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Examining the relationship and its dynamics between green finance and rural
revitalisation is crucial for achieving an equitable, sustainable economy and low-
carbon transition. This paper develops a comprehensive evaluation system for
green finance and rural revitalisation, utilising data from 31 provinces in China
from 2000 to 2020, and reveals the coordinated relationship and spatial
characteristics. From the system theory, the coordinated and interacting
relationship between green finance and rural revitalisation and its geographic
features are also described in this paper. The results show that green finance
levels have significantly increased across 31 provinces in China. The rural
revitalisation process is also moving forward, and there is mutual
reinforcement that creates a balance of harmonious symbiosis and positive
interaction between green finance and rural revitalization. The relationship
between the two also exhibits distinct stages and notable regional disparities,
resulting in a spatial and temporal pattern characterised by ‘high east, sluggish
middle, and delayed in the west.’ At the same time, a pattern of green finance
development has appeared in the demonstrative unit of development. However,
to enable the revitalisation of rural areas through green policies, it must
accelerate the development of rural revitalisation and provide more robust
and focused policy support.
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1 Introduction

The urgency of climate change and the frequent occurrence of extreme disasters that
result from it have a significant impact on the global economy, energy systems, and social
structures, thereby undermining societal wellbeing and human health. To mitigate the
adverse effects of climate change on human wellbeing and growth, nations have carried out
various actions aimed at reducing the associated risks. Green finance (GF), a crucial
component of climate mitigation policies within the financial system, has increasingly
garnered the attention of governments and scholars alike. Research indicates that GF
significantly contributes to carbon emissions reduction (Meo and Abd Karim, 2022) and
ecological footprint elimination (Bakry et al., 2023), particularly in Asia (Khan et al., 2022).
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The findings underscore the essential function of GF in reaching
net-zero emission objectives and improving environmental quality,
offering direction for policymakers to effectively tackle global
climate issues and advance sustainable development worldwide
(Khan et al., 2022; Lee et al., 2022).

In China, GF is pivotal in advancing green innovation,
facilitating sustainable economic development, and addressing
climate change. Simultaneously, green financing has exhibited
significant promise in mitigating greenhouse gas emissions and
advancing renewable energy initiatives, thus making a crucial
contribution to sustainable development. From 2019 to 2023,
China’s total green loan amount increased by 22.03 trillion CNY;
green bond issuance exceeded 2 trillion CNY; and the cumulative
turnover of carbon emission permits in China’s carbon trading
market topped 10 billion CNY1. The advancement of GF is critically
important for fostering the establishment of China’s green financial
system, facilitating green development, enabling the ecological
transformation of the economy and society, and achieving a
Chinese-style modernisation characterised by harmonious
coexistence between humanity and nature.

Alongside the objectives of climate change and sustainable
development, establishing a just and equitable social structure has
been an aim of the United Nations for sustainable development.
China has attained significant progress in rapid urbanisation and
industrialisation, yet it also confronts challenges such as
underdeveloped rural areas and an expanding urban-rural divide
(Liu et al., 2020; Long et al., 2022; Niu et al., 2023). Furthermore,
urban expansion and population migration have resulted in the
depletion of rural labour, the depopulation of the countryside, and
the neglect of farmland, alongside environmental hazards and
resource scarcity within the agricultural system. These factors
have significantly hindered modernisation and development in
rural areas, obstructing the attainment of equitable and
sustainable development (Chen et al., 2020; Hossain et al., 2023).
To combat rural decline and mitigate disparities in wellbeing,
governments must advocate for ‘rural revitalisation (RR)’, foster
grassroots efforts, relocate uninhabitable settlements, and formulate
scientific revitalization strategies. This is crucial for attaining the
sustainable development objectives of food security, poverty
alleviation, social fairness, and environmental conservation.
Despite the increasing focus on sustainable agriculture and rural
development, agricultural production, the rural ecosystem, and
farmers’ welfare require a more comprehensive approach.
Consequently, rural RR programs are essential to guarantee
equitable access to resources and services for both rural and
urban inhabitants (Qu et al., 2021).

RR necessitates government endorsement, strategic scientific
plans, and extensive engagement from various societal sectors.
GF plays a crucial role in the implementation of RR strategies,
offering robust support for the attainment of sustainable
development objectives like ensuring food security, eradicating
poverty (Zhao et al., 2023), promoting social equity, and

protecting the environment (Mo et al., 2023). To guarantee equal
access to resources and services for both rural and urban residents
and to facilitate RR through GF that supports the diverse
development of agriculture and ecology, several banks have
initiated credit support in the GF sector. For instance, CITIC
Bank2 has offered financial assistance for green agricultural
initiatives across various cities and counties, contributing to the
advancement of green agriculture and renewable energy projects
while promoting the sustainability of rural industries.

