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Abstract

:

This study investigates the potential of digital finance to mitigate the environmental impact of economic development. Utilizing panel data from 290 Chinese cities between 2011 and 2019, we employ a two-way fixed effects model to control for unobservable city characteristics and time-invariant macro factors. Our findings reveal that cities with higher proportions of value-added tax and secondary industries (mainly for manufacturing) tend to experience increased air pollution. Conversely, cities characterized by higher economic efficiency exhibit better air quality, underscoring the significance of prioritizing technology-intensive sectors during economic development. Pollution control technologies, such as centralized wastewater treatment systems and harmless treatment systems for household waste, also play positive roles. Moreover, technological and educational investments correlate with increased urban green coverage and lower air pollution, highlighting the pivotal role of technology development and residents’ literacy in fostering sustainable practices. Although we initially observed a positive association between the index of digital financial technology and air pollution, which could be attributed to the influence of economic growth, our study employs instrumental variable regression to unveil their true correlation. The results suggest the application of digital financial technology may enhance environmental awareness, contributing to the mitigation of air pollution.
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1. Introduction


Digital innovation, characterized by the integration of digital and physical components facilitated by digital technology, has been driving profound changes in both organizational and societal development [1,2,3]. In the face of rapid digital innovation reshaping organizational and societal landscapes, digital finance, often referred to as Fintech, has emerged as an important technological innovation in traditional financial industries, and combines banking expertise, modern management science technology, and computers [4]. In short, digital finance is a combination of digital technology and finance [5]. Combining banking expertise with modern technology, digital finance as a new technology-driven business model shortens the distance between borrowers and lenders [6]. In recent years, digital finance has gained considerable attention due to its ability to improve financial inclusion, foster economic growth, and facilitate efficient resource allocation. The integration of digital technologies into financial systems has revolutionized the way financial services are delivered, accessed, and utilized [7]. Digital transformation has become an influential force in shaping economic landscapes, infrastructure development, and the sustainable development of cities [8]. Digital finance has facilitated the rapid growth of eco-friendly industries such as bike-sharing and car-sharing. These digitally driven eco-industries help conserve energy and materials and promote material recycling, all of which are undeniably essential for the sustainable development of urban economies [9]. While this digital innovation has garnered attention for its potential to enhance financial inclusion and stimulate economic growth, its environmental implications remain underexplored.



In recent years, China has undergone a significant economic transformation, shifting from a manufacturing-centric economy to one that encompasses manufacturing, services, technology, and finance. This transformation has triggered mounting concerns, particularly regarding air pollution in many Chinese cities. However, while there is substantial research on the environmental impact of traditional industries, there is limited empirical evidence regarding the environmental implications of digital finance. This study aims to contribute to discussions on sustainable development and inform policy decisions that balance economic growth and environmental protection. Specifically, we seek to explore the role of digital finance in urban air pollution within the context of China’s evolving economy, offering a fresh perspective on China’s economic transformation.



Moreover, though it might seem intuitive that financial industries create less pollution than secondary industries, people may observe a counter-intuitive phenomenon that sometimes cities with advanced digital finance infrastructure have higher levels of air pollution. An empirical challenge emerges when applying conventional empirical methods to assess the environmental implications of digital finance, because regions with advanced digital finance typically exhibit higher levels of urban industrial development, which may cause more air pollution. Although a two-way fixed effect model in this paper shows that digital finance is significantly positively correlated with urban air pollution, we need to explain this result very carefully based on the reasons mentioned above.



This study embarks on a comprehensive exploration of the multifaceted relationship between digital finance, economic growth, and environmental preservation. We seek to clarify the intricate dynamics and uncover insights that reconcile this apparent paradox. By examining key factors such as economic efficiency, technological development, and educational investments, we aim to elucidate the role of digital finance in mitigating urban air pollution. To analyze the role of digital finance in balancing economic growth and environmental protection, this article first seeks to illustrate the positive environmental impact of digital finance by demonstrating that higher economic efficiency, technological development, and education levels can reduce urban air pollution. This is because economic efficiency, technological development, and education are all crucial components in developing digital finance. To further investigate the environmental impacts of digital finance, this study examines the relationship between digital finance and urban environmental protection measures. Finally, this paper tries to utilize an instrumental variable approach to minimize potential endogeneity issues within the model, and uncover the true effects of digital finance on urban air pollution.



This paper sheds light in its comprehensive analysis of the multifaceted relationship between digital finance, economic growth, and the environment, addressing the counter-intuitive observation that advanced digital finance infrastructure may lead to higher air pollution in urban areas. It innovatively navigates the challenge of empirically assessing digital finance’s environmental implications in regions with advanced digital finance and high industrial development. This study can supplement the existing literature on the environmental impacts of digital finance within the broader context of China’s economic transformation. In doing so, it opens up a new perspective for the study of digital finance while providing actionable insights for investors, policymakers, and international markets.



In the baseline results, this paper uses a two-way fixed effects model to analyze panel data from 290 cities in China spanning from 2011 to 2019 to account for unobservable city characteristics and some time-invariant macro factors. To ensure robustness, standard errors are clustered at the city level, allowing for potential correlations within the same city.



From an economic perspective, baseline results show that cities with a higher proportion of value-added tax (mostly applied for the secondary industry before 2016 in China) and a larger share of the secondary industry (including manufacturing, mining, and construction) face more severe air pollution, indicating that urban air pollution is associated with traditional and energy-inclusive industries in developing countries. However, cities with a higher proportion of public profits to GDP and higher public finances over GDP exhibit better air quality, suggesting that higher economic efficiency leads to less air pollution. Furthermore, effective sewage treatment systems and sustainable municipal solid waste management systems significantly reduce air pollution. These results indicate that technology may be important to reconcile the conflict between urban economic growth and environmental protection.



To achieve digital transformation, a city heavily relies on the advancement of technology [10] and the improvement of residents’ digital literacy and learning ability [11]. Therefore, to study the impact of digital transformation on the environment, this paper first examines the impacts of urban technological and educational investments on the environment.



Advancements in technology increase productivity and efficiency in industries, leading to higher output and profitability, and also less pollution [12]. For example, technological advancements contribute to smart city management, promoting urban sustainability [13]. Automation, digitalization, and innovation enable companies to streamline operations, reduce costs, and improve resource utilization. Meanwhile, technological development enables the adoption of cleaner processes and pollution control technologies.



Education is also important in promoting economic growth, urban digitalization, and environmental protection. Educated individuals possess the knowledge and skills necessary for innovation and productivity improvement, leading to enhanced economic performance [14]. At the same time, higher levels of education enable residents to better understand the importance of environmental protection and the consequences of pollution, so they are more likely to adopt environmentally friendly behaviors, support sustainable practices, and demand cleaner technologies [15].



Together, higher investments in technology and education in a city may contribute to higher economic efficiency, efficient waste disposal, and reduced air pollution, creating a healthier urban environment [16,17]. As mentioned above, this paper shows that cities with higher economic efficiency and more efficient waste treatment systems experience lower levels of air pollution. Empirical results show that cities with higher technological and educational investments experience lower levels of air pollution and higher urban green coverage.



After showing the importance of education and technology, this paper now tries to investigate the role of digital finance in reconciling the conflict between urban economic growth and environmental protection. Technologies such as electronic payments, blockchain, and big data analysis promote economic development and also offer more efficient environmental solutions at the same time. Due to the rapid development of the Internet, and other information technologies, digital finance has expanded dramatically in China [18]. As urban economic development relies heavily on the support of financial industry [19], with the development of digital technology, digital finance is no longer confined to the optimization of traditional lending processes [20]. The rapid advancement of digital finance presents novel opportunities and solutions for environmental protection [21]. It has also emerged as a supporter of numerous environmental initiatives in cities, including bike-sharing, car-sharing, and power-bank-sharing in the sharing economy. These initiatives not only contribute to the promotion of sustainable urban development but also imbue environmental consciousness among urban residents, fostering a greater inclination towards eco-friendly behaviors [22]. Therefore, this study investigates the impacts of urban digital transformation on the environment from a financial perspective.



The baseline results show a positive correlation between digital financial development and air pollution. However, it is important to interpret this result with caution. As we know, urban digitization is often correlated with cities’ economic and industrial development. Moreover, advanced economies usually necessitate the development of digital finance to provide the required financial infrastructure to support industrial growth. As a result, air pollution is more likely a consequence of urban economic development rather than urban digitization per se.



Given the challenges in addressing the complicated endogeneity issues among digital financial transformation, economic growth, and environmental pollution, this paper turns to investigate the role of digital financial transformation from another angle. Since there is no necessary connection between urban greening and economic growth, and urban greening certainly is beneficial for urban air quality, this study turns to examine the impact of digital financial development on urban greening. The results demonstrate a positive correlation between digital finance and urban greening. This paper further uses urban greening coverage and urban greening as instrumental variables for digital finance in the regression analysis of air pollution, and finds that the relationship between digital finance and air pollution becomes negative, although statistically insignificant. While no direct evidence suggests that the digital transformation of the financial sector reduces urban air pollution, digital finance seems to play a role in alleviating the conflicts between urban economic development and the environment, which can be attributed to the inclusive nature of digital finance.



The findings contribute to the burgeoning field of digital technology for sustainable development, illuminating the transformative potential of digital finance to address pressing environmental challenges. Furthermore, this research delves into the realm of urban environmental protection measures, aiming to discern how digital finance interfaces with sustainability initiatives. Our investigation employs an instrumental variable approach to address potential endogeneity issues, providing a more nuanced understanding of digital finance’s true effects on urban air quality. Thus, this study not only navigates the complexities of empirical analysis but also contributes to the broader discourse on sustainable development in the context of China’s economic transformation.




