[image: image1]Environmental regulation and environmental equality: the role of green finance and the digital economy

		ORIGINAL RESEARCH
published: 19 December 2024
doi: 10.3389/fenvs.2024.1517989


[image: image2]
Environmental regulation and environmental equality: the role of green finance and the digital economy
Ziyi Chen1, Guoya Zhuang2 and Feifei Li1*
1School of Management, Nanjing University of Posts and Telecommunications, Nanjing, China
2Jiangsu Maritime Institute, Nanjing, Jiangsu, China
Edited by:
Jiachao Peng, Wuhan Institute of Technology, China
Reviewed by:
Irina Georgescu, Bucharest Academy of Economic Studies, Romania
Jie Han, China University of Geosciences Wuhan, China
* Correspondence: Feifei Li, fiona@njupt.edu.cn
Received: 27 October 2024
Accepted: 06 December 2024
Published: 19 December 2024
Citation: Chen Z, Zhuang G and Li F (2024) Environmental regulation and environmental equality: the role of green finance and the digital economy. Front. Environ. Sci. 12:1517989. doi: 10.3389/fenvs.2024.1517989

Introduction: Environmental issues are related to the physical health and welfare level of all human beings, and the mandatory and dominant nature of environmental regulation (ER) effectively solves the difficult problem of unequal environmental obligations and gives impetus to improving environmental equality.Methods: Therefore, based on a sample of 238 prefecture-level cities in China between 2011 and 2020, this paper empirically examines the mechanism and effect of ER intensity on environmental fairness using the Gini coefficient and the Theil index. In addition, this paper further tests the mechanisms of mediating influence and moderating effect of ER on environmental equality.Results: The results of the study found that (1) On the basis of mitigating endogenous problems such as adopting instrumental variable strategies, the increase in the intensity of ER has a significant contribution to the realization of environmental equality. (2) ER contributes to the realization of environmental equality through the green innovation transformation effect, which is more pronounced in innovative regions. (3) The level of development of green finance and the digital economy, as an important instrumental approach to promoting sustainable development, can strengthen the path of environmental policy to mitigate environmental inequality.Discussion: This paper provides suggestions and insights for promoting the implementation of government environmental policies, enhancing the digital transformation of economic development, and promoting the construction of a society-wide green equality system.Keywords: environmental equality, environmental regulation, green finance, digital economy development, public environmental appeals
1 INTRODUCTION
Ecological environment is the basic requirement for realizing green and low-carbon development of the economy, and it is a public product enjoyed by everyone, and the improvement of environmental quality has a real bearing on the quality of life of all human beings (Wei et al., 2024). With the increase in the importance of environmental protection issues, the transformation of the economic growth model to an environmentally friendly one, and the green elements injecting new kinetic energy into the world’s economic vitality, green sustainability has become one of the themes of economic development in the current era (Zhi et al., 2022). However, due to objective factors such as geographic location and natural disasters, and subjective factors such as inadequate environmental monitoring and insufficient government attention to environmental equality issues, phenomena affecting environmental equality such as uneven distribution of pollution, inequitable access to resources, and environmental justice issues still exist objectively (Wu et al., 2024). From an international perspective, the number of threatened animal species is increasing and the number of renewable resources is declining significantly. According to the World Bank, the average methane emissions in the world have been on an upward trend since 2000 and will be around 8.2 million kilotons in 2020. From a domestic perspective, according to the Ministry of Ecology and Environment of the People’s Republic of China, China’s sulfur dioxide emissions from exhaust gases in 2020 will be 3.182 million tons. Among them, emissions of sulphur dioxide from industrial source exhaust were 2.532 million tons, emissions of sulphur dioxide from domestic source exhaust were 648,000 tons, and emissions of sulphur dioxide from centralized pollution control facilities exhaust were 0.03 million tons. The government is not only the defender and protector of public order and people’s rights, but also an important force in adhering to ecological prioritization and green development, and improving the performance of ecological and environmental governance (Ma and Liu, 2022). In the process of implementing the concept of green development and promoting the reform of the ecological civilization system, the U.S. government has taken a series of measures in environmental governance, such as climate plans and energy efficiency standards, to focus on its right to speak in international environmental governance. The Government of France has adopted by decree a national low-carbon strategy and is actively engaged in “green diplomacy” to promote The Paris Agreement. Because of the differences in the nature of the country and its social system, the Chinese Government has emphasized environmental protection and economic growth, focusing on systematic, global and systematic environmental governance, and has achieved a “green development report card” that has attracted worldwide attention (Liu et al., 2024a). As of 2019, China’s forest coverage has increased from 13.95% in 1980 to 23.04% in 2020, and China’s carbon dioxide emissions per unit of GDP will be 3.8% lower in 2021 than in 2020, and a cumulative decrease of 50.8% compared to 2005. It can be seen that the implementation of environmental policies by the Government can, to a certain extent, alleviate the depletion of natural resources and protect the ecological environment.
Therefore, can the increase in environmental regulation (ER) mitigate the inequality of environmental pollution between regions, and what are the underlying mechanisms and mechanisms of action? Broadly speaking, ER refers to the regulations and policies established by governments or other agencies to protect and manage the environment, and can be categorized as command-and-control, market-incentive and informal. ER is expected to be an important driver in solving environmental problems (Duan et al., 2021). Specifically, on the one hand, command-and-control ER can reduce the risk of environmental pollution by establishing emission standards, regulating waste disposal and strengthening environmental management. On the other hand, market-incentivized ER can create an effective environmental governance mechanism by increasing tax subsidies, encouraging green innovation, and disclosing environmental information. In addition, informal ER can make up for the shortcomings of governmental environmental governance by raising public awareness of environmental protection, encouraging public scrutiny and participation, and giving play to the role of industry associations to promote the resolution of environmental inequality issues.
