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The Yangtze River Delta region is one of the most active regions in China’s economic development and financial innovation, and its green finance is at the leading level in the country. To promote the integrated development of green finance in China’s Yangtze River Delta and boost high-quality economic development, this paper uses the data of three provinces and one city in the Yangtze River Delta from 2010 to 2021, constructs the green finance development index and the high-quality economic development index by entropy weight method, and constructs the VAR model to analyze the interaction between the two. The coupling coordination model is used to analyze the coupling coordination degree between green finance and high-quality economic development, and the correlation between green finance and high-quality economic development is deeply analyzed by using the gray correlation method. Finally, the gray prediction model is used to predict the coupling coordination between green finance and high-quality economic development. The research shows that green finance and high-quality economic development have short-term mutual promotion effects, and the coupling and coordination are good, but there are regional differences. The overall degree of correlation between the two is medium to upper, and the interaction force is strong. From the forecast results, the coupling coordination and coupling priority of the Yangtze River Delta region show positive development, and Anhui Province has more room for improvement. Based on the above research, this paper proposes to establish a green finance integrated development mechanism to promote regional green finance synergistic development, promote green finance infrastructure interconnection to better realize resource allocation and information sharing, attract more professionals to participate in green finance innovation, and build a favorable external development environment for green finance.
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1 INTRODUCTION
With the continuous development of the social economy, environmental problems in many countries are becoming more and more serious, which poses a threat to the sustainable development of mankind (Wu et al., 2021). To promote sustainable economic development, green development will be the future trend (Tian et al., 2022). Green finance is seen as a “lubricant” and “booster” for green development (Wang and Wang, 2020; Sun Z. Y., 2022a), is attracting wide attention from all over the world (Schafer, 2018; Liu et al., 2019). As an environmental economic policy, green finance is different from traditional financial services in that it lays more emphasis on ecological and environmental benefits to promote sustainable economic development while developing the economy (Wang K. H. et al., 2022a). From the perspective of environmental psychology, green finance can effectively adjust the industrial structure by increasing financial support for the green environmental protection industry and financing constraints on industries with high energy consumption and high pollution, to promote the transformation and upgrading of enterprises with high pollution and high energy consumption, promote high-quality economic development, and achieve coordinated development of economy and environment (Zhou et al., 2020; Hu et al., 2021). High-quality economic development pursues sustainable economic development. As an environmental economic policy, green finance is known as the “undertone” of high-quality economic development (Wen et al., 2022). While supporting economic development, it pays more attention to environmental protection, guides more funds to green industries, and improves the quality of economic development (Jiang and Hu, 2021; Li et al., 2022). Thus, green finance pursues sustainable economic development and supports high-quality economic development in essence (Yu and Fan, 2022).
All countries in the world have made unremitting efforts to promote sustainable and high-quality economic development (Cai and Wang, 2022). In terms of green finance development, developed countries are more concerned about its impact on climate, while developing countries are more focused on its role in energy conservation and emission reduction (Lin and Xiao, 2023). As a big developing country, China has made unremitting efforts and made some progress in the development of green finance in to promote the coordinated development of economic and environmental benefits. With the continuous introduction and implementation of green finance policies, by the end of 2021, the balance of domestic and foreign green loans in China has reached 15.9 trillion yuan, and the stock scale of China’s green credit has ranked second in the world in the same year. At the end of 2022, China’s green loan balance in domestic and foreign currencies was even higher at 2,203 billion yuan, an increase of 38.47% year-on-year. This shows that China has great potential in developing green finance. As one of the most active regions in economic development and financial innovation in China (Wang S. et al., 2022b), the Yangtze River Delta region is at the leading level in the country in green financial development (Research Group of Hangzhou Central Sub-branch of the People’s Bank of China and W. F. Lu, 2022). Its annual contribution to GDP accounts for about one-quarter of the national total, playing a very important role in China’s modernization (Hu, 2022). In November 2018, China listed the integration of the Yangtze River Delta as a national strategy, and at the same time made higher requirements for the integrated development of green finance in the region. In 2019, China issued the Outline for the Integrated Development of the Yangtze River Delta Region, guiding government departments and financial institutions in the Yangtze River Delta region to actively explore and improve supporting green finance policies. However, at present, the Yangtze River Delta region in China is still in its infancy in terms of integrated development of green finance, and there are still problems such as unbalanced regional development (Zhang and Shen, 2023).
With the increasingly severe environmental problems, the relationship between green finance and economic development has received more and more attention from scholars. In the existing literature, some relatively early studies concluded that green finance is detrimental to macroeconomic development (Wang et al., 2016; Su and Lian, 2018). With the gradual enrichment of empirical samples, most studies have concluded that the development of green finance can adjust the industrial structure by guiding the flow of capital and promoting green technological innovation (Hu et al., 2023), and promoting the transformation and upgrading of industrial structure (Li and Zhou, 2023), which can pull the high-quality economic development (Wen et al., 2022; Zhang and Yu, 2023). Although existing studies have shown that green finance has an impact on economic development, it is important to note that most of the current studies on the relationship between green finance and economic development are one-way studies, and few in-depth studies have been conducted from the perspective of the interactions between the two systems of green finance and high-quality economic development. Most of the existing studies focus on the national scale, and there is a lack of research on the regional scale. Therefore, the purpose of this study is to analyze in depth the mutual dynamic relationship between green finance and high-quality economic development in the Yangtze River Delta region, and to understand the level of coupled and coordinated development between the two systems and their degree of association, to put forward constructive suggestions for promoting the development of green finance in the Yangtze River Delta region.