2. Literature Review


Rapid urbanization and industrialization may accelerate urban air pollution [23], which has emerged as a critical global issue, posing significant risks to human health and the environment [24,25,26,27]. Specifically, air pollution has both acute and chronic effects on human health, affecting a number of different systems and organs, resulting in disease like chronic respiratory, heart disease, lung cancer, and acute respiratory infections [28]. Consequently, pollution control and environment management has drawn considerable attention [29,30,31,32,33,34,35].



Many studies investigate the impacts of finance on the environment. Some studies find that financial development promotes energy innovation and improves environmental quality [36,37,38,39,40,41,42]. Using data from 1990–2020, Rahman et al. (2022) use the augmented Dickey-Fuller test, Phillips-Perron test, Autoregressive Distributed Lag (ARDL) bounds test and the pairwise Granger causality test, and find that financial development reduces CO2 emissions in Australia [36]. Baloch (2021) utilizes a Pooled Mean Group Autoregressive Distributed Lag (PMG/ARDL) estimator that counters the issue of heterogeneity and cross-sectional dependence and finds that financial development promotes energy innovation and improves environmental quality [37]. Khan and Ozturk (2021) employ a system-generalized method of moments for a large sample of 88 developing countries during the 2000–2014 period, and finds that financial development inhibits pollution based on five different indicators of financial development [38]. Shahbaz et al. (2021) use a Fully Modified OLS (FMOLS) approach to analyzes the impact of financial development on renewable energy consumption in 34 upper-middle-income developing countries from 1994 to 2015, and finds that financial development increases demand for environmentally friendly energy sources [39]. Iqbal et al. (2021) use a common weight DEA composite indicator to develop a green finance index to measure the combined effects of energy, environment, and financial variables, and find that green finance can reduce environmental pollution [40].



Yang et al. [6] use a dynamic panel data model and find that the development of digital finance damages the environment. However, after incorporating a threshold effect into a kink model, Yang et al. (2022) determine that digital finance reduces pollution when its development exceeds a certain level, suggesting that a high level of digital finance development not only increases economic growth but also improves air quality [6]. Their baseline conclusion is very similar to our research. By using a two-way fixed effect model, we find that the development of digital finance damages the air quality. Different from the kink model they use, this paper tries to find a proper instrumental variable for digital finance, and finds that digital finance is negatively correlated with air pollution, which is consistent with Yang et al.’s (2022) final conclusion [6].



Shah and Solarin (2013) apply the bounds testing approach and find that while energy consumption and economic growth add in CO2 emissions, financial development reduces CO2 emissions in Malaysia [41]. Their findings seems to suggest that the development of financial industry can mediate the conflicts between economic growth and environmental protection, which is consistent with our findings: that the development of digital finance promotes environmentally friendly measures and reduces air pollution. However, they did not analyze the reason why financial development reduces CO2 emissions in detail. In our paper, the one of the innovations lies in its systematic investigation of the multifaceted relationship between digital finance, economic growth, and environmental protection, providing valuable insights into a complex and previously unexplored area.



Using a standard reduced-form modeling approach and controlling for country-specific unobserved heterogeneity, Tamazian et al. (2009) find that higher degree of economic and financial development decreases the environmental degradation, suggesting that financial liberalization and openness are essential factors for the CO2 reduction [42]. Their modeling approach is similar with ours. However, as well as controlling for area-specific unobserved heterogeneity, we also control for year fixed effects to account for some time-invariant macro factors. Moreover, Tamazian et al. (2009) find that a higher degree of economic development decreases the environmental degradation; this seems to be a little counter-intuitive [42]. For example, Shah and Solarin (2013) suggest that economic growth increases CO2 emissions [41]. Considering the endogeneity issue in a reduced-form modeling approach, we also use an instrumental variable approach to reveal the true effects of digital finance.



On the contrary, other studies find that financial development contributes to carbon emissions and increases environmental degradation [43,44,45,46]. Shah et al. (2019) select a sample of 101 countries from 1995 to 2017 and utilize cross-section dependence test, panel unit root test, and Westerlund test to ascertain the long-run affiliations, FMOLS to extract the long-run coefficients, and the Dumitrescu and Hurlin test to find out about the causal nature of the panel series; they find that financial development has a positive relationship with CO2. However, after considering economic intuitions, the negative impact of financial development on the environment is reduced [43]. Sehrawat et al. (2015) implement the Autoregressive Distributed Lag bounds testing approach and co-integration, error correction method (ECM) to examine the short-run dynamics, VECM framework to check the direction of the causality, and variance decomposition to predict exogenous shocks of the variables, and find that financial development appears to increase environmental degradation in India [44]. Carratù et al. (2019) find that fiscal consolidation policies, while facilitating the achievement of macroeconomic stability within European countries, might have negative effects on the environment [46].



Some other researchers believe that financial development may have more complicated impacts [47,48]. Yin et al. (2019) use the Seemingly Unrelated Regression (SUR) model to analyze the city level data over the period 2007–2014, and find that financial development improves the water quality while resulting in more SO2 emissions in China [47]. Seetanah et al. (2019) select 12 small island developing states for the period 2000–2016, use a panel vector autoregressive model which accounts for the issue of dynamism and endogeneity, and find that a higher degree of economic development decreases the emissions. Although they find no significant impact of financial development on CO2 emissions, they believe that financial development may have a positive influence on the environment [48].



There are many articles researching digital technological innovation [49,50,51]. Digital technologies contribute to urban environmental sustainability in many ways [49]. Specifically, the application of digital technology in finance enables broad and unhindered access to financial services for all segments and groups of society [51]. Therefore, digital finance provides a large amount of savings, investment, and capital aggregation opportunities for economic agents [20]. Fu et al. (2022) apply the Bootstrap ARDL model for empirical analysis and find that digital trade in goods and services, financial development, and green innovation are conducive to long-term environmental sustainability [49]. Notice that digital trade in financial development is similar with digital finance, so their findings are consistent with ours.



Many researchers find that digital finance is environmentally friendly [52,53,54,55,56]. Ma et al. (2023) investigate the impact of Fin-tech development on air pollution using a two-factor fixed effects model based on data for prefecture-level cities in China from 2011 to 2017, and show that Fin-tech development effectively reduces air pollution emissions [52]. Their model is similar with ours. However, using the two-way fixed effects model, we find that digital financial development is significantly positively correlated with air pollution in the baseline result. After using the IV regression approach, the relationship of digital finance and air pollution changes to be negatively correlated, which is consistent with Ma et al. (2023) [52]. We suggest that this difference in the baseline results is because the data are different.



Elheddad et al. (2020) use fixed and random effects models of panel data to control for the possible heterogeneity between countries, and also use an instrumental variable estimation approach and a panel quantile regression as a robustness check, and find that electronic finance reduces CO2 emissions in OECD countries [53]. Yuan et al. (2022) use a panel threshold regression model to estimate the nonlinear association between financial agglomeration and environmental pollution, and find that financial agglomeration reduces environmental pollution through financial scale, financial structure, and financial technology innovation [54]. Since digital finance is also a kind of financial technology innovation, their findings are consistent with ours. Shi et al. (2022) use the spatial econometric model and the panel threshold model and find that digital finance in the central area has a governance function for the environment [55]. Du et al. (2022) discuss the spatial spillover effect and transmission mechanism between digital finance and environmental pollution, and find that digital finance has a significant positive spatial spillover effect on environmental pollution to the nearby areas [56].



While there is substantial research on the environmental impact of traditional industries, there is limited empirical evidence regarding the environmental implications of digital finance. The study may supplement the literature on the environmental impacts of digital finance within the broader context of China’s economic transformation, thereby opening up a new perspective for the study of digital finance.




3. Research Hypothesis


While it might seem intuitive that financial industries create less pollution than traditional industries, people may observe a counter-intuitive fact that sometimes cities with advanced digital finance infrastructure have higher levels of air pollution. An empirical challenge emerges when applying conventional empirical methods to assess the environmental implications of digital finance because regions with advanced digital finance typically exhibit higher levels of urban industrial development, which may cause more air pollution.



To analyze the role of digital finance in balancing economic growth and environmental protection, this article first seeks to illustrate the positive environmental impact of digital finance by demonstrating that higher economic efficiency, technological development, and education levels can reduce urban air pollution. This is because economic efficiency, technological development, and education are all crucial components in developing digital finance. To further investigate the environmental impacts of digital finance, this study examines the relationship between digital finance and urban environmental protection measures. Finally, this paper tries to utilize an instrumental variable approach to minimize potential endogeneity issues within the model, and uncover the true effects of digital finance on urban air pollution.



The framework shown in Figure 1 can be obtained by considering the above studies on the impact of environmental regulation, digital financial inclusion, and environmental pollution. Based on this fact, the following assumptions are proposed in this paper:



3.1. Economic Efficiency and Air Pollution


The manufacturing industry typically emits more pollutants and consumes more energy compared to agriculture and the service industry. Consequently, regions heavily reliant on manufacturing may experience more severe air pollution [57]. Given that value-added tax primarily targeted the manufacturing sector before 2016 in China, and the secondary industry is predominantly manufacturing-oriented [58], regions with a higher proportion of value-added tax to GDP may face more significant air pollution challenges.



Hypothesis 1.