Implementing GF policies can facilitate environmental
protection and ecological restoration projects, enhance the rural
ecological environment (Mo et al., 2023), support the green
transformation of rural industries (Han et al., 2023), and elevate
the quality of life for residents (Yuan et al., 2024). Furthermore, GF
contributes to reducing the income disparity between urban and
rural regions, as well as addressing the issue of uneven development
between these areas. GF also facilitates the provision of loans and
investments that aid in the development of rural infrastructure and
enhancement of public services, thereby fostering economic growth
and social advancement in rural regions. This initiative will improve
rural residents’ living standards and attract talent back to rural areas,
thereby mitigating labour losses and addressing the issue of rural
depopulation. Also, speeding up the revitalisation of rural areas
makes social and economic conditions better for the growth of GF.
This makes rural residents more aware of sustainable development
and encourages more people to get involved in promoting and using
GF. Furthermore, the achievement of RR can enhance the efficiency
of ecologically sustainable investment and diminish the ecological
footprint of financial development.

China’s 14th Five-Year Plan has clearly defined the development
goals of green finance, emphasizing the need to strengthen the
supporting role of green financial tools for the green innovation and
development of enterprises, promote the efficient utilization of
natural resources and achieve ecological environment protection.
The implementation of the Rural Revitalization (RR) strategy has
further strengthened the impetus for agricultural modernization,
especially in the direction of green agriculture. The policy
coordination and cooperation between green finance and rural
revitalization will effectively promote the green transformation
and sustainable development of the rural economy.

GF is integral to RR, contributing significantly to the
achievement of its objectives and the promotion of sustainable
rural development. The advancement of RR also brings plenty of
opportunities for GF. However, the current literature has not
sufficiently addressed the relationship between GF and RR, and it
rarely examines these two topics together. This paper looks at
31 Chinese provinces and cities (but not Taiwan, Hong Kong, or
Macau because of the data limitation), creates a full system for
judging the GF and RR development, and figures out how they have
changed over time. It also examines the coordination relationship
between the two objects and their spatial changes from a system
theory perspective, providing a solid foundation for future low-
carbon transitions and equitable economic growth. The findings

1 Data source: https://assets.kpmg.com/content/dam/kpmg/cn/pdf/zh/

2023/05/sustainable-financial-development-in-china-white-paper.pdf,

2024-9-28

2 Data source: https://www.citicbank.com/about/companynews/

banknew/message/202401/t20240129_3528056.html, 2024-9-28
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indicate a significant increase in GF across 31 provinces in China, as
well as a steady improvement in RR, with both factors contributing
to a degree of regional coordinated development. However, in
China, the relationship between GF and RR is characterized by
stages and notable regional disparities, exhibiting a spatial and
temporal pattern of “faster in the east, slow in the middle, and
declay in the west.” Simultaneously, in the designated areas of the
14th Five-Year Plan, a GF development model is emerging; however,
the level of RR requires enhancement, necessitating more robust and
tailored policy support to facilitate RR through GF.

The reason why the research selects the time span from 2000 to
2020 is based on the fact that the rural tax and fee reforms starting
from 2000 (especially the abolition of the agricultural tax) have had a
significant impact on rural revitalization (RR). As you mentioned,
“China’s rural revitalization and urbanization began in 1980″, which
is indeed the case. However, during the period from 1982 to 1997,
China’s agricultural policies focused on improving agricultural
productivity, promoting market-oriented reforms and stabilizing
the foundation of the rural economy, and did not involve systematic
measures for green transformation and environmental protection.
Therefore, based on the principles of the availability and validity of
research data, it is quite appropriate to set the research time span as
from 2000 to 2020, which can comprehensively and accurately
reflect the relationship between rural revitalization (RR) and
green finance (GF).

This paper offers marginal contributions in the following areas:
First, this paper develops a comprehensive indicator system for GF
and RR, employing the Entropy-TOPSIS method to assess the
development levels of both. It offers more thorough and objective
evidence of practice compared to prior studies. Second, it
systematically examines the coordination between GF and RR,
adding to the literature on sustainable rural development. Finally,
this paper investigates the coordinated development pattern of GF
and RR using a coupled coordination degree model integrated with
geographic information, thereby contributing to the existing
literature on regional coordinated development research.

The remainder of this paper is organised as follows: Section 2
reviews the pertinent literature on GF and RR; Section 3 outlines the
data andmethodology employed; Section 4 presents the conclusions;
and Section 5 summarises the findings and suggests relevant policy
implications.

2 Literature review

The current discussion on GF and RR consists of three main
components: (1) the definition of GF and associated research; (2) the
conception of RR and its impacts; and (3) the connection between
GF and RR. As a result, this subsection aims to clarify the concepts of
GF and RR, along with their relevant studies.

