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This paper begins by establishing a three-party game model involving three key players: the insurer, the firm, and the government. This model is used to analyze the utility of each party in various scenarios, one of which encourages green innovation within the firm. According to this model, when the insurer rejects insurance coverage and the government maintains a neutral stance on environmental liability insurance, the firm may opt to engage in green innovation. Green innovation fundamentally serves as a mechanism to mitigate environmental pollution risks stemming from the firm’s operational processes. In cases where the insurer declines underwriting, it becomes rational for the firm to enhance its risk management through green innovation, which can be viewed as a mitigating factor in the context of environmental liability insurance. To comprehensively examine the overall impact of environmental liability insurance on the green innovation endeavors of firms, we use a mediation effect model utilizing firm-level data from heavily polluting industries. This paper delves into the intricate relationship between environmental liability insurance and the capacity of heavily polluting firms to engage in green innovation, along with the mediating influence of financing constraints between these two factors. The findings of this analysis suggest that the acquisition of environmental liability insurance enhances the green innovation capabilities of firms operating in heavily polluting industries by alleviating financing constraints, serving as a mediating factor in this regard.
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1 INTRODUCTION
Environmental pollution liability insurance is a type of insurance that covers the risk of sudden environmental pollution accidents, which will induce serious damage and require a huge amount of compensation. The insurance product plays an important role in reducing the impact of environmental pollution on firms and the external environment. Green innovation refers to measures aimed at managing and controlling environmental pollution risks in advance. Purchasing environmental pollution liability insurance is a behavior with positive externality considering the nature of environmental liability insurance, which means that firms that conduct this activity have a strong awareness of environmental protection, imposing a positive effect on green innovation development. On the other hand, the ex-post moral hazard brought by environmental liability insurance may make firms care less about green innovation, which is a negative effect. In order to study the impact of environmental liability insurance on green innovation, this paper first conducts a three-party game model of environmental liability insurance with the government firm and insurer as players to analyze various behaviors and results and makes an intermediary effect analysis through firm-level data, which explores the impact of environmental liability insurance on green innovation. This study sheds light on the effects of environmental liability insurance on firm green innovation using game theory and mediation effect models, which not only show the negative effect but also the positive effect, contributing to the literature. The remainder of this study is organized as follows: Section 2 provides the relevant literature about the environmental liability insurance system, willingness to purchase insurance, and green innovation. Section 3 refers to the third-party game theory model. Section 4 represents empirical results. Finally, Section 5 gives the conclusion.
2 LITERATURE REVIEW
In the field of the environmental liability insurance system, Cheng Yu (2017) put forward policy suggestions to promote the clarification of legal liability rules for environmental pollution damage and the stabilization of judicial judgment rules and suggest that insurers introduce new insurance measures to improve insurers’ underwriting capabilities, which can control the adverse impact to insurers of progressive pollution risks. Yu et al. (2017) summed up the elements of domestic and foreign environmental liability insurance systems including underwriting objects, coverage, premium rate, and claim amount, contributing suggestions about the establishment of a sub-regional, sub-industry, sub-type insurance rate system, and a national environmental liability insurance database to improve China’s environmental liability insurance system based on the status quo of environmental damage assessment technology. Gu Xiangyi and Chen Shiyi (2020) suggested improving legislation to promote the development of the evaluation mechanism and compulsory system for environmental liability insurance in industries featured by a substantial risk. Zhang Ruigang and Li Xuezhen (2021) put forward feasible suggestions for strengthening the construction of the legal system and technical support system and promoting policy publicity by extracting the commonalities of the development of the environmental liability insurance system and considering differences in various regions of China. Among research on the environmental liability insurance system, literature that emphasizes the role of the government mainly includes the following: Tian Hui (2014) discussed the status quo and future development of China’s green insurance, which mainly refers to environmental liability insurance, and put a great emphasis on the government’s important role in environmental liability insurance development. Wang Xiangnan (2014) analyzed some characteristics of environmental liability insurance in the United States and suggested that China should improve relevant laws and regulations, strengthen the product design of environmental liability insurance, use a relatively long claim period, and establish the environmental relief fund and other risk diversification mechanisms. Wang Haiping and Li Xiurong (2022) proposed that the government should grasp the key points of its own responsibilities under the premise of conducting the market survey and further clarifying the nature of the environmental liability insurance system to improve it.