As ecological protection is a global “hot spot”, there is a rich literature on how to realize ecological protection through legal safeguards, economic benefits and social concerns. Firstly, effective resource utilization and environmental protection will be achieved through recycling model applications and biomass utilization (Song et al., 2021), watershed protection and coastal resource management (Wada et al., 2020), and raising environmental standards to attract green consumers (Ambec and De Donder, 2022). Secondly, there has been a great deal of discussion in the relevant literature on how to realize the harmonization of ecological and economic benefits. Strict ER raise the cost of environmental pollution and force firms to improve energy efficiency, thus realizing the dual goals of environmental improvement and economic progress (Hu H. et al., 2023). At the same time, the existing literature has also examined the role of social concern in promoting environmental protection. El Ouadghiri et al. (2021) and others, by analyzing the relationship between continuous public concern about environmental issues and stock market returns, concluded that a high level of public concern about environmental protection can effectively promote the development of sustainable enterprises. He and Shi (2023), chose the level of public concern as a mediating variable to analyze the positive impacts of air pollution on China’s green bond market through increasing public awareness of environmental protection and concern for physical health risks. However, there is an important problem in that insufficient attention has been paid to the impact effects of ER. To this end, this paper conducts an empirical study on ER and environmental equality in the context of China on the basis of combing relevant theories.
In addition, while the existing literature has explored the issue of environmental inequality in some depth, insufficient attention has been paid to the role effects of ER intensity. Using datasets and estimation techniques, Timmins and Vissing (2022) argue that income, race, and land area, among others, affect the realization of environmental justice to some extent, while ignoring the role of environmental policy. Focusing on the firm level, Nian et al. (2022) compare two types of environmental regulations, scale control and intensity control, and find that despite the differences in their mechanistic pathways, both can reduce pollution and improve competitiveness and promote environmental equality, while neglecting the regional aspects of ER effects. To summarize, on the one hand, although the existing literature has paid attention to the significance of laws and regulations, the balance between economic and ecological benefits, and the degree of social participation in realizing ecological protection, the mechanisms and effects of ER on environmental equality have been less discussed. On the other hand, the existing literature varies in its selection of indicators and factors influencing the measurement of environmental equality. For example, Wen and Liu (2022) analyze the role effects of energy saving and emission reduction effects with ER and other mechanisms through quasi-natural experiments and model construction. Gu et al. (2022) combined difference-in-difference and trajectory equilibrium methods to confirm the energy-saving and emission reduction effects of the carbon financial market as an ER policy tool, and that ER also has an incentive effect on the decarbonization transition of resource-based regions. Wu et al. (2024) utilized the Malmquist decomposition method, ER also has a significant driving effect in promoting green development in China. However, less attention has been paid to the effects of ER at the regional level. Therefore, this paper selects the city level as the regional object, and tries to clarify the path of environmental regulation’s influence on environmental equality, and analyze its mechanism of action.
Compared to the existing literature, the marginal contribution of this paper may be reflected in the following aspects: First, in terms of variable selection, this paper focuses on the structural problem of environmental inequality, and measures the degree of environmental equality at the regional level on the basis of the original data of enterprises, which is more accurate and flexible than previous studies in measuring the characteristics of regional differences in environmental equality. Second, in terms of research perspective, this paper incorporates both the intensity of ER and environmental equality in the region into the analytical framework, examining both their synergistic effect on the green transformation of the economy and their transmission effect. The robustness of the article is also better improved with the help of instrumental variables such as work report word frequency. Third, in terms of mechanisms, to clarify the intrinsic mechanism of ER intensity for environmental equality, this paper, on the basis of theoretical analysis and empirical testing, analyzes the “enabler role” played by the green innovation inequality mitigated by ER intensity for the realization of environmental equality. In addition, this paper analyzes the effect of green financial development on mitigating environmental inequality, and explores the realistic path of upgrading the level of digital economic development to realize low-carbon transformation, and comprehensively analyzes the transmission mechanism of ER affecting environmental equality. The above findings can provide empirical support to the relevant sectors in advancing environmental policies and safeguarding human health and safety.
2 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES
Environmental equality is the sameness of social groups in terms of their exposure to environmental hazards, while environmental inequality implies that an area or group loses some of its rights and benefits because of unequal environmental responsibilities. The essential features of ER, such as government-led, mandatory means and market incentives, have effectively eliminated the problems of unequal environmental obligations caused by unequal economic development, the contradiction between the supply and demand of environmental resource elements, and the failure to strike a balance between equality and efficiency. In addition to having a direct impact on environmental equality by virtue of its self-contained character, ER can also have an indirect impact on addressing environmental inequality by influencing digital economy development (DED) activities in the region. At the same time, given the positive effects of green finance (GF) and DED on sustainable production, the path of ER towards environmental equality may also be affected. Based on this, the research hypothesis of this paper is presented:
ER, represented by command-and-control, market-incentive and informal approaches, plays a key role in protecting natural resources, combating global climate change and preserving the Earth’s ecosystems. In the implementation of environmental protection policies, regions need to consider more environmental factors in their production processes, and appropriate ER intensity can motivate regions to increase R&D investment, stimulate technological innovation, and rationally allocate resources (Yang et al., 2024). Under this mechanism, new production technologies and management models will empower the realization of regional pollution reduction and carbon reduction pathways, thereby improving environmental equality. On the one hand, despite the weakness of environmental regulations in terms of international specialization and trade autonomy (Duan et al., 2021), the environmental gains and losses that environmental taxes bring to firms in the region in terms of added or added or subtracted costs motivate them to adjust their strategies accordingly. It also improves manufacturing productivity by reducing corporate income tax (Yamazaki, 2022), and motivates enterprises in all sectors to raise environmental awareness and emphasize social and environmental responsibility in the production process (Zhang et al., 2023). Specifically, in terms of production costs, and in terms of information disclosure, ER can help to promote openness and transparency of information such as social and environmental governance, bridge environmental information asymmetries, and increase the public’s voice in environmental governance (Acheampong and Elshandidy, 2024). On the other hand, the implementation of environmental regulatory policies can motivate the region to take greater account of the public interest in its operations. Thus, overconsumption of production resources can be avoided to a certain extent, and energy saving and emission reduction synergies can be utilized to reduce the uneven burden of environmental protection (Bareille et al., 2021). Therefore, this paper proposes Hypothesis 1:
Hypothesis 1. An increase in the intensity of environmental regulation can improve environmental equality.
