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Abstract 
In the process of realizing "carbon peak" and "carbon neutral", the development of green 
finance and low-carbon economic transformation has gradually become the focus of 
China's environmental governance and ecological restoration. Now, China has 
accelerated the construction of a "1+N" policy system of carbon peaking and carbon 
neutralization, prompting more "financial water" to flow into the green field. Based on 
the panel data of the Yangtze River Delta region, this paper constructs the green finance 
and low-carbon economy development index system, obtains the comprehensive scores 
of the two systems by using the entropy method, and establishes a coupling coordination 
model to analyze the endogenous interaction, coupling coordination level and obstacle 
factors in the process of coupling coordination. By observing the coupling degree among 
the provinces in the Yangtze River Delta, it is found that the coupling degree of green 
finance and low-carbon economy in Jiangsu Province has reached a very high level of 
coordination, followed by Zhejiang Province, Anhui Province and Shanghai. 
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1. Introduction 

In September 2020, Xi Jinping proposed the goal of carbon neutrality at the general debate of 
the 75th United Nations General Assembly. Therefore, based on the sustainable development 
of green finance and low-carbon economy, the transformation of green finance and low-carbon 
economy has become a key link in environmental governance, and also the focus of achieving 
the goals of "carbon peak" and "carbon neutrality". In recent years, the financial sector has 
gradually increased its attention to the relationship between green financial instruments and 
sustainable economic growth, and believes that green finance is the best financial strategy to 
reduce carbon dioxide emission rate and accelerate the transformation of low-carbon economy. 
In the new era, green development has become the core theme of China's sustainable 
development. Based on the current development status of green economy in China, clarifying 
the economic relationship between green finance and low-carbon economic transformation is 
the core measure to realize the benign interaction of green economy and mutual benefit 
between regions. Therefore, based on the panel data of the Yangtze River Delta region, this 
paper empirically studies the coupling and coordination between green finance and low-carbon 
economic transformation, which will help to solve the regional imbalances and deficiencies in 
the process of China's low-carbon economic transformation, accelerate the low-carbon 
economic transformation, and achieve the carbon peaking and carbon neutrality goals. 
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2. Literature Review 

In recent years, scholars at home and abroad have conducted a lot of research on green finance 
and the development and transformation of low-carbon economy. Green finance is an 
important prerequisite and measure to achieve sustainable economic development. It is also 
the only way, basic direction and future trend of economic development. Therefore, if we want 
to analyze the level of endogenous interaction and coupling coordination between green 
finance and low-carbon economic development, it is necessary to review the previous research 
results on the coordinated development and related relationship between green finance and 
low-carbon economy. 

2.1. Development Direction of Green Finance 
The early researches on the development theory and direction of green finance are mostly 
distributed in the economic development theories of various schools. Since the development of 
modern economics, many economic theories related to the natural environment have emerged. 
"Green economy" is a new concept put forward by David Pearce (1989) earlier [1], and Pearce 
D W et al. (1990) formally extended the concept of "circular economy" [2]. 
Domestic scholars' research on green finance started relatively late. In 1998, Bai Qin first put 
forward the related concepts of green finance [3]. Later, Hu Angang et al. (2014) defined green 
finance from the perspective of green development [4]. Lan Hong (2016), Yin Jianfeng et al. 
(2016) explored the path selection of green finance [5, 6]. 

2.2. Path of Low Carbon Economic Transformation 
The transformation of low-carbon economy means to change the existing economic growth 
mode based on traditional energy through emerging technologies and other means, and finally 
achieve sustainable economic development and "zero carbon emission". In recent years, many 
Chinese scholars have carried out relevant research on the transformation of low-carbon 
economy, and made corresponding analysis from the perspective of factors affecting the 
process of economic transformation, different models of low-carbon economic transformation 
and regional differences in economic transformation. Chen Shiyi (2012), Lei Ming et al. (2013) 
used data envelopment analysis to measure the changes in total factor productivity of low-
carbon economy, so as to reflect the process of changing the growth mode of low-carbon 
economy [7, 8]. Zhang Guanquan et al. (2013) and others pointed out that the low-carbon 
technology innovation model is in the stage of optimizing and reforming forward-looking 
technologies, and has gradually deepened into the stage of breakthrough innovation [9]. 