As for literature about purchasing environmental liability insurance, Wang Kang and Sun Jian (2016) established a binary logistic model based on the firm-level data of Hebei Province in China to study the willingness to buy environmental liability insurance, which was found to be significantly influenced by scale, income status and pollution degree of firms, reputation of insurers, propaganda of the country, and coverage on environmental liability insurance, among which coverage contributes most. Li Minxin and Wang Jianghan (2021) found that purchasing environmental liability insurance significantly improved the quality of firms’ environmental information disclosure.
Considering literature about the impact on green innovation, Reinhilde Veugelers (2012) concluded that the firm-level evidence presented in contribution to the motives of private sector firms for introducing clean innovations from the latest Flemish CIS eco-innovation survey confirms that firms are responsive to eco-policy demand interventions. Chan et al. (2017) put forward that green insurance cannot improve innovation and expect profits from firms but reduces the risk using the game theory model. Qi et al. (2018) used the triple difference method based on the green patent data of listed companies in China’s Shanghai and Shenzhen stock markets from 1990 to 2010 to study the inducing effect of environmental rights’ trading market policies on firms’ green innovation by comparing the proportion of green patent applications before and after the implementation of the pilot policy of emission trading, between pilot and non-pilot areas, and among polluting and clean industries. Hu Jun and Mu Yanru (2022) found that environmental liability insurance can help firms carry out environmental governance and green innovation and guide the high-quality development of the real economy, based on their analysis of China’s heavily polluting firms.
Considering the literature about reinsurance, a single pollution liability risk may be insured by several large international reinsurance companies, with no one company taking any more of the risk than is economically manageable through reinsurance (Robert L. Brown, 1991). Alberto Monti (2002) focused on the role of insurance and reinsurance companies in the management of environmental risks.
3 THIRD-PARTY GAME MODEL
3.1 Model process
Suppose there are two types of firms: G, which means that the firm supports environmental protection, and N, which means that the firm has an indifferent attitude about it. At the same time, there are also two types of governments: G, which means that the government supports environmental protection, and N, which means that the government has an indifferent attitude about it too. Insurers are classified into two types: H type, which denotes high identification ability about risk, and L type, which denotes low identification ability about risk, according to their ability to identify firm risks. Figure 1 is the process of the game model. 
[image: Figure 1]FIGURE 1 | Process of the game model.
At node 1, the probabilities of the firm with high environmental pollution risks, which is supportive or indifferent about environmental protection, are [image: image] and [image: image], respectively. At node 2, the probabilities of the insurer who will not underwrite under the conditions of high- and low-risk identification capabilities are [image: image] and [image: image], respectively. At node 3, the probabilities of the government adopting a commendable manner about purchasing environmental liability insurance under a supportive or indifferent attitude about environmental protection are [image: image] and [image: image], respectively. The probabilities that the firm and government support environmental protection are [image: image] and [image: image], respectively. The probability that the insurer has a high identification ability of risk is [image: image]. When the firm at node 1 handles business in a high-risk manner [image: image], the probability of supporting environmental protection is [image: image]. When the insurer adopts the non-underwriting method [image: image] at node 2, its probability of high identification ability about risk is [image: image]. Using Bayes’ rule, probabilities can be derived as follows:
[image: image]
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3.2 Analysis of government behavior
The firm at node 4 b, which supports environmental protection, tends to achieve result 2 by treating the sudden environmental pollution risk of their own firm as a high risk and choosing the strategy of a high environmental pollution risk processing manner. The indifferent firm tends to arrive at result 1 and then ultimately chooses low environmental pollution risk strategies, which involve carrying out green innovation activities. If the firm, which is supportive or indifferent about environmental protection, obtains the utility of result 2 in order of [image: image] and [image: image], then, according to the preference relationship, the results can be seen as follows:
[image: image]
The insurer with a high identification ability of risk will choose result 3 at node 4a; the insurer with a low identification ability of risk is more inclined to choose result 4. If the utility of the insurers with two different identification capabilities of risk in result 3 is denoted as [image: image] and [image: image], then we have
[image: image]
When the government adopts a commendable attitude about environmental liability insurance, the insurer with a high identification ability of risk would take a no-underwriting strategy, and the insurer with a low identification ability of risk would underwrite, reaching results 3 and 4. If the government is different about insurance, the utility of the government can be expressed by [image: image]. The loss ([image: image] >0) is caused by the government’s inaction. If the utility of the government in two ways to result 3 is summed up as [image: image] and [image: image], then we have
[image: image]
According to the formula above, when the government supports environmental protection, the commendable method is an optimal strategy, namely, [image: image] = 1. Under circumstances where the government is indifferent, it will either choose a commendable or indifferent approach. If there is no difference between commendation and neutrality, then we have
[image: image]
[image: image]
The government supports environmental protection, and it will take the following approaches: if [image: image] < [image: image], the government will choose a commendable way, which means that [image: image] = 1; if [image: image] > [image: image], the government will choose to be indifferent, which means that [image: image] = 0; and if [image: image] = [image: image], the government can choose both ways, which means that [image: image] = 1 or 0.