Green transformation and sustainable production is one of the important ways to achieve high-quality economic development. Green technological innovation has significant advantages in the implementation of environmental policies by reducing wasteful consumption of resources, improving environmental adaptability, and promoting industrial optimization and upgrading. Specifically, first, under the constraints of environmental regulations such as carbon trading systems and incentive policies, firms are more willing to utilize clean energy technologies such as solar, wind, and geothermal energy to replace traditional fossil energy technologies and to meet the emission standards of environmental regulations. This will compress overall carbon emissions and enhance the resilience and spillover breadth of regional environmental activities (Hu K. et al., 2023). Second, by utilizing green management technologies such as energy management systems, carbon capture technologies, and environmental monitoring and governance, enterprises can effectively realize intelligent, automated, and digital monitoring and management of the production process, improve their operational and production efficiency, further implement environmental protection targets, and achieve circular and low-carbon development (Shi et al., 2021). Meanwhile, the wide application of green production technologies such as renewable energy technologies, energy-saving technologies, circular economy technologies, pollutant treatment and purification technologies, and intelligent environmental monitoring technologies can effectively optimize the energy consumption structure, protect environmental resources, and reduce environmental damage (Wang et al., 2021). Therefore, this paper proposes Hypothesis 2:
Hypothesis 2. An increase in the intensity of environmental regulation can stimulate green technological innovation and thus mitigate environmental inequality.
GF is the financial practice of practicing the concept of environmentally sustainable development and actively responding to global climate change. The development of GF involves green bonds, green credit, green funds, green investment, carbon trading and other financial products and services that can provide investment support and risk management-type services for environmental protection projects and business initiatives. In the existing practice of GF, the state government of the United States, through Comprehensive Environmental Response, Compensation, and Liability Act and other green finance laws, has clarified the environmental responsibility of banks and guided financial institutions to make green investments or issue green credits, which provides an effective reference for the realization of environmental protection equity. In addition, for developing countries such as Brazil and India, the vigorous development of GF can not only realize green low-carbon economic development and environmental justice, but also participate in global environmental governance through the cooperation of the Climate Finance Coalition. For one thing, GF can provide financial support for businesses to implement eco-sustainability policies. Support the financing, investment and operation of corporate green projects through the issuance of green bonds and the provision of green credit support to effectively address asymmetries in environmental quality (Chang et al., 2022). For another, the advantages of GF in the field of assessing and identifying environmental risks can motivate enterprises to disclose environmental information and assess their own energy consumption and carbon emissions, thus reducing environmental risks and transition costs (Liu et al., 2023). In addition, the government can promote the improvement of the green financial market through preferential tax policies and raising the capital requirements of financial institutions, etc., to send out positive signals to encourage the development of GF, thus promoting the implementation of environmental policies (Yin et al., 2023).
Digital transformation and sustainable production is one of the important ways to achieve high-quality economic development. The DED, with its inherent qualities of sharing, universality, social interaction and innovation, has significant advantages in implementing environmental policies by reducing wasteful consumption of resources, improving the monitoring and planning capacity of enterprises, and promoting the optimization and upgrading of industries (Wang et al., 2021). In the global practice of digital economic development and environmental problem-solving, France has achieved good results by promoting the convergence of digital and ecological transformations with the aim of both reducing the ecological footprint of digital development and supporting ecological transformation through digital and innovation (Liu et al., 2024b). Specifically, for one thing, with the widespread use of the digital economy, the borderline nature of economic activities between regions is gradually weakening. The establishment of sharing systems, such as resource sharing platforms and smart energy management, not only effectively avoids waste and overconsumption of resources, but also makes it easier for the public to understand environmental data and the current state of development, and to participate in the establishment of social environmental justice (Liu Z. et al., 2024). For another, the DED provides advanced methods of data collection, screening, analysis, processing and monitoring, effectively promoting the innovative application of green technology. It has given rise to more sustainable business and economic models that effectively mitigate environmental equity issues (González-Ruiz et al., 2023). At the same time, the wide application of digital science and technology, such as energy management systems, carbon capture technology and intelligent environmental monitoring technology, can effectively optimize the energy consumption structure, protect environmental resources and reduce environmental damage. In view of this, this paper proposes Hypothesis 3.
Hypothesis 3. The level of green finance development and the level of digital economy development play a positive moderating role in the process of environmental regulation to mitigate environmental inequality.
