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Exploring the coupling and coordination between science and technology finance
and green development is a critical action that needs to be addressed in achieving
high-quality development in China. Based on the coupling coordination degree
model and panel vector autoregression (PVAR) model, this paper uses the relevant
data of 274 cities in China from 2003 to 2020 to study the relationship between
science and technology finance andgreendevelopment. The results show that: 1) The
relationship between science and technology finance and green development has
changed from low coupling coordination to medium coupling coordination in the
sample period. 2) The Beijing-Tianjin-Hebei, Yangtze River Delta, and Pearl River Delta
regions are at a relatively high level of coupling and coordination as a whole, while
other regions are at a relatively low level of coupling and coordination. 3) Through the
analysis of the spatial characteristics of the coupling coordination degree, it is found
that the coupling coordination degree of China’s urban science and technology
finance and green development is generally positive spatial autocorrelation. Spatial
correlations continue to strengthen over time. 4) By establishing a PVAR model, we
examined the interaction between science and technology finance, green
development, and their coupling coordination. Science and technology finance,
green development and their coupling coordination degree are themselves
affected. We have comprehensively and objectively grasped the matching status
of China’s urban science and technology finance and green development, providing a
reference for promoting the adaptation of science and technology finance to green
development.
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1 Introduction

Climate and global warming have emerged as significant issues facing people worldwide.
Numerous scholars have studied economic development, financial development, energy
consumption, and carbon dioxide emissions and obtained valuable results (Mitić et al., 2023;
Usman et al., 2022; Cheng et al., 2023; Khan, 2023). Scientific and technological innovation is
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the first driving force of green development and is crucial to
promoting the construction of ecological civilization (Cao et al.,
2021). Since the 1980s, a new round of scientific and technological
innovation represented by information, network, digital, and
biotechnology has provided technical support and fundamental
guarantee for the development of a green economy (Kim, 2019).
The role of information technology in economic and social progress
has long been recognized (Rehman et al., 2022). As a development
mode with less environmental pollution, low energy consumption,
and high scientific and technological content, green development
cannot be achieved by relying solely on traditional production
methods. It must rely on scientific and technological innovation
(Dunn, 2002; Aqib and Zaman, 2023). The 2020 Green
Development Science and Technology Innovation Conference,
with the theme of “enabling green development through digital
economy,” emphasized the relationship between scientific and
technological innovation and green development. The conference
proposed that high-quality green development must be led and
supported by science and technology. However, an essential
institutional problem in China’s current scientific and
technological development is the lack of a long-term stable
source of capital (Wu et al., 2021).

Many scholars have studied the impact of scientific and
technological innovation on the ecological environment using the
IPAT or STIRPATmethod (Dietz and Rosa, 1994; York et al., 2003).
Regardless of the form of technological innovation, it affects energy
efficiency through technology spillover effects. Most studies showed
that technological progress can improve energy efficiency (Lin and
Moubarak, 2014; Sun et al., 2019). However, some scholars believe
scientific and technological innovation negatively related with
energy efficiency (Hübler and Keller, 2010; Adom and
Amuakwa-Mensah, 2016). Nathaniel et al. (2021) believed that
technological innovation could directly improve environmental
quality via developing technologies related to environmental
protection. Usman and Hammar (2021) believed that
technological innovation was not conducive to improving
environmental quality. As technological innovation optimizes the
ecological footprint of the region, the ecological environment is
more vulnerable to damage. These findings may be due to different
methods and sample data selected by the scholars.

Technological innovation, financial markets and their
combinations are playing an increasingly important role in
economic construction and social progress (Perrons, 2004). How
to accelerate the development of science and technology finance,
promote independent innovation and achieve high-quality
economic growth has become a hot issue in recent years (Gao
et al., 2022). Huang (2019) used the VAR model to investigate the
relationship between science and technology finance and economic
growth in Shanghai based on the data of Shanghai’s science and
technology finance investment and high-tech industry output value
from 2004 to 2016. He found that investment in science and
technology finance is conducive to raising the output value of
high-tech industries. Therefore, the Shanghai municipal
government should increase the investment in scientific and
technological financial capital to deepen the positive role of
science and technology finance in the development of high-tech
industries. Hua et al. (2021) employed the entropy weight method
and super efficiency DEA model to measure China’s science and

technology finance index and ecological efficiency, respectively, then
constructed a spatial econometric model to empirically analyze the
influence of science and technology finance on regional ecological
efficiency. The study denoted that science and technology finance
and industrial structure optimization have failed to effectively
optimize ecological efficiency. Financial development can only
exert positive spillover impact on ecological efficiency under the
supervision of industrial structure optimization.

