizes “relationship-based” transactions, powerful executives will consciously use enterprise resources for rent-seeking activities, such as earnings management, laying and maintaining various relationship networks to stabilize power without a strong motivation to obtain promotion through green innovation activities. The regulatory effect of executive power is shown in Figure 6. From the grouping test results in columns (2) and (3) of Table 9, one can see that the correlation coefficient between internal control (ic) and green innovation (pat) of enterprises with high executive power was less than that of enterprises with small executive power. In column (1), the correlation coefficient between green innovation (pat) and ic × top was –0.113, which was significantly negative at the 5% level, indicating that the greater the executive power, the greater the weakening effect on the positive relationship between internal control and green innovation.



(4) Government subsidies. Government subsidies cannot only alleviate internal financial constraints and make up for the imbalance between risks and returns caused by “dual externalities”, but also have a leverage effect through the signal transmission mechanism and effectively expand the external financing capacity for green R&D projects. However, because of the existence of information asymmetry and principal–agent problems, executives will also use innovation as a pretext to obtain government subsidies and other government support but use this part of government subsidies for non-innovative R&D activities to meet the short-term development needs of enterprises and their personal interests. In this way, government subsidies may distort market price factors, thus having a negative impact on the sustainable development of enterprises [31,32]. At this time, effective internal control can standardize executives’ personal goals to align with enterprise value and improve the driving force of government subsidies on enterprise green innovation. The regulatory effect of government subsidies is visually shown in Figure 7. The specific test results are shown in Table 9. From the grouping test results in columns (5) and (6), it can be seen that the correlation coefficient between internal control (ic) and green innovation (pat) of the high government subsidies group was less than that of the low government subsidies group. It can be seen in column (4) that the correlation coefficient between green innovation (pat) and ic×bt was 0.002, which was significantly positive at the level of 5%, indicating that government subsidies can positively regulate the promotion by internal control of green innovation.




7. Conclusions and Recommendations


Enterprise green innovation has become an important support for promoting social green transformation and achieving carbon neutrality goals and high-quality economic development. Under conditions of asymmetric R&D information, internal control is the inductive antecedent to drive enterprise green innovation. Based on the internal control system environment during the transition period of China’s market economy, we selected 2012–2020 Chinese A-share listed companies as a sample to explore the impact of internal control on enterprise green innovation, and then explained how enterprise internal control can achieve the “win–win” result of enterprise economic benefits and environmental protection. Overall, internal control can significantly improve enterprise green innovation, mainly reflected in the mandatory disclosure stage of internal control information and the other four elements except the control environment. Enterprise risk, agency conflict, financing constraint, and innovation investment rationality play partial intermediary roles in the relationships among them; that is, reducing enterprise risk and agency conflict, alleviating financing constraint, and improving innovation investment rationality are the path mechanisms for internal control to effectively improve enterprise green innovation performance. Further testing found that property right nature, enterprise scale, relationship resources, executive power, and government subsidies have significant interactive relationships with internal control. For property right nature, the internal control of private enterprises has a greater role in promoting green innovation, and the nature of property rights weakens the role of internal control in promoting green innovation. For enterprise scale, the internal control of large-scale enterprises plays a greater role in promoting green innovation, and the roles of enterprise scale and internal control in promoting green innovation are interdependent and complementary. For relationship resources, the internal control of enterprises with fewer government–enterprise relationship resources and business relationship resources has a great effect on the promotion of green innovation, but internal control can strengthen the effective supervision of relationship resources, and the roles of relationship resources and internal control in promoting green innovation are interdependent and complementary. For executive power, the greater the executive’s power, the more likely it will weaken the supervision and punishment capacities of internal control, and high executive power will weaken the positive relationship between internal control and green innovation. For government subsidies, since effective internal control can improve the utilization rate of government subsidies, they can produce a “synergistic effect” with internal control and positively regulate the effect of internal control on green innovation.



