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Green insurance (GI), as an innovative product integrating environmental protection and the financial sector, not only contributes to improving regional environmental quality (EQ) but also enhances corporate environmental risk management and awareness, driving the flourishing development of green finance and the environmental protection industry. Therefore, understanding the relationship between GI and EQ is crucial. This article delves into the mechanisms through which GI influences EQ, proposing a hypothesis that suggests an inverted “U” shape impact. Subsequently, based on panel data from 30 provinces in China spanning from 2000 to 2021, nonlinear regression models and threshold regression models were constructed to test the hypothesis. The research findings indicate: (1) Results from the fixed-effects regression model demonstrate that the impact of GI on China’s EQ follows an inverted “U” shape. (2) Results from the threshold regression model also reveal an inverted “U” shape impact of GI on China’s EQ, with a threshold value of 2.196. (3) Economic level and industrial structure exhibit significant inhibitory effects on EQ improvement. Technological level and environmental regulations demonstrate notable promotional effects. Population size shows no significant impact on EQ improvement. The study identifies a nonlinear effect of GI on EQ improvement, surpassing existing linear effect research, deepening the understanding of its impact on EQ, and contributing to the enhancement of regional EQ.
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1 INTRODUCTION
In recent years, environmental pollution has emerged as one of the most pressing global challenges. Taking air pollution as an example, the 2023 Global Air Quality Report released by the International Energy Agency revealed that only seven countries worldwide met the World Health Organization’s PM2.5 guideline standards in 2023. A staggering 92.5% of countries and regions fell short of these standards (Dimitroulopoulou et al., 2023). Green insurance (GI), as an innovative product merging environmental protection with the financial sector, offers a novel avenue for enhancing environmental quality (EQ) (Hu et al., 2023). Therefore, this study aims to illuminate the impact of GI on regional EQ, unraveling its underlying mechanisms in environmental governance. It seeks to provide insights and inspiration for the development of regional green finance and the enhancement of EQ.
In recent years, China has experienced rapid economic growth, marked by swift strides in marketization, industrialization, and internationalization. However, escalating environmental pollution has emerged as a bottleneck hindering China’s sustainable development. Furthermore, China’s enormous population, rapid industrialization and urbanization, and export-oriented economy have propelled it to become one of the world’s largest carbon emitters. Nevertheless, the Chinese government has actively promoted ecological civilization construction in recent years, implementing a series of environmental protection policies and measures. Lastly, China stands as a significant testing ground for the development of green finance. In 2023, China’s GI revenue reached 229.7 billion yuan, with payouts totaling 121.5 billion yuan, spanning various sectors including transportation infrastructure, clean energy, and wastewater treatment (Wen et al., 2024). In summary, China’s environmental governance practices and the advancement of green finance wield significant influence and serve as exemplary models for global environmental protection endeavors.
To thoroughly investigate the impact of GI on regional EQ, this paper first constructs an EQ evaluation index system to conduct an in-depth assessment of the current EQ in China. Furthermore, through an in-depth research of the impact mechanisms of GI on EQ, the hypothesis is proposed that the impact of GI on China’s EQ follows an inverted “U” shape. Subsequently, this paper uses panel data from 30 provinces in China from 2000 to 2021 to construct nonlinear panel regression models and threshold regression models to validate the proposed hypotheses. Finally, based on the research findings, recommendations for strategies to promote the improvement of China’s EQ are put forward. Studying the impact of GI on regional EQ can provide a new theoretical perspective for the field of environmental economics. Deepen the understanding of the coordinated relationship between environmental protection and economic development. To provide support for building more effective environmental governance theories. On the other hand, this article intends to examine the inverted U-shaped nonlinear relationship between GI and EQ, which goes beyond the scope of traditional linear analysis. Deepening its understanding of the impact on EQ can provide scientific basis for government environmental governance. Promote the transformation of the economy towards a green and sustainable direction.
The significance of this study lies in the ambiguity surrounding the operational mechanisms of GI as an emerging tool for environmental protection. A comprehensive investigation into the impact of GI on EQ holds paramount importance. Moreover, empirical analysis of the relationship between GI and EQ can furnish governmental bodies with scientific grounds for formulating more precise environmental policies. Finally, by delving into the inverted U-shaped relationship between GI and EQ, this study aids in unveiling the latent mechanisms of GI in environmental governance, thereby offering valuable insights and inspiration for the development of green finance.
Compared to previous studies, the primary contribution of this research lies in its systematic exploration of the impact of GI on the EQ of Chinese provinces through the introduction of a threshold regression model. Furthermore, it substantiates the existence of an inverted U-shaped relationship. Additionally, this study accounts for the heterogeneity among Chinese provinces, robustly examining the validity of its findings, thus enhancing the credibility and persuasiveness of the research outcomes.
