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This paper aimed to accurately assess the driving effect of digital inclusive finance (DIF) on green economic growth, better implement DIF-related policies, and promote the development of green economy. Based on the urban panel data from 2011 to 2018 and the DIF index, this paper investigates the impact of DIF on economic green development and its internal mechanism. The results show that there is a significant positive U-shaped nonlinear relationship between DIF and green development. Through the robustness test of the threshold model, instrumental variable model (IV), and system generalized method of moments (SYS-GMM) model, the results are still valid. The mechanism research shows that the DIF can indirectly promote China’s green development by the coagglomeration degree of producer services and optimize and upgrade industrial structure. This study provides policy implications for developing countries around the world to achieve green development by promoting the DIF level.
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INTRODUCTION
Since the beginning of the 21st century, the frequent occurrence of major natural disasters and extreme weather events in the world has caused serious losses to the economy, which means that the economic development model at the expense of the environment is unsustainable (Abid et al., 2019; Van Tran et al., 2019; Elahi et al., 2021a). Similarly, with the rapid development of China’s economy, problems such as environmental pollution have become increasingly prominent, which led to severe haze weather in 2013 (Gu et al., 2019; Gu et al., 2020). Fortunately, in recent years, the central government and local governments in China at all levels have adopted a large number of policies and measures to solve environmental problems and achieved good results. According to the data of China Ecological Environment Bulletin, among the 337 prefecture-level cities in China, 202 cities reached the air quality standard in 2020, accounting for 59.9%, while this proportion was only 24.9% in 2016, a decrease of 35 percentage points in four years. The China Government Work Report in 2021 clearly emphasizes “developing a green economy and vigorously promoting sustainable economic development.” Therefore, changing the economic development model, improving the level of green economic development, and achieving sustainable development is an effective way to resolve the contradiction between China’s economic development and environmental pollution.
In recent years, with the development of China’s Internet and mobile payment, the digital inclusive finance (DIF) has developed rapidly in China, which has developed rapidly. The DIF benefits from the digital economy and information technology, which can help reduce the financing threshold of small and medium-sized enterprises and alleviate the difficulties of “financing difficult and expensive.” The DIF can help to reduce the cost of financial services and improve the availability of financial services and financing efficiency. It is helpful to improve the innovation ability of the financial industry, derive rich financial products, and meet the diversified financing needs of enterprises. The DIF plays an important role in optimizing the industrial structure and upgrading, narrowing the urban-rural income gap, improving the quality of residents’ consumption, and improving the ability of technological innovation and is committed to promoting the high-quality development of China’s economy. The realization of high-quality economic development will help alleviate China’s excessive energy consumption, severe environmental pollution, and other difficulties and help improve China’s sustainable economic development. Therefore, discussing the impact of the development of DIF on the level of green economy development and its internal mechanism has important academic value and practical significance for realizing the sustainable development of the Chinese economy.
Through the review of relevant literature about the development of the green economy, we found that geographical pattern (Hamdouch and Depret, 2012), energy structure (Feng et al., 2017), green tax policy (Sapna and Nivedita, 2019), foreign direct investment (fdi) (Hille et al., 2019), industrial structure (Pan et al., 2019), carbon dioxide emissions (Liu N. et al., 2020), and other economic factors will significantly affect the development of green economy. Some scholars have discussed the coordinated development between green finance and green economy from the perspective of the financial industry (Liu Z. J. et al., 2020). Siek and Sutanto (2019) think that the number of financial institutions is helpful to optimize the structure, improve the efficiency of financial services, improve the environmental quality, and promote the development of green economy through green finance. Studies determined the green credit and performance of production systems (Peng et al., 2020; Peng et al., 2021a;; Peng et al., 2021b; Zhao et al., 2021). Similarly, some studies focused on the determination of a nexus between inputs and output in the farm production system (Elahi et al., 2018; Elahi et al., 2019a; Elahi et al., 2019b; Elahi et al., 2019c; Elahi et al., 2020; Elahi et al., 2021b).
