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Abstract: With the rapid development of society and economy, people’s demand for ecosystem
services is constantly increasing. All countries support this demand by vigorously developing green
finance. The coordinated development of green finance and ecosystem service demand is of great
significance for sustainable development. Most of the existing studies separately study green finance
or ecosystem service demand, separating the relationship between the two. At present, there is still a
lack of clear understanding of the coupling relationship between green finance and ecosystem service
demand. In addition, in the existing coupling relationship calculation models, the setting of relevant
parameters is subjective. Therefore, based on the green finance and ecosystem service demand
database of 30 provinces in China from 2010 to 2017, this paper firstly evaluates the green finance and
ecosystem service demand quantitatively, and then analyzes the coupling coordination relationship
between them by using an improved coupling coordination degree model. The results show that:
(1) compared with the traditional coupling coordination degree model, the contribution coefficient of
each subsystem in the improved coupling coordination degree model has a more sufficient basis, and
more objective evaluation results; (2) from 2010 to 2017, the level of green finance in China’s provinces
increased significantly, showing a spatial pattern of “high in the east and low in the west”; the
ecosystem services demand increased first and then decreased, with an increase in nearly two-thirds
of provinces; (3) the coupling coordination relationship between green finance and ecosystem service
demand in China’s provinces was optimized continuously from 2010 to 2017, showing the spatial
differentiation of “eastern China > central China > northeast China > western China”; (4) in 2017,
the coupling coordination degree of green finance and ecosystem service demand in Guangdong
Province was the highest, reaching a high level of coordination, while Qinghai Province was the
lowest, as a result of a serious level of incoordination. It is worth noting that the comprehensive
development level of green finance in China is still low and seriously lags behind the development
level of ecosystem services demand. In the future, green and low-carbon transformation should be
accelerated to promote the sustainable development of financial ecology.

Keywords: green finance; ecosystem service demand; coupling coordination relationship

1. Introduction

The natural ecological environment provides essential ecosystem services for human
beings [1], is the space for human survival, and is also the basis of sustainable economic
and social development [2]. China’s economy has maintained a fast growth rate in the
past 40 years, with an average annual GDP growth rate of 10%. However, due to the
long-term use of a factor input-driven economic growth mode characterized by sacrificing
the ecological environment and consuming large amounts of resources, economic growth
has gradually slowed down in recent years: GDP growth dropped to 6.7% in 2018, 6.0% in
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2019, and 2.2% in 2020. At the same time, problems, such as resource shortage, environ-
mental pollution, and ecological deterioration, have become increasingly prominent [3]. In
response to the above problems, the Chinese government pointed out in the Boao Forum
for Asia in 2010 that “green economy is the trend of the times in today’s world” [4]. The
adoption of the United Nations 2030 Agenda for Sustainable Development and the New
Urban Agenda also show that the “green economy”, as a new development model, has
attracted global attention [5]. As the core of the modern economy, finance is an effective
means to promote the coordinated development of the natural environment, economy, and
society [6]. The transformation of the economic development mode from a high-carbon
model to a low-carbon model is inseparable from the reform and innovation of finance.
Based on the actual situation of economic development and ecological environment, China
has proposed to develop green finance [7]. Green finance can not only promote high-quality
economic development but also be the core driving factor for improving ecological en-
vironment [8]. It is an inevitable trend in China’s economy to promote the coordinated
development of ecological environment and economy and society through green finance.

As a bridge connecting natural environmental systems and economic and social
systems, ecosystem service research includes two aspects: it not only pays attention to the
supply of ecosystem services generated by the natural environment, but also pays attention
to the ecosystem service demand for the benefit of economic and social activities [9]. In
recent years, the research on ecosystem services has developed rapidly. Quantitative
measurement of the correlation and collaborative evolution trend between ecosystem
services and natural environment [10,11], economic, and social systems [12,13], as well as
the supply and demand of ecosystem services [14,15], has become a research hotspot in
this field. The eco-environmental protection principle adopted by green finance is very
consistent with the concept of coordinated development [16]. However, at present, there are
few studies on the coordinated development of green finance and ecosystem services in the
world. Most of the existing studies study the relationship between green finance and the
economic and social system from the external perspective of “economy explains economy”.
For example, Wang et al. studied the different stages of the integrated development degree
of green finance and related industries, and believed that the initial stage should be resource-
driven, and the later stage should strengthen the input of technical elements [17]. Yin et al.
analyzed the close relationship between green finance and economy and pointed out that
the two have an obvious synergistic effect and are in a highly coordinated and coupled
development state [18]. Dong et al. studied the coordination with green finance from the
perspective of urbanization, believing that the two have strong spatial agglomeration effects
and spatial spillover effects, and urbanization generally lags behind green finance [19]. To
sum up, existing research focuses on the single field of ecosystem services or green finance,
ignored the organic connection between green development and financial innovation, and
still lacks a clear understanding of the coupling relationship between ecosystem services
and green finance.

Scale dependence and temporal-spatial heterogeneity are key characteristics of both
natural environmental systems and economic and social systems [20], so they have signifi-
cant time and space coupling characteristics. The quantitative measurement of the coupling
relationship between the two is the focus of the cross-research of natural and social sciences.
The coupled coordination degree model is widely used in the fields of ecology [21,22],
environment [23,24], economy [25,26], society [27,28], and some scholars have also applied
it to the study of green finance because of its advantages in a quantitative study of the
interaction and interactive coupling relationship between two or more systems [29]. Yu et al.
calculated the coupling degree and coordination degree between green finance and social
development level and pointed out the positive promoting effect and threshold effect of
green finance [30]. Wang et al. established a coupling coordination degree model between
green finance and industrial technology innovation, and the results showed that there was
strong regional heterogeneity between them [31]. Zhu et al. studied the coupling coordi-
nated development degree of green finance and circular economy and believed that green
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finance would fall into a “low development trap” if its development lagged [15]. However,
the traditional coupling coordination degree model used in the above study regards the
contributions of both subsystems as equally important. Some scholars have questioned
this, pointing out that this assignment method is inconsistent with reality, and its distorted
results may mislead policymakers to make wrong decisions [32]. Reasonable sub-system
contribution coefficient assignments will directly affect the coupling coordination degree,
and then affect the accurate evaluation of the coupling coordination relationship between
ecosystem service demand and green finance. Therefore, the reasonable improvement of
the coupling coordination degree model is still worth further discussion.