2.3. Green Finance Promotes the Transformation of Low Carbon Economy 
Boulding's spaceship economic theory is the origin of the idea of low-carbon circular economy. 
In terms of research direction and perspective in recent years, Chen Liang et al. (2020) and 
Jiang Hongli et al. (2020) discussed the impact of green finance development on carbon dioxide 
emission level [10, 11]. Cai Haijing et al. (2019) and Wang Xin et al. (2021) measured green 
finance through green credit to establish an econometric model to analyze the environmental 
effects of green credit policies [12, 13]. 

2.4. Brief Comments 
Through literature review, it is found that the existing research literature on the synergy 
between the two is mostly limited to the current problems of green finance, while there is 
relatively little research on the measurement of the coupling coordination degree between low-
carbon economic transformation and green finance. Taking this as the starting point, this paper 
evaluates the development level of low-carbon economy and green finance in the Yangtze River 
Delta region by constructing the evaluation index system of low-carbon economic 
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transformation and green finance, measures the coupling and coordination of the two systems, 
and deeply explores the interactive relationship between low-carbon economic transformation 
and the coordinated development of green finance. 

3. Theoretical Analysis 

According to the existing literature research results, this paper believes that there may be a 
coupling and coordination effect between green finance and low-carbon economy. Green 
finance can promote the transformation of low-carbon economy, and the development of low-
carbon economy is also enabling and optimizing the improvement of the green financial system. 

3.1. Main Ways for Green Finance to Affect Low Carbon Economy 
(1) Green finance can provide a financial basis for low-carbon industries. One of the cores of 
developing a low-carbon economy is to have a stable source of funds. China's use of carbon 
financial instruments is not high, and has not yet built a perfect low-carbon economy 
investment and financing system, which also leads to the stagnation of China's low-carbon 
economy. However, green finance can drive a large amount of social capital to flow into the 
green industry, use rich financial instruments to meet the financing needs of low-carbon 
industries, and greatly solve the problem of "initial capital difficulty" of some green enterprises, 
providing a solid foundation for the transformation of low-carbon economy. 
(2) The development of green finance can directly guide enterprises to carry out green 
transformation. The green financial policy promotes the transformation of enterprises through 
seven mechanisms: capital orientation, policy guidance, information transmission mechanism, 
resource integration mechanism, credit catalysis, innovation incentive and risk management, 
and releases green development signals to the market to improve the demand of enterprises 
for green environmental protection, promote enterprises to carry out technological innovation, 
and promote enterprises to actively carry out green transformation . At the same time, green 
finance can optimize the allocation of capital elements, restrict the development of high energy 
consumption of enterprises, guide funds from "two high and one surplus" industries to low-
carbon environmental protection industries, and encourage enterprises to adjust industrial 
allocation and develop low-carbon economy. 
(3) The establishment and development of green information disclosure and green supervision 
mechanism. In the Green Governance of enterprises, guiding enterprises to disclose green 
information is the core of green standardization. While the green finance policy provides 
investment and financing services to low-carbon enterprises, it requires companies to disclose 
their environmental protection data to relevant departments in a timely manner. In this way, it 
can not only provide information resources for the company, form a benefit incentive 
mechanism, but also restrict the company's high carbon ranking, and truly play a role in energy 
conservation and emission reduction. At the same time, with the rapid development of artificial 
intelligence and big data, digital technology has had a revolutionary impact on green regulation. 
Information embedded regulatory tools can keenly detect the energy consumption of 
enterprises and effectively promote the low-carbon transformation of enterprises. 
(4) Green finance can disperse the development risks of low-carbon technologies. The second 
core of low-carbon economy lies in technological innovation. At present, China's "three high" 
(high energy consumption, high water consumption and high pollution) industries still have a 
high share in the national economy, and most of the "three high" industries are traditional 
industries. Therefore, we urgently need technological innovation to transform and upgrade 
traditional industries. However, as the production chain and consumption chain of traditional 
industries are mature, and many operators blindly pursue the maximization of interests, it is 
difficult to promote the green upgrading of technology. Finance itself has the function of risk 
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dispersion, which can transfer and eliminate the risks in the transformation of traditional 
industries, and achieve the coordination of asset security and profitability. Green finance means 
such as green loans, green insurance and carbon financing have brought huge capital support 
to low-carbon enterprises, which can greatly reduce the relevant risks in the process of low-
carbon technology innovation. 