First, GF is based on “green” preferences, which means that
when financial institutions make investment and financing
decisions, they fully consider environmental factors, making them
invest more funds in sustainable development businesses and
projects, such as protecting the environment, saving energy and
lowering emissions, and recycling resources (Alharbi et al., 2023).
Meanwhile, they reduce investments in polluting and energy-
intensive businesses and projects, fostering sustainable economic

growth (GF) serves not only as a market mechanism but also as an
institutional framework designed to direct social capital towards
supporting the growth of green industries through financial services,
such as loans, private equity funds, bonds, stocks, and insurance
(Chai et al., 2022). Through the development of financial markets,
GF not only facilitates access to funds for environmental projects but
also supports technological innovation and market expansion.
Developed financial markets can more effectively attract funds to
green projects and enhance the impact of GF on environmental
protection (Al Mamun et al., 2022). It also provides financial
products like green loans, green bonds, and green investment
funds to support environmental protection projects, clean energy
initiatives, and technologies focused on energy-saving and emission-
reduction (Lin and Ma, 2022). This financial model aims to reduce
environmental pollution and promote the sustainable use of
resources, thereby promoting the integrated development of
economic and environmental aspects (Feng et al., 2022).

GF not only plays a crucial role in environmental protection but
also contributes positively to economic development. It facilitates
green investment and technological innovation, promoting
economic restructuring and sustainable development. Studies also
have shown that GF can create a mutually beneficial outcome
between economic growth and environmental sustainability (Lee
and Lee, 2022). By enhancing the information transparency
framework, GF can mitigate the information gap between
investors and enterprises and enhance the financial market’s
transparency. This assists investors to more precisely evaluate the
risks and rewards of environmental protection projects, thus
improving the efficiency of capital allocation (Zhou and Zhang,
2023). GF also has significant long-term benefits in supporting a
green economy and environmental protection, especially in
developing countries, which often face greater environmental
challenges and resource pressures. Meanwhile, existing studies
have found that GF can also help to enhance the rural ecosystem
(Mo et al., 2023), facilitate the green transformation of rural
industries (Han et al., 2023), eliminate poverty (Zhao et al.,
2023), and enhance residents’ quality of life (Yuan et al., 2024).
These studies demonstrate that GF advancement can significantly
aid rural development, narrow the urban-rural gap, and bring about
true rural renewal.

GF not only plays an important role in environmental
protection, but also has a positive impact on economic
development. It promotes economic restructuring and sustainable
development by promoting green investment and technological
innovation. Studies have shown that GF can achieve a win-win
situation between economic growth and environmental
optimization (Lee and Lee, 2022). By improving the information
disclosure mechanism, GF reduces the information asymmetry
between investors and enterprises and enhances the transparency
of the financial market. This helps investors more accurately assess
the risks and rewards of environmental projects, thus improving the
efficiency of capital allocation (Zhou and Zhang, 2023).

However, for China’s RR, the advantages of GF in promoting
rural development are more prominent. First, GF helps improve the
rural ecological environment by providing financial support for
environmental projects (Mo et al., 2023). This is particularly
important because rural areas face greater challenges in
environmental protection and sustainable development. Secondly,
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GF helps green transformation of rural industries, promotes the
transformation of agricultural production methods in the direction
of green and low-carbon, enhances the added value of agricultural
products and increases farmers’ income (Han et al., 2023). In
addition, GF can also provide financial support for poor groups
in rural areas and promote poverty alleviation (Zhao et al., 2023).
These studies show that GF not only improves efficiency in resource
allocation, but also directly promotes the economic development of
rural areas and helps to realize RR.

These advantages indicate that GF plays a crucial role in RR
strategy, and its unique financial mechanism combined with
environment-oriented policies provides a new impetus for
achieving green transformation, ecological protection and
economic growth in the countryside.