This study contributes to the existing knowledge system in the following aspects. First, this paper empirically analyzes the interaction dynamics between the two systems in the Yangtze River Delta region using a VAR model, unlike the vast majority of the previous literature, which only studies the single interaction relationship between the two systems. Second, this paper uses a coupled coordination model to analyze the coupling and coordination between green finance and high-quality economic development in three provinces and one city in the Yangtze River Delta region and analyzes the influencing factors in conjunction with the actual situation, which complements the existing research and helps to promote the synergistic development of green finance and high-quality economy in the Yangtze River Delta region. Third, this paper establishes a gray correlation model to clarify the degree of interconnection between the two systems and their subsystems and analyzes their intrinsic causes in depth. Finally, this paper uses a gray prediction model to forecast the coupled coordination status of the three provinces and one city in the Yangtze River Delta and conducts a comparative analysis of its evolution trend. To the authors’ knowledge, the existing literature is mainly based on the analysis of existing data, and few studies have made future predictions on the level of coordination between green finance and high-quality economic development in the region. The above analysis provides an empirical basis for the formulation of future development policies of green finance in the Yangtze River Delta region so that it can further promote high-quality economic development, which can help promote the integrated development of green finance and high-quality economic development in the Yangtze River Delta region. It also provides a useful reference for the positive interaction between green finance and economic development in other regions.
2 LITERATURE REVIEW
With the growing severity of environmental problems, green finance has received more and more attention from scholars. In the existing literature, numerous scholars have conducted relevant studies on green finance (Sachs et al., 2019; Li and Zhou, 2023; Zhang and Yu, 2023). At the early stage of research, scholars mainly focused on the theoretical aspects of green finance connotation, green financial system construction, and green finance policies (White, 1996; Jeucken and Bouma, 1999; An, 2008). For the connotation of green finance, studies have defined green finance as a policy, financial instrument or behavior, etc. Green finance is the incentive policy and institutional arrangement implemented to promote the development of green industries as well as the improvement of the ecological environment (Zhou, 2019). Green finance is a financial instrument that focuses on environmental benefits and promotes sustainable economic development (Yu, 2016; Sachs et al., 2019). Green finance is the behavior of financial institutions to incorporate environmental factors into investment decisions (Wang, 2021). Meanwhile, green finance is a financial investment activity that is beneficial to sustainable development (Gu and Cai, 2015; Yu and Fan, 2022).
As research at the theoretical level has matured, many scholars have conducted quantitative research on green finance from macro and micro perspectives (Sun M. Y., 2022b). At the macro level, the objects of study are mainly economic development and the ecological environment. Many studies have concluded that green finance is beneficial to sustainable development and ecological environmental protection (Li, 2020; Liu and He, 2021). Also, it can promote industrial transformation and upgrading (Li and Shi, 2022). At the micro level, numerous scholars have conducted relevant studies on green financial instruments. Most scholars believe that the implementation of green financial instruments such as green credit and green bonds can improve the return on green energy projects (Tolliver et al., 2020; Taghizadeh-Hesary et al., 2021), bank profitability, etc. (Zhu et al., 2021). Some studies have also argued that the development of green financial instruments is detrimental to the development of financial institutions and increases their bankruptcy rates in the short term (Shao and Yan, 2020).
Financial development is a major cause of economic growth (Baloch and Danish, 2022), but its impact on the environment has not yet reached a uniform conclusion. Several studies have concluded that financial development is beneficial to environmental protection and sustainable development (Baloch and DanishMeng, 2019; Baloch et al., 2020; Usman and Balsalobre-Lorente, 2022). Financial development can contribute to sustainable development by reducing carbon emissions through increased energy efficiency (Alvarez-Herranz et al., 2017). Green finance contributes to environmental protection and sustainable development through innovative financial instruments and improved related policies (Sachs et al., 2019). Also, it has been shown that economic growth can reduce CO2 emissions and contribute to sustainable development (Park et al., 2018). However, some studies have also concluded that financial development has increased carbon emissions and ecological footprint, among others, and has caused some pollution to the environment, thus reducing environmental quality (Xu et al., 2018; Baloch et al., 2019).
Economic growth and financial support have been the focus of scholarly research (Wang et al., 2021a). Green finance, as an environmental economic policy, can effectively link the economy and the environment, focusing on environmental benefits while developing the economy (Wang K. H. et al., 2022a). For the research on the relationship between green finance and high-quality economic development, more scholars believe that green financial development can promote high-quality economic development (Liu and Ma, 2022; Hua and Shi, 2023; Li, 2023). Green finance can promote enterprise innovation (Wang et al., 2021b) and industrial transformation and upgrading (Li and Shi, 2022; Zhang et al., 2022) to promote economic growth (Markandya et al., 2015). Through an empirical analysis of provincial panel data in China, Wen et al. (2022) found that green finance has the important function of supporting high-quality economic development through green innovation. However, a small number of scholars believe that the development of green finance hinders the development of the macro-economy (Ning and She, 2014). Su and Lian (2018) believe that excessive punishment of green credit is not conducive to the transformation and upgrading of polluting enterprises.