On the basis of previous studies, this paper takes China’s DIF as the entry point to investigate the influence of DIF on green economy development and its internal mechanism. The literature related to this paper is Xie and Liu (2019), Ni et al. (2020), and Jiang & Zhou (2021). Xie and Liu (2019) discuss the impact of green credit on green economic growth and analyze the mechanism of green credit indirectly acting on green economy through industrial structure and energy structure by using provincial panel data in China. Ni et al. (2020) also examine the spatial spillover effect of financial development on green total factor productivity (gtfp) based on provincial-level data. Jiang & Zhou (2021) found that there is an inverted “N” curve relationship between DIF and high-quality economic development, and DIF indirectly promotes high-quality economic development through economic intensity, economic stability, economic extroversion, and human capital and ecological capital of DIF. Based on the existing literature, the possible contributions of this paper are as follows. Firstly, there is little literature to investigate the impact of financial development on green economies from the level of prefecture-level cities, but the differences between prefecture-level cities will make the research conclusions biased. Secondly, the combination of the DIF and green economic development enriches and supplements the research on the relationship between them. Thirdly, this paper systematically evaluates the mechanism path of the DIF indirectly promoting the development of green economy through industrial structure upgrading and producer service agglomeration.
THEORETICAL ANALYSIS AND RESEARCH HYPOTHESIS
This article aims to examine the relationship between DIF and green economic development. As the DIF is a kind of financial type, this paper combs the literature on the relationship between financial development and green economy, which can be summarized into the following three aspects. Firstly, financial development promotes green economic growth (Okuda and Aiba, 2016). The “inclusiveness” of DIF has improved the financing environment of China’s small, medium, and microgreen enterprises, eased financing constraints (Chakravarty and Pal, 2013; Ozili, 2018), increased funding sources for green enterprises, and promoted the development of a green economy. The digital feature of digital financial inclusion reduces the degree of information asymmetry between financial institutions and green companies, improves the financing efficiency of green companies, reduces the risks of financial institutions, and provides green companies with sufficient and stable financial support. In addition, the “catfish effect” of digital financial inclusion reduces financing costs such as communication and transaction costs, which means that the cost of obtaining funds for green companies has been reduced, and more financial funds will be used for green reforms. In summary, digital financial inclusion has promoted the development of a green economy. Secondly, financial development hinders green economic growth. Departments with no pressure to repay loans and with “political background” often occupy financial resources, but some green companies cannot obtain finance. The inefficient allocation of financial resources hinders the development of a green economy by financial resources. Thirdly, there is a nonlinear relationship between financial development and the green economy (Zhang, 2017). Financial development can help alleviate consumer liquidity constraints and stimulate consumer demand. On the one hand, consumer demand has increased, leading to excessive energy consumption. However, with the upgrading of consumption structure, consumers’ awareness of environmental protection has increased, and consumer products are more concentrated on green products that promote green economic growth. It can be seen that the impact of financial development on the growth of the green economy is uncertain.
In the early stage of the DIF development, some enterprises use a large number of financial resources for market arbitrage in an attempt to obtain high profits, rather than using credit resources for technological research and development of enterprise production through the “reservoir” effect, so as to realize the green transformation and upgrading of enterprises (Hall, 2002). In addition, the “inclusion” of DIF makes inefficient backward enterprises crowd out the financial resources of small, medium, and microgreen enterprises, reducing the financing efficiency of green enterprises and hindering the growth of green economy. When the DIF develops to a certain extent, its positive impact on green economy gradually emerges. The DIF can help reduce the innovation threshold of enterprise financing constraints and stimulate the innovation vitality of enterprises in green technology (O'Sullivan, 2005). It is helpful to break through the space limitation of financial accessibility, realize the “inclusive” financial services in remote areas, and solve the problem of “difficult and expensive financing” for small, medium, and microgreen enterprises. It will help guide green consumption and promote green economic development. Accordingly, this paper proposes the following hypothesis 1.
H1. The DIF can influence total factor productivity by promoting the agglomeration of producer services and upgrading of industrial structure.