The profit-seeking nature of capital makes it difficult for scientific
and technological financial resources to break this law. In their pursuit
of maximizing economic benefits, they often neglect the governance of
the ecological environment. In addition, China’s scientific and
technological financial development is still in its infancy, and the
overall level is not high. The combination of science, technology and
finance plays a more critical role in the efficiency of production
technology than environmental protection. At least some technologies
have not yet achieved the transformation of green achievements, but
may have a negative impact on the environment (Asche et al., 2009).
Shi and Xia (2022), based on the perspective of the industrial life cycle,
adopted the Logistic model to analyze the impact of science and
technology finance in 11 provinces and cities of the Yangtze River
Economic Belt on the development of high-tech industries. They
found that science and technology resources, market financing and
government investment in science and technology are crucial
channels for science and technology finance to stimulate the
development of high-tech industries. The development of high-
tech industries in the middle and lower reaches of the Yangtze
River Economic Belt requires more financial innovation tools to
support it.

Several scholars have studied technology finance in terms of
coupling relations. Zhou and Feng (2020) investigated the coupling
and interaction between science and technology finance and high-
quality economic development in 31 provinces of China. They noted
that science and technology finance and high-quality economic
development had improved from 2008 to 2017, and the coupling
degree between them showed a steady upward trend. In terms of
interaction, high-quality economic development has significantly
boosted the development of science and technology finance. In
contrast, science and technology finance has no significant
influence on high-quality economic development. Liu et al.
(2021) studied the dynamic coupling nexus between sci-tech
finance and advanced manufacturing innovation in 30 provinces
of China during 2007–2019. They proposed that the degree of
coupling coordination in each region shows a trend of
continuous optimization overall, but there are differences in the
degree of coupling in different regions. Feng et al. (2022) explored
the coupling relationship between science and technology finance
and industrial structure in China using the coupling model. They
found that the two couplings exhibit an overall upward trend, but
there are large differences in each region, with the mean value of the
couplings decreasing successively from east to west.

In order to promote the balanced and coordinated development
of science and technology finance and urban green development,
this paper examines the coupling mechanism of science and
technology finance and green development from the elements of
the comprehensive indicator system of science and technology
finance and green development. The culmination of this paper
will not only help governments formulate scientific and sound
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policy recommendations but will also be of the great reference value
and practical importance for countries around the world to build a
new development model and promote high-quality economic and
social development.

The main contributions are as follows: First, there are still
significant differences in the construction of this metric as different
scholars have not yet reached a consensus on the understanding of
science and technology finance. In this paper, we will construct a
comprehensive index of science and technology finance based on
existing research and multiple dimensions. At the same time, a
comprehensive system of indicators for green development will be
established based on four levels of economic growth, social welfare,
ecological construction, and institutional provision. Second, from the
coupling perspective, we use the coupling coordination degree model to
calculate the coupling coordination between science and technology
finance and green development. Then, we use the PVAR model to
investigate their dynamic relationship. This paper addresses the lack of
empirical evidence on the relationship between science and technology
finance and green development. Finally, this paper provides empirical
evidence for city-level data with a larger sample size.

The remainder of this study is organized as follows: Section 2
describes the system coupling mechanism of science and technology
finance and green development. Section 3 provides the
methodology, which mainly introduces variables and model
settings. Section 4 reports the results and discussion. Section 5
includes the conclusion and policy recommendations of this study.