2 LITERATURE REVIEW
With the continuous severity of global environmental issues, enhancing EQ has become a focal point of widespread attention in academic and policy domains. Regional EQ is influenced by various factors. Some studies have found that the production processes of heavy industry often generate large amounts of industrial solid waste, wastewater, and exhaust gases (Wang et al., 2023a). The production and use of fossil fuels also result in significant greenhouse gas emissions (Gillingham and Stock, 2018). Therefore, the industry structure dominated by heavy industry and the energy structure dominated by fossil fuels are important factors affecting regional EQ. On the other hand, advanced technological levels contribute to the improvement of clean technologies and resource utilization efficiency (Wang et al., 2024). Environmental protection policies enacted and enforced by the government directly impact the behavior of businesses and individuals (Wang et al., 2023b). Therefore, technological levels and environmental protection policies are crucial factors in enhancing regional EQ. In addition, some scholars have found that the increase in the level of urbanization is often accompanied by the rapid development of industrialization and extensive infrastructure construction, leading to increased emissions of pollutants and a decrease in regional EQ (Liang et al., 2019). However, other scholars have different findings, suggesting that urbanization improves the utilization of production factors, reduces resource waste, and lowers pollutant emissions (Li et al., 2022). Finally, a minority of scholars have delved into the impact of factors such as foreign direct investment (FDI) (Wang et al., 2023c), population mobility (Dhondt et al., 2012), and motor vehicles (Montag, 2015) on regional EQ.
GI, as an emerging insurance model, aims to enhance EQ through financial means (Mills, 2009). In recent years, numerous scholars have extensively researched the development and application of GI. Through theoretical analysis, many scholars have found that GI plays a positive role not only in strengthening enterprise environmental risk management (Yang and Zhang, 2022) but also in accelerating the layout of green industries (Mills, 2003) and promoting innovation in green technologies (Hu et al., 2023). It can continuously enhance public and societal environmental awareness (Brogi et al., 2022), guide the direction of social funds (Desalegn, 2023), and promote the improvement of regional EQ. On the other hand, a minority of scholars, through empirical research, have delved into the impact of GI on EQ. The research by Ning and other scholars indicates that GI, through flexible premium designs, incentivizes enterprises to adopt more environmentally friendly production methods, encouraging the reduction of pollution emissions (Ning et al., 2023). Studies by Hou and others indicate that enterprises purchasing GI allocate more funds to environmental protection projects (Hou and Wang, 2022). A limited number of scholars have delved into an empirical analysis to further investigate the impact of GI on environmental pollution. Scholars such as Ning have uncovered that the differentiated premium design of GI serves as an incentive for enterprises to adopt more environmentally friendly production methods, thereby exerting a promoting effect on the enhancement of regional EQ (Ning et al., 2023). The research conducted by Hou and others reveals that enterprises purchasing GI allocate more funds to environmental construction, leading to a reduction in pollution emissions (Hou and Wang, 2022). However, divergent conclusions have been drawn by some scholars who argue that GI may impede the improvement of EQ. Lu and collaborators found that an excessive reliance on GI could diminish the proactive innovation in green technologies by enterprises, ultimately hindering long-term benefits for the enhancement of regional EQ as companies merely satisfy minimum environmental standards (Lu et al., 2022). In their study focused on China’s environmental protection industry, Yang and team discovered a relatively modest impetus of GI on the environmental protection industry and a limited impact on the improvement of EQ (Hou and Wang, 2022).
In conclusion, the study of the impact of GI on EQ is still in its infancy as an emerging field. Existing research outcomes suggest a linear relationship between GI and EQ, yet discrepancies and contradictions persist among these findings. Some studies assert the positive effects of GI, while others hold opposing views. This paper aims to employ threshold regression and nonlinear models to examine the inverted U-shaped relationship, thereby elucidating the aforementioned contradictions. By transcending traditional linear analyses, this research deepens our comprehension of how GI influences EQ. It provides a more nuanced and profound perspective for the study of GI and EQ, ultimately empowering governments to tailor and adjust GI policies with greater precision. This strategic approach maximizes the positive impact on the environment, fostering sustainable regional development.
3 INFLUENCING MECHANISM AND HYPOTHESIS
GI plays a crucial role in improving regional EQ, and its impact on EQ varies at different stages, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Analysis chart of impact mechanism.
First is the initiation stage of the promotion effect. In the early introduction of GI, regional society and government have a low level of attention to EQ issues. The development of the green industry is weak, and businesses have a limited understanding of GI. This leads to a small market share for GI and a lower promotion effect on EQ (Zhu et al., 2023).
Second is the expansion stage of the promotion effect. As EQ issues receive widespread attention from society and government, the GI market gradually expands, and the EQ promotion effect of GI significantly increases. This includes the improvement of enterprise environmental risk management systems, risk monitoring, economic incentives and penalties, technological upgrades and applications, environmental responsibility tracking, risk sharing, support for green industries, etc., effectively promoting a rapid improvement in regional EQ. Moreover, with the increase in corporate information transparency and the emphasis on corporate environmental responsibility by society, companies begin to take voluntary environmental measures, accelerating the improvement of EQ (Rahmatiar, 2018).
Third is the slowing stage of the effect. As the GI market continues to expand, certain factors contribute to the gradual slowdown of the EQ promotion effect of GI (Lee and Fung, 2023). First, enterprise environmental risk management systems are becoming increasingly perfected, and pollution reduction measures that are relatively easy to implement have become widely adopted. Second, environmental standards are gradually increasing, environmental incentive mechanisms are insufficient, and green technologies face bottlenecks, leading to rising environmental costs and a slowdown in the promotion effect. Third, the growth of the green industry is slowing, with the primary factor affecting green industry development no longer being a lack of funds but rather technological breakthroughs. Fourth, with the expansion of the GI market, market supervision may lag behind market changes, leading to regulatory loopholes in the GI market.