Second, RR is a multi-dimensional concept covering a wide
range of topics from socio-economic development to ecological
protection, aiming to comprehensively enhance the standard of
living and sustainability in rural communities (Geng et al., 2023),
which usually involves enhancing the quality of life and economic
conditions in rural communities in a variety of ways to ensure the
sustainable development of rural communities. Existing studies have
mostly discussed the RR in five aspects: economic prosperity,
environmental livability, civilized cultural vitality, efficient
governance, and prosperous living (Han, 2020). The
implementation of RR policies helps to win the battle against
poverty (Xu et al., 2022), strengthens the foundation of policies
pertaining to agricultural and rural growth, and moreover
contributes to the process of modernisation and policies for the
growth of rural regions, helping to achieve the goal of equitable and
sustainable development. RR also contributes to advancing the
transformation of land ownership arrangements and enhancing
the agricultural land market (Guo and Liu, 2021), which is of
enormous significance to the realisation of premium rural
advancement. Simultaneously, the multidimensionality of the RR
goal helps to build a green countryside, Policies aim to bridge the
divide between urban and rural communities, create more ecological
and livable environments for production and daily life, and support
the economic progress and expansion of China’s rural communities
(Yang et al., 2021), helping to achieve common prosperity and high-
quality development. Simultaneously, accelerating the RR process
can foster more favorable social and economic conditions for the
growth of GF. This, in turn, can raise the awareness of rural residents
about sustainable development (Cai et al., 2024) and encourage
more groups to participate in the promotion and application of GF.
Furthermore, RR can enhance the effectiveness of ecologically
sustainable investment and reduce the environmental footprint of
financial development.

Finally, there is a strong coordinated and interactive
relationship between GF and RR. GF, as an important tool for
RR, not merely promotes ecological sustainability but also
enhances financial and societal wellbeing Among other things,
the EU has improved rural areas’ economies through the
adoption of eco-friendly payments and agricultural
environmental and climate actions (Jezierska-Thöle et al.,
2022). In the post-epidemic era, the Chinese government has
advanced sustainable energy and environmental protection
projects in rural areas by implementing GF initiatives, which
has enhanced the vitality of the rural economy while improving

environmental quality and strengthening policies focus on the
encouragement of sustainable finance products (Li et al., 2021).
Simultaneously, existing studies have also found that GF,
through various forms of green investment with rural eco-
industrial parks and other forms of green investment, can
help in enhancing the rural ecological ecosystem (Mo et al.,
2023), and help the green transformation of rural industries
(Han et al., 2023). The implementation of GF also helps to build
rural industries (Irungu et al., 2023), eliminate poverty (Zhao
et al., 2023), and further improve the quality of life of residents
(Yuan et al., 2024), which will greatly accelerate the process of
RR. At the same time, the acceleration of RR will also help to fuel
the development of GF. Firstly, RR can help the non-urban
economy develop (Yang et al., 2021), increase rural income, and
open up the market for GF in the countryside. Secondly, RR can
also help to improve residents’ awareness of sustainable
behaviour and expand the scale of the rural GF market.
Finally, the construction of ecological and livable structures
as part of RR aims to increase the financial demand to
support ecological advancement in rural regionsthereby
creating an opportunity for green financial development in
rural areas.

The above analysis shows that research on GF and RR usually
lacks comprehensiveness and fails to fully understand the
practical challenges and complexities faced by GF and RR.
Simultaneously, the insufficient discussion of these two factors
hinders a thorough understanding of the coordination and
interaction between GF and RR. This lack of understanding
impedes the process of coordinated regional development, as
well as guiding the adjustment and formulation of future policies.
Therefore, this paper investigates the spatial evolution
characteristics of GF and RR by developing a comprehensive
indicator evaluation system. From the standpoint of systems
theory, it also showcases the coordination and interaction
between the two, as well as their regional characteristics,
providing crucial insights into the green transition to a low-
carbon economy and ensuring the coordination of regional
development processes.

The above analysis shows that the above literature describes the
challenges of insufficient funding for GF as well as insufficient
allocation of funds, and also analyzes the uncertainty of unstable
policy support as well as inadequate systems. For example, the
shortage of knowledge and skills due to insufficient education and
skills training in rural areas, the long return cycle of ecological
investment, and the development paradox of promoting ecological
protection at the expense of short-term economic benefits. Research
studies on GF and RR usually lack comprehensiveness and fail to
fully understand the real challenges and complexities facing GF and
RR. Discussions on the coordination and interaction between the
two are not yet sufficient, and thus the interaction and coordination
between different development policies cannot be properly
understood, which is not conducive to grasping the process of
coordinated regional development as well as the adjustment and
promotion of future policies. Therefore, this paper discusses the
spatial evolution characteristics of GF and RR by establishing a
comprehensive indicator evaluation system, and demonstrates the
coupled interaction between the two and their regional
characteristics from the perspective of system theory, which
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provides important insights into the green low-carbon transition
and coordinated regional development.

3 Materials and methods

3.1 Comprehensive evaluation index system
construction

3.1.1 GF indicator system
GF is a multi-dimensional organic systematic concept that

covers various dimensions such as green capital, infrastructure,
green market construction, green policy support, and so on.
Therefore, this paper describes the progress status of GF using a
comprehensive evaluation system, drawing on previous research
(Xu et al., 2022), and aligning it with the practical establishment in
China’s GF sector. Table 1 illustrates the calculation details for the
advancement stage of GF in this study across seven aspects: green
credit, green investment, green insurance, green debt, green support,
green funds, and green equity. Indicators are considered to be
effective in reflecting green investment activity in financial
markets based on international green finance standards and
previous research. Indicators are weighted on the basis of their
market impact and capitalization to ensure that the index provides a
comprehensive picture of the market performance of green finance.