It is worth noting that the inequality index chosen in this paper is relative and has limitations in measuring environmental inequality, and the criteria for calculating the inequality index may also affect the measurement of environmental equity. In addition, whether green technological innovation, as a mediating variable, can effectively realize the transformation and application of green innovation and thus play an important role in the solution of environmental problems remains an issue that needs to be examined in the long term. At the same time, today’s GF practice exists in five major problems, such as low policy effectiveness, single product, insufficient attention to regional differences, international cooperation needs to be strengthened, and little social publicity, etc., while the development of the DED in the field of eco-governance is not widely enough and the problem of its own energy consumption still exists, all of which will affect to a certain extent the process of ER to alleviate the process of environmental inequality.
The mechanism framework of this paper is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Mechanism framework.
3 METHODOLOGY
3.1 Data sources
In this paper, 238 prefecture-level cities in China are studied, and the mechanism of the role of ER intensity in affecting environmental equality status is explored using a city-year sample between 2011 and 2020. In terms of sample selection, not all prefecture-level cities in China were included due to missing data and implementation of environmental policies in some regions. Among them: (1) Gini coefficients and Theil indices were calculated for each region on the basis of raw data on total industrial sulphur dioxide emissions to characterize environmental inequality; (2) Data on comprehensive utilization rate of industrial solid waste, regional household population at the end of the year, urban employment, regional non-agricultural value, urban infrastructure construction, density of provincial and municipal river networks, etc., were obtained from China Urban Statistical Yearbook, China Energy Statistical Yearbook, China Environmental Yearbook, and CEIC China Economic Database; (3) Green patent authorization. Raw data from annual reports of listed companies, social responsibility reports of listed companies and information on websites of listed companies; (4) Green finance. The standards of credit for environmental protection projects (the proportion of the total credit for environmental protection projects in the province to the total credit in the province), investment in environmental pollution control (the proportion of investment in environmental pollution control to the GDP), and the degree of promotion of environmental pollution liability insurance (the proportion of the revenue from environmental pollution liability insurance to the total premium revenue) were selected to be measured. The raw data were obtained from authoritative statistical yearbooks such as China Science and Technology Statistical Yearbook, China Energy Statistical Yearbook and China Financial Yearbook; (5) Digital economy development. Measured using the percentage of computer services and software employees, total telecommunications services per capita and cell phone subscribers per 100 people within prefecture-level cities, with raw data derived from the China Urban Statistical Yearbook.
In addition, because the sample object is prefecture-level cities, the level of data economic development does not involve variables such as the degree of digital transformation of enterprises in the region for the sake of the macro perspective. The selected GF indicators have certain limitations due to issues such as insufficient information disclosure, green finance exclusivity.
3.2 Variable definition
3.2.1 Outcome variables
Environmental inequality ([image: image] and [image: image]). Commonly used measures of environmental equality include the Gini coefficient, the Theil index, the Kakwani index of relative deprivation and the Williamson coefficient. Since sulfur dioxide is an important air pollutant in China and is widely used in the measurement of pollution indicators in environmental economics, this paper chooses the Gini coefficient and the Theil index as the measurement methods to calculate the degree of environmental inequality at the regional level on the basis of obtaining raw data on the total amount of sulfur dioxide emissions at the enterprise level. The formula for its calculation is as follows:
[image: image]
In Equation 1, [image: image] represents the Gini coefficient of the region used to measure the inequality of sulfur dioxide emissions, [image: image] is the mean value of sulfur dioxide emissions of the sample firms in the region, [image: image] is the absolute deviation of two-by-two sulfur dioxide emissions of sample firms in the region, and [image: image] represents the number of sample firms in the region. The higher [image: image] is, the stronger the inequality of sulfur dioxide emissions in the region.
[image: image]
In Equation 2, [image: image] represents the Theil index used to measure the inequality of sulfur dioxide emissions in region [image: image], [image: image] represents the individual firms in the region, [image: image] represents the sulfur dioxide emissions of individual [image: image] in region [image: image], [image: image] represents the sum of the sulfur dioxide emissions of all individual [image: image] in region [image: image], H represents the number of individual [image: image] in region [image: image], and [image: image] represents the sum of the number of individuals in all regions. The higher the [image: image], the stronger the inequality of sulfur dioxide emissions in the region.
In order to further analyze the dynamic change trend of environmental inequality in each region, this paper adopts a nonparametric test method to estimate the Kernel density of environmental inequality in selected years (King et al., 2020). The results are shown in Figures 2, 3. During the sample examination period, the crest of the kernel density curve generally shifted to the right, indicating that the environmental inequality problem in China’s regions as a whole has been alleviated year by year. The multi-peak pattern of the kernel density curves is evident, with a multipolar phenomenon of environmental inequality. In addition, the peaks of the curves become higher and narrower each year, reflecting a gradual narrowing of the degree of variation in environmental inequality across regions. But the right-hand trailing tail has not changed significantly, implying that spatial disparities in environmental inequality across regions remain.
[image: Figure 2]FIGURE 2 | Trends in the kernel density of so2gn.
[image: Figure 3]FIGURE 3 | Trends in the kernel density of so2t.
In addition, point data on environmental inequality across the samples are presented on a spatial scale. In Figures 4, 5, environmental inequality shows an uneven spatial distribution of concentration, and environmental inequality problems are more concentrated in the eastern coastal region.
[image: Figure 4]FIGURE 4 | Distribution of so2gn.
[image: Figure 5]FIGURE 5 | Distribution of so2t.
3.2.2 Variables of interest
Intensity of environmental regulation [image: image]. ER indicators are quantitative standards for the inputs and outputs of environmental policies, and the existing literature selects the air quality index, the proportion of clean energy, and the domestic sewage treatment rate to construct ER indicators. Due to the controversial data on pollution control investment at the city level in China, this paper uses the comprehensive utilization rate of industrial solid waste to construct an ER intensity indicator at the prefecture-level city level.