In summary, many scholars have conducted certain research on green finance and high-quality economic development. The existing researches demonstrate that green finance has a certain influence on high-quality economic development. However, the existing studies show more research on the one-way interaction relationship and less research on the two-way interaction relationship, and there is even less literature to predict the future coordinated development level of regional green finance and high-quality economic development. To supplement the existing literature, this paper makes an in-depth study of the Yangtze River Delta region. This paper analyzes the dynamic interaction between the two systems of green finance and high-quality economic development in this region, the level of coordinated development, the degree of correlation, and the prediction of the future coordinated development of the two systems. This study provides an empirical basis for the future development of green finance policies in the Yangtze River Delta region.
3 INDEX CONSTRUCTION AND DATA SOURCE
3.1 Index construction
In terms of the construction of green finance indicators, it can be seen from the Guidance on Building a Green Finance System released in 2016 that green finance mainly includes green credit, green insurance, green investment, green bonds, etc. (Liu and He, 2021). At the same time, referring to the research content of Tian et al. (2022) and Yu and Fan (2022), and considering the availability of data, this paper finally constructs the first-level index of green finance system from the four dimensions of green credit, green insurance, green investment, and green bond. Compared with the previous selection of green credit as the measurement index of green finance development, this paper constructs the green finance index system from various aspects, which is more scientific and rational. Meanwhile, referring to the studies of He et al. (2019) and Zeng et al. (2014), the second-level index of green finance constructed in this paper is shown in Table 1. Among them, the interest expense of high-energy consuming industries is replaced by the interest expense generated by six high-energy consuming industries (Guo, 2022). The index data of green insurance is measured by the relevant data of agricultural insurance (Ren et al., 2020). When constructing high-quality economic development indicators, this paper combines the research content of Li et al. (2019) and Huo (2021). Finally, this paper selects economic growth, social development, ecological civilization, and scientific and technological progress as first-level indicators, and selects 12 second-level indicators to build the index system of high-quality economic development. Specific second-level indicators are shown in Table 1.
TABLE 1 | Index system construction.
[image: Table 1]Since the indicators constructed in this paper contain 14 positive indicators and 4 negative indicators, the data must be preprocessed. In this paper, the polarization method is first used to standardize the index data (Tian et al., 2022), to eliminate the dimensional influence among various indicators. At the same time, to ensure the objectivity and referenceability of index weight calculation results, the entropy weight method is used in this paper to solve the weight (Sun M. Y., 2022b; Cai and Wang, 2022). The specific results are shown in Table 2.
TABLE 2 | Index weights of green finance and high-quality economic development.
[image: Table 2]3.2 Data source
The research scope selected in this paper is the data from three provinces and one city in the Yangtze River Delta from 2010 to 2021. Among them, some data on green finance indicators and high-quality economic development indicators are missing, and the mean value method is used to fill in the data. The rest of the index data are mainly from the China Industrial Statistics Yearbook, China Insurance Yearbook, China Environmental Statistics Yearbook, Wind database, statistics bureau, and statistical yearbook of various provinces and cities, etc.
4 RESEARCH METHOD
4.1 Entropy weight method
For the calculation of index weights, the entropy weight method is adopted in this paper to ensure the objectivity of the calculation results. The specific calculation formula is as follows:
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In the formula, Xij refers to the value of index i in the j year, Yij refers to the standardization of the value of the i index in the j year, Pij refers to the proportion of the i index in the j evaluation object, ej refers to the entropy of the j index, gj refers to the coefficient of variation of the j index, wj refers to the proportion of the j index. See Table 2 for weight reconfiguration.
After summing the weights obtained respectively and calculating their comprehensive scores, the final index of green finance and high-quality economic development in the Yangtze River Delta and its three provinces and one city from 2010 to 2021 is shown in Table 3, which is visualized in Figure 1. It is obvious from Figure 1 that the overall development index of green finance and high-quality economic development in the Yangtze River Delta region and its three provinces and one city shows a gradual upward trend.
TABLE 3 | Green finance development index and high-quality economic development index.
[image: Table 3][image: Figure 1]FIGURE 1 | Trend of green financial development index and economic quality development index.
4.2 VAR model
The VAR model, namely, the vector autoregressive model, can be used to evaluate the dynamic relationship between endogenous variables (Huang, 2019). To understand the dynamic relationship between green finance and high-quality economic development, this paper first establishes a VAR model to conduct an in-depth analysis of the development indices of the two systems. The specific expression is shown as follows:
[image: image]
In the formula, yt refers to the endogenous variable vector, t refers to the number of samples, matrix [image: image] and matrix [image: image] refers to the estimated coefficient matrix, [image: image] refers to the lag order, Xt refers to exogenous variable, [image: image] refers to the random disturbance term.
4.3 Coupled coordination model
To understand the coordinated development level between green finance and high-quality economic development in the three provinces and one city of the Yangtze River Delta in recent years, this paper uses the relevant data of the three provinces and one city of the Yangtze River Delta region from 2010 to 2021 to build a coupled coordination model and conduct an in-depth analysis of it.
(1) Coupling degree: It can be used to reflect the specific degree of dependence and interaction between the two systems. The specific calculation formula is as follows:
[image: image]
In the formula, u1 is the green finance development index, u2 is the high-quality economic development index, and c is the coupling degree.
In addition, based on previous studies, this paper refers to the research method of Sun M. Y., 2022b and divides the coupling state into four stages, as shown in Table 4.
TABLE 4 | Coupling degree status division.