To sum up, most current studies focused on green finance or ecosystem service demand
individually, and lacked a clear understanding of the coupling relationship between green
finance and ecosystem service demand. Therefore, based on the panel data of 30 provinces
in China from 2010 to 2017, this paper calculates the demand levels of green finance
and ecosystem services by using the global principal component analysis and entropy
method. Then, based on the improved coupling coordination degree model, the coupling
coordination relationship between the two is quantitatively analyzed to provide scientific
reference for the coordinated promotion of green finance and ecological environment
construction.

2. Study Area and Data Sources
2.1. Study Area

In this paper, 30 provinces in mainland China, excluding Hong Kong, Macao, Taiwan,
and Tibet Autonomous Region, are selected as research areas. According to economic
regionalization of China, they can be divided into four regions: eastern China, central
China, western China, and northeast China (Figure 1).
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In 2006, the International Finance Corporation (IFC) partnered with Industrial Bank to
launch the first green credit product on the Chinese market. At its 18th National Congress
in 2012, the CPC Central Committee included the construction of ecological civilization
into the Five-sphere Integrated Plan which refers to China’s overall plan for building
socialism with Chinese characteristics. The China Banking Regulatory Commission issued
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the Green Credit Guidelines, which became the programmed document of China’s green
credit system. China’s green credit policy system began to be established, developed,
and gradually improved. More banks are providing green credit, and green financial
products are increasingly abundant. In August 2016, seven state ministries jointly issued
the Guiding Opinions on Building a Green Finance System, which clarified the definition
of green finance in China and established the top-level framework system of green finance.
According to China Green Finance Development Report (2018), China issued more than
280 billion yuan of green bonds in 2018, with a stock of nearly 600 billion yuan, making
it the country with the largest issuance of such bonds in the world [19]. At the same
time, the ecosystem services demand in China also has strong spatial heterogeneity. The
ecosystem services demand in most of the western and northern regions is at a low level,
indicating that ecosystem services demand is relatively low. In contrast, the regions with
high ecosystem services demand are mainly concentrated in the Yangtze River Delta, Pearl
River Delta, Beijing-Tianjin-Hebei region, and some densely populated urban areas, as well
as the Huang-Huai-Hai Plain [33].

2.2. Data Sources

The data used in this study mainly includes green finance and ecosystem service
demand. Green finance data are mainly from the Wind database (www.wind.com.cn/,
accessed from 5 September 2022 to 17 October 2022) and the China Environmental Statistical
Yearbook (2011–2018). Data on ecosystem service demand are mainly derived from the
China Statistical Yearbook (2011–2018), provincial statistical yearbooks of corresponding
years, and the China Carbon Accounting Database (https://www.ceads.net.cn/, accessed
on 12 November 2022).

3. Methods
3.1. Evaluation of Green Finance

Green financial instruments include a variety of products and mechanisms, includ-
ing green credit, green securities, green insurance, green investment, carbon finance,
etc. [34–36]. However, green finance in China is still in its development stage and rel-
evant statistics are lacking. Therefore, referring to relevant studies [37] and following the
principles of reflecting the basic connotation of green finance, covering the scope of green
finance services, index representativeness and data accessibility, six indicators from four
aspects of green credit, green securities, green investment, and carbon finance are selected
to construct an evaluation index system of green finance (Table 1).

Table 1. China’s provincial green finance evaluation index system.

Criterion Index Index Meaning Unit Efficiency

Green-credit
policy

Green finance evaluation Total
liabilities of listed companies in

environmental protection industry

The total debt generates from ith
province (city) registers environmental
protection listed company in tth year

Yuan −

Green securities Total market value of listed companies
in environmental protection industry

The total market value generates from
ith province (city) registers the
environmental protection listed

company in tth year

Yuan +

Green investment
Expenditure on energy conservation

and environmental protection

The total expenditure on energy and
environmental protection of the ith
province (municipality) in tth year

Yuan +

Total investment in environmental
pollution control

Total equity investment of listed
companies in environmental

protection industry

The total investment in pollution control
of ith province (city) in tth year
The total equity investment of

environmental protection listed
companies register in the ith province

(city) in the tth year

Yuan +

Carbon finance Carbon financial trading volume Carbon financial trading volume in the
ith province (city) in the tth year Yuan +

www.wind.com.cn/
https://www.ceads.net.cn/
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The global principal component analysis was used to calculate the comprehensive
score of green finance, which is an improvement on traditional principal component
analysis. It combines traditional principal component analysis and time series analysis [38].
Therefore, it can be used to process panel data, such as the green finance data of Chinese
provinces from 2010 to 2017 in this paper.

3.2. Evaluation of Ecosystem Service Demand

Ecosystem service demand refers to the quantity and quality of services that humans
expect to obtain from natural systems, namely the potential demand [39,40]. Typically,
latent demand includes not only the actual demand that humans have consumed but also
the unfulfilled demand that humans would like to consume within ecosystem services.
Accounting for ecosystem service demand is required in terms of both consumption of
ecosystem services and the amount expected to be obtained.

Ecosystem services can be divided into nine subtypes [41]. Among them, climate
regulation and biodiversity maintenance services belong to the category of “global non-
proximity” services [42], while the generation and acquisition of cultural services are
subjective, and the consumption process is non-expendable, making it difficult to quantify
their demands. Therefore, the supply and demand of these three services—climate regula-
tion, biodiversity maintenance services and cultural services—are not carried out in this
paper. Finally, six types of ecosystem services, including food demand, water conservation,
carbon sequestration, raw material production, gas regulation, and waste treatment, are
selected to analyze ecosystem service demand (Table 2).

Table 2. Index system of provincial ecosystem service demand evaluation in China.