3.2. Mechanism of Low Carbon Economy on Green Finance 
(1) The transformation of low-carbon economy can complement and improve the development 
mechanism of green finance. Low carbon economy is a powerful endogenous power to promote 
the development of green finance. Due to the coupling relationship between the two, the 
transformation and upgrading of economic structure will promote the corresponding linkage 
upgrading of financial structure. The fast-growing low-carbon economy will inevitably interact 
with green finance, stimulate the "green transformation upsurge" of the traditional financial 
industry, and the demand for high-quality financial services will also increase day by day. As 
China has vigorously pursued green economy and energy conservation and emission reduction 
policies, and the economic structure has gradually become "green", which will inevitably 
promote the development of financial institutions to low-carbon. Stimulated by the 
transformation of low-carbon economy, in order to provide a more perfect industrial internal 
structure mechanism, the green financial development mechanism will trigger financial 
innovation and meet the arrival of low-carbon economy and society with a new look. 
(2) Enriching green financial instruments can achieve green development in a more efficient 
and accurate way. Green financial instruments under the transformation of low-carbon 
economy have established an information embedded supervision tool by virtue of new digital 
technologies such as artificial intelligence, which has truly "automated" and "detailed" the 
environmental supervision of enterprises, and can collect enterprise green information more 
accurately. At the same time, China began to implement the structural monetary policy tool of 
"carbon emission reduction support tool" in 2021, which will support the research and 
development of carbon emission reduction through more stable, accurate and direct technical 
means, and leverage more social capital to flow to carbon emission reduction, carbon 
neutralization and green environmental protection. At the same time, the government 
encourages local financial institutions to carry out carbon assessment and information 
disclosure for the supported enterprises, which provides a basis for the financial system to 
achieve energy conservation, emission reduction and green transformation. 

4. Research Design 

4.1. Sample Selection and Data Source 
Because the Yangtze River Delta region covers a wide range of urban geographical areas, and 
some data at the urban level are difficult to obtain, this paper takes the three provinces and one 
city (Jiangsu Province, Zhejiang Province, Anhui Province and Shanghai) included in the 
Yangtze River Delta region as the selected area for the study, and selects the panel data of the 
Yangtze River Delta region from 2012 to 2020 as the research sample. The research data come 
from China Statistical Yearbook, China energy statistical yearbook and the statistical yearbook 
of three provinces and one city in the Yangtze River Delta. In this paper, the following 
processing methods are used for the preliminary data collected: using the moving average 
method to supplement the missing data. The range method was used to standardize the data. 
All continuous variables shall be subject to 1% tail reduction to prevent extreme outliers from 
having a great impact on the modeling results. 
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4.2. Variable Definition and Symbol Description 
In view of the fact that green financial development and low-carbon economic transformation 
are two relatively complex systems, this paper, based on the coupling and coordination 
mechanism between them, draws lessons from the previous research results of the 
comprehensive evaluation index system of green financial development and low-carbon 
economic transformation, and strictly follows the principles of scientificity and practicality to 
select indicators. 
For the measurement of green finance, the Ministry of environmental protection and the China 
Banking Regulatory Commission issued three relevant documents in 2007 and 2008, marking 
the formation of three major environmental and economic policy systems: green credit, green 
securities and green insurance. In order to ensure the objectivity and accuracy of the data of 
three provinces and one city in the Yangtze River Delta, this paper selects three indicators: 
green investment (the proportion of environmental protection investment in GDP), green 
credit ratio and green financial index to characterize green finance. These indicators represent 
China's environmental and economic policy system to a certain extent, and thus have a strong 
representation of green finance. 
The index system of low-carbon economy should reflect the connotation of low-carbon 
economy and grasp the essence of low-carbon economic transformation. In addition, the 
framework of the index system should comprehensively and objectively reflect the high-speed 
economic development, social progress and environmental construction of the Yangtze River 
Delta, and give consideration to the principle of simplicity, so as to make the index system more 
contemporary. Based on the opinions on the instructions on accelerating the construction and 
improvement of a green, ecological and low-carbon circular development economic system 
issued by the general office of the State Council and previous research literature, this paper uses 
the composite index method to build a comprehensive evaluation index system, and makes it 
clear that the low-carbon economic evaluation system will be composed of economic system, 
social system, resource system and environmental protection system. See Table 1 for details of 
the comprehensive evaluation system. 
 