[image: Table 4](2) Coupling coordination degree: To avoid the result of a high coupling degree caused by the low development level of the two systems, this paper continues to analyze the coupling coordination degree, which can reflect the overall coordination degree between the two systems more comprehensive. The specific calculation formula is as follows:
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[image: image] represent the relative importance of the two. 0.5 is taken here, that is, they are of equal importance. D represents the degree of coupling coordination. For the convenience of comparison and analysis, referring to the studies of Wu and Chen (2022) and Xie and Yan (2021), this paper divides the coupling coordination degree into ten levels, as shown in Table 5.
TABLE 5 | Hierarchy of coupling coordination degree.
[image: Table 5](3) Coupled priority: It can well reflect the priority relationship between the development of the two systems and judge whether the two systems are in lagged development, synchronous development, or advanced development. Thus, the specific priority relationship between green finance and high-quality economic development can be understood. The specific calculation formula is as follows:
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Referring to the research method of Gao et al. (2020), this paper considers that when p < 0.9, the green finance coupling development lags between the two systems. When 0.9 < p < 1.2, green finance coupled development synchronous type. When p > 1.2, it is an advanced type of coupled development of green finance (Gao et al., 2020).
4.4 Grey correlation model
Grey correlation analysis can quantify the degree of correlation between various system factors, and the larger the calculated value, the higher the degree of correlation between the two. The specific calculation formula is as follows:
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In the formula, [image: image] is the gray correlation coefficient, [image: image] is the gray-weighted correlation degree, and the value of ρ is 0.5.
4.5 Grey prediction model
The grey prediction model can predict the future development of things with a small amount of incomplete information. In this paper, the grey prediction model is used to predict the coupling coordination degree of three provinces and one city in the Yangtze River Delta region in the future, to analyze its evolution trend. The specific calculation formula is as follows:
[image: image]
In the formula, D is the coupling coordination degree of each province or city.
To improve the accuracy of the model, the grey differential equation established in this paper is:
[image: image]
In the formula, [image: image] is the original sequence data; [image: image] is the sequence generated by one-time accumulation (1—AGO), that is, [image: image] = [image: image]; [image: image] is the mean-generating sequence, that is, [image: image] = [image: image].
The corresponding whitening equation is ([image: image], [image: image] is the value to be estimated):
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According to the least square method, this study uses Matlab software to work out [image: image] and get the trend prediction equation:
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5 RESULTS AND ANALYSIS
5.1 Study on the interaction between green finance and high-quality economic development based on VAR model
5.1.1 Sequence unit root check
This paper first conducts an ADF unit root test on the development indexes of the two systems in the Yangtze River Delta, and the results are shown in Table 6. The p values of D (X) and D (Y) are both less than 0.05, indicating that these two sequences are stationary, and therefore they are both first-order monostationary sequences.
TABLE 6 | ADF unit root test.
[image: Table 6]5.1.2 Determine the optimal lag order
In this paper, six information criteria are used to judge the lag order of this model. The running results are shown in Table 7, indicating that the optimal lag order of this VAR model is 1.
TABLE 7 | VAR lag order test.
[image: Table 7]5.1.3 Granger causality test
The Granger causality test is of great significance for predicting macro variables (Li et al., 2022), and the test results are shown in Table 8. In the test of variable X and variable Y, the corresponding concomitant probability p-values are both less than 0.05, indicating that X and Y are granger causes of each other. Therefore, it is suitable to establish the VAR model.
TABLE 8 | Granger causality test.
[image: Table 8]5.1.4 Stationarity test
The stationarity test was conducted on the VAR(1) model, and the test results were shown in Figure 2. The results show that the characteristic roots of the characteristic equation of the model are all in the unit circle. This indicates that the established VAR(1) model is stable and can support the subsequent research.
[image: Figure 2]FIGURE 2 | Stationarity test of VAR(1) model.
5.1.5 Impulse response analysis and variance decomposition
From the first-order lagged impulse response function diagram (Figure 3), it can be seen that the trend of economic development changes after a unit shock to green finance is more significant, showing a trend of first rising and then gradually declining and then leveling off. As can be seen from Figure 3, economic development reaches the maximum value of 0.579 in the second period and then declines rapidly. In the fifth phase, it decreases to 0.102. And in the eighth phase, it reaches the minimum value of −0.003. After that, it levels off and converges to 0. This shows that green finance can promote economic development. However, its contribution to economic development is only more significant in the short term, and its role is small and almost non-existent small in the long term. This finding is in general agreement with Li et al. (2022) and Huo (2021). The reason is that green finance can provide strong support for the green industry. Coupled with relevant fiscal preferential policies implemented by the government, more and more people start to pay attention to the development of green industry, which is conducive to the adjustment of industrial structure. At the same time, financial institutions implement green credit policies and increase the introduction of relevant professionals, so that the level of green finance business can be improved, which in turn can better provide services for the green economy and promote its development. However, excessive financial stimulation may reduce the operational efficiency of social funds, resulting in financing difficulties in the real economy, which is not conducive to economic development.
[image: Figure 3]FIGURE 3 | Impulse response function with first-order lag.
When high-quality economic development is impacted by one unit, green finance shows a trend of first rising, then declining, then leveling off. In the second phase, green finance reaches the maximum value of 0.379. In the fourth phase, it reaches the minimum value of −0.02. Then it fluctuates up and down for six periods and gradually converges to 0. This indicates that economic development can promote green finance, but only in the short term. With the continuous development of the economy, environmental problems become more and more serious, which makes people and the government pay more and more attention to the development of the green environmental protection industry, and then promote the development of green finance. But over-stimulating economy development can have negative consequences for the financial sector.