Fourth is the suppression effect stage. When the market share of GI reaches saturation, the promotional effect of GI transforms into a suppression effect. On one hand, as competition intensifies in the GI market and related regulations become stricter, insurance companies are compelled to raise environmental standards and reduce support for highly polluting enterprises (Wang et al., 2021). On the other hand, with the comprehensive expansion of the GI market, excessive reliance by the government, industry, and enterprises on the EQ promotion effect of GI leads to the government lowering environmental standards, the green industry lacking market competitiveness, and enterprises merely meeting the minimum environmental standards, resulting in a decline in EQ (Wang et al., 2014).
In summary, this paper proposes a research hypothesis: In China, the impact of GI on EQ follows an inverted “U” shape. There is a positive relationship up to a certain extent, but with the influence of various factors, this relationship may reverse.
4 METHODOLOGY AND DATA
4.1 Environmental quality evaluation
4.1.1 Evaluation index system of environmental quality
Since the 21st century, global environmental pollution issues have become more prominent. Different regions choose various environmental indicators for EQ assessments based on their specific circumstances. For example, air quality index, carbon emission index, noise pollution index, etc. Some scholars integrate multiple environmental dimensions such as atmosphere, water, soil, ecology, and noise to establish a comprehensive evaluation index, thereby conducting a comprehensive assessment of regional EQ. According to the analysis of the impact paths of GI on regional EQ, it can be observed that currently, GI in China primarily focuses on industrial pollutant emissions, with minimal impact on residential pollution (Shi et al., 2023). In light of the mentioned characteristics, this paper draws extensively upon the contributions of scholars such as Miao in the research field (Miao et al., 2016). Ultimately, nine specific indicators were selected to establish a comprehensive EQ evaluation index from the critical dimensions of regional environmental carrying capacity and environmental governance level. The detailed interpretation of these indicators is presented in Table 1.
TABLE 1 | Chinese EQ evaluation indicators.
[image: Table 1]4.1.2 Evaluation method for environmental quality
Evaluating regional EQ requires not only the establishment of an EQ evaluation index system but also the determination of weights for each indicator. In the academic realm, methods for determining indicator weights can be categorized into subjective and objective approaches. Subjective methods rely on personal judgment, such as expert scoring and the analytic hierarchy process (AHP). Objective methods, on the other hand, use data and mathematical models to determine weights, including the entropy method and principal component analysis. Objective weighting methods, relying on mathematical models and data analysis, are more scientific and objective, less susceptible to personal subjective views, and more flexible in dealing with complex issues and multi-criteria decision-making. Drawing on the research of scholars like Cheng, this paper applies the entropy method to further evaluate regional EQ (Cheng et al., 2023).
The entropy method is a mathematical approach used for multi-criteria decision analysis. It is primarily employed to determine the weights of each decision factor for a better understanding and evaluation of various alternative solutions. The steps in applying the entropy method include:
Step 1, data standardization processing. Standardize the data of each indicator in the EQ evaluation index. Ensure that the data for each indicator is within the same dimension and range of variation. The standardized processing formulas for positive and negative indicator data are shown in formula (1) and formula (2), respectively.
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Step 2, calculate the entropy value. Calculate the entropy value of each indicator in the evaluation index system using the formula (3). Among them, p_ij is the proportion of the jth data under indicator i, and N is the number of samples in the dataset. The entropy value reflects the uncertainty and information content of the indicator, and the larger the value, the higher the information uncertainty.
[image: image]
Step 3, calculate the weights. Calculate the weight of the entropy value for each indicator, as shown in formula (4). Among them, k is the number of indicators.
[image: image]
Step 4, normalize weights. Normalize the calculated weights to ensure that the sum of weights for each indicator is 1.
4.2 Regression models construction
To test the hypothesis that the impact of GI on EQ in China follows an inverted “U” shape, this paper first introduces the quadratic term of the core explanatory variable to construct a nonlinear regression model. Secondly, borrowing from Hansen’s method, a threshold regression model based on GI for EQ is constructed (Yi and Xiao, 2018).
4.2.1 Variable selection and data interpretation
Through a comprehensive review of existing research results on factors influencing EQ, we found a diverse range of factors affecting regional EQ, including economic, population, industrial, technological, energy, and policy factors. Combining the commonalities in the development of EQ across Chinese provinces, we systematically selected six key influencing factors, as shown in Table 2.
TABLE 2 | Variable descriptions.
[image: Table 2]Interpreted variable: The EQ of various provinces in China is calculated based on the EQ evaluation index system constructed in the previous sections.
Core explanatory variable: The GI of various provinces in China is expressed by the proportion of environmental pollution liability insurance revenue to the total insurance revenue.