2 The system coupling mechanism of
science and technology finance and
green development

There is no unified definition of “science and technology finance,”
and most of the literature only focuses on scientific and technological
innovation and financial support. The first domestic proposal of “science
and technology finance”was in the Law of the People’s Republic of China
on Science and Technology Progress in 1993. Subsequently, Zhao et al.
(2009)’s definition of “science and technology finance”was recognized by
some scholars. Science and technology finance is a systematic
arrangement of financial systems, policies and tools to facilitate the
transformation of the achievements, research and development of science
and technology and high-tech industries. Therefore, based on the existing
research, this paper will judge the development of science and technology
finance in four aspects: resources, funding, financing and output. In
addition, according to the contents of the “14th Five Year Plan” and the
outline of the 2035 long-term goals, green development involves many
aspects. This paper will analyze the coupling mechanism between
regional science and technology finance and green development from
the perspective of ecological construction, economic development, social
welfare and institutional supply, as shown in Figure 1.

2.1 Science and technology finance
promotes green development

As the two most active factors in economic and social
development, the combination of technology and finance has
transformed the development mode from factor-driven to

innovation-driven (Xu, 2022). Science and technology are the
primary productive forces. Scientific and technological advances
require financial support. Continuously improving the combination
of science, technology, and finance is significant for promoting
independent innovation and improving total factor productivity
(Xue et al., 2022). Due to the lack of direct research on the impact of
science and technology finance on green development, this paper
analyzes the impact of science and technology finance on green
development in four dimensions. The detailed analysis proceeds as
follows.

Firstly, some scholars believe that traditional technologies will
lead to excessive energy use and increase carbon emissions, leading
to the deterioration of environmental quality (Jin et al., 2014).
Advances in traditional technologies are essential in
environmental pollution, and developing green technologies is
imminent. The progress of green technology is an important
means to improve environmental quality, which indicates that
government departments need to pay more attention to green
technology innovation to achieve environmental governance
effect (Hou et al., 2022). The development of green technologies
requires strong support from financial development, and the deep
integration of science and technology with finance provides the
necessary material foundation for urban ecological construction.

Secondly, according to Solo’s economic growth model,
technological progress is a crucial factor in promoting a country’s
economic growth, which has also been recognized by many scholars
(Coe and Helpman, 1995; Brouhel and Thierer, 2019). At the same
time, financial development can not only mitigate the financing
constraints of high-tech industries, but also support enterprise R&D
innovation, thus promoting economic growth (Hu et al., 2017).
Therefore, the effective combination of scientific and technological
innovation and financial development plays a vital role in economic
construction.

Third, science and technology finance can improve the economic
development of cities and thus increase the total social wealth. The local
government can get more income from it andmaster more resources to
increase the investment in education, medical care, transportation,
commercial support, etc. At the same time, the government will
inject more resources into the social security system as the level of
social income rises. After the basic life of residents is guaranteed, they
will turn to human capital investment, which not only brings positive
externalities to create a favorable economic environment but also
improves the innovation ability of the whole society (Stahl et al.,
2020). As a result, scientific and technological innovation promotes
social wellbeing by increasing wealth.

Fourth, institutional regulations mainly include infrastructure
and environmental governance. On the one hand, with the iteration
of cutting-edge technologies such as blockchain, cloud computing
and big data, the economic environment will develop in-depth and
intelligently, which is bound to drive the rapid development of
regional infrastructure (Su et al., 2021). On the other hand, the role
of science and technology finance in environmental governance.
Science and technology finance has been incorporated into national
strategic planning related to the country’s overall stability. Green
development puts higher demands on the development of green
industries and innovation in green technology, thus constantly
pushing local governments to improve their environmental
governance systems.
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2.2 Green development supports science
and technology finance

First, green development will encourage local governments to
increase investment in green innovation R&D projects for
technology-based enterprises, especially bringing high-quality
infrastructure, innovative R&D capital, and other elements for
small and medium-sized technology-based enterprises (Chen
et al., 2017). The increasing accumulation of resources, such as
talent, knowledge and technology, provides necessary material
guarantees and convenient conditions for scientific and
technological enterprises in the research and development
process. The accumulation of human capital has improved the
overall efficiency of the innovation system of science and
technology finance and injected new impetus into the
development of science and technology finance (Bergek et al., 2013).