In order to promote the green development of the entire social economy, the government should actively implement the concept of green and low-carbon development, issue and improve internal control guidelines that will guide enterprises to achieve a green transformation, motivate executives to innovate actively, reduce the opportunities for powerful executives to override internal control while intensifying the reform of state-owned enterprise systems, strengthening the synergy between relational resources and government subsidies, and achieving the green and low-carbon upgrade of production processes.



(1) Issue internal control guidelines to guide the green development of enterprises. The green development of enterprises needs to be accompanied by a sound internal control system. Low internal control cannot effectively guarantee green innovation, and it is hard to implement the green development of enterprises. Therefore, the government should improve the implementation rules of the internal control system and issue internal control guidelines such as system construction and risk control that will guide enterprises to launch green innovation.



(2) Intensify the reform of the state-owned enterprise system. Because of the inherent advantages of government and enterprises, state-owned enterprises are not motivated to establish a mechanism that effectively checks and balances the board of directors, managers, and all employees, resulting in internal control often being restricted in the implementation process, unable to give full play to promoting green innovation. In this regard, state-owned enterprises should adhere to the direction of market-oriented reform, improve the internal control and balance mechanism in a market-oriented manner, and improve the effectiveness of innovation and development and environmental protection.



(3) Squeeze the manipulation space of powerful executives. Since the subjects of internal control are people, powerful executives often override internal control and practice selective implementation. Therefore, enterprises need to improve the internal control system, refine the internal control implementation process, incorporate the decision-making and implementation responsibilities of executives into the scope of internal control supervision, and improve the transparency and supervision of internal control information disclosure, so as to reduce the space for executives to override internal control and carry out selective implementation. At the same time, government regulators should also increase the punishment for violations such as rent-seeking arbitrage by enterprise executives and increase the cost of violations.



(4) Give full play to the “combined fist” role of financial subsidies. The government should strengthen the screening and supervision of subsidized enterprises, accurately and effectively design financial subsidy policies, formulate different subsidy policies for different enterprises, and implement different staged subsidy strategies at different enterprise stages, so as to give full play to the guiding role of government subsidies in green technology innovation, eliminate corruption such as enterprise rent-seeking, and promote green innovation.







Author Contributions


The authors contributed equally to all sections of this paper. All the authors contributed to the research design. P.W. prepared the first draft. All the authors revised and approved the final manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


The financial assistance provided by the National Statistical Science Research Project (2021LY055); Jiangsu Soft Science Research Project (BR2021030); Zhenjiang Soft Science Research Project (RK2021010); Key Academic Research Project of Jiaxing University (ICCPR2021007), and the Innovative Research Team of Universities in Jiangsu Province for Philosophy and Social Science “Low-carbon Economy and Industrial Development” is highly appreciated by the researchers of this study. The views and opinions expressed in this article are those of the authors and do not necessarily reflect the views of the funding agencies.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


All data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Magat, W.A. Pollution Control and Technological Advance: A Dynamic Model of the Firm. J. Environ. Econ. Manag. 1978, 5, 1–25. [Google Scholar] [CrossRef]

	



Hart, S.A. Natural Resource Based View of the Firm. Acad. Manag. Rev. 1995, 20, 986–1014. [Google Scholar] [CrossRef]

	



Wang, C.M.; Li, J. The Evaluation and Promotion Path of Green Innovation Performance in Chinese Pollution-Intensive Industry. Sustainability 2020, 12, 4198. [Google Scholar] [CrossRef]

	



Chen, S.L.; Huang, Z.H.; Drakeford, B.M.; Failler, P. Lending Interest Rate, Loaning Scale, and Government Subsidy Scale in Green Innovation. Energies 2019, 12, 4431. [Google Scholar] [CrossRef]

	



Chakraborty, P.; Chatterjee, C. Does Environmental Regulation Indirectly Induce Upstream Innovation? New evidence from India. Res. Policy 2017, 46, 939–955. [Google Scholar] [CrossRef]

	



Lee, C.W. The Effect of Environmental Regulation on Green Technology Innovation through Supply Chain Integration. Int. J. Sustain. Econ. 2010, 2, 92–112. [Google Scholar] [CrossRef]

	