Table 1. Index System of comprehensive evaluation 
 Primary index Secondary index Unit Symbol Attribute 

Green Finance 

Green credit Green credit ratio % A1 + 
Green insurance Green finance index  A2 + 

Green investment 
Proportion of environmental 
protection investment in GDP 

% A3 + 

Low-carbon 
economy 

Economic system 
Per capita GDP of residents Yuan B1 + 

Proportion of output value of tertiary 
industry in GDP 

% B2 + 

Social system 

Per capita disposable income of urban 
residents 

Yuan B3 + 

Consumer price index 
last year 

=100 
B4 - 

Urban Engel coefficient % B5 - 
Rural Engel coefficient % B6 - 

Resource system 
Total industrial waste gas emission 10000 tons B7 - 

Total industrial wastewater discharge 
100 million 

tons 
B8 - 

Environmental 
system 

Per capita green area M2 / person B9 + 
Greening coverage % B10 + 
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4.3. Research Method 
4.3.1. Entropy Method 
Entropy method can objectively reflect the importance of each index in the comprehensive 
index system. Therefore, this paper uses entropy method to measure the index weight of green 
finance and low-carbon economy. 
The specific process of weight determination by entropy method is as follows: 
(1) Calculate the proportion of the j-th sample in the i-th index. 
 

𝑝 =
∑

, 𝑖 = 1,2, ⋯ , 𝑛; 𝑗 = 1,2, ⋯ , 𝑚                                        (1) 

 
(2) Calculate the entropy of the ith index. 
 

𝑒 = −k ∑ 𝑝 ln 𝑝                                                       (2) 

 

Where, k > 0, 𝑒 > 0. Generally, k = , 0 ≤ e ≤ 1. 

(3) Calculate the information utility value (𝑑 = 1 − 𝑒 ) of the ith index. So as to calculate the 
weight of each index. 
 

𝑤 = 𝑑 ∑ 𝑑⁄                                                              (3) 

 
(4) Calculate the comprehensive score of each sample. 
 

𝑠 = ∑ 𝑤 ∙ 𝑝 , j = 1,2, ⋯ m                                                  (4) 

4.3.2. Evaluation Model of Coupling Coordination 
Coupling refers to the phenomenon that two or more systems or forms of motion interact with 
each other so as to cooperate. The evaluation model of coupling is as follows: 
 

C =
×

( )
                                                                     (5) 

 
Whers, GF and LE respectively represent the green finance composite index and the low carbon 
economy composite index. C refers to the coupling degree of green finance comprehensive 
index and low-carbon economy comprehensive index in the Yangtze River Delta region, with a 
value range of 0-1. When C is close to 1, it means that the green financial system and the low-
carbon economic system have a good degree of mutual coupling and are relatively coordinated, 
realizing a benign resonance coupling with each other; When C is close to 0, it means that the 
coupling between green finance and low-carbon economy is small and unbalanced, or there is 
an imbalance. 
However, the coupling degree only shows the role and influence between the two systems, but 
cannot reflect the overall coordination status. It is easy to form a false proposition that "the 
system has a high degree of coordinated development, but the development level of ecological 
construction is low". Therefore, it is necessary to consider the benign coupling degree between 
the two in the interaction. The established coupling coordination degree model is as follows: 
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𝐷 = √𝐶 × 𝑇                 
𝑇 = 𝛼 × 𝐺𝐹 + 𝛽 × 𝐿𝐸

                                                           (6) 

 
Where, D is the degree of coupling and coordination between green finance and low-carbon 
economy, and the value range is 0-1; C is the coupling degree; T is a comprehensive 
coordination index on the relationship between green finance and low-carbon economy, which 
is used to express the overall synergy between the two; α and β It is a parameter to be 
determined. In this study, we believe that green finance is as important as low-carbon economy 
α = β = 0.5. 