Cities with a higher proportion of value-added tax to GDP experience more severe air pollution.





Similarly, compared to the service and agriculture sectors, the waste emissions produced by the secondary sector are evidently higher [59]. For example, CO2 emissions from the secondary industry make up a large proportion of total CO2 emissions in China, corresponding to 78.55% [60]. The proportion of the secondary industry in GDP will significantly increase PM2.5 emissions [61]. Therefore, a higher proportion of employment in the secondary industry, specifically in manufacturing, mining, and construction, signifies a greater dependence on manufacturing development, potentially leading to elevated levels of environmental pollution.



Hypothesis 2.

Cities with a higher proportion of employment in the secondary industry experience more severe air pollution.






3.2. Urban Waste Treatment Efficiency and Air Pollution


Regions prioritizing pollution prevention and control tend to exhibit lower levels of air pollution [62]. Thus, cities with a higher centralized treatment rate for sewage treatment plants and a higher rate of harmless treatment for domestic waste demonstrate more efficient and effective waste management practices. This, in turn, reduces pollutant emissions and improves air quality.



Hypothesis 3.

Regions with a higher centralized treatment rate for sewage treatment plants and a higher rate of harmless treatment for domestic waste have better air quality, resulting in lower PM2.5 concentrations in the air.






3.3. Technological and Educational Investments and Air Pollution


Technological advancements play a crucial role in mitigating air pollution [63]. Cleaner energy sources, improved industrial processes, and enhanced pollution control technologies have emerged as outcomes of technological development [64]. For instance, the implementation of advanced wastewater treatment systems and solid waste management techniques, driven by technological innovations, effectively reduces pollutants discharged into the environment [65], thereby minimizing air pollution.



Furthermore, higher levels of education among individuals contribute to increased environmental awareness and understanding [17]. Educated individuals are more likely to adopt environmentally friendly practices, support sustainable initiatives, and demand cleaner technologies [13]. Additionally, their involvement in sustainable development efforts can lead to reduced air pollution in cities.



Hypothesis 4.

Cities with higher technological and educational investments experience lower levels of air pollution and exhibit higher urban green coverage.






3.4. Impacts of Digital Finance on the Environment


While the development of digital finance often coincides with the growth of urban economies and the manufacturing industry, it is important to note that regions with more developed economies and manufacturing industries tend to consume more energy and emit more pollutants, resulting in higher levels of air pollution [66]. However, this does not necessarily imply that the development of digital finance exacerbates urban environmental pollution. On the contrary, some studies suggest that capital markets react to environmental events, signaling a potential positive influence of digital finance on environmental performance [67,68].



Digital finance not only streamlines the lending process [69] but also extends its support to various environmental initiatives in urban areas, such as bike-sharing and car-sharing within the sharing economy [70]. These initiatives foster sustainable urban development and integrate environmental awareness into residents’ daily lives, promoting greater adoption of eco-friendly behaviors [22]. Moreover, digital financial development will alleviate the financing constraints faced by enterprises in green technology innovation, thereby promoting green technology innovation [71]. Consequently, the development of digital finance has the potential to mitigate urban environmental pollution and enable cities to progress in a more sustainable manner. Inclusive digital finance plays a pivotal role in urban development by improving the environmental awareness of city governments and residents and allocating more resources to urban greening [72].



Hypothesis 5.

Cities with more advanced digital finance development exhibit higher urban green coverage.







4. Research Design


4.1. Model Construction


This study employed a fixed effects model to investigate the relationship between variables while controlling for unobservable factors specific to each city and accounting for time-specific effects. This approach is commonly used in panel data analysis and allows for the examination of relationships across both time and individual entities, with individual fixed effects accounting for the variation between cities and year fixed effects controlling for common time trends.



The fixed effects model used in this study can be specified as follows:


PM2.5it = αi + γt + βXit + Controlit + εit



(1)




where PM2.5it denotes PM2.5 particles in the air (µg/m3) for city i in year t. We focused on PM2.5 for several reasons. First, PM2.5 is a widely recognized and extensively studied air pollutant with well-documented adverse health effects [73]. In China, coal is used both industrially and domestically, and coal burning produces lots of PM2.5 every year, which may cause serious air quality problems [74]. When Chinese people or mainstream media discuss urban air pollution, they often refer to the PM2.5 indicator. Second, PM2.5 is often a major contributor to poor air quality in urban areas in China [75], making it a relevant and meaningful parameter to study. Third, there are more comprehensive and reliable data available for PM2.5, allowing us to conduct a robust analysis. Finally, the literature on the health and environmental impacts of PM2.5 is extensive, providing a strong foundation for our study [76,77,78].



Xit denotes the independent variables, including Value-Added Tax Ratio, Secondary Industry Employment Ratio, Profit over GDP, Public Fiscal Revenue over GDP, Centralized Treatment Rate of Sewage Plants, Harmless Treatment Rate of Household Waste, Technological Investment over GDP, Educational Investment over GDP, and the Digital Inclusive Finance Index (%). Detailed definitions of these variables are in Section 4.2.3 Variables. Controlsit denote economic and environmental control variables described in Section 4.2.3, Variables; αi denotes the individual fixed effect capturing city-specific unobserved heterogeneity; γt represents the year fixed effect capturing common time trends; β represents the estimated coefficients; and εit represents the error term. By including the city fixed effects, the model controls for time-invariant factors that may influence the relationship between the variables of interest.



All data processing and empirical analysis in this paper were conducted using the economics-specific statistical software, Stata 16. In this study, rigorous data cleaning and standardization processes were meticulously carried out to ensure the utmost reliability and consistency of the dataset. These processes involved a comprehensive examination of the data for outliers, missing values, and inconsistencies, which were subsequently addressed using established data cleaning techniques. Most variables were standardized as ratios to a common scale, facilitating meaningful comparisons and analysis across different measures. To ensure robustness, standard errors are clustered at the city level, allowing for potential correlations within the same city.



However, this reduced-form model still has some endogeneity issues: in cities with more advanced digital finance, the level of economic development and industrialization is typically higher, which can lead to higher levels of air pollution. However, it is important to note that this is not directly caused by the development of digital finance itself. Therefore, this paper use urban green coverage as an instrumental variable of digital finance.



Generally speaking, there is no direct relationship between urban green coverage and economic development. In addition, there is no doubt that urban greening is conducive to improving air quality. In recent years, digital finance has been applied in many environmentally friendly industries, like the bike-sharing industry, car-sharing industry, and so on; thus, the inclusive nature of digital finance can easily increase the environmental awareness of urban residents. Therefore, the development of digital finance may increase urban green coverage. Thus, it is appropriate to use urban greening as an instrumental variable for digital finance.



Before the IV regression, this paper first estimates the relationship of digital finance and urban greening. Then, this paper uses the green coverage rate in urban built-up areas as an instrumental variable for the Digital Inclusive Finance Index. The control variables are the same as model 1’s.




4.2. Data


4.2.1. Sample Selection Criteria


The dataset used in this study comprises information on 290 prefecture-level cities in China over the period of 2011–2019. To make this analysis more robust and applicable to a broader range of urban settings, we selected 290 prefecture-level cities which represent a diverse cross-section of urban areas in China. Note that the 290 prefecture-level cities in our study already cover the vast majority of regions in China. A few cities had to be excluded from our analysis due to data limitations. We selected the majority of city samples based on the following reasons:




	
Geographic Diversity: To ensure a representative sample, cities were selected from different regions of China, including eastern, western, central, and northeastern regions. This geographic diversity was essential to capture variations in economic development, environmental conditions, and urbanization levels.



	
Economic Significance: We included cities that are economically significant and diverse, ranging from large metropolises to smaller urban centers. This allowed us to analyze a broad spectrum of urban economic activities and development patterns.



	
Availability of Data: Data availability was a crucial factor in city selection. We focused on cities for which comprehensive data on economic variables, environmental indicators, and digital finance development were accessible and consistent over the study period.



	
Socioeconomic Diversity: To account for socioeconomic diversity, we considered factors such as population size, income levels, and industrial composition when selecting cities. This ensured that our sample covered a wide range of urban characteristics.



	
Digital Finance Development: Given the focus on digital finance, cities with varying degrees of digital finance development were included, allowing us to explore its impact across different contexts.









4.2.2. Data Source


The data for this study were primarily obtained from the City Statistical Database of the China Research Data Services Platform (CNRDS-CCSD). This database provides comprehensive data on various aspects of Chinese cities, including economic, environmental, and social indicators. The data used in this study focused on the level of air pollution (PM2.5 concentration) and covered the time period from 2011 to 2019.



The digital inclusive finance index data used in this study were developed by Peking University to reflect the development of digital finance since 2011. The index was compiled by the joint research group composed of the Institute of Digital Finance of Peking University, Shanghai Finance Institute, and Ant Financial Services Group, based on the big data on digital inclusive finance from Ant Financial Services. This index system covers three dimensions of digital financial services: coverage breadth, use depth, and digital support services. Under the total index, there are six categories of sub-index: payment, insurance, monetary funds, investment, credit investigation and, credit. The index has three levels: province, municipality, and county. This paper mainly used the data at municipal level for regression analyses and used county level data for the robustness check. In addition, in the regression analyses, the digital finance development index that lagged two periods were adopted and all indexes were divided by 100.




4.2.3. Variables


	
Dependent Variable






We use the Annual Average PM2.5 Concentration (μg/m3) to measure air pollution. The PM2.5 concentration data obtained from CNRDS-CCSD, were collected from atmospheric monitoring stations, meteorological bureaus, and other relevant institutions. The data underwent quality control and standardization processes, ensuring their reliability and accuracy. Annual average PM2.5 concentration data were used in this study, measured in micrograms per cubic meter (μg/m3).