Bu, M.L.; Qiao, Z.Z.; Liu, B. Voluntary Environmental Regulation and Firm Innovation in China. Econ. Model. 2020, 89, 10–18. [Google Scholar] [CrossRef]

	



Jia, L.J.; Hu, X.L.; Zhao, Z.W.; He, B.; Liu, W.M. How Environmental Regulation, Digital Development and Technological Innovation Affect China’s Green Economy Performance: Evidence from Dynamic Thresholds and System GMM Panel Data Approaches. Energies 2022, 15, 884. [Google Scholar] [CrossRef]

	



Berrone, P.; Fosfuri, A.; Gelabert, L.; Gomez-Mejia, L.R. Necessity As the Mother of ‘Green’ Inventions: Institutional Pressures and Environmental Innovations. Strateg. Manag. J. 2013, 34, 891–909. [Google Scholar] [CrossRef]

	



Lanjouw, J.O.; Mody, A. Innovation and the International Diffusion of Environmentally Responsive Technology. Res. Policy 1996, 25, 549–571. [Google Scholar] [CrossRef]

	



Kemp, R.; Pontoglio, S. The Innovation Effects of Environmental Policy Instruments: A Typical case of the Blind Men and the Elephant. Ecol. Econ. 2011, 72, 28–36. [Google Scholar] [CrossRef]

	



Dean, T.J.; Brown, R.L. Pollution Regulation as a Barrier to New Firm Entry: Initial Evidence and Implications for Future Research. Acad. Manag. J. 1995, 38, 288–303. [Google Scholar]

	



Testa, F.; Iraldo, F.; Frey, M. The Effect of Environmental Regulation on Firms’ Competitive Performance: The Case of the Building & Construction Sector in Some EU Regions. J. Environ. Manag. 2011, 92, 2136–2144. [Google Scholar]

	



Shi, X.; Xu, Z. Environmental Regulation and Firm Exports: Evidence from the Eleventh Five-Year Plan in China. J. Environ. Econ. Manag. 2018, 89, 187–200. [Google Scholar] [CrossRef]

	



Gray, W.B.; Shadbegian, R.J. Plant Vintage, Technology, and Environmental Regulation. J. Environ. Econ. Manag. 2003, 46, 384–402. [Google Scholar] [CrossRef]

	



Clarkson, P.M.; Li, Y.; Richardson, G.D. The Market Valuation of Environmental Capital Expenditures by Pulp and Paper Companies. Account. Rev. 2004, 79, 329–353. [Google Scholar] [CrossRef]

	



Palmer, K.; Oates, W.E.; Portney, P.R. Tightening Environmental Standards: The Benefit-cost or the No-cost Paradigm. J. Econ. Perspect. 1995, 9, 119–132. [Google Scholar] [CrossRef]

	



Petroni, G.; Bigliardi, B.; Galati, F. Rethinking the Porter Hypothesis: The Underappreciated Importance of Value Appropriation and Pollution Intensity. Rev. Policy Res. 2019, 36, 121–140. [Google Scholar] [CrossRef]

	



Clarke, R.A.; Stavins, R.N.; Greeno, J.L.; Bavaria, J.L.; Cairncross, F.; Esty, D.C.; Smart, B.; Piet, J.; Wells, R.P.; Gray, R.; et al. The Challenge of Going Green. Harv. Bus. Rev. 1994, 72, 37–48. [Google Scholar]

	



Chan, R.Y.K. Corporate Environmentalism Pursuit by Foreign Firms Competing in China. J. World Bus. 2010, 45, 80–92. [Google Scholar] [CrossRef]

	



Ebrahimi, P.; Mirbargka, S.M. Green Entrepreneurship and Green Innovation for SME Development in Market Turbulence. Eurasian Bus. Rev. 2017, 7, 203–228. [Google Scholar] [CrossRef]

	



He, X.P.; Jiang, S. Does Gender Diversity Matter for Green Innovation? Bus. Strategy Environ. 2019, 28, 1341–1356. [Google Scholar] [CrossRef]

	