How does digital financial inclusion affect the development of a green economy? Based on existing research, the internal mechanism of digital financial inclusion for the development of green economy may be manifested in the following two aspects: Firstly, as a producer service industry, the DIF will improve the agglomeration level of the producer service industry and then enhance the development of green economy. The development of the DIF has promoted the development of the producer service industry and other industries and the formation of agglomeration areas by lowering the financing threshold and information asymmetry. The impact of industrial agglomeration on the green development of enterprises: the competitive effect of industrial agglomeration forces enterprises to use financial funds for green technological innovation, transform green production methods, improve the competitiveness of green products, and occupy a dominant market position; industry diversification and agglomeration will help to strengthen green technology exchanges between industries and even within industries and rely on the “learning effect” to promote the development of green industries; enterprises in the agglomeration zone share the benefits of green technological innovation, reduce green industry transaction costs, and use more financial resources to transform green production methods to promote the development of green economy (Beaudry and Schiffauerova, 2009); small, medium, and microgreen enterprises in the agglomeration area can learn advanced management experience and scientific research technology through technology spillover effects to promote their own green development. Secondly, the optimization and upgrading of the industrial structure will help realize digital financial inclusion and promote the development of a green economy. The DIF can not only help to realize the transformation of the green production mode of enterprises but also promote the optimization and upgrading of the industrial structure through the reasonable allocation of financial resources. The industrial integration of the science and technology industry will enhance the level of green technology innovation and promote the development of a green economy. The upgrading of industrial structure can accelerate the gradual flow of infrastructure, technology, and other factors from low-level industries to high-level industries, improve the efficiency of factor resource allocation, stimulate the vitality of green technology innovation of enterprises, and promote the development of green economy (Pai, 2016; Yang and Jiang, 2021). Accordingly, this paper proposes the following hypothesis 2.
H2. The DIF can indirectly promote the development of green economy by increasing the concentration of producer services and optimizing the upgrading of industrial structure.
MODEL DESIGN AND VARIABLE DESCRIPTION
Model Design
This paper focuses on the impact of the DIF on green economic development, considering that the DIF may have a nonlinear relationship with green development level, the square term of the DIF index is added to the regression model, and the empirical model is as follows:
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Among them, i represents the city; t represents the year; GTFP is the green total factor productivity and represents the level of green development; DIFI represents the DIF index; X is the series of factors that affect the green total factor productivity; [image: image] represents the coefficient vector of the control variable; [image: image] and [image: image], respectively, represent the city and time fixed effects; [image: image] is the random disturbance item, which satisfies the normal distribution; the condition expectation is 0; and [image: image]. If [image: image] and [image: image] are both significant, [image: image] especially significant, it indicates that digital financial inclusion has a nonlinear relationship with green economy development.
Variable Definition
Explained Variable
The explained variable is the level of green economy development. This article uses the SBM directional distance function and refers to the global Malmquist-Luenberger index constructed by Oh (2010) to measure the green total factor productivity of China’s prefecture-level cities and serve as a measure of the level of China’s green economy development index. The production possibility set of the global ML index refers to the global production technology set DG(x) and contains both expected and undesired output, which can better measure the level and quality of green development. According to the definition of DG(10) production technology set, the global ML index from t to t+1 period can be expressed as
[image: image]
In the formula, [image: image], [image: image], and [image: image] are, respectively, the input, expected output, and undesired output indicators. Among them, the directional distance function defines the global technology set:
[image: image]
If ML > 1, it means that the level of green development is increasing; if ML ≤ 1, it means that the level of green development is unchanged or decreasing. Drawing lessons from relevant literature, this article uses the following input and output indicators to measure the level of green development.
Capital input: considering that the capital stock data of the provinces and cities in the Yellow River Basin cannot be directly obtained, this article draws on the mature “perpetual inventory method” to estimate the capital stock (Zhang et al., 2004), and the calculation formula is[image: image]. δ is taken as 10% according to the practice of most documents.
Labor input: it is measured by the sum of the number of employed persons in urban units and the number of employed persons in other units in each city. Energy input: the energy consumption of the whole society is used to represent energy input.
Expected output: in order to avoid the interference of price factors on the measurement, this paper adopts the actual gross national product of each city after deflation processing based on the 2011 base period.
Unexpected output: this article uses industrial wastewater and industrial SO2 emissions to measure.