5. Results of Empirical Analysis 

5.1. Descriptive Statistics 
Use Stata15 to conduct descriptive statistical analysis on the main variables required for 
modeling. According to the estimation results in Table 2, within the scope of three provinces 
and one city, Jiangsu Province has the highest average value of green credit ratio and the lowest 
standard deviation, indicating that Jiangsu Province is in a leading position in the construction 
of green credit from 2012 to 2020. The Jiangsu provincial government has actively engaged in 
the practice of ecological protection, ecological construction and the healthy development of 
green industry financing, and attaches great importance to the correct handling of the 
relationship between the financial industry and the sustainable development of the ecological 
society. Therefore, the environmental benefits of green credit in Jiangsu Province have been 
gradually reflected. 

 
Table 2. Descriptive statistical analysis 

Region Variable indicators Sample 
size 

Average 
value 

Standard 
deviation 

Zhejiang 

Green credit ratio (%) 9 0.369 0.396 
Green finance index 9 0.500 0.329 

Proportion of environmental protection 
investment in GDP (%) 

9 0.486 0.274 

Jiangsu 

Green credit ratio (%) 9 0.611 0.306 
Green finance index 9 0.434 0.345 

Proportion of environmental protection 
investment in GDP (%) 

9 0.572 0.437 

Anhui 

Green credit ratio (%) 9 0.391 0.322 
Green finance index 9 0.529 0.327 

Proportion of environmental protection 
investment in GDP (%) 9 0.347 0.308 

Shanghai 

Green credit ratio (%) 9 0.355 0.365 
Green finance index 9 0.465 0.350 

Proportion of environmental protection 
investment in GDP (%) 9 0.344 0.380 

 
In terms of the proportion of environmental protection investment in GDP, Jiangsu Province is 
still far beyond other provinces and cities in the Yangtze River Delta, with an average 
proportion of 0.572%; The average proportion of environmental protection investment in 
Shanghai is the lowest, only 0.344%. However, the standard deviation of the proportion of 
environmental protection investment in GDP in Jiangsu Province is relatively high, which 
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indicates that the proportion of investment has changed greatly during this period, reflecting 
that the Jiangsu provincial government has increased environmental protection investment 
and actively strengthened ecological protection construction from 2012 to 2020, and the 
gradual deterioration of environmental quality in Jiangsu Province has been basically 
controlled. 
In addition, we can also see that the average value of green finance index in Anhui Province is 
ahead of other provinces and cities in the Yangtze River Delta region, and the standard 
deviation is relatively small. As the green finance index is obtained through the comprehensive 
calculation of green credit index, green investment index, green insurance index and 
government support index, it shows that the overall development of green finance in Anhui 
Province is the best, and the development trend is stable and good, taking into account the 
economic development level, ecological construction and other factors of each province. 

5.2. Results of Model Regression Analysis 
5.2.1. Results of Coupling Analysis 
Firstly, this paper obtains the comprehensive index of green finance and low-carbon economy 
through entropy method, and then calculates the coupling degree (Table 3) and coupling 
coordination of green finance and low-carbon economy in the Yangtze River Delta region from 
2012 to 2020 by using the coupling and coordination model (Table 4). According to the coupling 
results, the coupling degree of three provinces and one city in the Yangtze River Delta is good, 
and the average value is in a very high coupling state. 
The average value of coupling degree in Jiangsu Province ranks the highest, with an average 
value of 0.981. Its development is relatively balanced from 2012 to 2020, and has been 
maintained at a very high coupling level, reflecting a good development trend. Jiangsu Province 
has a superior natural environment and has been known as the "land of plenty" since ancient 
times. At the same time, in recent years, the Jiangsu provincial government has been committed 
to eliminating backward high energy consuming industries, developing advanced 
manufacturing clusters and green environmental protection emerging industries, and helping 
the low-carbon transformation of the energy structure. The coupling degree of Zhejiang 
Province has experienced a small degree of fluctuation in 9 years, but it has been in a very high 
coupling state during this period, with an average value of 0.975. As the province with the 
second average coupling degree, this is closely related to the development strategy and 
ecological protection strategy of Zhejiang Province. As a major marine province, Zhejiang 
provincial government has launched the construction planning of beautiful islands and 1800 
km ecological coastal zone, focusing on the development of low energy consumption and green 
environmental protection industries, while expanding from township to city and improving the 
rural and urban ecological environment. 
From this point of view, the coupling degree of green finance and low-carbon economy is closely 
related to the urban ecological environment, the transformation and development status of 
low-carbon economy, the urban industrial structure, the development status of green financial 
services and the investment direction of green financial funds. The development model of 
mutual promotion and cooperation between green finance and low-carbon economy in Jiangsu 
Province, Zhejiang Province and Anhui Province has provided a huge boost for the healthy 
growth of the regional economy in the Yangtze River Delta. However, among these provinces 
and cities, Shanghai ranks last with the average coupling degree of 0.944. Shanghai is short of 
its own energy, but its annual energy consumption is very considerable. Green finance is 
difficult to play its due role in resource allocation. Therefore, the coupling degree between low-
carbon economy and green finance is lower than that of the other three provinces. 
 