Brunnermeier, S.B.; Cohen, M.A. Determinants of Environmental Innovation in US Manufacturing Industries. J. Environ. Econ. Manag. 2003, 45, 278–293. [Google Scholar] [CrossRef]

	



Polzin, F. Mobilizing Private Finance for Low-carbon Innovation: A Systematic Review of Barriers and Solutions. Renew. Sustain. Energy Rev. 2017, 77, 525–535. [Google Scholar] [CrossRef]

	



Roychowdhury, S. Earnings Management through Real Activities Manipulation. J. Account. Econ. 2006, 42, 335–370. [Google Scholar] [CrossRef]

	



Dean, T.J.; Brown, R.L.; Stango, V. Environmental Regulation as a Barrier to the Formation of Small Manufacturing Establishments: A Longitudinal Examination. J. Environ. Econ. Manag. 2000, 40, 56–75. [Google Scholar] [CrossRef]

	



Leeuwen, G.V.; Mohnen, P. Revisiting the Porter Hypothesis: An Empirical Analysis of Green Innovation for the Netherlands. Econ. Innov. New Technol. 2017, 26, 63–77. [Google Scholar] [CrossRef]

	



Wu, H.; Hu, S. The Impact of Synergy Effect between Government Subsidies and Slack Resources on Green Technology Innovation. J. Clean. Prod. 2020, 274, 122682. [Google Scholar] [CrossRef]

	



Simons, R. Control in An Age of Empowerment. Harv. Bus. Rev. 1995, 73, 80–88. [Google Scholar]

	



Kaplan, R.S.; Norton, D.P. The Balanced Scorecard: Translating Strategy into Action; Harvard Business Press: Boston, MA, USA, 1996. [Google Scholar]

	



Wang, Y.N.; Dai, W.T. Does Internal Control Inhibit or Promote Corporate Innovation? The Logic of China. Audit Econ. Res. 2019, 6, 19–32. [Google Scholar]

	



Yang, D.G.; Wang, J.N.; Chen, L.R. Hypercorrection or Trimming? The Role of Internal Control in Corporate Innovation. Bus. Manag. J. 2019, 41, 113–129. [Google Scholar]

	



Dey, A. The Chilling Effect of Sarbanes-Oxley: A Discussion of Sarbanes-Oxley and Corporate Risk-taking. J. Account. Econ. 2010, 49, 53–57. [Google Scholar] [CrossRef]

	



Verona, G. A Resource-based View of Product Development. Acad. Manag. Rev. 1999, 24, 132–142. [Google Scholar] [CrossRef]

	



Dougherty, D.; Hardy, C. Sustained Product Innovation in Large, Mature Organizations: Overcoming Innovation-to-Organization Problems. Acad. Manag. J. 1996, 39, 1120–1153. [Google Scholar]

	



Aghion, P.; Veugelers, R.; Serre, C. Cold Start for the Green Innovation Machine. Bruegel Policy Contrib. 2009, 12, 1–12. [Google Scholar]

	



Ashbaugh-Skaife, H.; Collins, D.W.; Kinney, W.R., Jr.; Lafond, R. The Effect of SOX Internal Control Deficiencies on Firm Risk and Their Remediation on Accrual Quality. Account. Rev. 2008, 83, 217–250. [Google Scholar] [CrossRef]

	



Bargeron, L.L.; Lehn, K.M.; Zutter, C.J. Sarbanes-Oxley and Corporate Risk-Taking. J. Account. Econ. 2010, 49, 34–52. [Google Scholar] [CrossRef]

	



Ashbaugh-Skaife, H.; Collins, D.W.; Kinney, W.R., Jr.; Lafond, R. The Effect of SOX Internal Control Deficiencies on Firm Risk and Cost of Equity. J. Account. Res. 2009, 47, 1–43. [Google Scholar] [CrossRef]

	



Chen, H.; Na, C.H.; Yu, T.M.Z.; Han, Y.F. Research on Internal Control and R&D Subsidy Performance. J. Manag. World 2018, 12, 149–164. [Google Scholar]

	