3.3 Analysis of insurer behavior under incomplete information
When the insurer is at node 2, it needs to decide whether to underwrite or not. In the first situation where the insurer adopts the underwriting strategy, the game result will be result 5; when it adopts the opposite strategy, any of the results from result 1 to result 4 may be reached. For insurers, the optimal result is result 1, which means that the firm tends to conduct green innovation activities. Results 4 and 5 are the worst results for the insurer, and its choice is determined by the level of its risk identification ability.
The utilities are, respectively, [image: image] and [image: image] when the insurer with different identification abilities of risk reaches result 2. The relationship can be summed up as follows:
[image: image]
3.3.1 Insurer behavior with a high ability to identify risk
If the insurer with a high identification ability of risk does not adopt the underwriting strategy, even with a commendable attitude toward insurance from the government, it will still keep the decision, which means that result 3 is reached, making this strategy better than the underwriting manner, namely, result 5. However, if the government chooses to take a neutral approach and not promote environmental liability insurance, results 1 and 2 are both better than result 5 for it. Therefore, if the insurer has a high identification ability of risk, it will take the non-insurance strategy at node 2, which means that [image: image] = 1.
3.3.2 Insurer behavior with a low ability to identify risk
The insurer with a low identification ability of risk will underwrite or not. If the non-insurance method is adopted, when the government chooses a commendable attitude toward insurance, result 5 with underwriting is better than result 4, which means that the insurer should take the underwriting strategy at this time.
When the government chooses to be different, the result will be determined by the type of firm. Generally speaking, if the firm supports environmental protection, it will adopt the method of retaining risk and result 2 is reached; the firm tends to undertake green innovation to reduce risk exposure and reaches result 1. If there is no difference between two ways of non-coverage and coverage, then we have
[image: image]
[image: image]
If the insurer has a low identification ability of risk, the following two requirements not to underwrite for the insurer at node 2 are as follows: the government supports environmental protection and is indifferent in insurance, which means that [image: image] > [image: image]; the firm supports environmental protection, and [image: image] is less than the critical value [image: image], i.e., [image: image] < [image: image]. Only the insurer with a low identification ability of risk will choose not to underwrite, i.e., [image: image] = 1; on the contrary, underwriting will be selected, i.e., [image: image] = 0.
3.4 Analysis of firm behavior under incomplete information
At node 1, when the firm adopts a processing manner with high environmental pollution risk, it will produce one of the results from result 1 to result 5; when the firm adopts a way with low environmental pollution risk, it will not purchase insurance as result 6. Results 4 and 5 are the best results; 6 is worse result; and 1 to 3 are the worst results. The firm will choose results according to its type.
3.4.1 Behavior of an environmentally friendly firm
If the firm supports environmental protection and there is no difference between the two strategies, then we have
[image: image]
[image: image]
Here, [image: image] and [image: image] are the expected utility of firms that support environmental protection in the face of insurers with different attitudes. If the insurer has a high identification ability of risk, it will not underwrite. If [image: image] > [image: image], at node 3, the government of indifferent type takes a neutral strategy, which means that [image: image]. On the contrary, whether the government supports green environmental protection or not, it will adopt the commendable method of insurance, i.e., [image: image].
If the insurer has a low identification ability of risk, it will underwrite or not. If [image: image] > [image: image] and [image: image] < [image: image], the insurer with a low identification ability of risk at node 2 will not underwrite, i.e., [image: image]; on the contrary, the insurer with a low identification ability of risk will underwrite, i.e., [image: image]. The strategy taken by the firm with a positive attitude toward environmental protection at node 1 is as follows:
If [image: image] < [image: image], the firm will adopt a processing manner with a high environmental pollution risk, i.e., [image: image] = 1; if [image: image] > [image: image], the firm will adopt a processing manner with a low environmental pollution risk, i.e., [image: image] = 0; if [image: image] = [image: image], the firm can take both manners, i.e., [image: image] = 1 or 0.
3.4.2 Behavior of an indifferent firm
At node 1, if there is no difference between manners of high environmental pollution risk and low environmental pollution risk for the indifferent firm, then we have
[image: image]
[image: image]
Here, [image: image] and [image: image] are expected utilities when the indifferent firm faces different types of insurers.