 



Volume 3 Issue 6, 2022 

DOI: 10.6981/FEM.202206_3(6).0025 

203 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Table 3. Distribution of coupling degree 
Region 2012 2013 2014 2015 2016 2017 2018 2019 2020 Mean value 

Zhejiang 0.950 0.999 0.982 0.911 0.977 0.958 0.997 1.000 1.000 0.975 
Jiangsu 0.850 1.000 0.987 0.999 0.997 0.994 1.000 1.000 1.000 0.981 
Anhui 1.000 0.837 0.995 0.994 0.992 0.970 0.954 0.977 0.993 0.968 

Shanghai 0.960 0.940 0.986 0.861 0.981 0.997 0.997 0.878 0.900 0.944 
Mean value 0.940 0.944 0.988 0.941 0.987 0.980 0.987 0.964 0.973  

 
According to the annual average value of the coupling degree of green finance and low-carbon 
economy in three provinces and one city in the Yangtze River Delta region, the coupling 
between green finance and low-carbon economic development has increased and decreased in 
the Yangtze River Delta region. Due to the sustainable development of China's market economy 
and the continuous deepening of national ecological construction, there are obvious 
fluctuations in the development of green finance and low-carbon economy in the Yangtze River 
Delta. 
 

 
Figure 1. Distribution of annual average coupling degree 

 
In 2012, the coupling degree of green finance and low-carbon economy in the Yangtze River 
Delta region was the lowest in nine years. In 2014, the coupling degree was as high as 0.988, 
indicating that the relationship between ecological resources, ecological environment, 
ecological economy and society in the Yangtze River Delta was relatively harmonious. By 2019 
and 2020, the coupling degree will decrease compared with 2016-2018. This shows that with 
the rapid economic development in the Yangtze River Delta, too much attention has been paid 
to economic growth and ecological protection has been neglected, and the "high-quality and 
healthy" economic development has not been achieved. For example, the government 
introduces less green and environmental friendly enterprises, but more enterprises with large 
energy consumption and easy to cause damage to the environment; Financial institutions lack 
the awareness of environmental protection, ignore the ecological benefits, blindly seek to 
maximize the benefits and choose to invest a large amount of credit funds in the construction 
of "two high and one surplus" large enterprises. Compared with previous periods, the 
development of green finance and low-carbon economy has produced many disharmonious 
situations. However, with the development of the socialist market economy to a certain extent, 
the government departments realized the importance of urban ecological environment 
construction and began to give correct guidance to various industries. Enterprises' 
environmental awareness has also been gradually improved, financial institutions' sense of 
social responsibility for "ecological protection" has been increasing, and the proportion of 
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green loans, green insurance and green financing will be increasing. Credit funds also began to 
invest more in green and environment-friendly small and medium-sized enterprises. 
5.2.2. Results of Coupling Coordination Degree 
It can be seen from table 4 that the average value of coupling coordination degree in Jiangsu 
Province reaches 0.707, which is a very high coordination level; The average value of the 
coupling coordination degree of green finance and low-carbon economy in Zhejiang Province, 
Anhui Province and Shanghai has reached a high coordination level. This shows that the degree 
of coupling and coordination between green finance and low-carbon economy in three 
provinces and one city in the Yangtze River Delta is good. 
The degree of coupling and coordination between green finance and low-carbon economy in 
Jiangsu Province reached a moderate level in 2013. Although the value of coupling and 
coordination in 2019 decreased compared with that in 2018, the overall growth has maintained 
a high-speed state. The extremely high level of coordination between green finance and low-
carbon economy in Jiangsu Province is closely related to the implementation of green 
development strategy and ecological construction strategy. In recent years, the Jiangsu 
provincial government has been committed to promoting the high-quality ecological 
construction in Jiangsu to take the lead in the country, so as to build a modern ecological 
environment infrastructure system with "reasonable layout, safety and efficiency, complete 
functions, green and low-carbon". The environmental protection work has achieved 
remarkable results, so the coupling development of green finance and low-carbon economy is 
relatively good. 
The development of coupling coordination degree between Zhejiang Province and Anhui 
Province is relatively stable. Although the coupling coordination value of Anhui Province in 
2018 decreased compared with that in 2017, it has achieved sustained and stable growth as a 
whole. The coupling degree and coordination degree of green finance and low-carbon economy 
in Zhejiang Province are in the forefront in the Yangtze River Delta region, which is closely 
related to the local government's commitment to solving ecological problems from the source 
and implementing many low-carbon environmental protection measures. Shanghai is the city 
with the lowest coupling degree in the Yangtze River Delta region. The average coupling degree 
of green finance and low-carbon economy is only 0.616. In 2012, Shanghai was in a very low 
coordination state, and the coupling coordination value was only 0.266. In the nine years from 
2012 to 2020, the coupling coordination degree of Shanghai often fluctuated to a certain extent, 
and the coupling coordination value in 2020 was even lower than that in 2016. This is because 
Shanghai is extremely short of its own resources, but its energy demand is huge, accounting for 
about 3% of the total national energy consumption. It is faced with a series of problems such as 
"ensuring supply, improving quality, increasing efficiency, optimizing and cleaning". Therefore, 
it is necessary and urgent to promote the energy production and consumption revolution in 
Shanghai and build a clean, low-carbon, safe and efficient energy system to promote the benign 
coordination between resources, environment and economy. 
 