Bertrand, M.; Sendhil, M. Enjoying the Quiet Life? Corporate Governance and Managerial Preferences. J. Political Econ. 2003, 111, 1043–1075. [Google Scholar] [CrossRef]

	



Zhai, H.Y.; Liu, Y.S. Research on the Relationship among Digital Finance Development, Financing Constraint and Enterprise Green Innovation. Stat. Decis. 2021, 38, 116–124. [Google Scholar]

	



Zeng, Y.T.; Wang, F.; Wu, J. The Impact of Green Finance on Urban Haze Pollution in China: A Technological Innovation Perspective. Energies 2022, 15, 801. [Google Scholar] [CrossRef]

	



Han, J.; Yan, B. Why do Chinese Firms Lack of Creative Destruction? An Interpretation from Financial Constraint. Naikai Bus. Rev. 2013, 16, 124–132. [Google Scholar]

	



Wan, J.Y.; Zhou, Q.; Xiao, Y. Digital Finance, Financial Constraint and Enterprise Innovation. Econ. Rev. 2020, 41, 71–83. [Google Scholar]

	



Qi, S.Z.; Lin, S.; Cui, J.B. Do Environmental Rights Trading Schemes Induce Green Innovation? Evidence from Listed Firms in China. Econ. Res. J. 2018, 53, 129–143. [Google Scholar]

	



Altman, E.I. Financial Rations, Discriminant Analysis and the Prediction of Corporate Bankruptcy. J. Financ. 1968, 23, 589–609. [Google Scholar] [CrossRef]

	



Ang, J.S.; Cole, R.A.; Lin, J.W. Agency Costs and Ownership Structure. J. Financ. 2010, 55, 81–106. [Google Scholar] [CrossRef]

	



Xiao, R.Q.; Song, Y.; Qian, L. Research on Spatial Spillover Effect of Enterprises’ Green Innovation Output from the Perspective of Value Chain in Two Stages. Financ. Trade Res. 2019, 4, 71–83. [Google Scholar]

	



Richardson, S. Over-investment of Free Cash Flow. Rev. Account. Stud. 2006, 11, 159–189. [Google Scholar] [CrossRef]

	



Liu, E.P.; Zhao, W.J.; He, J. The Two-way Governance of Venture Capital on Inefficient R&D Investment: Empirical Evidence from Chinese Listed Companies. J. Sun Yat-Sen Univ. Soc. Sci. Ed. 2015, 55, 196–210. [Google Scholar]

	



Sun, S.M.; Chen, Y.X.; Ma, Z.Y. Executive Relationship Resources, On-the-job Consumption and Firm Performance. Res. Financ. Econ. Issues 2018, 6, 81–90. [Google Scholar]

	



Yu, H.Y.; Huang, X.Z.; Cao, X. The Relationship between Corporate Social Responsibility and Corporate Performance, the Moderating Role of Enterprises’ Social Capital. Manag. Rev. 2015, 27, 169–180. [Google Scholar]

	



Yuan, R.S.; Li, C.L.; Li, N.; Khan, M.A.; Sun, X.R.; Khaliq, N. Can Mixed-Ownership Reform Drive the Green Transformation of SOEs? Energies 2021, 14, 2964. [Google Scholar] [CrossRef]

	



Sun, H.; Edziah, B.K.; Kporsu, A.K.; Sarkodie, S.A.; Taghizadeh-Hesary, F. Energy efficiency: The role of technological innovation and knowledge spillover. Technol. Forecast. Soc. Chang. 2021, 167, 120659. [Google Scholar] [CrossRef]

	



Luo, J.D. China’s Management Advantage Comes from Relationships. Bus. Rev. 2010, 9, 97. [Google Scholar]

	



Guellec, D.; Potterie, B. The Impact of Public R&D Expenditure on Business R&D. Econ. Innov. New Technol. 2003, 12, 225–243. [Google Scholar]

	



Wang, X.; Yang, Y.D.; Wang, L. From “No Target” to “Considerations”: Research on the Impact of Government Subsidies on Green Innovation from the Perspective of Information Disclosure. Sci. Technol. Prog. Policy 2020, 37, 135–143. [Google Scholar]