Criterion Index Meaning Index
Efficiency Weights Index Calculation

Method

Food supply services Total food demand in ith
province (city) in tth year + 0.156

Food demand = per capita food demand
∗population. Food demand is replaced by
consumption (including consumption of

grain, oil, vegetables, meat, aquatic
products, eggs, milk, melons, and

fruits) [43]

Water conservation
services

Total water demand of ith
province (city) in tth year + 0.175

Water demand = per capitawater
consumption ∗ population density. Per

capita water consumption, including per
capita agricultural, industrial, domestic
and ecological water consumption [44]

Carbon sequestration
services

Total carbon emissions of the
ith province (city) in tth year + 0.172 Carbon sequestration service = per capita

carbon emission ∗ population [45]

Raw material
production

Forestry output value of ith
province (city) in tth year + 0.171

The use of forestry output value
represents provinces’ demand for

ecosystem raw material production
services [14,46]

Gas regulation

Industrial airpollutants
(including smoke dust, SO2,

NOx) discharges into the
ecosystem in the ith province

(city) in the tth year

+ 0.150
The total emission of smoke dust, SO2 and
NOx is taken as the demand of ecosystem

gas regulation service

Waste disposal

Wastes include solid wastes
and wastewater discharges
into the ecosystem in the ith

province (city) in tth year

+ 0.177

Since statistics show very little solid waste
is discarded by industry in each province,

only total wastewater discharges are
calculated in the actual calculation [14]

The entropy method was used to determine the weight of the ecosystem service
demand evaluation index. Based on the standardized values and weights of evaluation
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indicators, the weighted sum model is adopted to calculate the comprehensive score of
ecosystem service demand. The calculation formula is as follows:

Vi =
n

∑
j=1

(
Wij × x′ij

)
(1)

where Vi represents the comprehensive score of ecosystem service demand; n is the number
of indicators; Wij is the weight of indicators; and x′ij represents the standardized value of
evaluation indicators.

3.3. Coupling Coordination Degree Model

In this paper, the coupling coordination degree model is used to measure the coupling
relationship between green finance and ecosystem service demand. The coupling coordina-
tion degree model is an effective method to analyze the interaction between two systems.
Among them, the coupling degree reflects the degree of mutual restriction or dependence
between two systems, and the coupling coordination degree reflects the degree of benign
coupling interaction between systems [19,47].

3.3.1. Traditional Coupling Coordination Degree Model

The formula of traditional coupling coordination degree model is as follows:

C = 2

{
U × A

(U + A)2

}1/2

(2)

T = αU + βA (3)

D =
√

C× T (4)

where C is the coupling degree; T is the comprehensive level of green finance and ecosys-
tem service demand; D is the coupling coordination degree between green finance and
ecosystem service demand; U and A are green finance comprehensive scores and ecosystem
service demand comprehensive score respectively; α and β are contribution coefficients of
green finance and ecosystem service demand, respectively. It is generally assumed that the
green finance subsystem and ecosystem service demand subsystem are equally important,
i.e., α = β = 0.5.

3.3.2. Improved Coupling Coordination Degree Model

To objectively and accurately reflect the coupling relationship between green finance
and ecosystem service demand, the corresponding contribution coefficient should be
determined comprehensively according to the performance of green finance and ecosystem
service demand. When a subsystem is relatively backward, it should be given a relatively
large contribution coefficient, to attract more attention from the government and society,
and then government and society take effective measures to promote the development of
the system, narrow the gap between the systems, and realize the coordinated development
of the systems [32,48]. Accordingly, the formula of the improved coupling coordination
degree model is as follows:

T′ = α′U + β′A (5)

α′ =
A

U + A
(6)

β′ =
U

U + A
(7)

D′ =
√

C× T (8)
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where α′ and β′ are the improved contribution coefficients of green finance and ecosystem
service demand, respectively. If the comprehensive score U of green finance is low, α′ is
relatively large, which reminds decision-makers to pay more attention to the development
of green finance. If the comprehensive score of A of ecosystem services demand is low, β′

is relatively large, which reminds policymakers to pay more attention to the improvement
of the ecosystem services demand. Referring to relevant studies [24,49], the coupling
coordination relationship between the green finance subsystem and the ecosystem service
demand subsystem is divided into 3 categories, 8 subtypes, and 24 development modes
according to the coupling coordination degree score and the role of the relationship between
the two subsystems (Table 3).

Table 3. Green finance and coupling coordination degree types of ecosystem service demand.

Categories D Subgroup Development Modes

Balanced development

0.8 < D ≤ 1 High-level
coordination

U > A High coordination—lagging
ecosystem services demand

U < A High coordination—lagging
green finance

U = A
Advanced coordinated
development of green finance
and ecosystem service demand

0.7 < D ≤ 0.8
Favorably coordinated

development

U > A Good coordination—lagging
ecosystem services demand

U < A Good coordination—lagging
green finance

U = A
Well coordinated development
of green finance and ecosystem
service demand

0.6 < D ≤0.7 Moderate coordination

U > A Moderate coordination—lagging
ecosystem services demand

U < A Moderate coordination—lagging
green finance

U = A
The green finance and ecosystem
services demand will be
appropriately coordinated

Transitional
development

0.5 < D ≤ 0.6 Basic coordination

U > A Basic coordination—lagging
ecosystem services demand

U < A Basic coordination—lagging
green finance

U = A
The green finance and ecosystem
services demand is basically
coordinated

0.4 < D ≤0.5 Low-level coordination

U > A
Low level of
coordination—lagging
ecosystem services demand

U < A
Low level of
coordination—lagging green
finance

U = A
Green finance and coordinated
development of low ecosystem
services demand
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Table 3. Cont.