Second, green development creates broader market demand for the
development of science and technology finance and helps improve the
environment for science and technology finance. To achieve the goal of
green development, rational development, optimization and upgrading
traditional industrial structures is imperative. In this process, financial
innovation is indispensable to provide more market demand for
developing science and technology finance (Irfan et al., 2022). At the
same time, the development of science and technology finance is often
based on the traditional financial industry, which significantly impacts
the development of traditional industries. In recent years, China’s
economic development model has undergone significant changes,
and traditional forms of financing, dominated by banks, are no
longer applicable. The future financing system should be a
diversified form dominated by the market mechanism and
combined with direct financing and indirect financing, which
broadens the financing channels of scientific and technological

enterprises and improves the scientific and technological financial
environment (Zhao, 2008).

Finally, green development provides an excellent institutional
environment for science and technology finance and avoids risks to
developing the science and technology finance industry. Governments
at all levels have formulated many green development policies and
plans, which will create necessary constraints and guarantees for
scientific and technological financial activities to avoid risk sources
in scientific and technological development (ElMassah and Mohildin,
2020). At the same time, green development can drive institutional
innovation and promote the continuous improvement of the legal
system related to science and technology finance. The steady
development of the regional economy and the stability of financial
markets have provided guarantees for the development of science and
technology finance. Based on the analysis of the theoretical mechanism
described above, we propose the following research hypothesis.

Hypothesis 1: There is a coordinated development relationship
between science and technology finance and green development.

Hypothesis 2: There is an interactive causal relationship between
science and technology finance and green development.

3 Methodology

3.1 Indicator system

3.1.1 Indicator system of science and technology
finance

Scholars have not precisely defined “science and technology
finance" (Ma et al., 2013). Currently, most research is conducted

FIGURE 1
Coupling mechanism between science and technology finance and green development.
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from the perspective of scientific and technological innovation,
financing, and financial support. “Science and technology
finance” was first proposed in the Law of the People’s Republic
of China on Science and Technology Progress in 1993. In recent
years, numerous scholars have adopted different methods to build
the indicator system of science and technology finance (Cao et al.,
2011; Xu et al., 2015; Wang et al., 2022). This paper constructs a
comprehensive indexing system for science and technology finance
from four aspects: resources, funding, financing, and output.

Financial resources for science and technology include: Human
resources for science and technology are measured as the ratio of the
number of scientific and technological personnel to the total
population of the region at the end of the year. R&D personnel,
as measured by the proportion of R&D personnel in the total
population of the region at the end of the year. Financial human
resources are measured by the number of financial practitioners at
the end of the year as a percentage of the total population of the
region. Higher education resources are measured by the number of
college students per 10,000 population.

Financial support for science and technology includes: Financial
support is primarily measured by the ratio of financial science and
technology spending to total financial spending. R&D spending is
measured as a percentage of GDP.

Financing of science and technology finance includes: Financial
depth is mainly measured by the proportion of the loan balances of
financial institutions in the regional GDP. Credit capacity is
measured by the ratio of the balance of deposits held by financial
institutions to GDP. The number of regional listings measures the
state of the listed companies. Insurance depth is measured as the
proportion of insurance revenues in GDP.

Scientific and technological financial output includes: Patent
yield rate is measured as the ratio of the number of patents granted
to the amount spent on scientific research. Patent intensity is mainly
measured by the ratio of patent ownership to the labour force.

3.1.2 Indicator system of green development
Under the background of ecological civilization construction,

economic growth transformation and social governance
modernization, this paper constructs a more comprehensive and
systematic green development measurement index with the general
direction of “efficiency, harmony and sustainability”. Meanwhile,
according to the contents of the Assessment Target System for
Ecological Civilization Construction and the Green Development
Indicator System, and referring to the research of Huang and Wu
(2019) and Hu et al. (2021), from four aspects of ecological
construction, economic development, social welfare and system
supply, this paper selects 40 relevant indicators to build a
comprehensive indicator system for green development (see
Table 1).