[image: Energies 15 02193 g001 550] 





Figure 1. Diagram of the research framework. 
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Figure 2. Regulatory effect of property right nature. 
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Figure 3. Regulatory effect of enterprise scale. 
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Figure 4. Regulatory effect of government–enterprise relationship resources. 
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Figure 5. Regulatory effect of business relationship resources. 
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Figure 6. Regulatory effect of executive power. 
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Figure 7. Regulatory effect of government subsidies. 
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Table 1. Definitions of variables.
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Variable

	
Variable Code

	
Variable Description






	
Explained Variable

	
Green Innovation

	
pat

	
ln (number of green patent applications + 1)




	
Explanatory Variable

	
Internal control

	
ic

	
Internal control index of Dibo database




	
Intermediary Variable

	
Enterprise risk

	
fr

	
fr = 3.3a1 + 1.4a2 + 1.2a3 + 0.999a4 + 0.6a5. See the text for detailed explanation.




	
Agency cost

	
mcost

	
Administrative expense ratio (administrative expense/operating income)




	
Financing constraints

	
sa

	
Interest expense/total liabilities




	
Rationality of green innovation investment

	
es

	
Use the residual values in Model (1). When it is in the lowest or highest quarter interval, es = 1, indicating unreasonable innovation investment; while in the middle two intervals, es = 0, indicating investment is reasonable




	
Control Variable

	
Property right nature

	
state

	
For state-owned enterprises, take 1; otherwise, take 0




	
Establishment time

	
age

	
ln (number of years since listing)




	
Cash holding ratio

	
cash

	
Holding proportion of monetary capital, short-term investment or trading financial assets




	
Solvency

	
debtr

	
Total assets/total liabilities




	
Net cash flow

	
cf

	
Percentage of net cash flow from operating activities in total assets




	
Executive incentives

	
con

	
ln (sum of top three executives’ compensation + 1)




	
Capital expenditures

	
expend

	
Proportion of cash expenditures for the purchase and construction of fixed assets, intangible and other long-term assets




	
Profitability

	
roa

	
Return on net assets




	
The Big Four

	
sd

	
The Big Four accounting firms




	
Percentage of

independent directors

	
board

	
Proportion of independent directors to board members
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Table 2. Descriptive Statistics.






Table 2. Descriptive Statistics.





	Variable
	Mean
	Sd
	Min
	p50
	Max





	pat
	0.969
	1.222
	0
	0.693
	4.883



	ic
	6.232
	1.237
	0
	6.497
	6.712



	top
	0.341
	0.148
	0.086
	0.320
	0.740



	cash
	0.187
	0.130
	0.017
	0.152
	0.640



	debtr
	3.328
	2.767
	1.102
	2.372
	17.46



	cf
	0.048
	0.067
	−0.153
	0.047
	0.241



	con
	14.43
	0.699
	12.71
	14.41
	16.42



	expend
	0.047
	0.044
	0
	0.034
	0.215



	roa
	0.063
	0.126
	−0.606
	0.068
	0.360



	sd
	0.058
	0.234
	0
	0
	1



	board
	0.376
	0.054
	0.333
	0.364
	0.571
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Table 3. Impact of internal control on green innovation.
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	(1) Full Sample
	(2) Non-Mandatory Stage
	(3) Mandatory Stage





	ic
	0.045 ***

(6.96)
	0.025

(1.63)
	0.050 ***

(7.21)



	state
	–0.012 ***

(–9.44)
	0.180 ***

(5.38)
	0.271 ***

(13.51)



	age
	–0.134 **

(–2.45)
	–0.022 ***

(–7.73)
	–0.0105 ***

(–7.75)



	cash
	–0.211 ***

(–3.21)
	0.135

(1.02)
	–0.347 ***

(–4.56)



	debtr
	–0.062 ***

(–19.98)
	–0.038 ***

(–6.69)
	–0.071 ***

(–19.43)



	cf
	–0.310 ***

(–3.15)
	–0.050

(–0.33)
	–0.425 ***

(–3.51)