3.2.3 Control variables

(1) Population agglomeration [image: image], measured as the logarithm of the household population at the end of the year, causes an increase in household waste emissions and indirectly affects the increase in the intensity of ER (Zhou and Zhang, 2021).
(2) Economic agglomeration [image: image], calculated from the logarithm of the number of people employed in towns and cities, the agglomeration of economic factors of production creates large amounts of domestic pollution and affects environmental equality (Ali et al., 2022).
(3) Industrial agglomeration [image: image], measured by the logarithm of the non-agricultural value of the region, can to a certain extent reduce the waste of resources caused by duplicated construction and reduce environmental pollution (Yang et al., 2023).
(4) Urban infrastructure development [image: image], the number of telephone subscribers per capita in the city and the number of public transportation vehicles per capita are indicators that measure infrastructure (Zhao et al., 2022).
(5) The level of governmental emphasis [image: image], measured by the ratio of government capital investment to regional GDP, which can have a significant impact on technological innovation, economic growth, and environmental pollution in the region (Zhou and Zhang, 2021).
3.2.4 Mediating variables
Green technology innovation [image: image] is an effective means to realize the dual goals of regional economic development and energy and environmental protection. In this paper, we start from the technological level and use regional green technology innovation as a relevant mediating variable affecting ER and environmental equality. Among them, this paper measures the regional green technology innovation level by the total number of green patents authorized in the region in that year plus one logarithm. In addition, during the sample period of this paper, the regional sample was categorized into low and high ER level regions according to the mean value of the ER level.
3.2.5 Moderating variables
As competition in the market intensifies, the ability to integrate regional resources becomes increasingly important for the region to achieve a favourable competitive position and to address environmental issues. This paper uses the level of GF and DED as moderators affecting the relationship between ER and environmental equality.
(1) On the one hand, the wide application of GF in the field of environmental protection helps to guide green investment, provide green project fund support, and assess risk advantages, among other roles. In the moderator GF measure, green funds are measured as the ratio of total market capitalization of green funds to the total market capitalization of all funds [image: image]. With the comprehensive evaluation system composed of green credit, green investment, green insurance, green bonds, etc., the entropy value method is adopted to measure the green financial index [image: image].
(2) On the other hand, the level of development of the DED, as the target direction of economic development in today’s era, plays a positive role in the fields of sharing and universality, social interaction, innovation and creativity, and at the same time, it is also an effective means of realizing the dual goals of upgrading the industrial structure and energy and environmental protection. In particular, this paper measures regional digitization levels using the percentage of people employed in computer services and software [image: image], total telecommunication services per capita [image: image], and the number of cell phone subscribers per 100 people [image: image], respectively.
(3) In addition, informal ER can stimulate the awakening of citizens’ environmental appeals and fill the gaps in ER through social publicity and public monitoring. This paper utilizes the logarithmic value of the ratio of the number of searches for “environmental pollution” to the number of Internet users in each province in Baidu Index to measure the public’s concern for the environment [image: image].
The definitions of the main variables and the results of the descriptive statistics are shown in Table 1.
TABLE 1 | Definition of main variables and descriptive statistics.
[image: Table 1]3.3 Modeling
With the objective of analyzing the mechanism of ER intensity to mitigate the role of regional environmental equality generation, this paper constructs the following benchmark model, as shown in Equation 3:
[image: image]
where [image: image] is the region and [image: image] is the year. [image: image] represents a range of variables reflecting environmental equality, including the regional SO2 emissions inequality index calculated from the Gini coefficient and the regional SO2 emissions inequality index calculated from the Theil index; Representative [image: image] represents the intensity of ER in region [image: image] in year [image: image] and normalizes it to [image: image]; [image: image] is the vector consisting of each control variable for region [image: image] in year [image: image]; [image: image] is the regional individual fixed effect; [image: image] is the year time fixed effect; and [image: image] is the random error term.
In terms of mechanism analysis, mediating effects were analyzed using green technology innovations. The level of GF and DED is also introduced as an interaction term to analyze the moderating effect of ER intensity, as shown in Equations 4 and 5:
[image: image]
[image: image]
where [image: image] represents the mediator variable green technological innovation in region [image: image] in year [image: image]; [image: image] represents the moderating variables for Region [image: image] in Year [image: image], i.e., the level of GF, DED and informal ER; [image: image] and [image: image] represent city fixed effects and year fixed effects, respectively, and the other elements have the same meaning as those in Model (3).
4 EMPIRICAL RESULTS
4.1 Baseline regression
Table 2 reports the results of the baseline regression of the impact of ER intensity on environmental inequality based on Equation 1. Where Columns (1) to (2) are environmental inequality calculated from Gini coefficient, Columns (3) to (4) are environmental inequality calculated from Theil index, Columns (1) and (3) are the results without adding control variables, Columns (2) and (4) further adding control variables. The regression results show that the coefficients of the baseline regression results are negative regardless of the inclusion of control variables, i.e., the increase in the intensity of ER helps to improve regional inequality in pollutant emissions and enhances environmental equality, and this effect is significant at least at the 10 percent level. Specifically, controlling for variables, a 10 percent increase in a region’s ER intensity reduces regional emissions inequality by roughly 0.1 percent, as measured by the Gini coefficient; In the case of the Theil index measure, for every 10 percent increase in a region’s ER intensity, regional emissions inequality decreases by roughly 0.02 percent, validating H1.
TABLE 2 | Baseline regression.