After impulse response analysis, this paper performs variance decomposition on the VAR(1) model to analyze the specific contribution rate changes between the two systems of green finance and high-quality economic development. The specific data results are shown in Table 9.
TABLE 9 | Index variance decomposition table.
[image: Table 9]Figure 4 shows that the contribution degree of high-quality economic development to green finance is 0% in the first period. After that, the contribution degree of high-quality economic development to green finance increases somewhat, but the growth rate is relatively small. After the seventh period, the contribution degree stabilizes at about 4.81%. Thus, the development and change of green finance mainly come from its contribution. As can be seen from the variance decomposition result of the economic high-quality development index (Figure 5), in the first period, its contribution to itself has been as high as 75.04%, and the contribution of green finance to it is only 24.96%. However, in the second period, the contribution of green finance to high-quality economic development is as high as 51.68%, which is comparable to the contribution of high-quality economic development to itself. After that, the contribution of green finance to it fluctuates slightly, but stabilizes after the fifth period, with its value stabilizing at around 56.42%. Thus, the development of green finance does help promote high-quality economic development to a certain extent, and its contribution to high-quality development is stable at about 56.42% in the later period. However, the contribution of high-quality economic development to green finance is only about 4.81% in the long run. It shows that high-quality economic development has a low probability of long-term impact on green finance development. This finding is not entirely consistent with the findings of Wang K. H. et al., 2022a.
[image: Figure 4]FIGURE 4 | Variance decomposition of green finance development index.
[image: Figure 5]FIGURE 5 | Variance decomposition of economic high-quality development index.
5.2 Research on the coordination level of green finance and high-quality economic development based on coupled coordination model
5.2.1 Coupling degree of green finance and high-quality economic development
In terms of the coupling degree between green finance and high-quality economic development, Figure 6 shows that the coupling degree evolution trend of three provinces and one city in the Yangtze River Delta region fluctuates slightly in the early stage and then gradually approaches 1.
[image: Figure 6]FIGURE 6 | Evolution trend of the coupling degree between green finance and high-quality economic development.
As can be seen from Table 10, the coupling degree of three provinces and one city in the Yangtze River Delta is mostly at a high coupling stage. From 2010 to 2021, the coupling degree values of 2010 and 2011 in Anhui Province were lower than 0.8, among which, 2010 was in the antagonistic stage, 2011 was in the run-in stage, and the remaining years were in the highly coupled stage. Only in 2010, the coupling degree of Shanghai was lower than 0.8, which was in the run-in stage, and the other years were in the highly coupled stage. The same is true of Jiangsu Province and Zhejiang Province, which were in the highly coupled stage in all years except 2010. Jiangsu, Zhejiang, and Shanghai entered into the highly coupled state 1 year earlier than Anhui. Since 2012, the coupling degree values of Jiangsu, Zhejiang, and Shanghai were all greater than 0.9. It can be seen that in recent years, the interaction between green finance and high-quality economic development in various provinces and cities in the Yangtze River Delta region is very significant, and the degree of matching between the two is very high. This finding is roughly the same as that of Zhou and Lu (2017). This indicates that in recent years, the Yangtze River Delta region has paid more and more attention to green finance and high-quality economic development, and has continuously improved and gradually implemented relevant policies to enhance the development level of green finance. The interaction between green finance and high-quality economic development in the Yangtze River Delta region is getting stronger and stronger, and gradually developing in a benign and orderly way. However, the coupling degree of Anhui Province is relatively lower than that of other provinces and cities. The study of Hu (2022) also drew similar conclusion. This phenomenon is more obvious during 2010–2015. The reasons for this may be related to the policy support, geographical location, economic level, and talent resources of each province and city. Jiangsu, Zhejiang, and Shanghai, which have superior geographical locations and many famous schools in China, are ahead of Anhui Province in terms of economic development level and talent resources.
TABLE 10 | Value of coupling degree between green finance and high-quality economic development.
[image: Table 10]5.2.2 Degree of coupling and coordination between green finance and high-quality economic development
In terms of coupling coordination degree, it can be seen from Figure 7 that the three provinces and one city in the Yangtze River Delta region show an obvious trend of gradual rise from 2010 to 2021. Since 2016, the coupling coordination degree of Jiangsu Province, Zhejiang Province, and Shanghai City is significantly ahead of Anhui Province.
[image: Figure 7]FIGURE 7 | Evolution trend of the coupling coordination degree between green finance and high-quality economic development.