Categories D Subgroup Development Modes

Unbalanced
development

0.2 < D ≤0.4 Slightly uncoordinated

U > A Mild incoordination—lagging
ecosystem services demand

U < A Mild incoordination—lagging
green finance

U = A
Green finance and the ecosystem
services demand developed
slightly incongruously

0 < D ≤ 0.2
Seriously

uncoordinated
development

U > A Serious incoordination—lagging
ecosystem services demand

U < A Serious incoordination—lagging
green finance

U = A

There is serious incoordination
between green finance and the
development of the ecosystem
services demand

4. Results
4.1. Temporal and Spatial Characteristics of Green Finance

From the time dimension, the development level of green finance in China’s provinces
improved significantly, showing a spatial distribution pattern of “high in the east and low
in the west” (Figure 2). Among them, Guangdong had the best green finance development
level, followed by Beijing, Shanghai, Jiangsu, Shandong, Zhejiang, and Hubei provinces.
After 2015, the comprehensive scores of green finance in Guangdong Province, Beijing, and
Shanghai all exceeded 0.6 and gradually approached 1. Jiangsu Province exceeded 0.5 in
2015. The comprehensive scores of green finance in other provinces were concentrated
between 0 and 0.4.
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In 2010, the level of green finance in China was relatively low, with most provinces
(21 provinces account for 70% of the studied provinces) scoring below 0.11. Only Guang-
dong Province had a high level of green finance development. The remaining eight
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provinces (Shandong, Jiangsu, Beijing, Hebei, Fujian, Zhejiang, Henan, and Sichuan),
which are all located in eastern China (except for Sichuan and Henan), had values between
0.12 and 0.31.

However, with the development of the national green economy, the development level
of green finance in various places had improved significantly. In 2017, most provinces
(20 provinces account for 66.7% of the studied provinces) scored above 0.12. Except for
Fujian and Hainan, the scores in eastern China were all higher than 0.32. The spatial
distribution of provinces with scores between 0.20 and 0.31 tended to move westward.
Provinces with scores below 0.11 (Qinghai, Ningxia, Hainan, Gansu, Yunnan, Guizhou,
Guangxi, Jilin, and Liaoning) were mainly located in western China.

4.2. Temporal and Spatial Characteristics of Ecosystem Service Demand

From 2010 to 2017, the comprehensive score that represented the ecosystem ser-
vices demand in China rose and then slightly decreased. There was an upward trend
from 0.27 in 2010 to 0.31 in 2015 and then to 0.29 in 2017. There were significant re-
gional differences in China’s ecosystem service demand, with the overall characteristics of
“central > eastern > northeast > western”(Figure 3). The comprehensive score of ecosystem
service demand in China in the central region was the highest, with a range of 0.36–0.41.
The comprehensive level of demand for ecosystem services in Shanxi Province, Jiangxi
Province, and Hubei Province was very similar, and the evolution trend was basically over-
lapping. The demand for ecosystem services in the eastern region was clearly polarized,
with Guangdong Province having the highest level, reaching 0.7 in 2017. Jiangsu Province
and Shandong Province followed, with an overall score between 0.53 and 0.56. However,
the overall level of Hainan, Tianjin, and Beijing Provinces was low, remaining below 0.1.
Between 2014 and 2015, demand for ecosystem services increased significantly in most
provinces and then tended to decline. The overall demand for ecosystem services in China
has developed slowly, and the changes in the demand for ecosystem services in the eastern,
western, central, and northeastern regions are 33%, 38%, 67%, and 28%, respectively. Over-
all, demand for ecosystem services increased in most of China’s provinces during the study
period, with 19 provinces accounting for 63 percent.
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As can be seen from Figure 4, Guangdong has always been the province with the
highest level of demand for ecosystem services. The biggest change in ecosystem services
demand was in Guizhou, which saw a 44.19 % increase, followed by Sichuan, which saw a
30.98 % increase. Ningxia and Gansu saw a decrease of 15.3 % and 15.26%, respectively. In
2010, only three provinces—Fujian, Anhui, and Sichuan—had ecosystem service demand
levels between 0.32 and 0.38. But in 2017, six more provinces—Zhejiang in the east, Guangxi
and Yunnan in the west, and Shanxi, Jiangxi, and Hubei in the central region—were added.
The spatial distribution shifted from east to east and central.
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4.3. The Coupling Coordination Relationship between Green Finance and Ecosystem
Service Demand
4.3.1. Traditional Coupling Coordination Model

To verify whether the values of α and β have significant effects on the evaluation
results of coupling coordination degree, five different combination scenarios were set
(α = 0.2, β = 0.8; α = 0.4, β = 0.6; α = 0.5, β = 0.5; α = 0.6, β = 0.4; α = 0.8, β = 0.2), and the
corresponding evaluation results of the coupling coordination degree were compared and
analyzed. According to Formulas (2)–(8), the above values of α and β can be substituted
to calculate the coupling coordination degree of green finance and ecosystem service
demand and its type. Due to space limitation, only Jiangsu Province was selected here as
an example to illustrate the results, as shown in Figure 5. The different values of α and β

can lead to some differences in the size of coupling coordination degree, and the types of
coupling coordination degree. Specifically, from the effects of different α and β values on
the coupling coordination degree, when α = 0.2 and β = 0.8, the maximum value of the
coupling coordination degree in Jiangsu Province was 0.77, and the minimum value was
0.69. When α = 0.8 and β = 0.2, the maximum and minimum of the coupling coordination
degree in Jiangsu Province were 0.75 and 0.55. From the effects of different α and β

values combinations on the coupling coordination types, when α = 0.2 and β = 0.8, the
coupling coordination type of green finance and ecosystem service demand in 2010–2011
had moderate coordination and good coordination in 2012–2017. When α = 0.8 and β = 0.2,
the coupling coordination type of green finance and ecosystem service demand was basic
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coordination in 2010–2012, moderate coordination in 2013–2014, and had improved to good
coordination in 2015–2017.
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Jiangsu Province based on traditional coupling coordination degree model.

4.3.2. Improved Coupling Coordination Degree Model

(1) Improved contribution coefficient (α′, β′)

Compared with the traditional coupling coordination degree model, which sets
α = β = 0.5, the improved coupling coordination model comprehensively determines the
values of α′ and β′ according to the performance of green finance and ecosystem service
demand. Based on the comprehensive evaluation results of green finance and ecosystem
service demand, the contribution coefficients α′ and β′ of green finance and ecosystem
service demand were calculated according to Formulas (7) and (8).

The result is shown in Figure 6. There was sustainable growth in both green finance
and ecosystem service demand levels in Jiangsu Province, with the green finance evaluation
index rising from 0.259 to 0.549, and the ecosystem service demand index rising from
0.568 to 0.574. The development level of green finance continues to increase, but α′ was
constantly decreasing, while β′ was consistent with the changing trend of the demand
level of ecosystem services. However, the green finance index was still smaller than the
comprehensive index of ecosystem service demand, thus it was always a relatively large α′

and a relatively small β′.