3.1.2 Indicator system for RR
RR, a multi-dimensional and comprehensive concept, covers the

harmonized advancement of the rural economy, society, politics,
and ecological system, and other fields. Simple analysis of a single
latitude lacks both scientific and practical significance; therefore,
multi-dimensional comprehensive measurement is necessary. This
paper fully draws on previous studies (Xiong et al., 2024) establish
the assessment index structure. Meanwhile, it combines the
requirements of the Chinese government for RR and the actual
situation, ffrom economic vitality, environmental sustainability,
cultural enrichment, administrative efficiency, and affluent life,
across five dimensions, to develop an integrated evaluation
framework. The specific details is shown in Table 2.

3.2 Data sources

Given the accessibility and accuracy of the data, this paper
measures the level of GF and RR in 31 provinces in China from
2000 to 2020, using data from multiple sources, including statistical
yearbooks and reports from the Bureau of Statistics, Ministry of
Science and Technology, and other official publications in China.

3.3 Research methods

This paper first constructed the weights of GF and RR indicators
at all levels employing the entropy-based weighting approach, a
technique frequently used in recent research (Chen, 2021), to
provide detailed information on the coordinated development of
GF and RR. On this basis, this paper, in conjunction with the
TOPSIS method, computed the degree of deviation from or near the
optimal and suboptimal ideal values for each indicator to determine
the advancement stage of GF and RR. Furthermore, the coupling
coordination analysis model is applied to examine the coordinated
development process of GF and RR in China.

3.3.1 Entropy-TOPSIS model
To calculate the weight based on the entropy model, the data

should be standardised at first, which makes every data fall into the
interval of [0, 1]. Based on different directions of influence, the
different standardising methods are applied in this paper. Specific
details are as follows:

First, an original data matrix is constructed, in which M
represents different provinces and N represents the index value
of each indicator for GF and RR (Equation 1).

X � xij( )
nm

1≤ i≤m, 1≤ j≤ n( ) (1)

For the indicator which give a positive promotion to GF or RR,
the standardize formula is (Equation 2):

Vij �
Xij −Xmin( )
Xmax −Xmin( ) (2)

TABLE 1 GF indicator system.

Level 1 indicators Level 2 indicators Measurement equations

Green credit Proportion of credit for environmental protection projects Total credit for environmental protection projects/total credit for the whole
province

Green investment Percentage of GDP spent on environmental pollution control
measures

Expenditure on pollution mitigation initiatives/GDP

Green insurance Level of implementation of pollution liability insurance
programs

Income from Pollution Liability Insurance/Overall Premium Income

Green debt The degree of development of green bonds Total volume of green bonds issued/aggregate issuance of all bonds

Green support Proportion of fiscal expenditure on environmental
safeguarding measures

Public expenditure on environmental protection initiatives/overall public budget
expenditure

Green Fund Percentage of green funds in total investment Entire market size capitalization of green funds/Total market capitalization of
all funds

Green Equity Depth of development of green rights Total volume of carbon, energy use rights, and emission rights trading/stock
market transactions
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Otherwise, the negative indicator standardize function is
(Equation 3):

Vij �
Xmax −Xij( )
Xmax −Xmin( ) (3)

Next, the normalized data is used to calculate the proportion of
every index value of every provinces under various indicators
(Equations 4, 5):

Pij � Vij

∑m
i�1
Vij

(4)

P � Pij( )
mn

(5)

Then, compute the entropy value for each metric, named ej,
and the value about coefficient of difference, named gj

(Equations 6, 7).

TABLE 2 Indicator system for RR.

Level 1 indicators Level 2 indicators Level 3 indicators

The industry is thriving Basis of agricultural productivity Total agricultural machinery power per capita (kW)

Overall grain production capacity (10,000 tons)

Cars per one hundred households (units)

Level of industrial integration Major operating revenue of large-scale agricultural product processing enterprises CNY)

Ecologically livable Sustainable agricultural development Comprehensive usage rate of livestock and poultry manure (%)

Usage of pesticides and fertilizers (10,000 tons)

Rural ecological protection Rural greening rate (%)

Infrastructure construction status Access rate to access to potable water (%)

Proportion of paved village roads (%)

Rural civilization Management of rural living environments Sanitary latrine coverage rate (%)

Share of administrative villages equipped with domestic sewage treatment facilities (%)

Share of administrative villages with domestic waste management systems (%)

