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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-termmutual 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 showpositive development, and Anhui Province hasmore 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
andWang, 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
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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 hasmatured, many scholars have
conducted quantitative research on green finance from macro and
micro perspectives (SunM. Y., 2022b). At themacro 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

TABLE 1 Index system construction.

System First-order index Secondary index Indicator
symbol

Index
attribute

Green finance Green credit The proportion of high energy consumption industry interest
expenditure

X1 −

Green insurance The proportion of agricultural insurance scale X2 +

Agricultural insurance payout rate X3 +

Green investment The proportion of investment in industrial pollution control in GDP X4 +

The proportion of government spending on energy conservation and
environmental protection

X5 +

Green bond The proportion of green bonds issued X6 +

High-quality economic
development

Economic growth GDP growth rate Y1 +

The growth rate of total retail sales of consumer goods Y2 +

The proportion of tertiary industry GDP Y3 +

Social development The ratio of urban and rural disposable income Y4 −

Urban registered unemployment rate Y5 −

Consumer price index Y6 +

Ecological civilization Energy consumption per unit of GDP Y7 −

Forest coverage Y8 +

The proportion of days with air quality at or better than Grade II Y9 +

Scientific and technological
progress

Patents granted per 10,000 people Y10 +

The intensity of R&D expenditure Y11 +

R&D employees per 10,000 people Y12 +

Note: "+" indicates a positive indicator, and "−" indicates a negative indicator.
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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
showmore 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.

Since the indicators constructed in this paper contain 14 positive
indicators and 4 negative indicators, the data must be preprocessed. In
this paper, the polarizationmethod 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.

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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Positive index: Yij �
xij −min xij{ }

max xij{ } −min xij{ }, (1)

Negative index: Yij �
max xij{ } − xij

max xij{ } −min xij{ }, (2)

pij � xij

∑n
i�1
xij

, i � 1, 2, . . . , m, j � 1, 2, . . . , n. (3)

ej � − 1
lnm

∑m
i�1
Pij ln pij, j � 1, 2, . . . , n. (4)

gj � 1 − ej, j � 1, 2, . . . , n. (5)
wj � gj

∑n
J�1
gj

, j � 1, 2, . . . , n. (6)

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.

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:

yt � A1yt−1 + A2yt−2 + . . . . . . + APyt−P + Bxt + εt. (7)
In the formula, yt refers to the endogenous variable vector, t refers to

the number of samples, matrix A1, . . . , AP and matrix B refers to the
estimated coefficient matrix, p refers to the lag order, Xt refers to
exogenous variable, εt 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

TABLE 2 Index weights of green finance and high-quality economic development.

Indicator symbol Index weight (%)

Anhui province Jiangsu province Zhejiang province Shanghai

X1 9.047 18.209 23.17 8.799

X2 9.695 29.225 18.784 16.214

X3 27.556 19.143 15.055 23.536

X4 17.308 8.916 11.337 17.663

X5 24.036 10.385 17.213 18.595

X6 12.357 14.123 17.213 15.192

Y1 5.095 5.495 3.886 2.718

Y2 3.824 2.948 3.437 3.477

Y3 14.928 5.507 9.098 6.407

Y4 5.086 4.571 17.079 13.559

Y5 12.018 11.027 7.047 6.176

Y6 10.995 10.695 12.403 10.599

Y7 5.761 3.784 5.278 11.002

Y8 13.877 26.679 10.601 14.034

Y9 7.945 10.767 6.471 3.539

Y10 7.628 8.391 9.103 18.568

Y11 6.302 4.534 7.321 3.996

Y12 6.541 5.602 8.277 5.924
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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:

c � 2p
u1u2

u1 + u2( )2[ ] 1
2, (8)

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.

(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

TABLE 3 Green finance development index and high-quality economic development index.

year Green finance development index (%) Index of high-quality economic development (%)

Anhui
province

Jiangsu
province

Zhejiang
province

Shanghai Yangtze
River
Delta

Anhui
province

Jiangsu
province

Zhejiang
province

Shanghai Yangtze
River
Delta

2010 18.515 29.770 27.988 34.141 27.481 11.883 38.282 29.324 32.540 29.588

2011 19.027 30.437 29.268 34.789 28.297 12.058 39.313 30.318 27.573 28.716

2012 20.124 31.338 29.920 34.839 28.945 18.123 39.628 31.135 28.063 30.252

2013 20.616 31.607 30.431 36.621 29.746 20.183 39.665 31.893 31.419 31.798

2014 20.738 32.415 30.727 36.692 30.023 22.275 39.941 32.104 32.662 32.669

2015 21.174 31.170 32.135 37.413 30.564 23.303 40.287 33.490 34.463 33.819

2016 23.085 33.204 32.850 37.517 31.641 22.341 40.826 33.404 35.408 34.047

2017 23.207 34.471 33.022 38.093 32.087 23.513 41.097 33.749 36.878 34.848

2018 24.242 36.826 33.183 38.471 32.890 22.892 41.953 35.871 40.179 36.459

2019 26.404 40.981 33.728 43.118 35.525 23.695 42.754 37.166 44.755 38.477

2020 29.779 42.858 35.054 43.958 37.338 28.754 44.298 38.762 47.665 41.069

2021 30.215 43.543 38.172 45.436 38.936 27.209 47.806 41.197 50.858 43.300

FIGURE 1
Trend of green financial development index and economic quality development index.