(2) Results of the improved coupling coordination degree model

The coupling coordination degree of ecosystem service demand and green finance
saw a continuously optimal trend (Figure 7), but the regional differences of the coupling
coordination degree were obvious. The coupling coordination degree of the eastern region
was significantly higher than that of central, western, and northeast China. The coupling
coordination degree of China’s four major economic divisions was in the order of east–
central–northeast–west from high to low, with an average of 0.45, 0.40, 0.34, and 0.32,
respectively. Specifically, coordination levels in eastern and central regions experienced
a process of “mild discoordination—low-level coordination—basic coordination”. The
northeast and western regions had been in a state of mild disharmony. In addition, the



Land 2023, 12, 529 12 of 17

coupling coordination degree of green finance and ecosystem service demand has been
increased in China, but the coupling coordination degree is not high, indicating that the
coupling coordination relationship between green finance and ecosystem service demand
needs to be further optimized.
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During the study period, the coupling coordination degree between green finance
and ecosystem service demand increased significantly in the provinces, but there was an
expanding trend in the inter-provincial differences.
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In 2010, the coupling coordination relationship between green finance and ecosystem
service demand in various provinces included six types: high coordination, moderate
coordination, basic coordination, low level coordination, mild incoordination, and serious
incoordination. Among them, serious incoordination and mild incoordination were the
main types, with 11 and 13 provinces, respectively, accounting for 80% of the studied
provinces. The 6 other provinces had moderate coordination (Guangdong), basic coordina-
tion (Shandong, Jiangsu), and low coordination (Hebei, Henan, Hunan), and were mainly
distributed in the eastern region.

In 2017, only Qinghai was still in the stage of serious incoordination, the other
provinces improved. The number of mild incoordination provinces decreased by 2, the
number of provinces with low level coordination and basic coordination increased to 4, the
number of provinces with moderate coordination increased to 3, and Guangdong Province
was in the stage of moderate coordination to high coordination stage.

5. Discussion
5.1. Analysis of Reasons for Temporal and Spatial Differences between Green Finance and
Ecosystem Service Demand

As is shown in Figure 8, the coupling coordination degree between green finance and
ecosystem service demand was concentrated between 0.3 and 0.6, with a low level. From the
provincial level, only Guangdong Province’s coupling coordination degree had been in a
state of medium–high coordinated development, while the coupling coordination degree of
green finance level and ecosystem service demand of other provinces was still at a low level
of development. The overall coupling coordination degree was lowered. At the national
level, the coupling and coordination degree between green finance and ecosystem service
demand in China was not high, but the overall level and the comprehensive development
level of subsystems saw an increasing trend. Therefore, we believe that green finance,
the ecosystem services demand, and the coordinated development of the two have bright
prospects in the future.
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In 2010, the coupling degree of green finance and ecosystem service demand was the
lowest. The data analysis suggests that the reason was that the development level of green
finance in various provinces lagged behind ecosystem services demand in 2010. From the
perspective of policy, the reason was that the development of green finance in China started
late, and the concept of green finance was not improved until 2016. Therefore, 2010 was
just the beginning stage of green finance development, and all indicators were at a low
level. In 2010, the coupling between green finance and ecosystem service demand was
coordinated in only six provinces, distributed in the eastern coastal regions (Guangdong,
Jiangsu, Shandong, Hebei, etc.), while the remaining severe uncoordinated areas were
clustered in the western region (Chongqing, Guizhou, Shaanxi, Gansu, Qinghai, Ningxia,
etc.). This was because the eastern region had a developed and stable financial system as
well as a sound ecological environment foundation, and it attached more importance to
the development of green finance under the guidance of national policies. The western
region of China was not economically developed, the financial system was not active
enough, and there was not a strong demand for green funds. Moreover, the westward
migration of industries brought by China’s western development strategy would also affect
the development of green finance in the western region to a certain extent.

In 2017, the coupling coordination degree of green finance and ecosystem service
demand was the highest. For the country as a whole, China introduced many policies in
2016 to encourage the development of green finance. For example, seven state ministries
and commissions, including the People’s Bank of China and the Ministry of Finance, issued
the “Guidelines on Building a Green Finance System”, which was the first time that the
country systematically proposed the definition, incentive mechanism, development plan of
green financial products, and risk monitoring measures of green finance. Therefore, the
development level of green finance has been continuously improved under the incentive of
relevant policies. At the provincial level, because the green finance development level of
1/5 provinces was ahead of the ecosystem service demand level, the coupling coordination
degree of most provinces had been significantly improved. The coordination level of the two
systems was more balanced. At that time, the provinces with high coupling coordination
degrees were concentrated in East China (Jiangsu, Shandong, Zhejiang, Anhui, etc.) and
central China (Henan, Hubei, etc.), which indicated the spatial diffusion from east to central
China, which was also the achievement of China’s coordinated development strategy.

5.2. Advantages of Improved Coupling Coordination Degree Model

Through comparative analysis, it found that the contribution coefficients α and β

affect not only the coupling coordination degree, but also the coupling coordination type.
However, the theoretical basis for the traditional coupling coordination degree model to set
the same contribution coefficient of the two systems is not sufficient, and the calculation
results struggle to reflect the coupling relationship between green finance and ecosystem
service demand accurately and objectively [31]. Decision-makers are prone to make unrea-
sonable or even wrong decisions that have a bad impact on the coordinated development
of green finance and ecosystem services demand when facing such evaluation results.

To fill the subjective judgment of the contribution coefficients α and β in the traditional
coupled coordination degree model, an improved coupled coordination degree model is
introduced to determine the contribution coefficients according to the comprehensive
performance of green finance and ecosystem service demand, which means that, with the
continuous cooperation and competition between green finance and ecosystem service
demand, the contribution coefficients of the two systems continue to develop and change.
At the beginning of the study, the contribution coefficient of green finance (α′) was much
larger than the contribution coefficient of ecosystem services demand (β′). As time passed,
China’s ecological environment continued to improve, so the proportion of the contribution
coefficient of this system rose constantly. At the end of the study, α′ was almost equal to β′.
Therefore, policymakers should focus on promoting ecological environment construction
and achieving coordinated improvement of green finance and ecosystem service demand
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on the premise of maintaining appropriate economic growth. In conclusion, the improved
coupling coordination degree model can reflect the coordinated development of green
finance and ecosystem service demands accurately, and help decision-makers to further
develop more scientific and reasonable measures.