Establishment of rural public cultural
infrastructure

Number of Rural Cultural Stations

Educational attainment of rural residents Share of rural household spending on education, culture, and entertainment (%)

Share of rural compulsory education full-time teachers with at least a bachelor’s degree (%)

Average years of schooling for rural residents (years)

Traditional culture transmission Cable TV penetration rate (%)

Share of administrative villages connected to broadband Internet services (%)

Governance is effective Governance initiatives Share of administrative villages with implemented village planning initiatives (%)

Percentage of administrative villages that have implemented village renovation initiatives (%)

Percentage of village directors who also serve as village party secretaries (“dual-role”
leaders) (%)

Life is rich The level of peasant income Net income per capita for rural inhabitants (CNY)

Growth percentage of rural per capita income (%)

Urban-to-rural income ratio (%)

Rural poverty rate (%)

Engel coefficient for rural households (%)

Agricultural Labor Productivity (RMB/Person)

Living conditions of peasants Rural residents’ per capita living space (sq m)

Standard of basic public service assurance Number of health technicians per 1,000 rural residents
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ej � −
∑m
i�1
Pij log Pij( )
log m( ) (6)

gj � 1 − ej (7)

Where, ej denotes the entropy metric of the jth indicator, and:
0≤ ej ≤ 1 (Equation 8)

0≤ ej ≤ 1 (8)

FIGURE 1
Spatial and temporal evolution of GF development in China.
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Here, the weight of every indicator is calculated (Equation 9):

wj � gj

∑n
j�1
gj

(9)

On this basis, the TOPSIS approach is utilized to assess the
progress of GF and RR. Compared with other models, it could
reflect its distance to the optimal development goals. To apply
this method the normalized data Vij is used at first, then
determines the optimal solution, named Z+

j and the worst
solution Z−

j (Equations 10, 11)

The optimal solutionZ+
j : Z+

j � Z+
1 , Z

+
2 , Z

+
3//Z+

k( ) (10)
Theworst solutionZ−

j : Z−
j � Z−

1 , Z
−
2 , Z

−
3//Z−

k( ) (11)

For the indicator which give a positive promotion to GF or RR
(Equations 12, 13):

Z+
j � Max Vij( ) (12)

Z−
j � Min Vij( ) (13)

For the indicator which give a minus effects on GF or RR
(Equations 14, 15):

Z+
j � Min Vij( ) (14)

Z−
j � Max Vij( ) (15)

Then, determine the weighted Euclidean distance from the
evaluation target to the optimal or the worst solution. Named as
D+

i , D
−
i (Equations 16, 17).

D+
i �

������������������∑k

j�1 Wj Vij − Z+
j( )( )2√

(16)

D−
i �

������������������∑k

j�1 Wj Vij − Z−
j( )( )2√

(17)

Last, calculate the relative distance calculate the distance
between the assessment target and the ideal reference point Ci

(Equation 18).

Ci � D−
i

D+
i +D−

i

(18)

The larger of the value Ci, the closer it is to the ideal level of GF
or RR. In other words, the larger of the value Ci indicates this
province is preforming better at to GF or RR.

4 Results and discussion

From 2000 to 2020, China has achieved remarkable
development in GF and RR. Among them From Figures 1, 2 for
the years 2000 and 2020, it can be concluded that, the GF index has
grown significantly from 0.083 in 2000 to 0.791 in 2020 (All indices
are averaged over all provinces in China for the year), reflecting the
Chinese government’s active efforts to put into practice the concept
of GF, implement GF policies, enhance the awareness of financial
institutions and investors of sustainable investment, and strengthen
international cooperation on GF. From Figures 2, 3 for the years
2000 and 2020, it can be concluded that, Although the overall
growth of the RR Index is relatively slow, only increasing from
0.328 in 2000 to 0.335 in 2020, the steady growth shows the
government’s continuous efforts in promoting agricultural
modernization, improving rural infrastructure, and
comprehensive governance. It also implies that further
improvement in the level of RR requires more public policy
support as well as special financial inputs. Meanwhile, from
Figures 2, 4 for the years 2000 and 2020, it can be concluded
that, the level of interaction and alignment between them has
gradually risen from 0.415 in 2000 to 0.423 in 2020, indicating
that the policy complementarity and coordination between GF and
RR have risen consistently each year, and together they have
promoted the sustainable development of the environment and
the economy. These changes signify that China’s strategic
adjustments in support of GF and RR policies have gradually
borne fruit, and that the two complement each other, together
becoming an important pillar of sustainable economic
development and providing valuable experience and
demonstrations at home and abroad.