The above indicator data comes from the National Bureau of Statistics, “China Labor Statistical Yearbook,” “China Urban Statistical Yearbook,” and “China Energy Statistical Yearbook.”
Core Explanatory Variables
The core explanatory variable of this paper is the DIF index, which is used as the proxy index of the development level of urban. This paper uses the DIF index of Peking University compiled by Guo et al. (2020), concluding the subdimensional indexes of the DIF Coverage (brd), Depth of Use (dpth), and Digital Support Service Level (pay), to investigate the impact of the development of the DIF on green economy development.
Control Variable
In addition to the core explanatory variables of the DIF, this paper draws on relevant literature and controls the following variables:
1) Urban economic development level (lnpgdp): it is measured by the natural logarithm of actual pgdp in cities. The improvement of the level of economic development can greatly enhance the vitality of urban green innovation and entrepreneurship and then enhance the green economic development. Expected sign is positive.
2) Financial development level (fin): it is measured by the proportion of the sum of loans and deposits of financial institutions in the actual GDP; on the one hand, financial development can reduce the occurrence of information asymmetry by collecting and processing innovative information and improving the supervision mechanism of innovative projects by financial institutions. Expected sign is positive.
3) The level of fdi: it is measured by the proportion of fdi in regional GDP. fdi sets up enterprises in the investing country, which promotes the improvement of green economic development through the competitive effect among enterprises. Expected sign is positive.
4) Freight volume (log): it is measured by the ratio of cargo transportation volume to GDP of each region. The larger proportion of freight volume indicates that the transportation infrastructure is complete, so it can speed up the flow of talents, technology, and other factors and improve the supply of labor. It can also reduce the cost of communication and transaction between enterprises and promote the improvement of green economy development. Expected sign is positive.
Mechanism Variables

1) Industrial upgrading (upd): it is measured by the proportion of employment in the tertiary industry to employment in the secondary industry. On the one hand, industrial upgrading will inevitably force enterprises to carry out green technological innovation to improve labor productivity and obtain excess profits, thus accelerating the formation of emerging green industries, upgrading and transforming traditional industries, and promoting the development of green economy. Expected sign is positive.
2) Productive service industry: in this paper, we measure the diversification index (dag) of producer services. This paper calculates the diversified agglomeration index of producer services, and its specific calculation formula is
[image: image]
Among them, [image: image] represents the number of employees in China’s national producer service industry s, [image: image] represents the number of employees in all industries in China, [image: image] represents the number of employees in a certain productive service industry [image: image] other than industry s in city i, and [image: image] represents the number of employees in a producer service industry other than industry s. If the index is larger, it means that the city’s producer service industry is more diversified and concentrated.
Data Sources
There are two main sources of research data in this paper. First, the data related to the DIF comes from the DIF index data of cities at all levels and above from 2011 to 2018 provided by the Digital Finance Research Center of Peking University. In the research process, we take the logarithm of these indexes, and the specific method is to add one to the index and then take the logarithm. Second, all the data except the DIF data are from China Urban Statistics Yearbook and China Regional Economic Statistics Yearbook. According to the availability of statistical data, the research sample of this paper is the panel data of 283 cities at the prefecture level and above in China from 2011 to 2018, and the statistical scope of the sample is the whole city. Table 1 is a descriptive statistical table of the variables involved in this paper.
TABLE 1 | Descriptive statistics of variables.
[image: Table 1]Considering that the multicollinearity between variables will lead to the bias of estimation results, Table 2 presents the correlation coefficient matrix and variance inflation factor (VIF) values of all variables. From the results, the correlation coefficients of all variables are not greater than 0.4. The value of VIF is less than 10; that is, there is no multicollinearity problem.
TABLE 2 | The correlation coefficient and multicollinearity test of varibles.