Control variables: (1) Selecting per capita GDP to reflect the regional economic development level. Regions with higher economic development levels may have more industrial activities and transportation, leading to increased emissions of pollutants such as exhaust gases and wastewater. Therefore, this indicator may decrease regional EQ (Lu et al., 2017). (2) Selecting total population to reflect the regional population level. Regions with large population concentrations may lead to higher levels of industrialization and urbanization, thereby increasing pollutant emissions. At the same time, the demand from a large population also drives more traffic and production activities, increasing pollutant emissions. Therefore, this indicator may decrease regional EQ (Li et al., 2019). (3) Selecting the proportion of the secondary industry to reflect regional industrial structure characteristics. The secondary industry, compared to the primary and tertiary industries, requires more production materials and may emit more pollutants. Therefore, this indicator may decrease regional EQ (Chen et al., 2021). (4) Selecting unit GDP energy consumption to reflect regional technological level. Advanced technological levels imply more efficient resource utilization, which can reduce fossil fuel consumption and even use clean energy. Therefore, this indicator may increase regional EQ (Mughal et al., 2022). (5) Selecting the proportion of investment in industrial pollution control to industrial value-added to reflect the level of environmental regulation. Reasonable environmental regulations can promote the upgrading of pollution control facilities by enterprises, reduce pollution emissions, and achieve improvement in regional EQ (Yang et al., 2018).
Considering the availability and completeness of the data, this paper selects relevant data from 30 provinces in China for the period 2000-2021 to investigate the relationship between GI and EQ. The dataset does not include data from the regions of Hong Kong, Macao, Taiwan, and Tibet. GI data is obtained from the annual “China Insurance Yearbook,” while other data is collected from the annual “China Statistical Yearbook,” “China Environmental Statistical Yearbook,” and provincial statistical yearbooks. It is important to note that, to prevent the influence of non-stationarity of macro data on empirical results, all variables have been log-transformed. For missing data, we used either the mean imputation method or the nearest neighbor interpolation method for supplementation.
4.2.2 Nonlinear regression model (NRM)
This article uses a quadratic regression model to test the hypothesis that the impact of GI on China’s EQ is an inverted “U” shape. The coefficients of the quadratic regression model bear an intuitive interpretation. The coefficient of the linear term variable signifies the slope of the linear relationship within the model, while the coefficient of the quadratic term variable reflects the concavity or convexity of the nonlinear relationship. This imparts a heightened level of intuitiveness and operability to the explication of the model outcomes. The underlying principle of the model unfolds as follows: when the coefficient of the quadratic term variable takes a negative value, the model manifests a inverted U-shaped form after the variable reaches a certain level. This configuration aligns with our conceptualization of an inverted U-shaped relationship, wherein the optimal EQ is attained when the GI level is moderate. Conversely, under excessively high or low GI levels, the EQ might experience a decline. A notably negative coefficient of the quadratic term variable indicates the presence of an inverted U-shaped relationship between GI and EQ.
To test the hypothesis that the impact of GI on EQ in China follows an inverted “U” shape, this paper introduces the quadratic term of GI (Haans et al., 2016). And introduce other variables that affect EQ, such as PGDP, TP, IS, TL, and ER. The complete nonlinear regression model for studying EQ is shown in Formula (5). In the Formula (5), [image: image] represents the ith province among the 30 provinces in China, and [image: image] represents the tth year from 2000 to 2021. For example, [image: image] represents the environmental quality level of province [image: image] in year [image: image], and [image: image] represents the green insurance level of province [image: image] in year [image: image]. Similarly, [image: image], [image: image], [image: image], [image: image] respectively represent the per capita GDP, total population, industrial structure, technological level, and environmental regulation level of province [image: image] in year [image: image].
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4.2.3 Threshold regression model (TRM)
To further test the hypothesis that the impact of GI on EQ in China follows an inverted “U” shape, this paper employs Hansen’s proposed threshold panel model to analyze the influence of GI on EQ at different development stages. This paper constructs a regional environmental quality threshold regression model using GI as a threshold variable. The final model is shown in Formulas (6) and (7) (Lv and Xu, 2023). The meanings of each character in formulas (6) and (7) are consistent with those in formula (1). In addition, [image: image] represents the threshold value.
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The threshold regression model consists of two components: one capturing the linear relationship below the threshold and the other above the threshold. Such a model structure enhances the flexibility to depict the nonlinear impact of GI on EQ. It allows for modeling variations in EQ near the threshold. The pivotal aspect of the threshold regression model lies in the examination of the threshold. Through hypothesis testing on the threshold, it can be determined whether there exists a threshold for the impact of GI on EQ. This aids in comprehending at what level of GI the impact on EQ is optimized. The threshold regression model furnishes explanations for both stages below and above the threshold, enabling researchers to gain a clearer understanding of the mechanism through which GI affects EQ. Such interpretability holds practical guidance for policy formulation and operational practices.
5 RESULTS AND DISCUSSIONS
5.1 Descriptive statistical analysis
The results of the descriptive statistical analysis are shown in Table 3. The extreme values of the seven variables are relatively small, mostly within two digits, and each variable has a small skewness and a large kurtosis. This indicates that the sample data distribution is relatively symmetrical, but with heavier tails. In addition, the p-values of the JB statistics are all less than 0.05, rejecting the null hypothesis. There is sufficient evidence to conclude that the seven variables do not follow a normal distribution.
TABLE 3 | Descriptive statistical analysis results.