3.1.3 Determination of index weight by entropy
method

Based on the above indicators of science and technology finance
and green development, as well as their data characteristics, this
paper uses entropy method to calculate the comprehensive
indicators of science and technology finance and green
development. The entropy method determines the weight
according to the dispersion degree of the index, which is an

objective method of giving weight, avoiding the interference of
subjective factors, to ensure the accuracy and reliability of the
index information entropy (Bai et al., 2020). The greater the
degree of dispersion, the more information, the greater the
weight, but the smaller the entropy. The original data of
indicators can be expressed in m × n matrix form. M represents
the number of samples, and n represents the number of indicators.

X �
x11 / x1n

..

.
1 ..

.

xm1 / xmn

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (1)

1) To avoid the impact of different dimensions of indicators on the
evaluation results, this paper conducts dimensionless processing
of indicators. For positive indicators, the normalized value can be
measured by the following formula:

xij
′ � xij −minxij

maxxij −minxij
(2)

For negative indicators, the normalized value can be calculated
with the following formula:

xij
′ � maxxij − xij

maxxij −minxij
(3)

Where xij represents the value of the j th evaluation index of
sample i (i = 1, 2, 3, . . . , m; j = 1, 2, 3, . . . , n).

2) Calculate the proportion of index j in the i th sample value:

Pij � xij
′

∑m
i�1xij

′ (4)

3) Calculate the entropy value e of the j th index ej:

ej � − 1
lnn

∑m

i−1PijlnPij (5)

4) Calculate the weight w of the j th index wj:

wj � 1 − ej

∑n
j�1 1 − ej( ) (6)

5) Calculate the comprehensive score of indicators:

Z � ∑n

j�1x
′
ijwj (7)

3.1.4 Science and technology finance and green
development in China

In this paper, we adopt the entropy method introduced above to
build an indicator system for the financial and green development of
China’s urban science and technology sector. We calculate the
average composite index of these two indicators from 2003 to
2020. In order to more intuitively see the changing trend of
science and technology finance and green development over time,
this paper has drawn a line chart of the average composite index of
science and technology finance and green development from 2003 to
2020 (Figure 2). Overall, the average composite index of science and
technology finance and green development shows an upward trend.
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TABLE 1 Green development indicator evaluation system.

Level 1 indicator Level 2 indicator Level 3 indicator Attribute

Ecological construction Resource endowment Green area per capita +

Afforestation area +

Total water supply +

Energy consumption Per capita water consumption -

Power consumption per capita -

Industrial power consumption -

Pollutant discharge Industrial wastewater discharge -

Emission of industrial sulfur dioxide -

Industrial smoke and dust emission -

Industrial nitrogen oxide emissions -

Economic development Industrial structure Ratio of secondary industry to GDP -

Ratio of tertiary industry to GDP +

Number of employees in the secondary industry -

Number of employees in the tertiary industry +

Actual utilized foreign capital +

Economic growth GDP per capita +

GDP growth rate +

Resident savings balance +

Total retail sales of consumer goods +

Average wages of on duty employees +

Total profit of industrial enterprises +

Social welfare Social security Natural population growth rate -

Number of urban registered unemployed -

Number of health and social welfare employees +

Number of employees in education industry +

Amount of social welfare relief +

Green life Population density -

Per capita urban road area +

Green coverage rate of built-up area +

Bus ownership per 10,000 people +

Institutional supply Infrastructure Length of drainage pipe +

Public library collection per 100 people +

Number of beds in medical and health institutions +

Investment in urban environmental infrastructure +

Environmental governance Investment in pollution source control +

Output value of three wastes comprehensive utilization products +

Sewage treatment rate +

Domestic garbage harmless treatment rate +

(Continued on following page)
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However, the science and technology finance index peaked in
2017 and recovered from a stable upward trend. According to the
records of major events in science and technology finance, the
Chinese government paid enough attention to the development
of science and technology finance in 2017 and wrote “science and
technology finance ecology” into the 13th Five-Year National
Science and Technology Innovation Plan for the first time. The
concept of science and technology finance ecology was also
widely accepted. In addition, the trend of the average
composite index for green development is relatively steep, as
seen from the figure. In contrast, the trend of the average
composite index of science and technology finance is relatively
flat, indicating that the green development of Chinese cities has
achieved more notable results. As a developing country, China’s
integration of science, technology and finance has achieved
phased results, but it is still in its infancy. The development of

science and technology finance still faces enormous risks and
challenges.