[image: Table 2]4.2 Robustness analysis
In order to test the robustness of the benchmark regression results, the paper first Winsorizes each variable, i.e., regressing all variables again after shrinking the tails by 1% versus 99%. The regression results are reported in Columns (1) through (4) of Table 3. Where Columns (1) and (3) are the results without adding control variables, and Columns (2) and (4) further add control variables. The regression results show that the regression coefficients in Columns (1) through (4) are all negative and significant at the 10 percent level, regardless of the inclusion of control variables, which implies that the effect of ER intensity on increasing environmental equality is still robust after the shrinkage treatment and that the resulting coefficients are generally consistent with the baseline regression results.
TABLE 3 | Winsorized results.
[image: Table 3]Further validation of the robustness of the model is done by replacing the core explanatory variables in this paper. Because government work reports have the advantage of exogeneity, i.e., the future work plans of higher-level governments have important indications for the implementation of lower-level governments and are not directly affected by the will of lower-level governments. This paper refers to Zhang and Chen (2021), and selects the frequency of words related to “environmental protection” in the work reports of provincial governments to measure the strength of ER of prefecture-level municipal governments [image: image]. The word frequency includes environmental protection, eco-friendly, green, clean, low carbon, green water, green mountains, ecology, air, climate, sulfur dioxide, chemical oxygen demand, haze, particulate matter, carbon dioxide, energy consumption, bulk coal, coal combustion, sewage, stealing emissions, exhaust, pollution, energy saving, emission reduction, desulfurization, denitrification, and so on. The regression results are shown in Column (1) of Table 4. The regression results show that the regression coefficients are negative and significant at the 10% level with the inclusion of control variables, i.e., the increase in the intensity of regional ER still has a significant contribution to regional emissions equality. In addition, in order to test the robustness of the regression model in more depth, the regression was run again by shortening the observation interval and changing the fixed effects, respectively. In particular, Columns (2) through (3) of Table 4 present the results of shortening the observation interval to 2011 to 2020, and the regression coefficients are all significantly negative at the 10% test level. Column (4) of Table 4 then clusters the results to the provincial level based on Column (2) of Table 2. The regression results in Columns (2) to (4) show that, after a series of robustness analyses, the increase in the intensity of ER is still able to robustly mitigate environmental inequality and significantly improve environmental equality.
TABLE 4 | Robustness analysis.
[image: Table 4]4.3 Endogenous analysis
In order to mitigate the problem of biased estimation results and the problem of reverse causality caused by endogeneity, the instrumental variables approach is chosen in this paper to further test the relationship between ER intensity and environmental equality. In this paper, the density of provincial and municipal river networks is used as an instrumental variable (Hu H. et al., 2023) for the endogeneity of ER using the two-stage least squares method. On the one hand, the density of provincial and municipal river networks is itself one of the objective ecological indicators of the region. The higher the density of provincial and municipal river networks, the more abundant the water resources are, the lower the cost of using, transporting and storing water resources for enterprises, and the lighter the burden on the environment. And ecological governance is relatively less difficult, environmental policies are easier to implement, and the correlation assumptions of the instrumental variables are met. On the other hand, the density of provincial and municipal river networks is relatively stable in the short term, and the probability of precipitation, flow, and streamflow in the region depends on the local geographic location, terrain topography, and the climatic zone in which they are located, which are natural phenomena that cannot be manipulated artificially, so that the interference of anthropogenic factors can be ruled out to satisfy the assumption of exogeneity of the instrumental variables. The two-stage least squares estimation results are shown in Table 5. Where Column (1) is the result of environmental equality calculated from the Gini coefficient for the dependent variable and Column (2) is the result of environmental equality calculated from the Theil index for the dependent variable.
TABLE 5 | Two-stage least squares estimation.
[image: Table 5]Various statistics were utilized to test the weak instrumental variables, where the first stage F-values for Columns (1) to (2) were all 136.91, which is much greater than the empirical value of 10; The Kleibergen-Paap rk LM statistics were all significant at the 1% level, passing the underidentification test. Meanwhile, the Cragg-Donald Wald F-statistics are all 16.81, which is greater than the Stock-Yogo critical value of 16.38 at 10% bias, thus rejecting the weak instrumental variable hypothesis. In the regression results, the regression coefficient of the instrumental variable in Column (1) is 0.0455 and is significant at the 1% level, indicating that there is a strong correlation between the intensity of regional ER and the density of the river network. In the two-stage regression results, the regression coefficients for Columns (2) and (3) are −0.0557 and −0.0070, respectively, and pass the significance test at the 5% level. In summary, the benchmark regression results remain robust after taking the bias problem and the reverse causation problem into account in the model.
5 MECHANISMS ANALYSIS
5.1 Mediating effect: Green innovation transformation
Regional green technology innovation has important implications for the effective practice of environmental policies (Wang et al., 2021). This paper focuses on the level of green technological innovation, and investigates the mechanism path of ER intensity to further promote regional energy conservation and emission reduction and thus alleviate environmental equality by increasing regional green innovation incentives. The level of regional green technology innovation is measured by the total number of green patents granted in the region in the year plus one logarithmic measure [image: image], and regression analysis is conducted with ER. In addition, during the sample period of this paper, the regional sample was divided into low and high ER level regions according to the mean value of the ER level and grouped into regressions. The results are shown in Table 6. The regression results in Column (1) show that in regions with low levels of ER, the level of green technological innovation rises by approximately 0.2% for every 1% increase in the intensity of ER, and this result is significant at the 10% test level. The regression results in Column (2) show that as the intensity of ER increases, the level of green technological innovation in regions with high ER levels also has a certain upward trend, but it is not significant. The regression results in Column (3) show that for every 1% increase in ER intensity, the green innovation transformation effect is approximately 0.16% and significant at the 5% level. It suggests that as the intensity of ER increases, the level of green technological innovation increases to some extent, regardless of whether it is a high or low level of ER or not. In particular, the increase is higher in areas with low ER levels than in areas with high ER levels. Theoretically, as enterprises with low levels of ER are better able to take the initiative in green development, they have more potential for energy saving and emission reduction, product iteration and environmental responsibility, forming a virtuous cycle of “green innovation - green dividend - green innovation”. The green technology transformation effect in regions with high levels of ER is still positive but not significant, which may be due to the fact that regions with high levels of ER have low autonomy in green transformation under high pressure of policies, and need to further stimulate the potential of regional green technology innovation in order to realize the improvement of environmental equality.