[image: Table 3]5.2 Unit root test
Unit root testing is a crucial step in time series analysis and is used to detect whether time series data exhibits non-stationarity. Non-stationary time series data can lead to potential issues in many statistical methods and models, making unit root testing essential for the accuracy and reliability of subsequent analyses. This paper employs LLC test, ADF test, and IPS test to conduct unit root tests on the selected variables, as shown in Table 4. The test statistics of the three unit root testing methods are significantly larger than the critical values, leading to the acceptance of the alternative hypothesis that the sequence is stationary.
TABLE 4 | Unit root test results.
[image: Table 4]5.3 Results and discussion of the nonlinear panel regression model
5.3.1 Results
In testing the hypothesis that the impact relationship between green insurance and environmental quality is an inverted “U” shape using a nonlinear panel regression model, it is necessary to determine whether to use a fixed effects model or a random effects model. These two models handle heterogeneity among individuals in panel data differently. Therefore, this paper employs the Hausman test method to test the fixed effects model against the random effects model. The results are shown in Table 5. The test results indicate a chi-square value of 57.98, with a corresponding probability value of 0.0000. Consequently, this research rejects the random effects regression model and tends to choose the fixed effects regression model.
TABLE 5 | Hausman test results.
[image: Table 5]The results of the fixed effects regression model are shown in Table 6, with an R-squared equal to 0.893, indicating that the explanatory variables included in the model can effectively explain the variation in the dependent variable. The p-values corresponding to [image: image], [image: image], [image: image], [image: image], [image: image], and [image: image] are all less than 0.05, significantly affecting China’s EQ. However, at a significance level of 10%, TP did not have a significant impact on EQ.
TABLE 6 | Fixed effects regression results.
[image: Table 6]5.3.2 Discussion
The coefficient of [image: image] on [image: image] is positive, with a value of 0.305, indicating that as the level of GI increases, the level of EQ also rises. The coefficient of [image: image] on [image: image] is −0.071, indicating that the impact of GI on EQ follows an inverted “U” shape. In the early stage of GI development, it can enhance the enterprise’s environmental risk management system and establish a scientific environmental protection strategy. It can promote increased environmental investment by implementing economic incentives and penalties. Through risk monitoring mechanisms and responsibility tracking mechanisms, it encourages companies to actively fulfill their environmental responsibilities. It can share the risk of technological innovation, promote the upgrade and application of green technologies. Financial support can guide investment direction and support the stable and rapid development of the green industry. Therefore, GI can reduce pollution emissions and promote the improvement of regional EQ. On the other hand, as the level of GI development continues to rise, when the market share of GI reaches saturation, the promotional effect of GI transforms into an inhibitory effect. The main reasons are that with the continuous development of the GI level, market competition intensifies, and related regulations become more stringent, forcing insurance companies to raise environmental standards and reduce insurance support for highly polluting enterprises. Additionally, as the GI market fully unfolds, excessive reliance on the EQ promotion effect of GI by the government, industry, and enterprises leads to a lowering of environmental standards by the government, a lack of market competitiveness in the green industry, and companies merely meeting the minimum environmental standards. This results in a decline in EQ. Existing research findings on the impact of GI on EQ have yielded contradictory results. Some studies posit a positive effect of GI on EQ, while others hold a contrary perspective. For instance, Rizwanullah et al., based on linear regression analysis, found a positive impact of GI on the EQ of BRICS (Rizwanullah et al., 2022). Conversely, Ahmed et al., utilizing linear regression analysis as well, discovered a negative impact of GI on the EQ of the United States (Ahmed et al., 2022). Through the revelation of an inverted U-shaped relationship in this study, not only can these conflicting results be elucidated, but it also expands the research perspective on the enhancement effects of GI on EQ. The discovery of such a nonlinear relationship provides a more profound and comprehensive understanding of GI research, offering insights into its nuanced impact on EQ.
Further calculations reveal that when the value of GI equals 8.567, the relationship between GI and EQ begins to show a turning point. That is, when GI is greater than 8.567, EQ decreases with the increase of GI. Spatial-temporal difference analysis of 30 provinces in China conducted in this study found that in 2016, the level of GI in Jiangsu Province first exceeded 8.567, followed by Beijing, Shanghai, Zhejiang, and Yunnan provinces. Combining with the development history of GI in China, we found that since the implementation of GI policies, the level of GI in China has continuously increased, growing from 4.42 in 2000 to 9.08 in 2021. In the initial stage, the introduction of GI effectively reduced pollutant emissions, leading to an improvement in regional EQ. However, the blind promotion of GI development has also brought a series of environmental pollution issues, inhibiting the improvement of EQ. Taking Jiangsu as an example. The GI and EQ of Jiangsu Province in 2000 were 4.41 and 0.466, respectively. With the continuous development of GI, EQ continued to rise, reaching the highest value of 0.768 by 2016. Then, Jiangsu Province’s EQ declined continuously with the growth of GI. By 2021, Jiangsu Province’s GI had grown to 9.13, and EQ had reduced to 0.658.