3.2 Coupling coordination degree model

The coupling degree is originally a concept in the computer field,
which is a measure of the degree of correlation between modules. In
this paper, the interaction between the science and technology
finance subsystem and the green development subsystem is
understood as the degree of coupling between the two. In order
to quantitatively analyze the coupling level of the compound system
of science and technology finance and green development, we have
established a coupling degree model that can reflect the interaction
between the subsystems of science and technology finance and green
development.

However, the degree of coupling can only represent the degree of
interaction between the systems in the time dimension (Pan and
Dong, 2023). In contrast, for multi-area comparisons in spatial
dimensions, the method of computing the coupling degree may lead
to spurious evaluation results. The coupling degree can judge the
degree of coordination between the two systems (Tao et al., 2023).
However, if each system has a relatively low level of development, a
high coupling degree may still be obtained, which is contrary to the
actual situation (Xu et al., 2023). Because the subsystems of science
and technology finance and green development are interlaced,
unbalanced and dynamic, this paper can not accurately reflect
their interaction’s synergy and overall effectiveness by only using
the coupling degree. Therefore, to further analyze the degree of
coordination of the composite system, in this paper, we introduce
the coupled degree of coordination model, which is calculated as
follows:

D � �����
C × T

√
(8)

C � 2 ×
�����������
Ustf × Ugreen

√
Ustf + Ugreen

(9)
T � α × Ustf + β × Ugreen (10)

TABLE 1 (Continued) Green development indicator evaluation system.

Level 1 indicator Level 2 indicator Level 3 indicator Attribute

Removal rate of industrial sulfur dioxide +

Industrial dust removal rate +

FIGURE 2
Broken line chart of average comprehensive index of science and
technology finance and green development from 2003 to 2020.

TABLE 2 Classification of coupling coordination types.

D Coupling stage Characteristic

0 < D ≤ 0.3 Low coupling coordination The coupling relationship between science and technology finance and green development is not obvious, and the coupling
system is less orderly

0.3 < D ≤ 0.5 Moderate coupling
coordination

The coupling mechanism between science and technology finance and green development has gradually taken shape, and
they are in a state of mutual restriction

0.5 < D ≤ 0.8 High coupling coordination The coupling degree between science and technology finance and green development is high, and the coupling coordination
is constantly strengthened

0.8 < D ≤ 1.0 Extreme coupling coordination The coupling degree and coordination between science and technology finance and green development has reached a very
high level, and the coupling system is in an orderly state
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Where D represents the coupling coordination index; C is the
coupling degree; T is the comprehensive coordination index of
science and technology finance and green development; Ustf

represents the comprehensive evaluation index of science and
technology finance; Ugreen represents the comprehensive
evaluation index of green development; α and β are
undetermined coefficients. This paper holds that science and
technology finance and green development are equally important,
and refers to Guo et al. (2021), making α = β = 0.5. The range of
coupling coordination degree D is (0, 1]. According to Zhang et al.
(2013)’s criteria for the division of coupling coordination relations,
the coupling coordination degree is divided into four intervals, as
shown in Table 2.

3.3 Preliminary preparation of PVAR model

3.3.1 Model setting
We believe that this work also contributed to the achievement of

sustainable development goals (SDGs) and ecological civilization, which
are important directions for China (Bryan et al., 2018; Sun et al., 2018;
Jiang et al., 2022). In order to study the interaction between science and
technology finance, green development and their coupling and
coordination levels, this paper constructs a panel vector
autoregression model (PVAR) for analysis. The PVAR model does
not need to set the causal relationship between variables and distinguish
between endogenous and exogenous variables in advance but regards all
variables as endogenous variables and then analyzes the interaction
between each variable and the lagging term (Feng and Yang, 2023;
Sharif et al., 2023). The model is set in the following formula.