[image: Table 2]EMPIRICAL ANALYSIS
Benchmark Regression Analysis
According to research hypothesis one and Eq. 1, Table 3 shows the result of benchmark regression. Without adding control variables, column (1) only investigates the influence of the DIF on green economic development, and the results show that there is a negative and not significant influence relationship between the DIF and the green total factor productivity. The results in column (2) show that the coefficients of the first and second terms of the DIF are negative and positive, respectively, and both have passed the significance level of 1%, indicating that the DIF has a positive U-shaped relationship with green total factor productivity. When the control variable is added, the results in column (3) show that the coefficient of the DFI’s first term is significantly negative at the 1% statistical level, and the conclusion in column (4) is the same as that in column (2). When the DIF is at a low level of development, it fails to fully cover the whole region, which will occupy a certain amount of funds, lead to a serious waste of resources, and have a certain inhibitory effect on green economic development. With the vigorous development of the DIF, it will produce a certain scale effect, make reasonable and full use of enterprise funds, and thus promote the development level of green economy.
TABLE 3 | Benchmark regression results.
[image: Table 3]According to column (4), through simple calculation, the value of turning point is 4.757 (the DIF is 116), which indicate that when the development of the DIF is less than 116, it will take up a large number of enterprise funds and increase costs, thus inhibiting the development level of green economy. However, when the development of the DIF is greater than 116, the coverage area of the DIF will increase, which will produce economies of scale and promote the improvement of green total factor productivity of enterprises. The conclusion is that there is a nonlinear relationship between the DIF and the development level of green economy. H1 was tested.
Among the control variables, the level of urban economic development (lnpgdp) has a significant positive effect on green total factor productivity, which indicates that rapid economic development can encourage large enterprises to open up resources, participate in coordinated development, and promote the development level of green economy. fdi has no significant inhibitory effect on green total factor productivity, different from the expected results. Freight volume (lnlog) has a significant positive effect on green total factor productivity. While financial development level (fin) has no significant inhibitory effect on green total factor productivity, different from the expected results, the possible explanation is that the increase in financial development scale may not promote the development level of green economy but must adapt to the resource endowment and industrial structure development of the region in order to give full play to the financial function.
Robustness Test
Substitution Explanatory Variable
In addition to studying the influence of the DIF on the quality of economic development, this part substitutes three subdimensions of the DIF into the model to estimate the influence of subdimensions on the level of green economy. Table 4 reports the influence of three subdimensions of the DIF on green total factor productivity. Regression results show that the primary estimation coefficients of the three subdimensions are significantly negative at the levels of 1, 1, and 5%, respectively, while the secondary estimation coefficients are significantly positive at the levels of 1, 1, and 10%, respectively, indicating that the DIF index of the three subdimensions has a nonlinear relationship with green total factor productivity, while coverage breadth is weakly significant with green total factor productivity, indicating that the “general” characteristics reflected by coverage breadth have not been fully reflected. H1 still holds.
TABLE 4 | Substitution explanatory variable.
[image: Table 4]Replace the Explained Variable
In this section, the green technology progress index (gtpi) is substituted for green total factor productivity (gtfp) for the robustness test. The results are shown in Table 5. The results of columns (1)–(4) in Table 4 show that the estimated coefficients of the digital financial inclusion total index and the three subdimensions indexes are all manifested as the first-order coefficients are significantly negative and the quadratic coefficients are significantly positive. Both of them are significant at the 1% level, indicating that there is a nonlinear relationship between the DIF or its three subdimensions and the green total factor productivity. H1 still holds.
TABLE 5 | Replace the explained variable.
[image: Table 5]Replace the Estimation Method
Table 6 reports the estimation results of the replacement estimation method. Considering the dynamic change of green total factor productivity, only using the static panel model may lose some useful information. Therefore, considering that the time dimension of the sample is only 8 years, we learn from Arellano and Bover (1995) and use the system generalized method of moments (SYS-GMM) method to estimate the relationship between DIF and urban green total factor productivity. Therefore, we use the method of Fu et al. (2013) for reference and only consider the first-order lag. In addition, another advantage of SYS-GMM estimation is that it can alleviate some possible endogenous problems. The system GMM estimation requires that the random disturbance term [image: image] has no autocorrelation, that is[image: image],[image: image]. Lag terms of the explained variable[image: image] are not correlated with the individual effect [image: image]. In order to verify this prerequisite, we conducted AR (1) and AR (2) tests. The results show that the first-order difference of the random disturbance term [image: image] has autocorrelation, while the second-order difference has no autocorrelation, thus satisfying the null hypothesis. In the four models of Table 6, the p value of AR (2) is less than 0.1, and the p value of AR (2) is greater than 0.1, indicating that the residual terms of each equation have second-order sequence irrelevance; at the same time, the p value of Sargan statistics are not significant, indicating that the instrumental variables used in each model are all valid. In Table 6, the first term of the DIF index is significantly negative to green total factor productivity, and the second term coefficient of the DIF index is significantly positive to green total factor productivity, both of which are significant at 1% significance level. To sum up, it shows that the result obtained by replacing the estimation method is consistent with the previous one; that is, the conclusion of this paper is robust.