TABLE 6 | Regional green innovation mediation effects.
[image: Table 6]5.2 Moderating effects
5.2.1 Green finance
GF has a significant impact on corporate sustainability (González-Ruiz et al., 2023), which in turn has an enhancing or inhibiting effect on environmental equality. On the one hand, ER can motivate financial institutions to invest more in environmentally friendly areas such as clean energy projects, environmentally friendly infrastructure construction, sustainable agriculture and forest protection, reducing environmental damage and resource waste (Yang et al., 2024). On the other hand, the development of green financial products such as green bonds, green loans and environmental insurance by financial institutions will not only help to provide financial support for environmental protection projects, but also attract more investors to participate in the field of environmental protection and promote the development of a green economy. In this paper, green funds are measured as the ratio of total market capitalization of green funds to the total market capitalization of all funds [image: image]. With the comprehensive evaluation system composed of green credit, green investment, green insurance, green bonds, etc., the entropy value method is adopted to measure the green financial index [image: image]. At the same time, in order to avoid non-intrinsic multicollinearity, this paper centers the means of each moderating variable. The results are shown in Table 7. The results explore the situational impacts of GF on the intensity of ER, with Columns (1) to (2) as dependent variables and Columns (3) to (4) as explanatory variables. In particular, Columns (1) and (3) show the results of empirical regressions on the moderating effect of the Green Fund, where the coefficients of the interaction terms are negative and significant at least at the 1% level. Columns (2) and (4) are empirically regressed with the GF index as the moderator, and the coefficients of the interaction terms are also negative and significant at least at the 5% level. Of these, the cross-multiplier term between the Green Fund and ER is the most significant, with a mitigating effect on environmental inequality as measured by the Gini coefficient of about 0.3849 percent for every 1 percent increase in the Green Fund. The results indicate that the development of GF can provide financial support and risk management services for environmentally friendly enterprises, promote the effective use of resources and the development of the circular economy, and contribute to the realization of environmental equality.
TABLE 7 | Moderating effects of green finance.
[image: Table 7]5.2.2 Digital economy development
The above analysis found that regional ER intensity and environmental equality are strongly correlated, and that stronger ER can motivate firms to seek and develop more sustainable development strategies (Ali et al., 2022). Among them, the DED, with its strong sharing, universality, social interaction and innovation, has a positive role to play in mitigating the imbalance of environmental pollution emissions and promoting stable economic growth. On the one hand, an increase in the intensity of ER can encourage companies and research organizations to invest in environmentally friendly digital technologies and solutions such as smart energy management systems, IoT sensors and big data analytics. On the other hand, the widespread application of digital technology and data analytics in the environmental field can also improve the efficiency and transparency of government regulation and further reduce environmental inequality. In addition, data infrastructure provides a practical basis for DED to empower environmental problem solving, and this paper also includes the construction of digital infrastructure in the parameter system for consideration.
Based on the theoretical analysis, this paper measures the regional digitization level using the percentage of computer service and software employees [image: image], total telecommunication services per capita [image: image], and the number of cell phone subscribers per 100 people [image: image], respectively, so that they can be used as moderators and regressed (Zhao et al., 2022). The results are shown in Table 8. Columns (1) through (3) are the regression results, and Columns (4) through (6) are used as explanatory variables. In particular, Columns (1) and (4) show the results of the regression with the share of computer services and software employees as a moderator. Columns (2) and (5) show the empirical results of the moderating effect of total telecom services per capita. Columns (3) and (6) are tests of the moderating effect of the measure of cell phone subscriptions per 100 people. The results of each Column show that the coefficients of each cross-multiplier term are negative and significant at least at the 5% level, controlling for the relevant variables, year effect and city effect. Among these, the cross-multiplier between the share of computer services and software workers and ER is the most significant, with a 1 percent increase in it leading to a decrease in environmental inequality measured by the Gini coefficient of roughly 0.3677 percent. The results show that upgrading digitization will help enterprises to achieve pollution reduction and carbon reduction through digital technological innovation and data monitoring and management, meet the government’s ER requirements, and thus promote the process of environmental equality.
TABLE 8 | Moderating effects of digital economy development.
[image: Table 8]5.2.3 Public environmental appeals
Considering the role of informal ER in which social groups pursue high environmental quality based on their own interests when formal ER fails, i.e., the general public, the Internet media and environmental non-governmental organizations, etc., impose constraints on government and corporate behavior through various social channels to achieve the development of the environmental protection cause. Currently, the measurement of informal ER mainly includes the exposure of environmental incidents, the number of searches in search engines or the number of letters and visits from the public. This paper utilizes the logarithmic value of the ratio of the number of searches for “environmental pollution” in Baidu index [image: image] by province to the number of Internet users in the region to measure the public’s concern for the environment. The index is used as a moderator for regression, and the results are shown in Table 9. Where column (1) shows the results of so2gn and column (2) shows the analysis of so2t. From the results, it can be seen that the coefficients of each cross-multiplier term are negative and significant at least at the 10% level. For every 1 percent increase in the cross-multiplier between the Baidu index and ER, environmental inequality as measured by the Gini coefficient can fall by roughly 0.0018 percent, and so2t can fall by roughly 0.004 percent. This suggests that informal ER can, to a certain extent, effectively complement formal ER and contribute to the realization of environmental equity.