Frontiers in Environmental Science frontiersin.org06

Zhang et al. 10.3389/fenvs.2023.1211174

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1211174


coordination degree between the two systems more
comprehensive. The specific calculation formula is as follows:

T � α u1 + β u2, (9)
D � ���

CT
√

, (10)
α, β 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.

(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:

P � u1

u2
. (11)

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:

ςi q( ) �
min

ⅈ
min

q
Δi q( ){ } + ρmax

ⅈ
max

q
Δi q( ){ }

Δi q( ) + ρmax
ⅈ

max
q

Δi q( ){ } , (12)

Δi k( ) � Yi*—X*
i

∣∣∣∣ ∣∣∣∣, i � 1, . . . . . . nk � 1 . . . . . .m. (13)

ri � ∑n
k�1

wkςi k( ), i � 1, . . . , m, q � 1, . . . n. (14)

In the formula, ςi(q) is the gray correlation coefficient, ri 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:

R � R i( ){ }, i � 1, 2, 3, . . . , 12. (15)
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:

M 0( ) k( ) + βz k( ) � μ, (16)
In the formula,M(0)(k) is the original sequence data;M(k) is the

sequence generated by one-time accumulation (1—AGO), that is,
M(k) = (M(0)(1),M(0)(2), ...,M(0)(1) +M(0)(2)+, ...,+M(0)(k));
z(k) is the mean-generating sequence, that is, z(k) = 0.5pM(k) +
0.5pM(k − 1).

The corresponding whitening equation is (β, μ is the value to be
estimated):

dM k( )
dk

� −βM k( ) + μ, k � 1, 2, 3, . . . , 12 (17)

According to the least square method, this study uses Matlab
software to work out β̂ and μ̂ and get the trend prediction
equation:

R k + 1( ) � R 1( ) − μ̂

β̂
[ ] e−β̂k + μ̂

β̂
. (18)

TABLE 4 Coupling degree status division.

Range of coupling degree values (0.0, 0.3] (0.3, 0.5] (0.5, 0.8] (0.8, 1.0]

Rank Low coupling Antagonistic stage Run-in stage Highly coupled

TABLE 5 Hierarchy of coupling coordination degree.

D-value interval (0.0, 0.1) [0.1, 0.2) [0.2, 0.3) [0.3, 0.4) [0.4, 0.5)

Coordination level 1 2 3 4 5

Degree of coupling coordination Extreme disorder Severe disorder Moderate disorder Mild disorder Borderline disorder

D-value interval [0.5, 0.6) [0.6, 0.7) [0.7, 0.8) [0.8, 0.9) [0.9, 1.0)

Coordination level 6 7 8 9 10

Degree of coupling coordination Forced coordination Primary coordination Intermediate coordination Good coordination Quality coordination
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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.

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.

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.

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.

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

TABLE 6 ADF unit root test.

Sequence Test model t-Statistic 1% level 5% level Prob.*

X (C,T,0) −0.185537 −4.803492 −3.403313 0.8978

Y (C,T,0) −2.914097 −4.297073 −3.212696 0.0781

D(X) (0,0,1) −3.672487 −4.582648 −3.320969 0.0316

D(Y) (0,0,1) −4.423861 −4.420595 −3.259808 0.01

Note: C refers to the intercept item and T refers to the trend item.

TABLE 7 VAR lag order test.

LAG LOG L LR FPE AIC SC HQ

0 37.57624 NA 2.79E-06 −7.115248 −7.054731 −7.181635

1 61.11762 32.95793* 5.81e-08* −11.02352* −10.84197* −11.22268*

2 62.57153 1.453917 1.13E-07 −10.51431 −10.21172 −10.84624

Note: The upper corner script * represents the corresponding value of the optimal lag order.

TABLE 8 Granger causality test.

Dependent variable: X Dependent variable: Y

Excluded Chi-sq df Prob Excluded Chi-sq df Prob

Y 94.24727 1 0.0000 X 73.555718 1 0.0074

All 94.24727 1 0.0000 All 73.555718 1 0.0074

FIGURE 2
Stationarity test of VAR(1) model.
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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.

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.

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 ofWang K. H.
et al., 2022a.

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

FIGURE 3
Impulse response function with first-order lag.
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River Delta region fluctuates slightly in the early stage and then
gradually approaches 1.