TABLE 6 | The stimation of SYS-GMM.
[image: Table 6]Threshold Regression
Threshold Effect Test
Because the threshold effect model is one of the common methods to deal with nonlinear relations, we use the threshold effect model to test the robustness in this part. Based on the research of Hansen (1999), this paper constructs a panel threshold model between the DIF and green economy development:
[image: image]
Among them, DIFI represents the threshold variable; [image: image] is the threshold value with estimation; [image: image] is the indicator function; [image: image] is the influence coefficient of the explanatory variable in different intervals.
Since there is a U-shaped relationship between the DIF and the development level of green economy, it is necessary to further consider the threshold effect of the DIF on the level of green economy. In this paper, Bootstrap is used to sample and calculate the threshold model repeatedly, and F statistics and p values are obtained (see Table 7). The results in Table 6 show that the DIF index (lndifi) has a double threshold effect on green total factor productivity. Among them, the single threshold effect is significant at 1% level, and the threshold value is 5.274. The double threshold effect is significant at 10% level, and the threshold value is 5.405. The triple threshold effect is not significant. The coverage of DIF (lnbrd) has a single threshold effect on green total factor productivity. Among them, the single threshold effect is significant at 1% level, and the threshold value is 5.251; the double threshold effect is not significant. The Digital Support Service Level of DIF (lnpay) has a single threshold effect on green total factor productivity. Among them, the single threshold effect is significant at the level of 5%, and the threshold value is 5.277; the double threshold effect is not significant. The use depth of DIF (lndpth) has a double threshold effect on green total factor productivity. Among them, the single threshold effect is significant at 1% level, and the threshold value is 5.375. The double threshold effect is significant at 5% level, and the threshold value is 5.185. The triple threshold effect is not significant.
TABLE 7 | Threshold effect test.
[image: Table 7]Threshold Model Estimation
After determining the corresponding threshold value, this part will estimate the threshold model, and Table 8 shows the threshold regression results. Columns (1)–4) are the regression estimation results of the DIF and threshold effect of three subdimensions. The results in column (1) show that after the control variables are added, the effect of the DIF on green total factor productivity has a significant threshold effect, which has passed the 1% significance level. When the DIF index is less than the threshold value of 5.274, the threshold coefficient is −0.058, and the DIF has a significant inhibitory effect on green total factor productivity. When the threshold value of the DIF index is between [5.274, 5.405], the threshold coefficient is −0.046, and the DIF inhibits the improvement of green total factor productivity. When the DIF index is greater than the threshold value of 5.405, the threshold coefficient is −0.038, the DFI has a significant inhibitory effect on green total factor productivity, and its effect is gradually increasing. It shows that, with the increasing threshold of the DIF, the effect of the DIF on green total factor productivity is gradually enhanced. Developing the DIF can produce a certain scale effect, reduce the cost of enterprises, and promote the improvement of green total factor productivity.
TABLE 8 | Threshold regression results.
[image: Table 8]Furthermore, the robustness results are analyzed; in columns (2)–(4), the three subdimensions of the DIF are replaced by the DIF total index, and the influence of the DIF on the development level of green economy is further investigated. The results show that coverage breadth and digital support service degree have a significant single threshold effect on green total factor productivity. The depth of use has a significant double threshold effect on green total factor productivity, both of which are significant at 1%.