TABLE 9 | Moderating effects of public environmental appeals.
[image: Table 9]5.3 Heterogeneity analysis
Considering that there are differences in the implementation status of environmental policies, the level of economic development, the innovation capacity of green technology, social and environmental awareness, and the resource policies and strategies of regional enterprises in different regions, which have certain impacts on the transmission path of ER and environmental equity. In addition, there is reason to believe that there are significant differences in the sample of prefecture-level cities due to geographic location and historical factors, among other things. Therefore, for the consideration of the above factors, this paper divides the sample into eastern and central and western regions according to geographic location, and its regression results are shown in Table 10. Columns (1) and (2) show environmental inequity as measured by the Gini coefficient, and columns (3) and (4) show the results for so2t. From the regression results, it can be seen that the eastern region is significant at the 5% level and the central and western regions are significant at the 10% level, and that the increase in ER intensity in the eastern region is more effective in achieving environmental equity. The reason for this is that the level of economic development in the eastern region is generally higher, and the economic costs of implementing environmental equity are higher. The introduction of pilot policies and the concept of sustainable development have made enterprises in the region more willing to incorporate sustainable development into their corporate blueprints and implement environmental policies.
TABLE 10 | Regional heterogeneity.
[image: Table 10]6 CONCLUSIONS AND POLICY RECOMMENDATIONS
Using a sample of 238 prefecture-level cities in China between 2011 and 2020, this paper assesses the pathways of influence and mechanisms of action by which ER intensity affects the state of environmental equality. After a series of theoretical analysis and empirical tests, this paper obtains the following conclusions: First, increases in the intensity of ER significantly reduce regional emission inequalities. Second, green technology innovation plays an important role in the regional low-carbon transition, and an increase in the intensity of ER will lead to an increase in the level of green technology innovation in the region, which will in turn empower enterprises in the region to reduce pollution and carbon emissions and improve environmental equity. Third, GF and DED can strengthen the pathway for environmental policies to mitigate environmental inequality. Based on the above theoretical analysis and mechanism discussion, the policy recommendations of this paper are:
Firstly, to appropriately increase the intensity of ER and establish a fair carbon trading market to create a fair path for emissions. In line with the new growth trend of the global carbon market, drawing on the advanced experience of the United States, the European Union, New Zealand and other countries in the construction of the carbon market and the establishment of voluntary emission reduction contribution targets, we will promote the integration and exchange between China’s domestic carbon market and the world’s carbon market. For one thing, the government should update environmental laws and regulations in a timely manner in accordance with changes in real-life conditions and improve environmental protection supervision. Stricter emission standards and limitations should be set to ensure that ER keep pace with the times, and the staffing and technical support of ER agencies should be strengthened to facilitate the effective implementation of ER policies. For another, the Government provides supportive policies and actively breaks down industry barriers. Increase regional incentives to invest in environmentally friendly facilities through measures such as tax breaks, low-interest loans and improved regulations, and provide political guarantees and legal support for regional promotion of the innovative application of environmental technologies and the breaking down of industry barriers.
Secondly, the government’s decision-making and voice in regional environmental governance should be utilized to improve the mechanism of regional digital transformation role. With the implementation of environmental policies and increased attention to environmental issues, there is a more urgent need for governments to encourage the popularization and application of digital technologies and to change the direction of economic development, which can provide decision-making support and policy leadership for the green transformation and sustainable development of the region. The establishment of scientific green goals and clear environmental responsibility. Through audits of the region’s internal resources, production methods, and environmental impacts, internal resource utilization and environmental impacts are captured, and improvement plans are formulated based on the results of the audits. At the same time, Governments should support digital and low-carbon technology investments and sustainable development projects to ensure that regional development is compatible with environmental protection and sustainable development. Establish an environmental protection incentive mechanism to motivate and recognize companies that excel in green, low-carbon digital transformation. Take the initiative to accept external supervision, disclose information on environmental protection and sustainable development to the public, and increase the transparency of information on regional environmental governance.
Thirdly, emphasis will be placed on the development of green finance and the construction of an inclusive and convenient digital economic system, and the upstream and downstream synergistic effects of energy conservation, emission reduction and technological innovation in the industry will be brought into play. On the one hand, it is necessary to vigorously develop GF and improve information disclosure. Guide green financial funds to environmentally friendly projects and support sustainable resilience in areas such as clean energy, energy-saving technologies and the circular economy. So, a system of standards and indicators for GF should be established to improve the environmental risk management and information disclosure capabilities of financial institutions. On the other hand, it is important to actively promote the innovative use of digital technologies to facilitate the low-carbon transition. The region should actively develop and adopt clean energy technologies, energy-saving technologies, resource recycling technologies, etc., to reduce its own energy consumption and environmental pollution. In addition, it is necessary to actively cooperate with international environmental protection organizations such as UNEP, WWF, IUCN, etc., to share energy-saving and emission reduction information and resources, and to give full play to the technology diffusion effect and the resource aggregation effect on an international scale, so as to make the favorable effect of energy-saving and emission reduction radiate to the entire upstream and downstream of the supply chain, and to realize the best effect of ER.
There are still shortcomings in the research of this paper: first, the sample of this paper is limited to the regional level, and there are deficiencies in the analysis of the enterprise sample. Second, environmental regulation can be categorized more clearly in terms of research ideas. In addition, excessive environmental regulatory intensity may cause problems such as increased economic burden, capital outflow from enterprises, widening of the technology gap and social discontent, etc.
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