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

TABLE 9 Index variance decomposition table.

Variance decomposition of DX Variance decomposition of DY

Period S.E. DX DY Period S.E. DX DY

1 0.68653 100 0 1 0.595592 24.95674 75.04326

2 0.755805 95.69152 4.308481 2 0.745771 51.6846 48.3154

3 0.786297 95.48836 4.511639 3 0.781247 54.32837 45.67163

4 0.796707 95.27483 4.725172 4 0.796294 55.72512 44.27488

5 0.800833 95.21944 4.780555 5 0.801699 56.15914 43.84086

6 0.802393 95.19471 4.805294 6 0.80382 56.33544 43.66456

7 0.802997 95.18582 4.814184 7 0.804628 56.40097 43.59903

8 0.803229 95.1823 4.817697 8 0.804941 56.42645 43.57355

9 0.803319 95.18097 4.819034 9 0.805061 56.43621 43.56379

10 0.803353 95.18045 4.819552 10 0.805107 56.43998 43.56002

FIGURE 4
Variance decomposition of green finance development index.

FIGURE 5
Variance decomposition of economic high-quality development
index.
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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.

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.

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-

FIGURE 6
Evolution trend of the coupling degree between green finance
and high-quality economic development.

TABLE 10 Value of coupling degree between green finance and high-quality economic development.

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Anhui Province 0.409 0.675 0.898 0.892 0.857 0.874 0.945 0.999 0.998 0.990 0.964 0.980

Jiangsu Province 0.741 0.941 0.995 0.999 0.999 0.945 0.975 0.966 0.990 1.000 1.000 1.000

Zhejiang Province 0.783 0.983 0.995 0.999 0.998 0.997 0.987 0.991 0.999 0.997 0.998 1.000

Shanghai 0.794 0.894 0.919 0.991 1.000 1.000 0.998 0.998 0.986 0.999 1.000 1.000

FIGURE 7
Evolution trend of the coupling coordination degree between
green finance and high-quality economic development.
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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.

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.

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.

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.

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

TABLE 11 Degree of coupling coordination between green finance and high-quality economic development.

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Anhui Province 2 2 5 6 6 7 4 6 6 7 8 9

Jiangsu Province 2 3 4 4 5 4 8 8 8 9 10 10

Zhejiang Province 2 4 5 5 6 7 7 7 7 8 9 10

Shanghai 3 2 3 5 5 6 6 7 7 9 10 10

FIGURE 8
Evolution trend of the coupled priority of green finance and high-
quality economic development.
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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

TABLE 12 The value of Coupling priority between green finance and high-quality economic development.

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Anhui Province 0.758 0.778 0.610 0.821 1.131 0.839 0.878 0.959 0.968 0.911 1.136 1.211

Jiangsu Province 0.878 0.874 0.891 1.097 1.112 1.109 1.233 1.187 1.259 1.314 1.236 1.311

Zhejiang Province 0.725 1.065 0.926 0.825 0.857 1.060 1.190 0.950 2.460 1.670 1.340 1.227

Shanghai 1.049 1.262 1.241 1.166 1.123 1.086 1.060 1.033 0.957 0.963 0.922 0.893

TABLE 13 Grey correlation analysis.

Indicators Green credit Green
insurance

Green
investment

Green bond Correlation degree

X1 X2 X3 X4 X5 X6 The mean of
correlation degree

Correlation
degree

Economic growth Y1 0.829 0.663 0.682 0.703 0.723 0.751 0.045 0.510

Y2 0.751 0.625 0.634 0.688 0.680 0.727 0.684

Y3 0.764 0.700 0.867 0.880 0.863 0.727 0.800

Social development Y4 0.867 0.709 0.813 0.821 0.819 0.775 0.801 0.797

Y5 0.861 0.716 0.760 0.788 0.780 0.789 0.782

Y6 0.882 0.707 0.823 0.836 0.832 0.775 0.809

Ecological civilization Y7 0.687 0.702 0.592 0.638 0.643 0.741 0.667 0.756

Y8 0.786 0.714 0.861 0.871 0.861 0.747 0.807

Y9 0.915 0.693 0.774 0.807 0.799 0.773 0.794

Scientific and technological progress Y10 0.655 0.633 0.706 0.736 0.782 0.673 0.698 0.744

Y11 0.767 0.725 0.826 0.864 0.848 0.726 0.793

Y12 0.690 0.650 0.802 0.802 0.832 0.668 0.741

The mean of correlation degree 0.788 0.686 0.762 0.786 0.789 0.739 —

Correlation degree 0.788 0.724 0.787 0.739
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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.

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.

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

FIGURE 9
Correlation degree between indicators of green finance and
indicators of high-quality economic development.
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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).

FIGURE 10
Prediction trend of coupling coordination degree of three provinces and one city.
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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-

FIGURE 11
Prediction trend of coupling coordination degree of three provinces and one city.
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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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