Table 4. Distribution of coupling coordination 
Region 2012 2013 2014 2015 2016 2017 2018 2019 2020 Mean value 

Zhejiang 0.350 0.403 0.523 0.584 0.704 0.715 0.843 0.913 0.956 0.666 
Jiangsu 0.267 0.513 0.567 0.685 0.739 0.810 0.985 0.917 0.969 0.707 
Anhui 0.402 0.533 0.619 0.638 0.703 0.732 0.714 0.808 0.820 0.663 

Shanghai 0.266 0.335 0.503 0.488 0.786 0.896 0.826 0.681 0.767 0.616 
Mean value 0.321 0.446 0.553 0.599 0.733 0.788 0.842 0.830 0.878  
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In terms of time structure, the coupling and coordination degree of green finance and low-
carbon economy in the Yangtze River Delta region fluctuated in the past nine years. In 2012, 
the average value of benign coupling coordination degree of three provinces and one city in the 
Yangtze River Delta was only 0.321, Jiangsu Province and Shanghai were in a very low 
coordination state, and only Anhui Province reached the primary coordination level. By 2015, 
the degree of benign coupling and coordination between green finance and low-carbon 
economy in three provinces and one city in the Yangtze River Delta has increased to varying 
degrees. Jiangsu Province and Anhui Province have reached a high level of coordination, and 
the coupling and coordination between green finance and low-carbon economy in Jiangsu 
Province has achieved a qualitative leap from a very low coordination state to a high 
coordination state; Zhejiang Province has reached a moderate level of coordination and 
achieved sustained and steady growth; Shanghai is at the lowest level in the Yangtze River Delta 
region. By 2019, the benign coupling coordination degree of green finance and low-carbon 
economy in the Yangtze River Delta region will be rapidly improved, with an average value of 
0.830, belonging to a very high coordination level. The coupling coordination degree of Zhejiang 
Province and Jiangsu Province is far beyond 0.9, and Anhui Province has also reached a very 
high coordination state. The coupling coordination degree of Shanghai is still the lowest in the 
Yangtze River Delta, only 0.681. 
The coupling coordination degree model constructed in this paper verifies that green finance 
and low-carbon economy can effectively play an interaction, and there is a coupling 
coordination effect between them. And the relevant data also show that it has coupling 
coordination. 
 