Yit � α0 +∑k

j�1αjYi,t−j + βi + γt + εit (11)

Where i and t represent city and year respectively; Yit is a
column vector containing science and technology finance, green
development and their coupling coordination level; αj is the
coefficient matrix of the lagging variable; βi represents the city
effect column vector, conveying the individual differences of
prefecture level cities; γt represents the dummy variable of time
effect, reflecting the impact of time change on different cities; εit is
the random disturbance term.

3.3.2 Stationarity test
In order to ensure the accuracy of the model estimation and

avoid the “spurious regression” phenomenon, this paper first tests
the stationarity of the three variables of science and technology
finance, green development, and their coupling coordination level
before estimating the model. Common unit root test methods for
panel data include the following four methods: LLC test, IPS test,
HT test, and ADF test. The above unit root test methods have
different conditions to apply, but the initial assumption is that all
variables have unit roots; the data is unstable. Assume that the
result of the original data is not stable. In that case, it is necessary to
perform first-order difference processing on the data and then re-
perform the unit root test on the differential sequence until the
result is stable. In order to ensure the stability of the results, in this
paper, we will check the existence of a root of unity in the variables
simultaneously using the above four methods. See Table 3 for theTA

B
LE

3
U
n
it
ro
ot

te
st
.

Te
st

Sc
ie
nc
e
an

d
te
ch
no

lo
gy

fi
na

nc
e

G
re
en

de
ve
lo
pm

en
t

C
ou

pl
in
g
co
or
di
na

tio
n
de

gr
ee

I
(0
)

I
(1
)

I
(0
)

I
(1
)

I
(0
)

I(
1)

LL
C

−
1.
17

−
41
.7
3*
**

3.
22

−
26
.3
5*
**

−
2.
89
**
*

−
36
.5
4*
**

IP
S

−
11
.2
8*
**

−
41
.9
4*
**

11
.1
2

−
33
.2
78
**
*

−
9.
73
**
*

−
40
.8
4*
**

H
T

0.
31
3*
**

−
0.
50
**
*

0.
99

−
0.
18
5*
**

0.
54
**
*

−
0.
49
**
*

A
D
F

64
2.
20
**
*

39
42
.3
0*
**

38
3.
32

23
65
.2
1*
**

69
3.
32
**
*

33
00
.5
9*
**

N
ot
e:
*
*
*,
*
*,
*
re
sp
ec
ti
ve
ly

re
pr
es
en
t
si
gn
ifi
ca
nt

at
1%

,5
%
,a
nd

10
%

si
gn
ifi
ca
nc
e
le
ve
ls
.

Frontiers in Environmental Science frontiersin.org08

Gao et al. 10.3389/fenvs.2023.1090998

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1090998


test results. It can be found that science and technology finance and
green development cannot be significant at the level of 5%,
indicating that these two variables are unstable. All variables
after the first order difference pass the 1% significance level
test, indicating that the data obtained after the first order
difference is stable for science and technology finance, green
development and their coupling coordination level.

In order to verify whether there is a long-term stable equilibrium
relationship between science and technology finance, green
development and their coupling coordination levels, we employ
the Kao test method to carry out a cointegration test on the data after
the first-order difference of all variables. Kao test results show that
the t-statistic value of ADF is -13.4828, and the p-value is 0.0000,

which means that the original hypothesis is rejected, indicating a
stable equilibrium relationship between science and technology
finance, green development and their coupling coordination levels.

3.3.3 Selection of optimal lag order of PVAR model
Before PVAR model regression, it is necessary to determine the

optimal lag order of the model. This paper refers to Yang (2017)’s
practice and determines the optimal lag order according to the
minimum values of AIC, BIC and HQIC. The results are shown in
Table 4. It can be found that the optimal lag order of AIC, BIC and
HQIC is order 1. Therefore, the lag order of the PVARmodel is set as
order one in this paper.