	2.

	
Independent Variables







Digital Finance: In this paper, digital finance refers to the Digital Inclusive Finance Index (%), which is measured by the Digital Finance Group of Peking University. The data contain three categories, which are as follows: digital inclusive finance coverage, usage depth, and digitization degree. In this article, the digital inclusive financial coverage and depth of use are the indicators reflecting its inclusive characteristics, and the degree of digitalization is the indicator reflecting its digital characteristics. The digital financial data used in this study covered the period from 2011 to 2019.



Economic Variables: Economic-related variables include the following: the proportion of annual profit income to GDP (Profit over GDP), the proportion of annual public fiscal revenue to GDP (Public Fiscal Revenue over GDP), the proportion of annual value-added tax revenue to GDP (Value-Added Tax Ratio), the proportion of employment in the secondary sector to total employment (Secondary Industry Employment Ratio), the proportion of annual technological investment to GDP in a city (Technological Investment over GDP), and the proportion of annual educational investment to GDP in a city (Educational Investment over GDP). These data, obtained from CNRDS-CCSD, originated from official statistical agencies such as the National Bureau of Statistics and local statistical bureaus.



Environmental Variables: Environmental governance-related data primarily include the centralized treatment rate of sewage treatment plants (%) and the harmless treatment rate of household waste (%). The centralized treatment rate of sewage plants refers to the proportion of urban sewage that is centrally processed by sewage treatment plants. The harmless treatment rate of household waste refers to the proportion of urban household waste that undergoes harmless treatment. These data are typically collected and reported by city environmental protection departments or relevant agencies, and they can be sourced from local government statistical yearbooks, environmental protection reports, and environmental monitoring data. Environmentally friendly measures includes urban green coverage area (hectare) and green coverage rate (%).



	3.

	
Control Variables







The control variable data encompassed various factors such as the comprehensive utilization rate of general industrial solid waste, the proportion of agricultural insurance premium income, the proportion of agricultural insurance claim expenditures, industrial smoke and dust emissions, the proportion of urban construction land to urban area, the proportion of tertiary sector employment, the proportion of enterprises with investments from Hong Kong, Macao, and Taiwan, the proportion of foreign-invested enterprises, the proportion of wholesale and retail trade sales profit from enterprises above a certain threshold, the proportion of total retail sales of consumer goods, the proportion of public fiscal expenditure, per capita regional GDP, regional GDP growth rate, and the proportion of the tertiary sector to regional GDP. These data were sourced from the National Bureau of Statistics, local statistical bureaus, and other relevant statistical institutions.



All data used in this study were publicly accessible official statistical data and were provided by research institutions, ensuring their credibility and accuracy. The specific data collection methods and statistical procedures can be referenced in the relevant documentation and explanations provided by the China Research Data Services Platform and the City Statistical Database. Before conducting the analysis, all data underwent preprocessing, cleaning, and standardization processes to ensure their reliability and consistency.





4.3. Descriptive Statistics


Descriptive statistics of the data are presented in Table 1. Table 1 shows that there is significant variation in PM2.5 concentration levels across different cities. There is also a regional imbalance in the development of digital inclusive finance in different cities. This is because of the regional imbalance of economic development in the country. Since the Digital Inclusive Finance Index starts from 2011, this variable has fewer observations.





5. Empirical Results and Analysis


5.1. Urban Economic Efficiency and Air Pollution


The empirical analysis in Table 2 provides insightful results regarding the relationship between economic efficiency and urban air pollution. Firstly, cities with a higher proportion of value-added tax to GDP and a greater share of employment in the secondary sector demonstrate higher levels of air pollution, as shown in Columns 1–2 of Table 2. Notice that value-added tax primarily targets the manufacturing sector before 2016 in China, and the secondary industry is predominantly manufacturing-oriented. This association suggests that cities heavily reliant on manufacturing, known for its higher pollution emissions, tend to experience more severe air pollution.



Conversely, regions with higher economic efficiency, as indicated by higher annual urban profit and fiscal revenue over GDP, tend to have better air quality, as shown in Columns 3–4 of Table 2. This improvement can be attributed to a lower presence of low-efficiency manufacturing industries and a greater emphasis on technology-intensive industries, which often produce fewer pollutants. Additionally, the increased focus on environmental protection in high-income cities contributes to lower pollution levels. This finding highlights the potential for sustainable development strategies to mitigate air pollution.



In conclusion, our analysis of Table 2 highlights the intricate relationship between urban economic efficiency and air pollution. While manufacturing-intensive cities tend to experience higher pollution levels, economically efficient regions exhibit better air quality. This underscores the need for targeted pollution control measures in manufacturing-heavy areas and presents opportunities for sustainable development strategies to mitigate air pollution.




5.2. Urban Waste Treatment Efficiency and Air Pollution


The results in Table 3 demonstrate that cities with higher rates of centralized treatment for wastewater and harmless treatment for household garbage have lower PM2.5 concentrations in the air. This indicates that more effective measures in sewage and waste management lead to lower levels of environmental pollution. The findings support the conclusion that stronger pollution control efforts, as reflected in higher rates of wastewater and household waste treatment, result in lower air pollution levels. This highlights the importance of sustainable urban development and the need for effective pollution control measures. This also indicates that the application of waste treatment technology is important, and certainly will improve the efficiency of the waste treatment system.



To sum up, the results in Table 3 underscore the pivotal role of effective waste management in reducing air pollution. Cities with robust wastewater and household garbage treatment systems experience lower PM2.5 concentrations. This emphasizes the importance of pollution control efforts and sustainable urban development, supported by advanced waste treatment technology.




5.3. Technological and Educational Investments and Air Pollution


Advancements in technology increase economic efficiency and waste treatment efficiency in cities, leading to higher output and profitability, and also less air pollution [12]. Education is also important in promoting economic growth, urban digitalization, and environmental protection, because educated individuals possess the knowledge and skills necessary for innovation and productivity improvement, leading to enhanced economic performance [14]. In Table 4, technological and educational investments are both significantly negatively correlated with urban air pollution. These results are consistent with Hypothesis 4.



Notice that urban digital transformation heavily relies on the advancement of technology and the improvement of residents’ digital literacy and learning ability. Thus, the findings about urban technological and educational investments are very important for us to understand the role of digital finance in coordinating economic development and environmental protection.



In summary, Table 4’s findings highlight the positive influence of technological and educational investments on curbing urban air pollution. Technological advancements enhance economic efficiency and waste treatment, leading to reduced pollution. Concurrently, education fosters economic growth, digitalization, and environmental protection. These outcomes align with Hypothesis 4 and underscore the role of technology and education in achieving a balance between economic development and environmental protection.




5.4. Digital Financial Development and Air Pollution


The inclusion of digital finance in this study is motivated by its increasing importance and its potential role in shaping urban development. To explore the potential effects of digital finance in protecting the environment without sacrificing economic growth, this paper first analyzes the relationship between digital finance and urban area pollution.



As shown in Column 1 of Table 5, digital financial development is positively associated with air pollution. However, this result should be interpreted carefully. It does not imply that digital transformation in finance causes pollution in cities. It is often observed that, compared with cities in mountainous areas, agricultural regions, and tourist areas, cities with relatively advanced economies and manufacturing sectors, which are conducive to developing digital finance, tend to have more significant pollution. These cities possess the necessary industrial infrastructure and financial demand for developing digital finance. In other words, the air pollution is more likely to be driven by economic development, rather than digital financial development. This implies that this baseline result, though controlled for city and year fixed effects, still has a serious endogeneity issue. Therefore, further research is needed to establish a causal relationship.



Generally speaking, there is no direct relationship between urban green coverage and economic development, but there is no doubt that urban greening is conducive to improving air quality. As the application of digital finance in many environmentally friendly industries, like the bike-sharing industry, car-sharing industry, and so on, demonstrates the inclusive nature of digital finance can easily increase the environmental awareness of urban residents. Therefore, the development of digital finance may increase urban green coverage. Therefore, it is appropriate to use urban greening as an instrumental variable for digital finance.



Before the IV regression, this paper first estimates the relationship of digital finance and urban greening. As shown in Column 2 of Table 5, digital financial development is significantly positively associated with green coverage rate in urban built-up areas. Then, this paper uses green coverage rate in urban built-up areas as an instrumental variable for the Digital Inclusive Finance Index. The IV regression result is shown in Column 3 of Table 5. After considering the endogeneity issue of digital finance, economic growth and air pollution, the relationship between digital finance and air pollution becomes negative, although statistically insignificant.



The empirical results in Table 5 suggest that the development of digital inclusive finance has a positive impact on the sustainable development of the urban environment: digital finance enhances residents’ environmental awareness, promotes an increase in greening coverage, and therefore may contribute to the improvement of the urban environment.



In conclusion, our exploration of digital finance’s impact on air pollution reveals a complex relationship. Although Column 1 of Table 5 suggests a positive link, this should be interpreted cautiously. Digital finance’s association with economic development, rather than causing pollution, likely explains this result. Addressing endogeneity concerns, our analysis with urban green coverage as an instrumental variable suggests that digital inclusive finance may contribute to urban environmental sustainability by enhancing environmental awareness and increasing greening coverage. However, further research is essential to establish causal relationships accurately.