From Table 11, it can be seen that during the period 2010–2021, Jiangsu Province, Zhejiang Province, and Shanghai have been upgraded from severe or moderate disorder to high-quality coordination. Anhui Province has been upgraded from severe disorder to good coordination. In recent years, the coupling and coordination between green finance and high-quality economic development in the three provinces and one city have been developing well, and most of them are mutually reinforcing at a high level. In addition, Anhui Province is slightly second to the other three regions in the overall coupling coordination status, which is consistent with the findings of Liang and Ren (2022). This shows that the development of green finance in the Yangtze River Delta region has the phenomenon of unbalanced development (Research Group of Hangzhou Central Sub-branch of the People’s Bank of China and W. F. Lu, 2022). For these reasons, there are certain gaps between Anhui Province and other provinces and cities in the Yangtze River Delta region in terms of the green financial market, institutional innovation, and talent resources. In terms of the green finance market, Jiangsu and Zhejiang are in a relatively leading position. In terms of institutional innovation, Zhejiang Province, as the only approved green finance reform pilot in the Yangtze River Delta region, has formed a relatively advanced green finance theory and system compared with other regions in the Yangtze River Delta region. In terms of talent resources, there are more famous universities in Shanghai, Jiangsu, and Zhejiang than in Anhui. Many green finance professionals are more inclined to work in Shanghai, Jiangsu, and other regions with relatively advanced economic development levels. As the green finance integration in the Yangtze River Delta is only in the preliminary stage of exploration, it is relatively short of cross-regional and cross-departmental coordination mechanisms and exchange platforms, which makes it difficult to share many excellent resources. For example, the experience and achievements of green finance already formed in Zhejiang cannot be effectively developed and promoted in other provinces and cities in the Yangtze River Delta region. The differences in resource allocation, institutional innovation, and economic development levels in different regions result in the unbalanced development of green finance in the Yangtze River Delta region.
TABLE 11 | Degree of coupling coordination between green finance and high-quality economic development.
[image: Table 11]5.2.3 Coupling priority between green finance and high-quality economic development
In terms of the coupling priority of green finance and high-quality economic development, it can be seen from Figure 8 that the three provinces and one city in the Yangtze River Delta all present an unstable state with obvious changes.
[image: Figure 8]FIGURE 8 | Evolution trend of the coupled priority of green finance and high-quality economic development.
As can be seen from Table 12, the coupling development types of green finance and high-quality economic development in Anhui Province and Zhejiang Province have successively experienced the lagged type, synchronous type, lagged type, synchronous type, and advanced type. Jiangsu Province has successively experienced the lagged type, synchronous type, leading type, synchronous type, advanced type, synchronous type, and advanced type. Shanghai has successively experienced the synchronous type, leading type, synchronous type, and lagged type. Since 2018, Jiangsu and Zhejiang provinces have been in the advanced type of green finance development. This shows that compared with Anhui and Shanghai, Jiangsu and Zhejiang pay more attention to the development of green finance in recent years. Their green finance systems are more sound and relevant supporting facilities are more perfect, which are enough to promote the high-quality development of the local economy. From 2010 to 2021, Anhui Province was mostly in the lagging type of green finance development. This shows that Anhui Province in the development of green finance business has a large room for improvement. The reason is that green finance in Anhui Province is still in the early stage of development and has not formed an industrial scale. There are still problems such as an unsound green finance system, insufficient policy support, and a lack of innovation in products. Shanghai is mostly in the coupled development synchronous type, which indicates that Shanghai’s green finance development and local economic development go hand in hand, and both develop in synergy.
TABLE 12 | The value of Coupling priority between green finance and high-quality economic development.
[image: Table 12]5.3 Research on the correlation between green finance and high-quality economic development based on grey correlation method
To deeply analyze the degree of correlation between green finance and high-quality economic development in the Yangtze River Delta region and analyze it’s influencing factors. This paper uses the grey correlation method to conduct in-depth research on the two systems and subsystems of green finance and high-quality economic development. The results are shown in Table 13 and visualized in Figure 9.
TABLE 13 | Grey correlation analysis.
[image: Table 13][image: Figure 9]FIGURE 9 | Correlation degree between indicators of green finance and indicators of high-quality economic development.
As can be seen from Figure 9, on the whole, the correlation between the subsystems of green finance and the subsystems of high-quality development in the Yangtze River Delta region is medium to high, and the interaction between the two is strong. Among them, green credit and green investment have a higher correlation with high-quality economic development systems. Social development and ecological civilization have a high correlation with the green finance system.
Specifically, as can be seen from Table 13, in the green credit subsystem, the average correlation degree between the interest expenditure ratio of energy-consuming industries (X1) and high-quality economic development is 0.788. This shows that the development of energy-intensive industries can affect the high-quality development of the economy to a large extent. This finding is consistent with the research conclusion of Wen et al. (2022) and Li and Lin (2023). The development of energy-intensive industries will bring more pollution to the environment. They should be promoted to transform and upgrade to reduce the pollution of the environment. Commercial banks and other financial institutions should establish and improve the control system for polluting industries. Government departments should issue relevant policies to support the technological transformation of industries with high pollution and high energy consumption and promote their transformation and upgrading. The mean correlation degree between the green investment subsystem and high-quality economic development is 0.787. Among them, the mean correlation degree between the proportion of completed industrial pollution control investment in GDP (X4) and high-quality economic development is 0.786, and the mean correlation degree between the proportion of fiscal expenditure on energy conservation and environmental protection (X6) and high-quality economic development is 0.789. This shows that the government’s attention to the green environmental protection industry and financial support can promote high-quality economic development to a large extent. Local government departments should increase support for green and environmental protection industries so that more funds flow to the energy-saving and environmental protection industries. At the same time, government departments should introduce and improve relevant supporting policies to better promote the high-quality development of the local economy. In addition, the mean correlation degree between the social development subsystem and the green finance system is 0.797. The mean correlation degree between the ecological civilization subsystem and the green finance system is 0.756. Green finance conforms to the concept of “Lucian waters and lush mountains are invaluable assets”. After certain development, green finance has alleviated environmental pollution to a large extent, which is of great significance to the construction of ecological civilization. At the same time, the development of green finance is conducive to the construction of a green and sustainable economic environment, which in turn acts to build society, improve people’s quality of life, and thus promote social development. The correlation degree between scientific and technological progress and green finance is 0.744, indicating that the development of scientific and technological innovation can well promote the development of green finance. This finding is consistent with the findings of Xu and Tian (2022) and Zhang and Shen (2023). At the same time, this finding well explains that technological innovation can help green finance promote industrial upgrading (Li and Shi, 2022). To improve the development level of green finance and promote high-quality economic development, the Yangtze River Delta region should take advantage of its talent resources to attract more professionals to the field of green finance.