Endogenous Problem
Reverse Causation
In order to avoid the reverse causal problem, that is, the current green total factor productivity may have an impact on the current DIF development, we treat the core explanatory variables lag one period (see Table 8 for the estimated results). It can be seen from Table 9 that the results in columns (1) to (3) show that the development index of the DIF and the subdivision index of the DIF lag behind the first-order coefficient estimation results and the coefficients of the first and second terms are negative and positive at the level of 1%, which shows that the previous difi, coverage brd, digital degree pay, and usage depth dpth all have an obvious inhibitory effect and then promotes the development of the current urban green economy. H1 still holds.
TABLE 9 | Estimated results of dealing with reverse causal problems.
[image: Table 9]IV Estimation
Due to the endogenous problems caused by missing variables, measurement errors and simultaneous causality, instrumental variables are used for further testing. Referring to Liang and Zhang (2019), this paper takes Internet popularity (number of Internet users) as the IV of the DIF and adopts the two-stage least square method (2SLS) to identify the causal relationship between the DIF and the green total factor productivity. Through correlation analysis, there is a close relationship between the Internet users and the DIF, which satisfies the correlation characteristics of IV, while there is no direct relationship between Internet users and the green total factor productivity, which satisfies the exclusive characteristics of IV. Therefore, it is reasonable to take the number of Internet users as the IV of the DIF.
Table 10 reports the estimated results with the number of Internet users as the IV. There is a significant positive relationship between the first-order coefficient of Internet popularity and the core explanatory variables in this paper and a significant negative relationship between the second-order coefficient of Internet popularity and the core explanatory variables in this paper, and the F statistic in the first stage is far greater than 10, indicating that there is no weak IV. Columns (1) to (4) of Table 10, respectively, report the impact of the DIF index and its subdimensions on the green total factor productivity after the introduction of IV. The estimation results of IV show that the DIF index and the first term of subdimensions have a significant negative inhibitory effect on green total factor productivity, while the DIF index and the square term of subdimensions significantly promote the improvement of green total factor productivity. H1 holds.
TABLE 10 | Estimation results of IV.
[image: Table 10]FURTHER DISCUSSION
Heterogeneity Analysis
Analysis of Regional Heterogeneity
In order to test the influence of the DIF on the level of green economy in different geographical locations. The columns (1)–(3) of Table 11, respectively, report the regression results of heterogeneity analysis in eastern, central, and western regions, and the regression results show that the linear estimation coefficient of the DIF in eastern, central, and western regions is significantly negative, while the quadratic estimation coefficient of the DIF in eastern, central, and western regions is significantly positive, all of which are significantly positive at the statistical level of 1%, and the promotion effect on eastern, central, and western regions decreases in turn. This shows that, in the early stage of the development of the DIF, the resource endowments and government support policies of different regions are different, and the role of the DIF on green total factor productivity is very small, which is likely to play a restraining role. For those cities with relatively perfect financial development, the coverage of the DIF gradually expands, which can provide a good financing environment for enterprises, thereby promoting the development of green economy.
TABLE 11 | Heterogeneity test results.
[image: Table 11]Heterogeneity Analysis of Economic Development Level
In this paper, 283 cities are divided into more developed cities and less developed cities for regression, with the national average per capita GDP (lnpgdp is 10.6) as the boundary. Column (4) and column (5) in Table 11, respectively, report the impact of the DIF of more developed cities and less developed cities on level of green economy. The results show that the regression coefficient of the first term of the DIF development to green total factor productivity is significantly negative at 1%, while the regression coefficient of the second term of the DIF development to green total factor productivity is significantly positive at 1%. The regression coefficients of the first and second terms of the development of the DIF to green total factor productivity are significantly negative and positive at the level of 1% and have a more significant impact on the former. This may be due to the fact that, compared with general prefecture-level cities and regions, digital financial inclusion plays a significant role in promoting the development of a green economy in key cities.
Mechanism Analysis
The Intermediary Effect of Industrial Structure Upgrading
In this part, we use the research of Baron and Kenny (1986) as a reference to investigate the relationship between the DIF and the development level of green economy. Considering the nonlinear relationship between the DIF and green total factor productivity, we use the research of Chen et al. (2019) as a reference to set up a mediation model with the square term of core explanatory variables, and the specific model is as follows:
[image: image]
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Among them, in Eq. 7, upd represents the upgrading of the industrial structure. If the coefficients [image: image], [image: image], and [image: image] are significant, it means that digital financial inclusion has a mediating effect on green total factor productivity. By comparing the changes in the turning point of Eq. 6, 8, when the turning point becomes smaller, it shows that the upd can accelerate the impact of digital financial inclusion on green total factor productivity, and the upd can play an intermediary role between the DIF and green total factor productivity. When the turning point becomes larger, it shows that the upd can hinder the influence of the DIF on green total factor productivity, and the upd plays a masking effect between the DIF and green total factor productivity.