In summary, the empirical results of this study support Hypotheses 1 to 5, providing valuable insights into the potential effects of digital finance in protecting the environment without sacrificing the economic growth. These empirical findings provide valuable insights into the potential of digital finance to protect the environment while fostering economic growth.





6. Discussion


In previous sections, we have strived to enhance the reliability of our empirical results through a meticulous methodology, transparent discussions, and sensitivity analyses. While acknowledging the limitations, we believe that the empirical findings presented in this study offer insights into the relationships between various economic factors and urban air pollution. The following aspects were taken into consideration in this research:




	
Data Processing: We have provided detailed insights into our data collection and validation processes. This includes a description of the sources of our data and the measures taken to ensure data accuracy and consistency.



	
Robust Methodology: To ensure the reliability of our empirical results, we adopted robust methodological approaches. By employing a two-way fixed effects model and the instrumental variable regression, we aimed to mitigate potential endogeneity issues that could affect the causal interpretation of the relationships under examination.



	
Sample Representativeness: The robustness of our empirical findings is enhanced by the careful selection of our sample of Chinese cities. These cities represent a diverse range of economic and industrial characteristics, contributing to the generalizability of our results to similar urban contexts.



	
Variable Definitions and Measurement Units: We have elucidated the definitions of key variables in the “Data Source” subsection, ensuring the clarity and reliability of our measurements.



	
Discussion of Potential Biases: We acknowledge that certain biases might influence our empirical results. Notably, the positive correlation between digital financial development and air pollution presented in the fixed effects model requires careful interpretation. Our analysis indicates that economic development, rather than digital finance itself, may be a driving factor behind air pollution in cities with advanced economies and manufacturing sectors. We tried to correct this bias by using an instrumental variable regression, and found that the correlation between digital financial development and air pollution became negative.








Comparison of Empirical Findings with Existing Research:



Our findings, as summarized in the empirical results section, offer valuable insights into the impact of digital finance on urban air pollution. Specifically, we find that digital financial development is significantly positively correlated with air pollution in our baseline results. However, when addressing endogeneity concerns through an instrumental variable (IV) approach, the relationship becomes negatively correlated, aligning with the conclusions of Ma et al. (2023) [52].



Moreover, our findings resonate with research by Fu et al. (2022) [49], who find that digital trade in goods and services, financial development, and green innovation contribute to long-term environmental sustainability. This synergy between digital finance and environmental improvement underscores the potential of digital finance to promote environmentally friendly measures and reduce air pollution.



The existing literature also presents diverse viewpoints on the environmental impact of financial development. While some studies, such as Tamazian et al.’s (2009) [42], suggest that higher degrees of economic and financial development decrease environmental degradation, others, including Shah et al.’s (2019) [43], Sehrawat et al.’s (2015) [44], and Carratù et al.’s (2019) [46], argue that financial development may contribute to increased carbon emissions and environmental degradation.



Notably, the relationship between financial development and environmental outcomes is intricate, as highlighted by Yin et al. (2019) [47] and Seetanah et al. (2019) [48]. These studies emphasize the need to consider various factors and dynamics, including the type of pollution and the specific context, when assessing the environmental impact of financial development.



Our study bridges this gap in the literature by systematically investigating the multifaceted relationship between digital finance, economic growth, and environmental protection. By utilizing an IV regression approach and accounting for time-invariant macro factors, we offer valuable insights into the complex and previously unexplored area of digital finance’s environmental implications.



In summary, while there is a spectrum of opinions in the existing literature regarding the environmental consequences of financial development, our study contributes to this discourse by focusing on digital finance and using rigorous empirical methods. It underscores the potential of digital finance to align economic growth with environmental protection, emphasizing the importance of considering data quality and endogeneity concerns in empirical assessments. Our findings, though specific to the analyzed sample of Chinese cities, provide a valuable foundation for further research in this evolving field.



Limitations and Future Research: Despite our efforts to ensure the reliability of our empirical results, we acknowledge certain limitations inherent in our study. As with any empirical study, endogeneity concerns and potential unobserved factors might affect the causality interpretation of our findings. Therefore, further research using advanced methodologies, possibly incorporating longitudinal data and natural experiments, could shed additional light on the causal mechanisms at play.



We have strived to enhance the reliability of our empirical results through a meticulous methodology, transparent discussions, and sensitivity analyses. While acknowledging the limitations, we believe our study contributes insights into the potential impacts of digital finance on urban environmental protection. The specificity of our results to Chinese cities underscores the relevance of our findings in addressing the complex interplay between economic growth and environmental sustainability.



In addition, since our study primarily focused on Chinese cities, we must acknowledge that the political environment may have some influence on the issue of urban air pollution in Chinese cities. China is a vast and diverse country, with varying regional policies in politics, economy, and the environment. Therefore, some of our research results may be partially influenced by the local political context. For instance, in certain regions, the government may place a stronger emphasis on environmental protection policies, leading to lower levels of air pollution. Conversely, in other areas, economic development may take precedence, potentially resulting in higher pollution levels.



However, despite the potential influence of the political environment in some aspects, we emphasize that certain results are more universal and politically independent. For example, we observe a consistent positive correlation between economic efficiency and waste treatment efficiency with air quality. These findings may not only apply to China and may also have relevance to other countries and regions.



In addition, some of the results may possess broader applicability and serve as references for research and policymaking in other countries and regions. For instance, our findings indicate that effective wastewater and waste management measures can lead to reduced air pollution, which could be relevant to cities worldwide. Additionally, investments in technology and education have a positive impact on reducing air pollution, offering potential strategies for other nations to improve environmental quality.



However, it is crucial to note that each country and region faces unique environmental challenges influenced by various factors, including geography, politics, and economics. Therefore, when applying our research results to different contexts, further analysis and adaptability adjustments are necessary.




7. Conclusions


This empirical study embarked on a comprehensive exploration of the multifaceted relationship between digital finance, economic growth, and environmental preservation. We aimed to clarify the intricate dynamics and uncover insights that reconcile the apparent paradox where cities with advanced digital finance infrastructure sometimes experience higher levels of air pollution.



While it may seem logical that financial industries produce less pollution compared to secondary industries, our research unveiled a puzzling trend. In cities equipped with advanced digital finance infrastructure, we discovered that air pollution levels sometimes rise unexpectedly. This counter-intuitive phenomenon poses significant challenges when using conventional methods to assess the environmental impact of digital finance. This puzzling trend may largely be attributed to the fact that regions with advanced digital finance often have more significant urban industrial development, which can lead to increased pollution.



Since direct analysis of the environmental impacts of digital finance is challenging using standard economic model, we first try to show that the above factors can lower air pollution because economic efficiency, technological, and educational investments play essential roles in the development of digital finance [7,10,11]. To analyze how digital finance balances economic growth and environmental protection, we initially highlighted its positive environmental impact by demonstrating that higher economic efficiency, technological development, and education levels can reduce urban air pollution. Then we showed that, with the distraction of economic growth, which can increase air pollution and promote the development of digital finance at the same time, the relationship between digital finance and air pollution could be positive in our sample.



Lastly, it is important to address the initial positive correlation between digital financial development and air pollution. This association, which could be largely attributable to concurrent economic growth, necessitates a nuanced interpretation. To mitigate this apparent contradiction, we introduced urban greening as an instrumental variable for digital financial development. We used the instrumental variable model to try to reveal the real relationship between digital finance and air pollution, and found that they were negatively correlated in our sample.



In addition, the first-stage result of the instrumental variable regression reveals a positive association between digital financial development and greening coverage, indicating the potential of digital inclusive finance to enhance environmental awareness among residents. Although the second-stage regression did not achieve statistical significance, it indicated a negative correlation between digital financial development and air pollution. This implies that digital finance plays a role in alleviating the tensions between urban economic growth and environmental preservation, attributed to its inclusive nature.



Our findings provide substantial contributions and implications for various stakeholders:




	
Investors: Our research offers insights into the complex interplay between digital financial development and environmental factors. This knowledge is crucial for making informed and sustainable investment decisions in the evolving digital finance landscape.



	
Policymakers: Policymakers can use our insights to develop strategies and regulations that promote technology-driven, environmentally friendly economic growth. This can contribute to both economic prosperity and environmental protection.



	
International Markets: As digital finance transcends national boundaries, our study highlights the importance of considering the environmental footprint of international investments in regions with advanced digital finance. It encourages international markets to engage in dialogue and collaboration for responsible and sustainable economic development.








This study significantly contributes to the evolving field of digital technology for sustainable development by empirically evaluating the environmental impact of digital finance in regions characterized by advanced digital finance and high industrial development. Our research opens up new avenues for further exploration within the realm of digital finance’s environmental implications.



In summary, our findings provide valuable insights into the intricate relationship between digital finance and environmental concerns. They align with the broader discourse on digital technology, which aims to harness both incremental and radical digital innovations to offer solutions for sustainable development in organizations and society as a whole. Policymakers and stakeholders should acknowledge the potential of digital financial development as a catalyst for sustainable practices and allocate resources accordingly to safeguard our environment for future generations.