If the insurer has the ability to identify high risks from the firm, it will not underwrite. If [image: image] > [image: image], at node 3, the government with an indifferent attitude will keep neutral, i.e., [image: image]; on the contrary, the government will be commendable about insurance, regardless of its type, i.e., [image: image] = [image: image].
If the insurer has a low identification ability of risk, it will underwrite or not. If [image: image] > [image: image] and [image: image] < [image: image], at node 2, the insurer has a low identification ability of risk and will not underwrite, i.e., [image: image]; on the contrary, the insurer has low identification ability of risk and will underwrite, i.e., [image: image] = [image: image]. There are three situations for a firm with an indifferent attitude at node 1: if [image: image] < [image: image], the firm will adopt the processing manner with high environmental pollution risk, i.e., [image: image] = 1; if [image: image] > [image: image], the firm will adopt the manner with low risk, i.e., [image: image] = 0; if [image: image] = [image: image], the firm is indifferent in both manners, i.e., [image: image] = 1 or 0.
4 EMPIRICAL ANALYSIS
4.1 Data
According to the relevant regulations of the “Environmental information disclosure guidance for listed companies” issued by the Ministry of Ecology and Environment of China, firms in heavy polluting industries mainly include thermal power generation, steel, cement, metallurgy, chemical industry, and petrochemical, which totals 16 types. These industries are the key customers of insurers selling environmental pollution liability insurance products and the main research object of this paper, and they are required by the environmental protection department to regularly disclose pollutant emissions and other environmental protection information. In accordance with the regulations on the classification of heavy polluting firms in the “Guidelines for the industry classification of listed companies” of the China Securities Regulatory Commission and the principle of consistency in sample selection, the petrochemical steel industry, cement metallurgy industry, thermal power generation industry, brewing and paper printing industry, mining industry, textile industry, building material industry, tanning industry, food and beverage industry, plastic industry, water, electricity, gas, and biopharmaceutical industry are the heavy polluting industries that are studied in this paper. At the same time, according to the lists of environmental liability insurance issued by the Ministry of Ecology and Environment in 2014 and 2015, there are a total of 2,985 firms. On the basis of removing sample anomalies, a total of 2,556 sample observations were screened out. The data above are all obtained from the CNRDS database. The data were winsorized at the 1% and 99% levels to exclude the influence of outliers.
4.2 Variables
4.2.1 Dependent variable
The dependent variable of this paper is the firm green innovation, whose notation is ino. The measurement standard is the sum of the number of green invention patent applications and the number of green utility model patent applications.
4.2.2 Control variables
Table 1 provides a summary of the variables used in this paper. Considering the existing research and achievements, the control variables in this paper are variables except the financing constraint (FC) and dependent variable. Among them, firm green innovation is the dependent variable, environmental liability insurance is the core explanatory variable, and financing constraints are the mediating variable of this paper.
TABLE 1 | Variable definition.
[image: Table 1]4.3 Model construction
4.3.1 Descriptive statistics
Table 2 lists the descriptive statistics for variables in the full sample. The average value of green innovation is 9.15, and the difference between the maximum and minimum values is large, indicating that there is a large difference in the level of green innovation among firms. The average value of environmental liability insurance is 0.04, which means that only 4% of firms are insured and shows that the situation of firms investing in environmental liability insurance is not optimistic.
TABLE 2 | Descriptive statistics of the whole sample.
[image: Table 2]The sample comprises firm-level data selected from firms in heavy polluting industries because firms in non-heavy polluting industries have low demand for environmental liability insurance. Table 3 provides the test result of the mean difference of variables between the firms in the heavy polluting industries and non-heavy polluting industries. It shows that the average value of insurance coverage of firms in heavy polluting industries is 0.059, which is higher than the 0.021 of firms in non-heavy polluting industries at a significant level of 1%, indicating that firms in heavily polluting industries are significantly more insured than those in non-heavy polluting industries.
TABLE 3 | Difference between mean test results.