 
Figure 2. Distribution of annual average coupling coordination degree 

5.3. Robustness Check 
In order to test the robustness of the model, this paper uses statistical analysis methods such 
as cluster analysis and principal component analysis to build an evaluation model for the 
coordinated development degree of green finance and low-carbon economy, and again 
estimates and comprehensively evaluates its coordinated development level. The results show 
that the symbols and values of each variable are basically consistent with the results of the 
original coupling and coordination model, and have passed the significance level test, which 
shows that the measurement results in Table 3 and table 4 are robust, which helps to 
standardize the interactive rank of green finance and low-carbon economy in the Yangtze River 
Delta region, and puts forward the promotion strategies and policy suggestions for the coupling 
and coordinated development of the two. 
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6. Conclusions and Suggestions 

6.1. Conclusions 
This paper empirically analyzes the coupling and coordination relationship between green 
finance and low-carbon economy in three provinces and one city in the Yangtze River Delta 
from 2012 to 2020, and establishes an evaluation model for the degree of coordinated 
development of green finance and low-carbon economy by using principal component analysis 
and cluster analysis. The following conclusions are drawn: 
(1) The overall coupling between green finance and low-carbon economy in the Yangtze River 
Delta region has performed well. The coupling model verifies that green finance and low-carbon 
economy can effectively interact, and both of them have coupling synergy. The supporting 
function of green finance to low-carbon economy is mainly reflected in providing financing 
guarantee, fully mobilizing the innovation ability of traditional banks, and providing more 
financial support to small and medium-sized enterprises by guiding them to create more green 
financial varieties, so as to promote the industry integration, transformation and upgrading 
within the low-carbon economy. 
(2) In the comparative analysis of three provinces and one city (Jiangsu Province, Zhejiang 
Province, Anhui Province, Shanghai city), this paper considers that the coupling degree of green 
finance and low-carbon economy in Jiangsu Province has reached a very high level of 
coordination, which is worthy of reference and learning from other provinces and cities, taking 
into account the economic development level and ecological construction status of each 
province. 
(3) Shanghai is short of its own energy, but its annual energy consumption is considerable. 
Therefore, the role of green finance in resource allocation is limited, and the coupling degree of 
circular economy and green finance is lower than that of other three provinces. Relevant 
departments should immediately take targeted measures to improve the level of ecological 
environment construction in Shanghai. 

6.2. Suggestions 
The Yangtze River Delta plays a key role in the "double carbon plan". In the future, the overall 
coordinated development of the Yangtze River Delta will also become a key research object. 
Therefore, relevant departments should further strengthen the economic leading function of 
the Yangtze River Delta, strengthen the stimulus of green finance to the transformation and 
development of low-carbon economy, and jointly promote the realization of the double carbon 
goal. Based on the above research conclusions, the following policy implications are proposed: 
(1) Optimize and adjust the current green and low-carbon development policies, strengthen the 
construction of green supervision mechanism for relevant enterprises in the Yangtze River 
Delta, improve the quality of green information disclosure, and improve the coupling degree 
and quality of green finance and low-carbon economy. At present, China has not yet established 
a unified green economy financial standard, and there are certain differences in the cognition 
of "green economy" among various departments and regions, which limits the leading role of 
green finance policy to a certain extent. Therefore, we should further improve the green low-
carbon economic development policy and strengthen the guidance. 
(2) As the guarantee of green finance for the development of low-carbon economy is mainly 
reflected in the guarantee of funds, we should standardize the current multi-level green 
financial product structure in the Yangtze River Delta and strengthen the construction of green 
finance. First of all, financial institutions in various regions should be encouraged to strengthen 
supervision during the issuance of green credit, follow up the progress of green industry 
projects in real time, scientifically evaluate the green transformation ability of enterprises and 
improve the risk prevention ability. In addition, financial institutions should also pay attention 
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to the precise delivery capacity of green bonds, so that green investment can focus on 
sustainable development fields such as clean energy, energy-saving and emission reduction 
technologies. Finally, we should promote the development and popularization of green 
insurance and green funds. 
(3) We will strengthen the training of talents in energy-saving and low-carbon technologies, 
pay attention to the introduction and training of green financial talents, improve the popularity 
of energy-saving and environmental protection technologies, promote the exchanges and 
cooperation between environmental organizations and scientific research institutions in the 
Yangtze River Delta region, and promote the more comprehensive and in-depth integration of 
green ecology and low-carbon concepts into the process of economic and social development, 
so as to further accelerate the transformation of low-carbon economy and society. The degree 
of coupling coordination between the two is steadily increased. 
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