Analyze the impact of each control variable on EQ in detail. (1) The impact coefficient of PGDP on EQ is −0.212, indicating a significant inhibitory effect of PGDP on EQ. Currently, China’s rapid economic growth relies predominantly on high-energy-consuming and pollution-intensive heavy industries and manufacturing. The development of these traditional industries often accompanies substantial energy consumption and environmental pollution emissions, leading to deteriorating EQ. Hence, the improvement of EQ in China exhibits a suppressing effect due to PGDP. Existing research outcomes on the influence of PGDP on Chinese EQ have yielded conflicting results. Some studies suggest a positive effect of PGDP on EQ, while others hold the opposite view. Song et al. found that, influenced by high-energy-consuming and high-emission industries, Chinese EQ declines with the growth of PGDP, consistent with the findings of this study (Song et al., 2020). However, Awan et al. focused on Shanghai and discovered that with economic development, an increase in per capita GDP leads people to be more inclined towards investing in environmental protection and improvement measures, thereby enhancing EQ (Awan and Azam, 2022). (2) The significant negative impact coefficient of IS indicates that for every increase of 1 unit in IS, EQ decreases by 0.17 units, demonstrating a notable inhibitory effect of IS on EQ. China’s secondary industry primarily comprises industries such as manufacturing and heavy manufacturing, which often exhibit high energy consumption and pollution characteristics. With the increasing proportion of the secondary industry, the development of industries such as manufacturing may lead to significant energy consumption and emissions of environmental pollutants, thereby exerting adverse effects on EQ. Yin and Song conducted an empirical analysis on the impact of industrial structure on regional EQ in China. The results consistently indicate a decline in regional EQ with the increase in the proportion of the secondary industry, aligning with the conclusions of this study (Song et al., 2022; Yin et al., 2024). (3) The significant positive impact coefficient of TL indicates that for every increase of 1 unit in TL, EQ increases by 0.121 units, demonstrating a noteworthy promoting effect of TL on EQ. In recent years, China has witnessed rapid development and widespread adoption of renewable and clean energy technologies, reducing reliance on traditional fossil fuels, and consequently lowering carbon emissions and other pollutants, thereby benefiting EQ. Furthermore, China’s advancements in production technology have continuously elevated resource utilization efficiency, reducing wastage and consumption of resources effectively. This has also led to a reduction in pollutant emissions during the production process, thereby alleviating environmental pressures. Villanthenkodath and Chishti respectively studied India and the BRICS economies, empirically analyzing the impact of technological levels on regional EQ. The results consistently demonstrate an improvement in regional EQ with the enhancement of technological levels, aligning with the conclusions of this study (Chishti and Sinha, 2022; Villanthenkodath and Mahalik, 2022). (4) The impact factor of ER is significantly positive. For every one-unit increase in ER, EQ increases by 0.263 units, indicating a significant promoting effect of ER on EQ. Environmental regulations in China enforce emission standards and restrictions on enterprises, compelling them to take measures to reduce pollutant emissions. This fosters enhanced clean production and technological innovation within enterprises and can also elevate public and corporate awareness of environmental protection, thereby driving improvements in EQ. Tang and Feng respectively focus on China and the Yangtze River Economic Belt as their study subjects, empirically analyzing the influence of environmental regulations on regional EQ. The results consistently demonstrate that regional EQ improves with the enhancement of environmental regulations, corroborating the findings of this study (Tang et al., 2020; Feng et al., 2023).
5.4 Results and discussion of the threshold regression model
5.4.1 Results
To further verify the inverted “U” relationship between Chinese GI and EQ, this paper examines the threshold variable [image: image] under three different threshold conditions. Specifically, we investigated the cases where [image: image] has no threshold, has one threshold, and has two thresholds. The F-statistics and p-values for each threshold test are presented in Table 7. The threshold variable [image: image] only passed the single threshold test at a significance level of 1%, not passing the double and triple threshold tests. The estimated single threshold value and its 95% confidence interval for the threshold variable [image: image] are shown in Table 8. The estimated value for the single threshold is 2.196. Therefore, GI has a significant impact on EQ, and there is a single threshold effect. The results of the threshold regression model are shown in Table 9.
TABLE 7 | Threshold test (bootstrap = 10,000 10,000 10,000).
[image: Table 7]TABLE 8 | Threshold estimation results (level = 95).
[image: Table 8]TABLE 9 | Single threshold regression results.
[image: Table 9]5.4.2 Discussion
The results indicate that the threshold variable [image: image] passes the statistical test at a 1% significance level, whether it is less than 2.196 or greater than 2.196. When [image: image] is less than 2.196, the impact coefficient is 0.685, indicating a significant promoting effect of GI on EQ. With the increase of GI, EQ also improves. When [image: image] is greater than 2.169, the impact coefficient is −0.227, indicating a significant inhibitory effect of GI on EQ. With the increase of GI, EQ decreases. The conclusion of the threshold regression model is consistent with the fixed-effects regression model, both indicating an inverted “U”-shaped impact of GI on EQ.
5.5 Regional comparative analysis
The preceding analysis examined the impact of GI on China’s EQ at the aggregate sample level. However, there exist disparities among China’s 30 provinces in terms of EQ, levels of GI, and geographical location. For different types of provinces, the influence of GI on their EQ may vary. Hence, this study conducts a comparative analysis of Chinese provinces from three major perspectives: EQ level, GI level, and geographical location. The present study categorizes the 30 sample provinces of China based on their geographical locations into four regions: Eastern, Central, Western, and Northeastern regions. Additionally, provinces are divided into high and low GI levels and further categorized into high-pollution and low-pollution provinces based on their EQ levels. Empirical analyses are then conducted for each category, with the respective results presented in Tables 10, 11, and 12.