5.3. Limitations

Using data from 30 provinces in China, this paper evaluated the coupling relationship
between green finance and ecosystem services demand in four major regions of China’s
economy, which made up for the shortcomings of the traditional coupling coordination
model, but the research still has certain limitations. Firstly, considering the availability
of data from 2018 to 2021, only the eight years from 2010 to 2017 were selected as the
study period, and data from recent years should be supplemented for inclusion in the
study in the future. Secondly, when constructing the indicator system for ecosystem service
demand assessment, this paper used the actual human food consumption to measure food
demand services, and replaced the demand with food consumption in the calculation
process. Food consumption data (including grain, oil, vegetables, meat, aquatic products,
eggs, milk, melons, and fruits) were all from the China and provincial statistical yearbooks.
However, since some provinces (such as Heilongjiang Province, Sichuan Province, etc.) did
not calculate the specific consumption of eggs, milk, melons, and fruits in 2013 and 2014,
the missing data were replaced with data from adjacent years. The proportion of missing
data is very small, so it has little impact on the calculation results. In the later stage, the
method can be improved to make the empirical results more accurate by extrapolating the
missing data.

6. Conclusions

This paper constructed a multi-index evaluation system for green finance and ecosys-
tem service demand. Based on the panel data of 30 provinces in China from 2010 to 2017,
the comprehensive development level of green finance and ecosystem service demand was
evaluated by using the global principle component analysis and entropy method. Then,
the improved coupling coordination degree model was used to explore the temporal and
spatial evolution characteristics of the coupling coordination degree between green finance
and ecosystem service demand in each province of China during the study period. The
results show that:

(1) During the study period, the level of green finance in China’s provinces improved
significantly, showing a spatial pattern of “high in the east and low in the west”. The
ecosystem services demand in all provinces in China saw an initial increasing trend that
eventually began decreasing. Nearly two-thirds of provinces had gradually increased
the demand level for ecosystem services, showing a spatial pattern of “high demand
for ecosystem services in East and South China and low ecosystem services demand in
northwest and northeast China”.

(2) The results of the improved coupling coordination degree model showed that the
static coupling coordination relationship between green finance and ecosystem service
demand in Chinese provinces continued to improve from 2010 to 2017, and the spatial
distribution showed a spatial pattern of “high in eastern coastal and central China, low in
western and northeast China”.

(3) Contribution coefficients α and β not only affect the coupling coordination degree,
but also affect the type of coupling coordination degree. Compared with the traditional
coupling coordination degree model, the improved coupling coordination degree model
can provide more effective information for decision-makers and help them to formulate
more reasonable control measures.

Author Contributions: Conceptualization, H.W. and G.D.; methodology, H.W.; formal analysis, H.W.,
D.Z.; Q.Z. and Q.K.; writing—original draft preparation, H.W. and D.Z.; writing—review and editing,
G.D.; supervision, G.D.; funding acquisition, G.D. All authors have read and agreed to the published
version of the manuscript.



Land 2023, 12, 529 16 of 17

Funding: This research was funded by National Natural Science Foundation of China, grant number
41801173, Youth Innovation Science and Technology Support Plan of Colleges and Universities
in Shandong Province, grant number 2021RW039, and Doctor foundation of Shandong Jianzhu
University, grant number XNBS1803.

Data Availability Statement: The data presented in this study are available on request from
the author.

Acknowledgments: Thanks to anonymous experts for their suggestions.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Assessment, M.E. Ecosystems and Human Well-Being: A Framework for Assessment, 1st ed.; Island Press: Washington, DC, USA,

2005; 81p.
2. Li, H.; Yuan, Y.; Wang, N. Evaluation of the coupling and coordinated development of regional green finance and ecological

environment. Stat. Decis. Mak. 2019, 8, 161–164.
3. Shao, C.L.; Duan, B. A Study on Coupling Mechanisms og Green Finance and Innovation-driven Development. J. Xi’an Univ.

Financ. Econ. 2019, 32, 5–12.
4. Lagoarde-Segot, T. Diversifying financere search: From financialization to sustainability. Int. Rev. Financ. Anal. 2015, 39, 1–6.

[CrossRef]
5. He, X. The Origin, Development and Global Practice of Green Finance: A Literature Review. J. Southwest Univ. (Soc. Sci. Ed.) 2021,

47, 83–94+226.
6. Yu, B.; Fan, C.L. Green Finance, Technical Innovation and High-quality Economic Development. Nanjing Soc. Sci. 2022, 9, 31–43.
7. Wei, L.L.; Yang, Y. Green Finance:Developmental Logic, Theoretical Interpretation and Future Prospect. J. Lanzhou Univ. (Soc. Sci.)

2022, 50, 60–73.
8. Wang, X.X.; Lei, H.Y.; Wang, S.S. Green Finance, Digital Economy and Environmental Pollution. 2022, pp. 1–12. Available online:

http://kns.cnki.net/kcms/detail/51.1268.G3.20220714.1707.010.html (accessed on 30 January 2023).
9. Boerema, A.; Rebelo, A.J.; Bodi, M.B.; Esler, K.J.; Meire, P. Are ecosystem services adequately quantified? J. Appl. Ecol. 2017, 54,