	con
	0.362 ***

(30.82)
	0.240 ***

(9.63)
	0.336 ***

(24.83)



	expend
	0.435 **

(2.4)
	–0.180

(–0.56)
	0.999 ***

(4.64)



	roa
	0.231 ***

(3.48)
	–0.016

(–0.10)
	0.339 ***

(4.66)



	sd
	0.411 ***

(12.1)
	0.680 ***

(9.88)
	0.369 ***

(9.73)



	board
	0.494 ***

(3.47)
	0.254

(0.89)
	0.375 **

(2.33)



	cons
	–4.430 ***

(–24.62)
	–2.753 ***

(–7.43)
	–4.016 ***

(–19.35)



	N
	23,220
	4190
	19,030



	R2
	0.097
	0.088
	0.099



	F
	209.1
	34.86
	175.5







t-values are in parentheses; *** and ** represent two-tailed statistical significance at the 1 and 5% levels, respectively.
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Table 4. Impact of the five elements of internal control on green innovation.
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	(1) ic1
	(2) ic2
	(3) ic3
	(4) ic4
	(5) ic5





	ic1
	0.003

(0.18)
	
	
	
	



	ic2
	
	0.220 ***

(10.96)
	
	
	



	ic3
	
	
	0.059 ***

(3.40)
	
	



	ic4
	
	
	
	0.249 ***

(10.40)
	



	ic5
	
	
	
	
	0.186 ***

(9.52)



	cons
	–4.480 ***

(–22.21)
	–4.610 ***

(–23.16)
	–4.553 ***

(–22.70)
	–4.390 ***

(–22.08)
	–4.553 ***

(–22.88)



	N
	19,173
	19,173
	19,173
	19,173
	19,173



	R2
	0.096
	0.102
	0.097
	0.101
	0.100



	F
	170.7
	181.8
	171.8
	180.7
	179.1







t-values are in parentheses; *** represents two-tailed statistical significance at the 1% level.
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Table 5. Mechanism test results of enterprise risk and agency conflict.
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	(1) pat
	(2) fr
	(3) pat
	(4) mcost
	(5) pat





	ic
	0.044 ***

(6.70)
	–0.185 ***

(–6.99)
	0.041 ***

(6.33)
	–0.005 ***

(–12.95)
	0.041 ***

(6.34)



	fr
	
	
	–0.013 ***

(–7.99)
	
	



	mcost
	
	
	
	
	–0.466 ***

(–3.97)



	cons
	–4.287 ***

(–23.40)
	0.386 **

(2.52)
	–4.282 ***

(–23.41)
	0.210 ***

(20.22)
	–4.189 ***

(–22.67)



	R2
	0.095
	0.654
	0.098
	0.165
	0.096







t-values are in parentheses; *** and ** represent two-tailed statistical significance at the 1 and 5% levels, respectively.
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Table 6. Mechanism test results of financing constraints and rationality of green innovation investment.
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	(1) pat
	(2) sa
	(3) pat
	(4) es
	(5) pat





	ic
	0.045 ***

(6.96)
	–0.001 ***

(–5.64)
	0.043 ***

(6.76)
	0.010 ***

(3.55)
	0.046 ***

(7.13)



	sa
	
	
	–1.193 ***

(–5.67)
	
	



	es
	
	
	
	
	0.110 ***

(7.11)



	cons
	–4.430 ***

(–24.62)
	0.058 ***

(10.27)
	–4.354 ***

(–24.15)
	0.563 ***

(7.38)
	–4.368 ***

(–24.27)



	R2
	0.097
	0.181
	0.098
	0.031
	0.099







t-values are in parentheses; *** represents two-tailed statistical significance at the 1% level.
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Table 7. Heterogeneity test of property right nature and enterprise scale.






Table 7. Heterogeneity test of property right nature and enterprise scale.