TABLE 10 | Compare the regression results by sample based on geographical location.
[image: Table 10]TABLE 11 | Compare the regression results by sample based on levels of GI.
[image: Table 11]TABLE 12 | Compare the regression results by sample based on levels of EQ.
[image: Table 12]Regression results for the comparison of samples based on geographical locations are shown in Table 10. GI exhibits significant impacts on the EQ of China’s Eastern, Northeastern, Central, and Western regions. Specifically, there is an inverted U-shaped relationship between GI and EQ in the Eastern and Central regions. Meanwhile, there exists a certain promoting effect on the EQ of the Northeastern and Western regions, with the promoting effect being more pronounced in the Northeastern region. The Eastern and Central regions of China boast developed economies and possess well-established financial systems and insurance markets, laying a solid foundation for the development of GI. Moreover, the rapid economic growth in these regions has brought about prominent environmental issues, compelling both the government and enterprises to prioritize environmental protection and consequently increasing the demand for GI. The market share of GI has undergone stages from initial development to saturation and then to oversupply. Therefore, there exists an inverted U-shaped relationship between GI and the improvement of EQ in the Eastern and Central regions of China. Conversely, the Northeastern and Western regions exhibit relatively weaker economic development, resulting in slow progress in regional GI development, which has yet to reach saturation. Consequently, the roles of GI, such as economic incentives and penalties, environmental responsibility tracking, and risk sharing, are more pronounced, thereby fostering improvements in regional EQ. The Northeastern region, in particular, has undergone industrial transformations, facing severe pollution issues from legacy industrialization. The significant demand from the government to enhance EQ in this region amplifies the promoting effect of GI, making it more pronounced in the Northeastern region.
The regression results for the comparison of samples based on levels of GI are presented in Table 11. GI exhibits an inverted U-shaped relationship with the improvement of EQ in provinces with high levels of GI, while it shows a promoting effect in provinces with low levels of GI. In provinces with high levels of GI, the market share of GI has undergone stages from initial development to saturation and then to oversupply, resulting in an inverted U-shaped impact on EQ improvement. Conversely, in provinces with low levels of GI, where the market share of GI has not yet reached saturation, the positive effects of GI, including economic incentives and penalties, technological upgrades, environmental responsibility tracking, and risk sharing, are significant.
The regression results for the comparison of samples based on EQ levels are depicted in Table 12. GI exhibits only a promoting effect on the improvement of EQ in both high-pollution and low-pollution provinces, without displaying an inverted U-shaped relationship. This can be attributed to several factors. Firstly, although high-pollution provinces demonstrate a strong demand for EQ improvement, some provinces with lower levels of economic development hinder the rapid growth of the GI industry. Consequently, the impact of GI on EQ improvement remains in the promoting stage. Secondly, low-pollution provinces, benefiting from relatively better EQ, do not urgently require the development of the GI industry. This results in sluggish regional development of the GI industry, maintaining its impact on EQ in the promoting stage.
5.6 Robustness test
Robustness tests ensure that model results remain reliable and effective when facing various potential anomalies, thereby enhancing the credibility and interpretability of the research. A review of relevant literature reveals that common methods for conducting robustness tests include: altering sample periods, substituting the dependent variable, introducing additional control variables, and changing the measurement methods of variables (Ferreira et al., 2017).
This study conducts robustness tests by changing the expression indicators of explanatory variables and the calculation methods of the dependent variable. The test results are presented in Table 13. Due to space limitations, the details of control variables are not elaborated in Table 13. A comparison between Table 6 and Table 13 reveals the following: (1) The study measures the level of GI development in various provinces of China using the proportion of regional environmental pollution liability insurance income to total premium income. The regional environmental pollution liability insurance income is used as the dependent variable during validation. After changing the expression indicators of explanatory variables, the coefficients of explanatory variables in Table 13 are largely consistent with those in Table 6. (2) EQ was initially measured using entropy methods in the previous sections, while principal component analysis is employed in this study. Despite this change in the measurement method of EQ, the robustness test results still indicate a quadratic relationship (inverted U-shaped) between GI and EQ. In summary, the robustness test results further confirm the strong reliability of the estimated results of the nonlinear panel regression model constructed in this study.
TABLE 13 | Robustness test results.
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6.1 Conclusions
As an innovative product integrating environmental protection and the financial sector, GI provides a new avenue for enhancing EQ. Existing research outcomes predominantly focus on the linear relationship between GI and EQ or simplistic notions of positive and negative impacts. However, this study, through the identification of an inverted U-shaped relationship, broadens the research perspective on the influence of GI. The unveiling of such a nonlinear relationship offers a more profound and comprehensive understanding of GI research, enriching the discourse on the nuanced dynamics of its impact. This paper focuses on China and empirically analyzes the impact of GI on EQ. The results indicate: (1) The fixed-effects regression model demonstrates that the impact of GI on China’s EQ follows an inverted “U”-shaped pattern. (2) The results of the threshold regression model also support the inverted “U”-shaped relationship, with a threshold value of 2.196. (3) Economic level and industrial structure exert a significantly inhibitory effect on improving EQ, while technological level and environmental regulation have a significant promoting effect. Population size does not show a significant impact on improving EQ.