This paper focuses on the analysis of the nonlinear relationship between the DIF and green total factor productivity. In Table 12, we add the first term and the second term of the DIF to test the intermediary effect. The results of columns (1) to (3) show that there is a significant U-shaped curve relationship between the DIF and green total factor productivity, and there is a significant U-shaped curve relationship between the DIF and industrial structure upgrading. When the effects of the DIF and industrial structure upgrading on green total factor productivity are investigated at the same time, the first term coefficient of the DIF rises from −0.647 to −0.548, and the second term coefficient of the DIF drops from 0.068 to 0.055. Because of the addition of quadratic term, it is impossible to measure the size of the mediation effect, but the turning point changes of the two models can be calculated, and the turning point of the first column is 4.757, while the turning point of the third column is 4.982, which indicates that adding industrial structure upgrading factors will significantly shift the turning point to the right, which indirectly indicates that industrial structure upgrading plays a masking effect between the DIF and green total factor productivity. H2 holds.
TABLE 12 | Analysis of industrial structure upgrading effect of the DIF.
[image: Table 12]Analysis of the Adjustment Effect of Producer Service Industry Agglomeration
Table 13 examines the moderating effect of producer services agglomeration between the DIF and the development level of green economy. The results in column (1) show that the first and second term coefficients of the DIF are significantly negative and positive, and the dag coefficient is significantly positive, indicating that the agglomeration of producer services has significantly promoted the development of a green economy. According to the results in column (2), the coefficients of the interaction terms between the primary and secondary terms of DIF and the agglomeration of producer services are significantly negative and positive, respectively, which indicates that producer service agglomeration plays a role in regulating the DIF and green total factor productivity; that is, it strengthens the U-shaped relationship between the development of the DIF and green total factor productivity. H2 holds.
TABLE 13 | Regulatory effect of producer services agglomeration.
[image: Table 13]CONCLUSION AND POLICY IMPLICATIONS
Based on the urban panel data from 2011 to 2018, this paper investigates the impact of the DIF on the level of economic green development and its internal mechanism. The results show that there is a significant U-shaped relationship between the DIF and green total factor productivity. The estimation results of the threshold model show that there is a double threshold effect between the DIF and the level of economic green development. Taking Internet popularity as an IV and adopting the two-stage least square method to deal with the potential endogenous problems, the results still confirm that there is a U-shaped curve relationship between the DIF and green total factor productivity. The research conclusion is still valid after the robustness test from the perspectives of replacement explained/explained variables and replacement estimation methods. The heterogeneity test results show that the turning point of the U-shaped curve of the DIF on green total factor productivity shows a trend in the middle, followed by the east, and later in the west; the impact of the DIF on green total factor productivity is more significant in areas with more developed cities. The impact mechanism research shows that the DIF can indirectly promote China’s development level of a green economy by improving the agglomeration degree of producer services and optimizing the upgrading of the industrial structure.
Based on the conclusions of empirical research, the policy enlightenments of this paper are as follows. Firstly, as a developing country, China should strengthen policy support to promote the development of the Internet and mobile payment and to popularize the DIF. Secondly, from the regional level, we should strengthen the integrated development of DIF and other industries to form the agglomeration effect of producer services, so as to drive the green development of various industries. Thirdly, from the enterprise level, small- and medium-sized and microenterprises should obtain financial resources through DIF to green industry.
Of course, there are still some deficiencies and further development directions in this paper. First, the heterogeneity analysis is not deep enough, and the future research will be further expanded from coastal areas, border areas, and urban agglomeration areas. Second, this paper only discusses the mechanism from the aspect of industrial structure, and the next step can be further analyzed from the perspective of green technology innovation and green production environment.
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