Author Contributions


Conceptualization, Y.Y.; methodology, Y.Y.; software, Y.Y.; validation, Y.Y.; formal analysis, Y.Y.; investigation, Y.Y.; resources, Y.Y.; data curation, Y.Y.; writing—original draft preparation, Y.Y.; writing—review and editing, D.L. and Y.Y.; supervision, D.L.; project administration, Y.Y.; funding acquisition, D.L. and Y.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Science Foundation of China (71673231), the National Natural Science Foundation of China (71850011) and the Fujian Province Social Science Foundation Project (FJ2023BF039).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data are available from authors upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Liu, Y.; Dong, J.; Ying, Y.; Jiao, H. Status and digital innovation: A middle-status conformity perspective. Technol. Forecast. Soc. Change 2021, 168, 120781. [Google Scholar] [CrossRef]

	



Liu, Y.; Dong, J.; Mei, L.; Shen, R. Digital innovation and performance of manufacturing firms: An affordance perspective. Technovation 2022, 119, 102458. [Google Scholar] [CrossRef]

	



Petrova, M.; Popova, P.; Popov, V.; Shishmanov, K.; Marinova, K. Digital Ecosystem: Nature, Types and Opportunities for Value Creation. In International Scientific Conference on Innovations in Digital Economy; Springer International Publishing: Cham, Switzerland, 2021; pp. 71–85. [Google Scholar] [CrossRef]

	



Goldstein, I.; Jiang, W.; Karolyi, G.A. To FinTech and Beyond. Rev. Financ. Stud. 2019, 32, 1647–1661. [Google Scholar] [CrossRef]

	



Bucatinsky, J. Management Science Roundup. Interfaces 1972, 2, 62–85. [Google Scholar] [CrossRef]

	



Yang, L.; Wang, L.; Ren, X. Assessing the Impact of Digital Financial Inclusion on PM2.5 Concentration: Evidence from China. Environ. Sci. Pollut. Res. 2022, 29, 22547–22554. [Google Scholar] [CrossRef] [PubMed]

	



Gomber, P.; Kauffman, R.J.; Parker, C.; Weber, B.W. On the fintech revolution: Interpreting the forces of innovation, disruption, and transformation in financial services. J. Manag. Inf. Syst. 2018, 35, 220–265. [Google Scholar] [CrossRef]

	



Hanna, N.K. (Ed.) Mastering digital transformation: Towards a smarter society, economy, city and nation. In Mastering Digital Transformation: Towards a Smarter Society, Economy, City and Nation; Emerald Group Publishing Limited: Bingley, UK, 2016; pp. i–xxvi. [Google Scholar] [CrossRef]

	



Shopova, M.; Petrova, M.; Todorov, L. Trade in Recyclable Raw Materials in EU: Structural Dynamics Study. In International Conference on Sustainable, Circular Management and Environmental Engineering; Springer Nature: Cham, Switzerland, 2022; pp. 43–64. [Google Scholar] [CrossRef]

	



ElMassah, S.; Mohieldin, M. Digital transformation and localizing the sustainable development goals (SDGs). Ecol. Econ. 2020, 169, 106490. [Google Scholar] [CrossRef]

	



Spante, M.; Hashemi, S.S.; Lundin, M.; Algers, A. Digital competence and digital literacy in higher education research: Systematic review of concept use. Cogent Educ. 2018, 5, 1519143. [Google Scholar] [CrossRef]

	



Shrivastava, P. Environmental technologies and competitive advantage. Strateg. Manag. J. 1995, 16, 183–200. [Google Scholar] [CrossRef]

	



Petrova, M.; Tairov, I. Solutions to Manage Smart Cities’ Risks in Times of Pandemic Crisis. Risks 2022, 10, 240. [Google Scholar] [CrossRef]

	



Sahlberg, P. Education reform for raising economic competitiveness. J. Educ. Change 2006, 7, 259–287. [Google Scholar] [CrossRef]

	



Dagher, G.K.; Itani, O. Factors influencing green purchasing behaviour: Empirical evidence from the Lebanese consumers. J. Consum. Behav. 2014, 13, 188–195. [Google Scholar] [CrossRef]

	



Bui, T.-D.; Tsai, F.M.; Tseng, M.-L.; Wu, K.-J.; Chiu, A.S. Effective municipal solid waste management capability under uncertainty in Vietnam: Utilizing economic efficiency and technology to foster social mobilization and environmental integrity. J. Clean. Prod. 2020, 259, 120981. [Google Scholar] [CrossRef]

	



Díaz-Villavicencio, G.; Didonet, S.R.; Dodd, A. Influencing factors of eco-efficient urban waste management: Evidence from Spanish municipalities. J. Clean. Prod. 2017, 164, 1486–1496. [Google Scholar] [CrossRef]

	



Song, N.; Appiah-Otoo, I. The Impact of Fintech on Economic Growth: Evidence from China. Sustainability 2022, 14, 6211. [Google Scholar] [CrossRef]

	



Zhuang, J.; Gunatilake, H.M.; Niimi, Y.; Khan, M.E.; Jiang, Y.; Hasan, R.; Khor, N.; Martin, A.L.; Bracey, P.; Huang, B. Financial sector development, economic growth, and poverty reduction: A literature review. Asian Dev. Bank Econ. Work. Pap. Ser. 2009, 173. [Google Scholar] [CrossRef]

	



Ozili, P.K. Impact of digital finance on financial inclusion and stability. Borsa Istanb. Rev. 2018, 18, 329–340. [Google Scholar] [CrossRef]

	



Muganyi, T.; Yan, L.; Sun, H. Green finance, fintech and environmental protection: Evidence from China. Environ. Sci. Ecotechnology 2021, 7, 100107. [Google Scholar] [CrossRef]

	



Zhang, Y.; Mi, Z. Environmental benefits of bike sharing: A big data-based analysis. Appl. Energy 2018, 220, 296–301. [Google Scholar] [CrossRef]

	



He, K.; Huo, H.; Zhang, Q. Urban Air Pollution in China: Current Status, Characteristics, and Progress. Annu. Rev. Energy Environ. 2002, 27, 397–431. [Google Scholar] [CrossRef]

	



Bourdrel, T.; Annesi-Maesano, I.; Alahmad, B.; Maesano, C.N.; Bind, M.-A. The Impact of Outdoor Air Pollution on COVID-19: A Review of Evidence from in Vitro, Animal, and Human Studies. Eur. Respir. Rev. 2021, 30, 200242. [Google Scholar] [CrossRef]

	



Brunekreef, B.; Holgate, S.T. Air Pollution and Health. Lancet 2002, 360, 1233–1242. [Google Scholar] [CrossRef] [PubMed]

	



Bernstein, J.A.; Alexis, N.; Barnes, C.; Bernstein, I.L.; Bernstein, J.A.; Nel, A.; Peden, D.; Diaz-Sanchez, D.; Tarlo, S.M.; Williams, P.B. Health effects of air pollution. J. Allergy Clin. Immunol. 2004, 114, 1116–1123. [Google Scholar] [CrossRef] [PubMed]

	



Mayer, H. Air pollution in cities. Atmos. Environ. 1999, 33, 4029–4037. [Google Scholar] [CrossRef]

	



Kampa, M.; Castanas, E. Human health effects of air pollution. Environ. Pollut. 2008, 151, 362–367. [Google Scholar] [CrossRef]

	



Jin, Y.; Andersson, H.; Zhang, S. Air pollution control policies in China: A retrospective and prospects. Int. J. Environ. Res. Public Health 2016, 13, 1219. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Q.; He, K.; Huo, H. Cleaning China’s air. Nature 2012, 484, 161–162. [Google Scholar] [CrossRef] [PubMed]

	



Liu, L.; Zhang, B.; Bi, J. Reforming China’s multi-level environmental governance: Lessons from the 11th Five-Year Plan. Environ. Sci. Policy 2012, 21, 106–111. [Google Scholar] [CrossRef]

	



Young, O.R.; Guttman, D.; Qi, Y.; Bachus, K.; Belis, D.; Cheng, H.; Lin, A.; Schreifels, J.; Van Eynde, S.; Wang, Y.; et al. Institutionalized governance processes: Comparing environmental problem solving in China and the United States. Glob. Environ. Change 2015, 31, 163–173. [Google Scholar] [CrossRef]

	



Mao, X.Q.; Zhou, J.; Corsetti, G. How well have China’s recent five-year plans been implemented for energy conservation and air pollution control? Environ. Sci. Technol. 2014, 48, 10036–10044. [Google Scholar] [CrossRef]

	



Cao, J.; Garbaccio, R.; Ho, M.S. China’s 11th five-year plan and the environment: Reducing SO2 emissions. Rev. Environ. Econ. Policy 2009, 3, 231–250. [Google Scholar] [CrossRef]

	



Xu, J.; Wang, X.; Zhang, S. Risk-based air pollutants management at regional levels. Environ. Sci. Policy 2013, 25, 167–175. [Google Scholar] [CrossRef]

	



Rahman, M.M.; Alam, K. Impact of Industrialization and Non-Renewable Energy on Environmental Pollution in Australia: Do Renewable Energy and Financial Development Play a Mitigating Role? Renew. Energy 2022, 195, 203–213. [Google Scholar] [CrossRef]

	



Baloch, M.A.; Ozturk, I.; Bekun, F.V.; Khan, D. Modeling the Dynamic Linkage between Financial Development, Energy Innovation, and Environmental Quality: Does Globalization Matter? Bus. Strategy Environ. 2021, 30, 176–184. [Google Scholar] [CrossRef]

	



Khan, M.; Ozturk, I. Examining the Direct and Indirect Effects of Financial Development on CO2 Emissions for 88 Developing Countries. J. Environ. Manag. 2021, 293, 112812. [Google Scholar] [CrossRef] [PubMed]

	



Shahbaz, M.; Topcu, B.A.; Sarıgül, S.S.; Vo, X.V. The Effect of Financial Development on Renewable Energy Demand: The Case of Developing Countries. Renew. Energy 2021, 178, 1370–1380. [Google Scholar] [CrossRef]