However, relevant evidence suggests that China’s development
in GF and RR is characterized by distinct stages. As can be seen in
Figure 2, at the start of the study period, both RR and GF were at a
low level (the GF index was 0.083, and the RR index was 0.328). The
degree of coordination between the two was also low (the coupling
degree of coordination was 0.415), resulting in an extremely
uncoordinated situation. This is due to the fact that China had
not yet established a mature financial system, and the concept of GF
was still in its infancy. As a country that relies heavily on agriculture,
the focus on agricultural production and historical accumulation
from ancient times sets the foundation for RR at a significantly
higher level than that of GF, resulting in a lack of better coordinated
development.

In 2010, the GF index increased significantly to 0.443, showing
that the government and the market have increased their awareness

FIGURE 2
Spatial and temporal evolution of GF, RR, coupling coordination
degree development in China from 2000 to 2020.
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and actions in supporting environmentally friendly projects.
Although the RR index increased only slightly to 0.328, policy
continuity and structural adjustment are gradually taking place,
and the degree of coordination between the two is steadily
increasing. In 2020, the GF index increased further to 0.791, and
the RR index increased steadily to 0.335. The index steadily increases
to 0.335, while the overall degree of coupling and coordination rises
to 0.423, indicating significant progress in tandem and
complementing each other’s development.

In particular, the GF index is almost ten times higher than that of
2000, This not only demonstrates the growing maturity of China’s
GF policies and market mechanisms but also highlights the
emphasis the Chinese government places on sustainability.
Simultaneously, the heightened degree of coupling and
coordination between GF and RR policies suggests a closer
integration in their implementation, efficiently fostering China’s
dual aims of environmental sustainability and economic progress.
This trend not only demonstrates the effectiveness of the policies but

also reflects China’s outstanding contribution to the global green
development and RR fields.

As can be seen in Figures 5, 6, apart from stage-specific
characteristics, the growth of GF and RR in China also has
significant regional characteristics Among them, the eastern
region shows strong growth in all three indicators, accompanied
by the GF index growing from 0.081 to 0.810 and the RR index rising
from 0.316 to 0.397, with the coupling coordination degree
increasing to 0.447, which demonstrates that the maturity of the
region’s financial markets and policy innovation practices have
given a strong boost to GF and RR.

The northeastern region’s GF index rose from 0.099 in 2000 to
0.868 in 2021, reflecting growth in GF and government investment.
The RR index fluctuates considerably over this period, reaching
0.496 in 2017 and falling slightly to 0.314 in 2021, which leads to
strong fluctuations in the degree of coordination between the two,
dropping back to 0.430 in 2020, suggesting that the northeast region
needs to put in place stronger green policies to drive RR with GF and

FIGURE 3
Spatial evolution of the level of RR in China.
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ultimately achieve a harmonious co-existence between the two. The
level of RR in the central region has been relatively stable, fluctuating
around 0.350, but the GF index grows from 0.085 to 0.791, which
shows a significant momentum for catching up and a significant rise
in the overall degree of coordination.

Alternatively, the western region exhibits strong
development potential, as evidenced by its GF and RR index,
which have increased from 0.084 to 0.310 to 0.785 and 0.342,
respectively. This growth rate markedly outpaces that of other
areas, and the sustained increase in the degree of coupling also
reflects the region’s effective efforts to promote policy synergies
and the development of regional characteristics. Overall, these
results and data not only showcase the various strategies and
effectiveness of different regions in promoting sustainable
development and environmental protection, but also
emphasize the necessity for policy adjustment and
optimization in China’s balanced regional development. This
underscores the need for China to formulate distinct regional
policies to promote sustainable development and environmental
protection.

Looking at smaller typical regional units (the Yangtze River
Economic Belt, the Beijing-Tianjin-Hebei area, the Yangtze River
Delta, along with the Yellow River Basin Ecological Reserve
mentioned) in 14th Five-Year Plan in China, for example, As can
be seen in Figures 6, 7, these units show significant development
trends and regional differences in the GF index, RR index and
coupling coordination. Among them, the GF index has increased
significantly in all regions, particularly in the Beijing-Tianjin-Hebei
and Yangtze River Delta regions, where the GF index of Beijing-
Tianjin-Hebei increased from 0.097 in 2000 to 0.818 in 2020, while
the Yangtze River Delta rose from 0.070 in 2000 to 0.828 in 2020,
which shows the advanced state of their economic growth and
vibrant financial markets and reflects the economic development
and strong support for green financial policies in these regions.
Meanwhile, the RR index in Beijing-Tianjin-Hebei continues to
grow, rising from 0.379 in 2000 to 0.424 in 2020, which also
demonstrated the development potential for RR.