	

	
Property Right Nature

	
Enterprise Scale




	

	
(1) Full Sample

	
(2) Private

	
(3) State-Owned

	
(4) Full Sample

	
(5) Small

	
(6) Large






	
ic

	
0.054 ***

(6.50)

	
0.059 ***

(7.48)

	
0.022 **

(2.03)

	
–0.375 ***

(–4.20)

	
0.034 ***

(5.31)

	
0.045 ***

(3.97)




	
state

	
0.378 ***

(4.76)

	

	

	

	

	




	
ic×state

	
–0.023 *

(–1.80)

	

	

	

	

	




	
size

	

	

	

	
0.304 ***

(11.66)

	

	




	
ic×size

	

	

	

	
0.018 ***

(4.40)

	

	




	
cons

	
–4.496 ***

(–24.48)

	
–3.756 ***

(–17.77)

	
–5.732 ***

(–17.62)

	
–6.792 ***

(–11.69)

	
–1.673 ***

(–7.95)

	
–3.015 ***

(–10.15)




	
R2

	
0.097

	
0.087

	
0.116

	
0.202

	
0.048

	
0.06




	
F

	
193.3

	
126.1

	
106.3

	
452.6

	
53.61

	
68.30








t-values are in parentheses; ***, **, and * represent two-tailed statistical significance at the 1, 5, and 10% levels, respectively.
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Table 8. Heterogeneity test of relationship resources.






Table 8. Heterogeneity test of relationship resources.





	

	
Government–Enterprise Relationship Resources

	
Business Relationship Resources




	

	
(1) Full Sample

	
(2) Less

	
(3) More

	
(4) Full Sample

	
(5) Less

	
(6) More






	
ic

	
0.034 ***

(4.06)

	
0.046 ***

(5.41)

	
0.042 ***

(4.40)

	
0.032 ***

(4.99)

	
0.046 ***

(5.34)

	
0.044 ***

(4.58)




	
rel1

	
0.045

(0.31)

	

	

	

	

	




	
ic×rel1

	
0.041 *

(1.79)

	

	

	

	

	




	
rel2

	

	

	

	
0.026

(0.56)

	

	




	
ic×rel2

	

	

	

	
0.048 ***

(9.78)

	

	




	
cons

	
–4.312 ***

(–23.49)

	
–3.479 ***

(–11.91)

	
–4.673 ***

(–20.93)

	
–4.466 ***

(–24.87)

	
–4.350 ***

(–17.44)

	
–4.483 ***

(–17.28)




	
R2

	
0.101

	
0.077

	
0.125

	
0.101

	
0.096

	
0.101




	
F

	
187.0

	
81.92

	
139.2

	
187.0

	
104.2

	
109.7








t-values are in parentheses; *** and * represent two-tailed statistical significance at the 1 and 10% levels, respectively.
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Table 9. Heterogeneity test of executive power and government subsidies.






Table 9. Heterogeneity test of executive power and government subsidies.





	

	
Executive Power

	
Government Subsidies




	

	
(1) Full Sample

	
(2) Small

	
(3) High

	
(4) Full Sample

	
(5) Low

	
(6) High






	
ic

	
0.077 ***

(5.23)

	
0.048 ***

(6.18)

	
0.036 ***

(3.21)

	
0.005

(0.27)

	
0.043 ***

(5.57)

	
0.035 ***

(3.34)




	
top

	
0.584 **

(2.02)

	

	

	

	

	




	
ic×top

	
–0.113 **

(–2.50)

	

	

	

	

	




	
bt

	

	

	

	
0.040 ***

(5.21)

	

	




	
ic×bt

	

	

	

	
0.002 **

(1.99)

	

	




	
cons

	
–4.499 ***

(–22.68)

	
–4.618 ***

(–18.93)

	
–3.970 ***

(–14.86)

	
–3.974 ***

(–19.72)

	
–3.718 ***

(–15.76)

	
–3.634 ***

(–13.12)




	
R2

	
0.099

	
0.107

	
0.103

	
0.124

	
0.104

	
0.090




	
F

	
182.4

	
116.6

	
111.5

	
220.5

	
104.4

	
89.23








t-values are in parentheses; *** and ** represent two-tailed statistical significance at the 1 and 5% levels, respectively.
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