	



Iqbal, S.; Taghizadeh-Hesary, F.; Mohsin, M.; Iqbal, W. Assessing the Role of the Green Finance Index in Environmental Pollution Reduction. Stud. Appl. Econ. 2021, 39. [Google Scholar] [CrossRef]

	



Shah, M.I.; Solarin, S.A.; Mahmood, H. Does Financial Development Reduce CO2 Emissions in Malaysian Economy? A Time Series Analysis. Econ. Model. 2013, 35, 145–152. [Google Scholar] [CrossRef]

	



Tamazian, A.; Juan, P.; Krishna, C.V. Does Higher Economic and Financial Development Lead to Environmental Degradation: Evidence from BRIC Countries. Energy Policy 2009, 37, 246–253. [Google Scholar] [CrossRef]

	



Shah, W.U.H.; Yasmeen, R.; Padda, I.U.H. An Analysis between Financial Development, Institutions, and the Environment: A Global View. Environ. Sci. Pollut. Res. 2019, 26, 21437–21449. [Google Scholar] [CrossRef]

	



Sehrawat, M.; Giri, A.K.; Mohapatra, G. The Impact of Financial Development, Economic Growth, and Energy Consumption on Environmental Degradation: Evidence from India. Manag. Environ. Qual. 2015, 26, 666–682. [Google Scholar] [CrossRef]

	



Dasgupta, S.; Laplante, B.; Mamingi, N. Pollution and Capital Markets in Developing Countries. J. Environ. Econ. Manag. 2001, 42, 310–335. [Google Scholar] [CrossRef]

	



Carratù, M.; Chiarini, B.; D’agostino, A.; Marzano, E.; Regoli, A. Air Pollution and Public Finance: Evidence for European Countries. J. Econ. Stud. 2019, 46, 1398–1417. [Google Scholar] [CrossRef]

	



Yin, W.; Kirkulak-Uludag, B.; Zhang, S. Is Financial Development in China Green? Evidence from City-Level Data. J. Clean. Prod. 2019, 211, 247–256. [Google Scholar] [CrossRef]

	



Seetanah, B.; Sannassee, R.V.; Fauzel, S.; Soobaruth, Y.; Giudici, G.; Nguyen, A.P.H. Impact of Economic and Financial Development on Environmental Degradation: Evidence from Small Island Developing States (SIDS). Emerg. Mark. Financ. Trade 2019, 55, 308–322. [Google Scholar] [CrossRef]

	



Fu, H.; Huang, P.; Xu, Y.; Zhang, Z. Digital Trade and Environmental Sustainability: The Role of Financial Development and Ecological Innovation for a Greener Revolution in China. Econ. Res. Ekon. Istraživanja 2022, 36, 2125889. [Google Scholar] [CrossRef]

	



Gebre Borojo, D.; Yushi, J.; Hongyu, Z.; Xiao, L.; Miao, M. A Pathway to the Green Revolution in Emerging Economies: How Does Green Technological Innovation Affect Green Growth and Ecological Sustainability? Econ. Res. Ekon. Istraživanja 2023, 36. [Google Scholar] [CrossRef]

	



Lai, J.T.; Yan, I.K.M.; Yi, X.; Zhang, H. Digital Financial Inclusion and Consumption Smoothing in China. China World Econ. 2020, 28, 64–93. [Google Scholar] [CrossRef]

	



Ma, Y.; Wei, X.; Yan, G.; He, X. The Impact of Fintech Development on Air Pollution. Int. J. Environ. Res. Public Health 2023, 20, 3387. [Google Scholar] [CrossRef]

	



Elheddad, M.; Benjasak, C.; Deljavan, R.; Alharthi, M.; Almabrok, J.M. The Effect of the Fourth Industrial Revolution on the Environment: The Relationship between Electronic Finance and Pollution in OECD Countries. Technol. Forecast. Soc. Change 2021, 163, 120485. [Google Scholar] [CrossRef]

	



Yuan, H.; Zhang, T.; Hu, K.; Feng, Y.; Feng, C.; Jia, P. Influences and Transmission Mechanisms of Financial Agglomeration on Environmental Pollution. J. Environ. Manag. 2022, 303, 114136. [Google Scholar] [CrossRef]

	



Shi, F.; Ding, R.; Li, H.; Hao, S. Environmental Regulation, Digital Financial Inclusion, and Environmental Pollution: An Empirical Study Based on the Spatial Spillover Effect and Panel Threshold Effect. Sustainability 2022, 14, 6869. [Google Scholar] [CrossRef]

	



Du, M.; Hou, Y.; Zhou, Q.; Ren, S. Going Green in China: How Does Digital Finance Affect Environmental Pollution? Mechanism Discussion and Empirical Test. Environ. Sci. Pollut. Res. 2022, 29, 89996–90010. [Google Scholar] [CrossRef] [PubMed]

	



Cole, M.A.; Elliott, R.J.; Shimamoto, K. Industrial characteristics, environmental regulations and air pollution: An analysis of the UK manufacturing sector. J. Environ. Econ. Manag. 2005, 50, 121–143. [Google Scholar] [CrossRef]

	



Zhang, L.; Chen, Y.; He, Z. The effect of investment tax incentives: Evidence from China’s value-added tax reform. Int. Tax Public Financ. 2018, 25, 913–945. [Google Scholar] [CrossRef]

	



Xiao, H.; Shan, Y.; Zhang, N.; Zhou, Y.; Wang, D.; Duan, Z. Comparisons of CO2 emission performance between secondary and service industries in Yangtze River Delta cities. J. Environ. Manag. 2019, 252, 109667. [Google Scholar] [CrossRef]

	



Shan, Y.; Guan, D.; Zheng, H.; Ou, J.; Li, Y.; Meng, J.; Mi, Z.; Liu, Z.; Zhang, Q. China CO2 emission accounts 1997–2015. Sci. Data 2018, 5, 170201. [Google Scholar] [CrossRef] [PubMed]

	



Lu, D.; Xu, J.; Yang, D.; Zhao, J. Spatio-temporal variation and influence factors of PM2. 5 concentrations in China from 1998 to 2014. Atmos. Pollut. Res. 2017, 8, 1151–1159. [Google Scholar] [CrossRef]

	



Feng, Y.; Ning, M.; Lei, Y.; Sun, Y.; Liu, W.; Wang, J. Defending blue sky in China: Effectiveness of the “Air Pollution Prevention and Control Action Plan” on air quality improvements from 2013 to 2017. J. Environ. Manag. 2019, 252, 109603. [Google Scholar] [CrossRef]

	



Bhujabal, P.; Sethi, N.; Padhan, P.C. ICT, foreign direct investment and environmental pollution in major Asia Pacific countries. Environ. Sci. Pollut. Res. 2021, 28, 42649–42669. [Google Scholar] [CrossRef]

	



Qazi, A.; Hussain, F.; Rahim, N.A.; Hardaker, G.; Alghazzawi, D.; Shaban, K.; Haruna, K. Towards sustainable energy: A systematic review of renewable energy sources, technologies, and public opinions. IEEE Access 2019, 7, 63837–63851. [Google Scholar] [CrossRef]

	



Panahi, Y.; Mellatyar, H.; Farshbaf, M.; Sabet, Z.; Fattahi, T.; Akbarzadehe, A. Biotechnological applications of nanomaterials for air pollution and water/wastewater treatment. Mater. Today Proc. 2018, 5, 15550–15558. [Google Scholar] [CrossRef]

	



Guo, Z.; Wu, X.; Yu, J. Evaluating Air Quality in China Based on Daily Data: Application of Integer Data Envelopment Analysis. J. Clean. Prod. 2018, 198, 304–311. [Google Scholar]

	



Zhang, Y. The Impact of Financial Development on Carbon Emissions: An Empirical Analysis in China. Energy Policy 2011, 39, 2197–2203. [Google Scholar] [CrossRef]

	



Lanoie, P.; Laplante, B.; Roy, M. Can Capital Markets Create Incentives for Pollution Control? Ecol. Econ. 1997, 22, 123–138. [Google Scholar] [CrossRef]

	



Abbasi, K.; Alam, A.; Du, M.A.; Huynh, T.L.D. FinTech, SME Efficiency and National Culture: Evidence from OECD Countries. Technol. Forecast. Soc. Chang. 2021, 163, 120454. [Google Scholar] [CrossRef]

	



Da Silveira, A.B.; Levrini, G.R.D.; Ertz, M. How digital platforms materialize sustainable collaborative consumption: A Brazilian and Canadian bike-sharing case study. J. Int. Consum. Mark. 2022, 34, 51–71. [Google Scholar] [CrossRef]

	



Feng, S.; Zhang, R.; Li, G. Environmental decentralization, digital finance and green technology innovation. Struct. Change Econ. Dyn. 2022, 61, 70–83. [Google Scholar] [CrossRef]

	



Zhang, M.; Liu, Y. Influence of digital finance and green technology innovation on China’s carbon emission efficiency: Empirical analysis based on spatial metrology. Sci. Total Environ. 2022, 838, 156463. [Google Scholar] [CrossRef]

	



Xing, Y.-F.; Xu, Y.-H.; Shi, M.-H.; Lian, Y.-X. The impact of PM2.5 on the human respiratory system. J. Thorac. Dis. 2016, 8, E69. [Google Scholar] [CrossRef]

	