6.2 Policy implications
At present, the government promotes the development of GI through measures such as tax incentives, government procurement, and reward mechanisms, with a singular focus on maximizing the GI market. However, this study reveals that an excessively high level of the GI market exerts a suppressive effect on environmental improvement. Therefore, differentiated policies tailored to the characteristics of different stages of GI development are essential. In the initial stages, the government should prioritize incentivizing, guiding, and supporting the establishment of the market. Various multidimensional measures should be implemented to provide impetus and a foundation for the development of GI institutions, promoting their stable growth in the early market.
Firstly, the government can encourage and guide GI institutions to enter the market by offering economic incentives, tax benefits, special funds, and other incentivizing policies. Secondly, through regular discussions and seminars, the government can actively guide deep cooperation between GI institutions and the environmental protection industry, inspiring these institutions to better adapt to the needs of the environmental protection industry.
In the later stages of GI development, the government should focus on upgrading GI products, fostering collaborations, and managing market risks to ensure a more significant role for GI in the field of environmental protection and achieve a win-win situation between environmental protection and the economy. Firstly, the government should encourage continuous improvement in the technical content and adaptability of GI products. This can be achieved through reward mechanisms for technological innovation, support for intellectual property protection, and the provision of favorable conditions for the research and development of GI products. The government can establish dedicated technology innovation bases or laboratories, providing resources and collaboration platforms for institutions to drive continuous innovation in GI products, environmental monitoring technologies, and assessment methods, enhancing the quality and effectiveness of GI products. Secondly, the government should actively guide GI institutions to collaborate and co-build with environmental organizations, research institutions, and enterprises. Regular discussions and seminars can be employed to strengthen the exchange of professional knowledge. Environmental organizations and research institutions often possess the latest environmental technologies and scientific research results, while enterprises understand actual operational conditions. By leveraging resources from various parties, a forward-looking and innovative project can be created, constructing a closed-loop industry chain from environmental technology research and development to practical application in enterprises, and further to the design and promotion of GI. This comprehensive approach ensures all-encompassing environmental management from the source to the end. Finally, the government needs to strengthen market risk management for GI to ensure its healthy operation. This involves comprehensive monitoring of market monopolies, unfair competition, and the financial conditions of GI institutions. The government can enact and implement relevant regulations, establish regulatory bodies, or enhance the functions of existing regulatory bodies to effectively address potential risks and uncertainties. This is crucial for maintaining the overall safety of the GI market.
On the other hand, this study reveals significant inhibitory effects of economic level and industrial structure on the improvement of EQ in China, while technological level and environmental regulations demonstrate significant promoting effects. Consequently, we propose policy recommendations to promote the enhancement of EQ in China from four dimensions: economic level, industrial structure, technological level, and environmental regulations. (1) Economic Development: Establishing a green product certification system to certify products that meet environmental standards and assign them corresponding green labels would help consumers identify and choose green products, enhancing their confidence in purchasing them. Conducting extensive environmental propaganda and education campaigns through various channels such as media, the internet, and communities would raise awareness among residents about the importance and benefits of green consumption, thereby increasing public understanding and consciousness of green consumption. (2) Industrial Development: The government should formulate and implement targeted industrial policies to clarify development directions and key areas. Measures such as tax incentives, fiscal subsidies, and land policies should be adopted to encourage and support the upgrading of industrial structure. Encouraging the construction of green industrial clusters and parks and increasing investment in infrastructure construction in green industrial parks would facilitate the entry of upstream and downstream enterprises in the industrial chain, thereby forming a complete green industrial chain and value chain. (3) Technological Advancement: The government should establish a green technology innovation fund to increase investment in scientific and technological innovation, supporting R&D and innovation in green industries to enhance technological levels and product quality. Additionally, establishing and supporting green technology incubation platforms to provide services such as technology transfer, professional consultation, and market promotion would assist research institutions and enterprises in translating technological achievements into practical productivity. (4) Environmental Regulations: Enhancing the legal system for environmental laws and regulations and enacting stricter environmental protection laws and regulations are essential to ensure the legal guarantees for the development of green industries and create a fair competitive market environment. Establishing an environmental information disclosure system to promptly release environmental monitoring data and emission information of green industry enterprises to the public would increase public attention and participation in environmental issues.
6.3 Limitations
This study finds that the impact of GI on China’s EQ follows an inverted “U” shape. The control variables in the econometric model constructed in this study are determined based on existing research findings. Control variables were not directly determined without analyzing the factors influencing EQ. Additionally, our team’s research reveals that the impact of GI on EQ varies across countries with different EQ levels. Particularly for developed countries, GI’s impact on EQ may exhibit a dual-threshold effect. That is, GI might initially have a promoting effect on EQ, then transition to a suppressive effect, before ultimately reverting to a promoting effect.
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Emissions of nitrogen oxides from motor vehicles tons Negative
Industrial waste water treatment facilities sets Positive
Industrial waste gas treatment facilities sets. Positive

‘The amount of common industrial solid wastes utilized 10 thousand tons Positive
Investment in treatment of industrial pollution sources 100 million yuan Positive
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