[image: Table 3]4.3.2 Main results
4.3.2.1 Basic results
Table 4 shows the regression results of environmental liability insurance and firm green innovation. Column (1) reports the regression results of the impact of environmental liability insurance on corporate green innovation, and column (2) adds multiple control variables. The results show that the coefficients of columns (1) and (3) ins are 3.26 and 1.27, respectively. The coefficient of column (1) is significantly positive at the 5 % level, and the coefficient of column (3) is significantly positive at the 10% level, with a value of 1. It can be seen that environmental liability insurance is conducive to enhancing the green innovation capability of firms. Taking out environmental liability insurance can be regarded as a manifestation of environmental awareness, which can motivate firms to improve their green innovation capabilities. In terms of control variables, the larger the size of firms, the higher the level of green innovation, in that large firms have financial advantages, intellectual property protection capabilities, and innovation failure risk tolerance. Profitability is positively related to firm green innovation because the stronger the firm’s profitability, the more cash flow it can provide for green innovation activities, thereby promoting firm green innovation.
TABLE 4 | Basic regression results.
[image: Table 4]4.3.2.2 Results of the mediating effect
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Table 5 shows the results of the mediation effect test. Column (1) is the regression result of purchasing environmental liability insurance on the green innovation of firms. The coefficient of ins is significantly positive at the level of 5%, indicating that purchasing environmental liability insurance promotes the improvement of the level of firm green innovation. Column (2) is the regression result of purchasing environmental liability insurance based on financing constraints. The coefficient of ins is significantly positive, indicating that the investment in environmental liability insurance has eased the financing constraints of firms. Column (3) is the impact of adding environmental liability insurance and financing constraints on the regression of firm green innovation; the coefficients of ins and FC are both significantly positive, indicating that reducing financing constraints is an important path for environmental liability insurance to improve the level of green innovation in firms. To sum up, it can be seen that firms’ purchasing environmental liability insurance can reduce the risk of firm operation, play a role in alleviating the financing constraints of firms, ensure the development of green innovation activities, and then improve the level of green innovation of firms. Figure 2 is the mediating effect model. Table A1 is basic results of non-heavy polluting industries. Table A2 is results of the mediation effect of non-heavy polluting industries.
[image: Figure 2]FIGURE 2 | Mediating effect model.
TABLE 5 | Regression results of the mediation effect.
[image: Table 5]4.4 Robustness analysis of the mediation effect
The results in Table 6 show that in the Sobel–Goodman mediation tests, the p-value of the indirect effect of non-heavy polluting firms is not so small and not significant. The Sobel test p-value of the mediating effect is also not so small, indicating that no mediating effect is established. However, the p-values of the indirect and direct effects of heavy polluting firms are very small and the Sobel test p-value of the mediating effect is less than 1%, indicating that the mediating effect is established. This supports financing constraints as an intermediary variable for the impact of environmental liability insurance on firm green innovation. In addition, after taking into account the effect of financing constraints, the proportion of the mediation effect in the total effect is 13.2%. The results in the table above show that the 95% confidence interval of the indirect effect of heavy polluting industries is [0.01, 0.32], which excludes 0 and establishes the mediating effect. The 95% confidence interval of the indirect effect of non-heavy polluting industries is [-0.04, 0.13], which includes 0 and no mediating effect is established.
TABLE 6 | Results of the mediation effect test.
[image: Table 6]5 CONCLUSION
This paper first constructs a three-party game model of three players: the insurer, firm, and government, which analyzes the utility of all parties under various results, one of which promotes green innovation in the firm. According to the model, under the circumstance that insurance rejection by the insurer happens and the government is indifferent to environmental liability insurance, the firm may undertake green innovation. The behavior of purchasing environmental liability insurance can be considered to indicate that the firm has a strong awareness of environmental protection, imposing a positive effect on green innovation; however, on the other hand, the ex-post moral hazard brought by environmental liability insurance may make firms care less about green innovation, which is a negative effect. The paper tackles a relevant and understudied topic—the potential role of environmental liability insurance in driving green innovation within polluting firms. Green innovation is essentially a means of controlling environmental pollution risks from firm activities. In the case that the insurer rejects to underwrite, it is reasonable for the firm to improve risk management through green innovation, which can be considered a negative effect of environmental liability insurance. In order to explore the total effects of environmental liability insurance on the green innovation of firms, the mediation effect model is applied with firm-level data in heavily polluting industries. This paper analyzes the relationship between environmental liability insurance and the green innovation ability of heavily polluting firms and the mediating effect of financing constraints between the two, concluding that purchasing environmental liability insurance improves the green innovation ability of firms from heavily polluting industries by easing financing constraints as a mediating effect. The potential policy implications of the findings, such as designing environmental liability insurance schemes that incentivize green innovation while considering financing limitations, can be discussed later, which would strengthen the paper’s practical relevance.
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APPENDIX A
TABLE A1 | Basic results of non-heavy polluting industries.
[image: Table A1]TABLE A2 | Results of the mediation effect of non-heavy polluting industries.
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