358–370. [CrossRef]
10. Sun, Y.; Liu, S.; Dong, Y.; An, Y.; Shi, F.; Dong, S.; Liu, G. Spatio-temporal evolution scenarios and the coupling analysis of

ecosystem services with land use change in China. Sci. Total Environ. 2019, 681, 211–225. [CrossRef]
11. Liu, J.P.; Tian, Y.; Huang, K.; Yi, T. Spatial-temporal differentiation of the coupling coordinated development of regional

energy-economy-ecology system: A case study of the Yangtze River Economic Belt. Ecol. Indic. 2021, 124, 107394. [CrossRef]
12. Xiao, R.; Lin, M.; Fei, X.; Li, Y.; Zhang, Z.; Meng, Q. Exploring the interactive coercing relationship between urbanization and

ecosystem service value in theShanghai–Hangzhou Bay Metropolitan Region. J. Clean. Prod. 2020, 253, 119803. [CrossRef]
13. Zhao, X.Y.; Du, Y.X.; Li, H.; Wang, W.J. Spatio-temporal changes of the coupling relationship between urbanization and ecosystem

services in the Middle Yellow River. J. Nat. Resour. 2021, 36, 131–147. [CrossRef]
14. Zhao, X.Y.; Ma, P.Y.; Li, W.Q. Spatiotemporal changes of supply and demand relationships of ecosystem services in the Loess

Plateau. Acta Geogr. Sin. 2021, 76, 2780–2796.
15. Wu, J.S.; Men, X.N.; Liang, J.T.; Zhao, Y.H. Research on supply and demand equilibrium of ecosystem services in Guangdong

Province based on the ginicoefficient. Acta Ecol. Sin. 2020, 40, 6812–6820.
16. Zhu, J.H.; Wang, H.J.; Zhen, P. Coupling and Coordinated Development of Circular Economy and Green Finance in Guizhou.

Econ. Georaphy. 2019, 39, 119–128.
17. Wen, J.W.; Jing, C.L.; Tai, Y.H.; Hao, X.Z.; Xin, Z. Coupling coordination analysis of green finance and industrial technology

innovation: A case study in Zhejiang Province, China. Front. Environ. Sci. 2022, 10, 958311.
18. Xiu, L.Y.; Zhao, R.X. An empirical analysis of the coupling and coordinative development of China’s green finance and economic

growth. Resour. Policy 2022, 75, 102476. [CrossRef]
19. Guang, L.D.; Yi, B.G.; Wei, Y.Z.; Yan, B.Q.; Wen, X.Z. Coupling Coordination and Spatiotemporal Dynamic Evolution Between

Green Urbanization and Green Finance: A Case Study in China. Front. Environ. Sci. 2021, 18, 1601.
20. Qiu, J.J.; Liu, Y.H.; Yuan, L.; Chen, C.J.; Huang, Q.Y. Research progress and prospect of the interrelationship between ecosystem

services and human well-being in the context of coupled human and natural system. Prog. Geogr. 2021, 40, 1060–1072. [CrossRef]
21. Jie, C.; Xiao, P.L.; Lan, J.L.; Ya, Z.C.; Xian, W.W.; Si, H.L. Coupling and coordinated development of new urbanization and

agro-ecological environment in China. Sci. Total Environ. 2021, 776, 145837.
22. He, J.; Wang, S.; Liu, Y.; Ma, H.; Liu, Q. Examining the relationship between urbanization and theeco-environment using a

coupling analysis: Case study of Shanghai, China. Ecol. Indic. 2017.
23. Zhang, Z.; Li, Y. Coupling coordination and spatiotemporal dynamic evolution between urbanization and geological hazards–A

case study from China. Sci. Total Environ. 2020, 728, 138825. [CrossRef]
24. Jiang, S.L.; Wei, S.; Ming, Y.L.; Meng, L. Coupling coordination degree of production, living and ecological spaces and its

influencing factors in the Yellow River Basin. J. Clean. Prod. 2021, 298, 126803. [CrossRef]

http://doi.org/10.1016/j.irfa.2015.01.004
http://kns.cnki.net/kcms/detail/51.1268.G3.20220714.1707.010.html
http://doi.org/10.1111/1365-2664.12696
http://doi.org/10.1016/j.scitotenv.2019.05.136
http://doi.org/10.1016/j.ecolind.2021.107394
http://doi.org/10.1016/j.jclepro.2019.119803
http://doi.org/10.31497/zrzyxb.20210109
http://doi.org/10.1016/j.resourpol.2021.102476
http://doi.org/10.18306/dlkxjz.2021.06.015
http://doi.org/10.1016/j.scitotenv.2020.138825
http://doi.org/10.1016/j.jclopro.2021.126803


Land 2023, 12, 529 17 of 17

25. Guang, L.D.; Wen, X.Z.; Xin, L.X.; Kun, J. Multi-Dimensional Feature Recognition and Policy Implications of Rural Human–Land
Relationships in China. Land 2021, 10, 1086.

26. Liu, H.; Huang, B.; Yang, C. Climate Change; Researchers from Chinese University of Hong Kong Discuss Findings in Climate
Change (Assessing the coordination between economic growth and urban climate change in China from 2000 to 2015). Glob.
Warm. Focus 2020, 732, 139283.

27. Hong, W.L.; Erqi, X.; Hong, Q.Z. Examining the coupling relationship between urbanization and natural disasters: A case study
of the Pearl River Delta, China. Int. J. Disaster Risk Reduct. 2021, 55, 102057. [CrossRef]

28. Han, H.; Li, G.; Ji, Q.Z.; Kaize, Z.; Ningbo, C. Spatiotempor alanalysis of the coordination ofeconomic development, resource
utilization, and environmental quality in the Beijing-Tianjin-Hebei urban agglomeration. Ecol. Indic. 2021, 127, 107724. [CrossRef]

29. Zhang, Z.H.; Nie, T.T.; Gao, Y.; Sun, S.M.; Gao, J. Study on Temporal and Spatial Characteristics of Coupling Coordination
Correlation Between Ecosystem Services and Economic—Social Development in the Yangtze River Economic Belt. Resour. Environ.
Yangtze Basin. 2022, 31, 1086–1100.

30. Yu, P.; Zhang, J.P. Coupling and coordination evaluation of regional green finance and high-quality development. Stat. Decis.
Mak. 2021, 37, 142–146.

31. Han, Y. An Empirical Study on the Coupling Development of Culture Industry and Green Finance Industry in Jiangsu Province.
Int. J. Soc. Sci. Educ. Res. 2021, 4, 150–158.