5.4 Prediction of coupling coordination level between green finance and high-quality economic development based on grey prediction model
5.4.1 Prediction of coupling coordination degree
After understanding the interaction relationship, coupling coordination status, and correlation degree between green finance and high-quality economic development in three provinces and one city in the Yangtze River Delta region, this paper predicts the coupling coordination degree and coupling priority of green finance and high-quality economic development in three provinces and one city in the Yangtze River Delta region in the next 4 years. In this paper, the gray prediction model is adopted for prediction, and the prediction results of coupling coordination degree are visualized, as shown in Figure 10.
[image: Figure 10]FIGURE 10 | Prediction trend of coupling coordination degree of three provinces and one city.
As can be seen from Figure 10, the coupling coordination degree of three provinces and one city will increase and then stabilize in the next few years. Compared with Anhui province, Jiangsu, Zhejiang, and Shanghai take the lead in achieving a fully coupled coordination state. The trend of change in Anhui Province is the most significant, indicating that there is still more room for improvement in the development of green finance in Anhui Province. After 2024, all three provinces and one city will be in a fully coupled coordination state. With the continuous improvement of China’s emphasis on the development of green finance and the continuous introduction and implementation of relevant green finance policies in the Yangtze River Delta region, although Anhui Province is relatively backward compared with Zhejiang, Jiangsu, and Shanghai, its future development trend is very good, which is consistent with Xu and Tian (2022). Green finance and high-quality economic development in the three provinces and one city in the Yangtze River Delta will be well-coordinated in the future. Local governments should improve relevant supporting policies and encourage financial institutions to develop green finance businesses. At the same time, the government should increase financial support, so that more funds to invest in the green industry. Financial institutions should establish and improve the green financial system and innovate green financial products to improve the development level of green finance. The Yangtze River Delta region should establish a unified green financial service platform to facilitate resource sharing and improve the efficiency of regional financial resource allocation.
5.4.2 Prediction of coupling priority
Compared with the study of He et al. (2015), this study further predicts the coupling coordination degree and coupling priority degree of the three provinces and one city respectively. In the prediction results of coupling priority (Figure 11), the changing trend of coupling priority in the three provinces and one city in the Yangtze River Delta is slightly different in the next few years. Anhui Province and Jiangsu Province show a steady upward trend and belong to the advanced type of green finance coupling development in the next few years. The coupling priority of Zhejiang Province in the next few years will first rise and then decline. In 2022, it belongs to the synchronous type of coupled development, and the other 3 years belong to the advanced type of coupled development. In addition, although the coupling priority of Shanghai will show an upward trend in the next few years, its value is lower than that of other regions. In the predicted 4 years, the first 2 years of Shanghai will be in the synchronous coupling development type, while the second 2 years will be in the advanced coupling development type of green finance. In contrast, the coupling priority of Zhejiang Province will increase significantly in the next few years. This shows that with the strong support of relevant policies, green finance in the three provinces and one city in the Yangtze River Delta region will develop for the better in the future, and can better promote the high-quality development of the local economy. Among them, Zhejiang Province and Jiangsu Province are likely to be better than Shanghai and Anhui Province in the next few years in terms of green finance driving high-quality regional economic development.
[image: Figure 11]FIGURE 11 | Prediction trend of coupling coordination degree of three provinces and one city.
6 CONCLUSIONS AND SUGGESTIONS
With the increasing seriousness of environmental problems, green development will be the future trend. Green finance, as a kind of environmental economic policy, is an important force to promote green development. Green finance pursues sustainable development, which essentially supports high-quality economic development. Clarifying the mutual dynamic relationship, coordinated development status, and correlation degree between green finance and high-quality economic development can provide an empirical basis for the formulation of policies related to the future development of green finance, and has strong significance for the development of regional green finance. However, existing studies are relatively lacking in exploring the mutual dynamic relationship between green finance and high-quality economic development. At the same time, the scope of existing studies is mostly focused on the whole country, and there are fewer studies on regional green finance. Therefore, the entropy weight method is used in this paper to construct the index of green finance and high-quality economic development in the Yangtze River Delta region, and the VAR model and coupled coordination model are established to empirically analyze the mutual relationship and coordinated development level between the two systems. The degree of correlation between the two systems and their influencing factors are analyzed in depth through the gray correlation method. Finally, the gray prediction model is used to predict the coupling coordination development of the two systems, and the results are analyzed in depth. The main conclusions are as follows:
From the interaction between green finance and high-quality economic development, there is a mutual promotion between green finance and high-quality economic development in the Yangtze River Delta region. However, this mutual promotion is relatively obvious in the short term, but not in the long term. This finding is consistent with Li et al. (2022). It shows that in the short term, green finance and high-quality economic development can contribute to each other. However, in the long term, financial development has a small impact on economic development, while economic growth has a minimal contribution to financial development. In the mutual promotion relationship between the two, the promotion effect of green finance on economic quality development is more obvious than the promotion effect of economic quality development on green finance. It shows that the development of green finance can well promote high-quality economic development. However, the promotion effect of economic development on green finance is relatively weak.