He, K.; Yang, F.; Ma, Y.; Zhang, Q.; Yao, X.; Chan, C.K.; Cadle, S.; Chan, T.; Mulawa, P. The characteristics of PM2.5 in Beijing, China. Atmos. Environ. 2001, 35, 4959–4970. [Google Scholar] [CrossRef]

	



Geng, G.; Zheng, Y.; Zhang, Q.; Xue, T.; Zhao, H.; Tong, D.; Zheng, B.; Li, M.; Liu, F.; Hong, C.; et al. Drivers of PM2.5 air pollution deaths in China 2002–2017. Nat. Geosci. 2021, 14, 645–650. [Google Scholar] [CrossRef]

	



Ji, X.; Yao, Y.; Long, X. What causes PM2.5 pollution? Cross-economy empirical analysis from a socioeconomic perspective. Energy Policy 2018, 119, 458–472. [Google Scholar] [CrossRef]

	



Zheng, M.; Salmon, L.G.; Schauer, J.J.; Zeng, L.; Kiang, C.S.; Zhang, Y.; Cass, G.R. Seasonal trends in PM2.5 source contributions in Beijing, China. Atmos. Environ. 2005, 39, 3967–3976. [Google Scholar] [CrossRef]

	



Colmer, J.; Hardman, I.; Shimshack, J.; Voorheis, J. Disparities in PM2.5 air pollution in the United States. Science 2020, 369, 575–578. [Google Scholar] [CrossRef]








[image: Sustainability 15 13319 g001] 





Figure 1. Theoretical framework of digital finance, economic efficiency, urban technological, and educational investments and environmental pollution. 
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Table 1. Statistical results.
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Variable Name

	
Obs

	
Mean

	
SD

	
Min

	
Median

	
Max






	
Dependent Variable

	
PM2.5 Annual Concentration (µg/m3)

	
2367

	
38.471

	
16.433

	
3.210

	
36.090

	
86.740




	
Independent Variables

	
Value-Added Tax Ratio

	
2314

	
0.046

	
0.026

	
−0.005

	
0.041

	
0.550




	
Secondary Industry Employment Ratio

	
2314

	
0.455

	
0.133

	
0.086

	
0.456

	
0.844




	
Profit over GDP

	
2367

	
0.092

	
0.068

	
−0.185

	
0.081

	
1.221




	
Public Fiscal Revenue over GDP

	
2367

	
0.070

	
0.026

	
0.021

	
0.066

	
0.238




	
Centralized Treatment Rate of Sewage Plants

	
2232

	
75.928

	
20.011

	
0.160

	
82.725

	
100.000




	
Harmless Treatment Rate of Household Waste

	
2181

	
86.231

	
21.480

	
0.440

	
95.320

	
362.000




	
Technological Investment over GDP

	
2314

	
0.002

	
0.002

	
0.000

	
0.002

	
0.041




	
Educational Investment over GDP

	
2314

	
0.030

	
0.013

	
0.003

	
0.027

	
0.097




	
Digital Finance Index (%)

	
1349

	
131.482

	
48.977

	
23.100

	
134.740

	
246.919




	
Control

Variables

	
Comprehensive Utilization Rate of Industrial Solid Waste

	
2314

	
81.658

	
21.330

	
0.490

	
90.795

	
100.000




	
Emissions of Industrial Particulate Matter (Tons)

	
2314

	
33,625

	
0.001

	
49.000

	
19,730

	
5,168,812




	
Agricultural Insurance Premium Income over GDP

	
2367

	
0.051

	
0.259

	
0.000

	
0.011

	
8.510




	
Agricultural Insurance Payout over GDP

	
2367

	
0.030

	
0.154

	
0.000

	
0.006

	
5.366




	
Urban Built-up Land Ratio to City Area

	
2367

	
9.070

	
9.795

	
0.120

	
5.590

	
97.180




	
Secondary Industry Employment Ratio

	
2367

	
0.454

	
0.132

	
0.086

	
0.455

	
0.844




	
Tertiary Industry Employment Ratio

	
2367

	
0.516

	
0.123

	
0.099

	
0.518

	
0.870




	
Percentage of Hong Kong, Macau, and Taiwan Investment Enterprises

	
2367

	
0.046

	
0.068

	
0.001

	
0.022

	
0.540




	
Percentage of Foreign Investment Enterprises

	
2367

	
0.045

	
0.046

	
0.002

	
0.031

	
0.326




	
Wholesale and Retail Trade Profit Ratio for Above-Quota Goods

	
2367

	
0.354

	
0.322

	
0.000

	
0.256

	
3.497




	
Total Retail Sales of Social Consumer Goods Ratio

	
2367

	
0.359

	
0.097

	
0.026

	
0.350

	
0.826




	
Public Fiscal Expenditure Ratio

	
2367

	
0.162

	
0.076

	
0.044

	
0.147

	
1.485




	
Per Capita Gross Regional Product (CNY)

	
2367

	
38,501

	
27,075

	
99

	
31,010

	
290,477




	
Gross Regional Product Growth Rate

	
2367

	
11.474

	
4.532

	
−12.300

	
11.800

	
109.000




	
Percentage of Tertiary Industry in Gross Regional Product (GRP)

	
2367

	
36.714

	
8.253

	
11.800

	
35.850

	
76.350











 





Table 2. Urban economic efficiency and air pollution.
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(1)

	
(2)

	
(3)

	
(4)




	

	
PM2.5 (µg/m3)

	
PM2.5 (µg/m3)

	
PM2.5 (µg/m3)

	
PM2.5 (µg/m3)






	
Value-Added Tax Ratio

	
14.962 **

	

	

	




	
(6.778)

	

	

	




	
Secondary Industry Employment Ratio

	

	
8.850 *

	

	




	

	
(4.843)

	

	




	
Profit over GDP

	

	

	
−5.947 ***

	




	

	

	
(2.283)

	




	
Public Fiscal Revenue over GDP

	

	

	

	
−32.225 ***




	

	

	

	
(11.925)




	
Comprehensive Utilization Rate of Industrial Solid Waste

	
0.003

	
0.006

	
0.004

	
0.005




	
(0.006)

	
(0.006)

	
(0.006)

	
(0.007)




	
Agricultural Insurance Premium Income over GDP

	
0.691

	
0.522

	
0.573

	
0.622




	
(0.951)

	
(0.957)

	
(0.963)

	
(0.946)




	
Agricultural Insurance Payout over GDP

	
−1.828

	
−1.665

	
−1.802

	
−1.862




	
(1.723)

	
(1.753)

	
(1.768)

	
(1.758)




	
Emissions of Industrial Particulate Matter (Tons)

	
0.000

	
0.000

	
0.000

	
0.000




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
Urban Built-up Land Ratio to City Area

	
0.013

	
0.015

	
0.013

	
0.014




	
(0.020)

	
(0.019)

	
(0.019)

	
(0.019)




	
Tertiary Industry Employment Ratio

	
2.899

	
10.671 **

	
1.887

	
1.966




	
(2.061)

	
(5.044)

	
(2.150)

	
(2.058)




	
Percentage of Hong Kong, Macau, and Taiwan Investment Enterprises

	
22.929 ***

	
22.585 ***

	
22.061 ***

	
22.677 ***




	
(5.923)

	
(6.186)

	
(6.100)

	
(6.299)




	
Percentage of Foreign Investment Enterprises

	
−27.490 **

	
−25.042 **

	
−28.448 **

	
−30.285 **




	
(10.998)

	
(11.102)

	
(11.155)

	
(11.746)




	
Wholesale and Retail Trade Profit Ratio for Above-Quota Goods

	
−0.516

	
−0.657

	
−0.721 *

	
−0.729 *




	
(0.420)

	
(0.410)

	
(0.415)

	
(0.401)




	
Total Retail Sales of Social Consumer Goods Ratio

	
4.885 **

	
5.358 **

	
4.554 *

	
4.637 *




	
(2.282)

	
(2.419)

	
(2.321)

	
(2.386)




	
Public Fiscal Expenditure Ratio

	
1.202

	
1.180

	
1.173

	
2.938 *




	
(2.220)

	
(2.119)

	
(2.083)

	
(1.633)




	
Per Capita Gross Regional Product

	
0.000

	
0.000

	
0.000

	
0.000




	
(0.000)

	
(0.000)

	
(0.000)

	
(0.000)




	
Gross Regional Product Growth Rate

	
−0.038

	
−0.043

	
−0.041

	
−0.040




	
(0.034)

	
(0.035)

	
(0.034)

	
(0.033)




	
Percentage of Tertiary Industry in Gross Regional Product

	
0.013

	
0.007

	
−0.012

	
0.005




	
(0.038)

	
(0.045)

	
(0.044)

	
(0.045)




	
Cons

	
39.027 ***

	
30.963 ***

	
41.225 ***

	
41.619 ***




	
(2.215)

	
(5.262)

	
(2.287)

	
(2.430)




	
City fixed effects

	
Yes

	
Yes

	
Yes

	
Yes




	
Year fixed effects

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
2339

	
2339

	
2339

	
2339








Significance levels are * p < 0.05, ** p < 0.01, and *** p < 0.001, indicating statistical significance at the 5%, 1%, and 0.1% levels, respectively.













 





Table 3. Urban waste treatment efficiency and air pollution.
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(1)

	
(2)




	

	
PM2.5 (µg/m3)

	
PM2.5 (µg/m3)






	
Centralized Treatment Rate of Sewage Plants

	
−0.016 **

	




	
(0.007)

	




	
Harmless Treatment Rate of Household W