32. Shen, L.; Huang, Y.; Huang, Z.; Lou, Y.; Ye, G.; Wong, S.W. Improved coupling analysis on the coordination between socio-economy
and carbon emission. Ecol. Indic. 2018, 94, 357–366. [CrossRef]

33. Wang, J.; Zhai, T.L.; Lin, Y.F.; Kong, X.S.; He, T. Spatial imbalance and changes in supply and demand of ecosystem services in
China. Sci. Total Environment. 2018, 657, 781–791. [CrossRef]

34. Zhang, D.; Zhang, Z.; Managi, S. A bibliometric analysis on green finance: Current status, development, and future directions.
Financ. Res. Lett. 2019, 29, 425–430. [CrossRef]

35. Liu, N.; Liu, C.; Xia, Y.; Ren, Y.; Liang, J. Examining the Coordination between Green Finance and Green Economy Aiming for
Sustainable Development: A Case Study of China. Sustainability 2020, 12, 3717. [CrossRef]

36. Zeng, X.W.; Liu, Y.Q.; Man, M.J.; Shen, Q.L. Measurement Analysis of the Development Level of China’s Green Financs. J. China
Exec. Leadersh. Acad. Yan’an. 2014, 7, 112–121+105.

37. Zhou, X.G.; Tang, X.M.; Zhang, R. Impact of green finance on economic development and environmental quality: A study based
on provincial panel data from China. Environ. Sci. Pollut. Res. Int. 2020, 27, 1–18. [CrossRef] [PubMed]

38. Fan, W.; Wang, H.; Liu, Y.; Liu, H. Spatio-temporal variation of the coupling relationship between urbanization and air quality: A
case study of Shandong Province. J. Clean. Prod. 2020, 272, 122812. [CrossRef]

39. Villamagna, A.M.; Angermeier, P.L.; Bennett, E.M. Capacity, pressure, demand, and flow: A conceptual framework for analyzing
ecosystem service provision and delivery Ecol. Complex. 2013, 15, 114–121. [CrossRef]

40. Schröter, M.; Barton, D.N.; Remme, R.P.; Hein, L. Accounting for capacity and flow of ecosystem services: A conceptual model
and a case study for Telemark, Norway. Ecol. Indic. 2014, 36, 539–551. [CrossRef]

41. Xie, G.D.; Lu, C.X.; Leng, Y.F.; Zhen, D.; Li, S.C. Ecological assets valuation of the Tibetan Plateau. J. Nat. Resour. 2003, 2, 189–196.
42. Costanza, R. Ecosystem services: Multiple classification systems are needed. Biol. Conserv. 2007, 141, 350–352. [CrossRef]
43. Liu, C.H.; Wang, W.T.; Liu, L.C.; Li, P.J. Supply-demand matching of county ecosystem services in Northwest China: A case study

of Gulang county. J. Nat. Resour. 2020, 35, 2177–2190. [CrossRef]
44. Cui, F.; Tang, H.; Zhang, Q.; Wang, B.; Dai, L. Integrating ecosystem services supply and demand into optimized management at

different scales: A case study in Hulunbuir, China. Ecosyst. Serv. 2019, 39, 100984. [CrossRef]
45. Zhang, P.T.; Liu, S.J.; Zhou, Z.; Liu, C.J.; Xu, L.; Gao, X. Supply and demand measurement and spatio-temporal evolution of

ecosystem services in BeijingTianjin-Hebei Region. Acta Ecol. Sinica. 2021, 41, 3354–3367.
46. Zhang, X.L.; Xu, Z.J.; Zhang, Z.H.; Gu, D.Q.; Wang, L.H. Environment purification service value of urban green space ecosystem

in Qingdao City. Acta Ecol. Sin. 2011, 31, 2576–2584.
47. Sun, Q.; Zhang, X.; Zhang, H.; Niu, H. Coordinated development of a coupled social economy and resource environment system:

A case study in Henan Province, China. Environ. Dev. Sustain. 2018, 20, 1385–1404. [CrossRef]
48. Zhang, L.; Wu, M.Q.; Wuliyasu, B.; Jin, Y.Y.; Yu, M.Q.; Ren, J.Z. Measuring coupling coordination between urban economic

development and air quality based on the Fuzzy BWM and improved CCD model. Sustain. Cities Soc. 2021, 75, 103283. [CrossRef]
49. Wang, Y.X.; Yao, L.; Xu, Y.; Sun, S.; Li, T. Potential heterogeneity in the relationship between urbanization and air pollution, from

the perspective of urban agglomeration. J. Clean. Prod. 2021, 298, 126882. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.ijdrr.2021.102057
http://doi.org/10.1016/j.ecolind.2021.107724
http://doi.org/10.1016/j.ecolind.2018.06.068
http://doi.org/10.1016/j.scitotenv.2018.12.080
http://doi.org/10.1016/j.frl.2019.02.003
http://doi.org/10.3390/su12093717
http://doi.org/10.1007/s11356-020-08383-2
http://www.ncbi.nlm.nih.gov/pubmed/32232752
http://doi.org/10.1016/j.jclepro.2020.122812
http://doi.org/10.1016/j.ecocom.2013.07.004
http://doi.org/10.1016/j.ecolind.2013.09.018
http://doi.org/10.1016/j.biocon.2007.12.020
http://doi.org/10.31497/zrzyxb.20200911
http://doi.org/10.1016/j.ecoser.2019.100984
http://doi.org/10.1007/s10668-017-9926-8
http://doi.org/10.1016/j.scs.2021.103283
http://doi.org/10.1016/j.jclepro.2021.126822

	Introduction 
	Study Area and Data Sources 
	Study Area 
	Data Sources 

	Methods 
	Evaluation of Green Finance 
	Evaluation of Ecosystem Service Demand 
	Coupling Coordination Degree Model 
	Traditional Coupling Coordination Degree Model 
	Improved Coupling Coordination Degree Model 


	Results 
	Temporal and Spatial Characteristics of Green Finance 
	Temporal and Spatial Characteristics of Ecosystem Service Demand 
	The Coupling Coordination Relationship between Green Finance and Ecosystem Service Demand 
	Traditional Coupling Coordination Model 
	Improved Coupling Coordination Degree Model 


	Discussion 
	Analysis of Reasons for Temporal and Spatial Differences between Green Finance and Ecosystem Service Demand 
	Advantages of Improved Coupling Coordination Degree Model 
	Limitations 

	Conclusions 
	References