From the coupling and coordination status of green finance and high-quality economic development, the coupling degree of the three provinces and one city in the Yangtze River Delta region is mostly in the high coupling stage. The overall coordination level is good and shows a rising trend, mostly at a high level of mutual promotion. This finding is roughly the same as that of Zhou and Lu (2017). This indicates that with the continuous implementation of relevant policies in the Yangtze River Delta region, the interaction between overall green finance and high-quality economic development in the region becomes stronger and stronger, and gradually develops in a benign and orderly way. At the same time, the research results show that the coupling coordination status of Anhui Province is slightly lower than that of the other three regions, indicating that the development of green finance in the Yangtze River Delta region is unbalanced, which is consistent with (Research Group of Hangzhou Central Sub-branch of the People’s Bank of China and W. F. Lu, 2022).
From the perspective of the correlation between green finance and high-quality economic development, overall the degree of correlation between green finance subsystem and high-quality economic development in the Yangtze River Delta region is medium to high, and the interaction between the two is strong. This research result is the same as that of Huo (2021). It shows that the development of green finance can promote high-quality economic development to a large extent. Meanwhile, high-quality economic development also contributes to the improvement of the development level of green finance. The interest expenditure ratio of energy-consuming industries and the green investment subsystem are highly correlated with the high-quality economic development system. It indicates that the transformation and upgrading of high-energy-consuming industries and the support of government departments for green industries can influence high-quality economic development to a greater extent. This finding is in line with the studies of Wen et al. (2022) and Li and Lin (2023). In addition, research shows that social development, ecological civilization and scientific, and technological progress are highly related to the green finance system. It indicates that the improvement of scientific and technological innovation ability can well promote the development of green finance. This finding is consistent with the research of Xu and Tian (2022) and Zhang and Shen (2023).
From the forecast results of the three provinces and one city in the Yangtze River Delta region for the next 4 years, the coupling coordination and coupling priority of the three provinces and one city in the Yangtze River Delta region are on the whole in positive development in the next few years. Anhui Province has higher room for improvement in this regard compared with other regions in the Yangtze River Delta. With the continuous adjustment of industrial structure and the gradual optimization of resource allocation, Anhui Province, which is currently lagging in the development of green finance, can also improve its development level well. This conclusion is consistent with Xu and Tian (2022). At the same time, the results show that Zhejiang Province and Jiangsu Province are likely to be better than Shanghai and Anhui Province in terms of green finance driving high-quality regional economic development in the next few years.
This study strongly suggests that the two systems of green finance and high-quality economic development in the Yangtze River Delta region are mutually reinforcing in the short term, and the promotion of green finance to high-quality economic development is stronger, implying that the development of green finance can well promote high-quality economic development. Although the level of coordination between green finance and high-quality economic development in the Yangtze River Delta shows a good trend, there is still an uneven development phenomenon. The upgrading and transformation of energy-intensive industries, the government’s strong support for green industries, and the improvement of scientific and technological innovation capability can make green finance better promote the high-quality development of the regional economy. The above findings provide an empirical basis for the development of green finance in the Yangtze River Delta to better promote the high-quality development of the local economy and also provide a useful reference for the positive interaction between green finance and economic development in other regions. Based on the above findings, the policy implications of this study are as follows: First, the Yangtze River Delta region should establish a mechanism for the integrated development of green finance, including the establishment of a unified green finance standard system to evaluate the development level of green finance more scientifically, and the overall formulation of regional green finance development planning to build a favorable related policy system, to promote the overall coordinated development of green finance in the region and alleviate regional development imbalances. Secondly, the connectivity of green finance infrastructure in the Yangtze River Delta should be promoted to better realize resource allocation and information sharing. For example, building a unified green financial service platform to realize the integration and docking of resources to improve the allocation efficiency of regional financial resources. Then, the Yangtze River Delta should give play to regional talent advantages. It is suggested to attract more professionals to devote themselves to the field of green finance and actively innovate green financial products to improve the innovation ability of green financial technology. Finally, local government departments should constantly improve and implement relevant fiscal support policies according to local conditions, encourage financial institutions to actively carry out green finance business, and build a favorable external environment for green finance development. At the same time, the government and financial institutions should increase financial support for green and environmental protection industries and guide high-polluting and energy-consuming industries to carry out technological transformation and upgrading, to better promote high-quality economic development.
Although this study has put forward relatively sufficient conclusion and some constructive suggestions, it still reflects some limitations. First of all, there is no unified conclusion on the indicators to measure green finance and high-quality economic development. According to previous literature studies, some indicators of green finance are explained by alternative indicators when constructing the index system (Guo, 2022). Although it has certain rationality, it still lacks certain authority. Therefore, it is still necessary to explore a more scientific and reasonable index system in future research. In addition, due to the limitations of the methodology and the lack of completeness of relevant data at the city level in the Yangtze River Delta, we failed to provide the status of high-quality green finance and economic development in each city in the Yangtze River Delta and targeted recommendations. In future studies, we will look for new methods and paths to obtain more refined data and conduct more targeted studies from the city level.
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