However, the Yangtze River Delta and the Yellow River Basin
face challenges in the development of RR, with the Yangtze River
Delta declining from 0.213 in 2000 to 0.309 in 2020 and the Yellow

FIGURE 4
Spatial evolution map of coupling coordination degree of GF and RR.
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River Basin declining from 0.336 in 2000 to 0.294, demonstrating the
complexity of rural development under the pressure of urbanisation
and ecological protection. However, it is encouraging to see that the
GF The index for the Yangtze River Delta rises rapidly, ranging from
0.070 to reach 0.828, and that in the Yellow River Basin increases from
0.090 to 0.782, which reflects the importance attached in building a
sustainable financial system, while the highly developed financial
market provides strong support for it. However, the slight decline
in the RR index and stagnation in the level of coupling coordination
emphasises that this area still needs to strengthen its resource
constraints and policy implementation.

Furthermore, the Yangtze River Economic Belt’s GF index
grows from 0.076 in 2000 to 0.794 in 2020, thanks to the country’s
strategic focus on the region and investment in green projects.
Meanwhile, the RR index steadily improves, increasing from
0.299 to 0.383, reflecting the sustained efforts of local
governments. However, the slower progress of coordinated
development in the region, from 0.407 in 2000 to 0.439 in
2020, indicates a need for further strengthening of the

integration between GF and RR. These findings not only
demonstrate the specific challenges and achievements of
different regions but also provide valuable insights for future
policymaking, especially on how to more effectively integrate GF
and RR policies for sustainable development.

5 Conclusions and policy implications

This study evaluated the development of GF and RR in China
through the establishment of a complete and objective integrated
evaluating systemny by utilising the Entropy-TOPSIS technique. It
also examines the current state of coordination and interaction
between GF and RR initiatives use the linked coordination degree
model. The findings are as follows:

(1) There has been a significant increase in GF across
31 provinces in China, and the process of RR is
progressing, leading to regional mutual reinforcement and

FIGURE 5
Regional line graph of the degree of coordination of the coupling of green finance and rural revitalization (Eastern, central, north-eastern, western).
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coordinated development. By facilitating sustainable
development initiatives, GF significantly boosts RR. China’s
GF initiatives have markedly enhanced infrastructure
development and ecological preservation in rural regions,
diminishing carbon emissions and elevating environmental
quality. Simultaneously, RR can contribute to the advancement
of green financing in a constrained manner, facilitating improved
policy interaction and coordinated regional growth.

(2) In China, the correlation between GF and RR exhibits a
phased progression and notable regional disparities,
manifesting a spatial and temporal pattern characterized by
“elevated in the east, sluggish in the middle, and slower in the
west.” Despite China’s notable progress in advancing GF and
RR, a disparity persists between policy execution and actual
demand in specific regions. The western regions face
numerous limitations in the allocation and execution of
policy resources. The enduring effects and sustainability of
green financial policies require enhancement, particularly in
the alignment of financial flows and policy execution.

(3) A framework for GF development has emerged in the
specified regions outlined in the 14th Five-Year Plan,
covering the Yangtze River Economic Belt, Beijing-Tianjin-
Hebei, the Yangtze River Delta, and the Yellow River Basin
Ecological Reserve; however, the progress of RR remains
insufficient, necessitating enhanced and tailored policy
support to facilitate RR through GF.

This study offers pertinent policy implications in light of the
aforementioned conclusions:

(1) In the central and western parts of the country, increase GF
assistance. In western regions with more severe
environmental conditions, such as Tibet and Qinghai, the
government should enhance policy support and financial
assistance, particularly in the innovation and promotion of
green financial products. It can draw upon the successful
experiences of the eastern coastal regions to create financial
tools such as green credit facilities and green bonds to support
local initiatives like ecological agriculture and renewable
energy development.

(2) Encourage the cohesive growth of urban and rural regions
and facilitate RR: the advancement of GF must consider the
equilibrium between urban and rural regions, avoiding the
disproportionate distribution of resources and funds to cities.
Utilise GF to facilitate rural infrastructure development,
enhance education, healthcare, and other public services,
draw talent back to rural communities, and encourage the
cohesive growth of both urban and rural regions.

(3) Facilitate the innovative implementation of agricultural
green technologies, such as eco-friendly pesticides and
water-efficient irrigation systems, to improve
agricultural productivity and the quality of the rural
ecosystem. At the same time, cultivate eco-agriculture

FIGURE 6
Regional fluctuations in the degree of coordination of the coupling of GF and RR.
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and rural tourism to achieve a win-win situation benefiting
both economic growth and environmental sustainability.

(4) Enhance the efficacy and consistency of policy execution.
When formulating policies, it is essential to thoroughly assess
the local context and improve the adaptability and relevance
of the policies. Moreover, the persistence of GF policies and
the sustained deployment of capital are crucial for
guaranteeing policy efficacy; thus, the government must
enhance oversight and coordination of local
implementation at the policy level.
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