4 Results and discussion

4.1 Time analysis of the systematic coupling
between science and technology finance
and green development

4.1.1 Overall time characteristics
Based on the coupling coordination model, this paper uses

panel data of 274 cities in China from 2003 to 2020 to calculate the
coupling coordination of science and technology finance and green
development. In Table 5, Ustf represents the development level of
science and technology finance, and Ugreen is the green

TABLE 4 Selection of optimal lag order of PVAR model.

Lag order AIC BIC HQIC

1 −19.503* −18.225* −19.050*

2 −19.273 −17.904 −18.786

3 −18.327 −16.855 −17.802

4 −14.351 −12.760 −13.782

5 −16.431 −14.702 −15.809

Note: * represents the optimal lag order selected according to AIC, BIC, and HQIC, criteria.

TABLE 5 The overall characteristics of the coupling and coordination relationship between science and technology finance and green development.

Year Ustf Ugreen Ustf/Ugreen Cstf_green Dstf_green Coupling coordination type

2003 0.0755 0.0790 0.9559 0.9534 0.2698 Low coupling coordination

2004 0.0754 0.0829 0.9093 0.9527 0.2729 Low coupling coordination

2005 0.0752 0.0862 0.8719 0.9509 0.2752 Low coupling coordination

2006 0.0752 0.0880 0.8555 0.9500 0.2765 Low coupling coordination

2007 0.0756 0.0926 0.8165 0.9484 0.2805 Low coupling coordination

2008 0.0757 0.0970 0.7812 0.9460 0.2838 Low coupling coordination

2009 0.0784 0.1040 0.7534 0.9419 0.2896 Low coupling coordination

2010 0.0779 0.1077 0.7227 0.9446 0.2935 Low coupling coordination

2011 0.0784 0.1134 0.6915 0.9412 0.2977 Low coupling coordination

2012 0.0790 0.1194 0.6619 0.9386 0.3020 Moderate coupling coordination

2013 0.0793 0.1260 0.6292 0.9349 0.3061 Moderate coupling coordination

2014 0.0801 0.1304 0.6141 0.9332 0.3096 Moderate coupling coordination

2015 0.0813 0.1357 0.5988 0.9321 0.3139 Moderate coupling coordination

2016 0.0824 0.1403 0.5875 0.9310 0.3178 Moderate coupling coordination

2017 0.0934 0.1440 0.6482 0.9674 0.3343 Moderate coupling coordination

2018 0.0852 0.1486 0.5732 0.9320 0.3253 Moderate coupling coordination

2019 0.0867 0.1557 0.5568 0.9305 0.3304 Moderate coupling coordination

2020 0.0883 0.1597 0.5530 0.9297 0.3337 Moderate coupling coordination
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development level. Ustf/Ugreen represents the ratio of science and
technology finance to green development, which is used to
measure the leading or lagging degree of science and
technology finance relative to green development. If the ratio is
less than 1, it indicates that the science and technology finance
system lags behind the green development system; If the ratio is
greater than 1, it means that science and technology finance is
ahead of the green development system; If the ratio is equal to 1, it
means that technology finance and green development are
developing simultaneously. Cstf green refers to the coupling
degree between science and technology finance system and
green development, which is used to measure the correlation
degree between science and technology finance and green
development. Dstf green indicates the coupling and coordination
between science and technology finance and green development.

The higher the value, the higher the coupling and coordination
level between them.

Table 5 shows that science and technology finance and green
development have relatively high coupling. The average coupling
degree is 0.9421 through calculation, conveying that science and
technology finance and green development have a high correlation,
and the correlation is decreasing year by year. However, the
relationship between science and technology finance and green
development was low coupling and coordination before 2011. In
2011 and later, their relationship changed from low coupling and
coordination to medium coupling and coordination. Throughout
the sample period, the degree of coupling and coordination between
science and technology finance and green development is rising
yearly, which shows that the mutual support and promotion
between the two have been strengthened. At the same time, it

FIGURE 3
The spatial pattern evolution of the coupling coordination degree between the scientific and technological finance system and the green
development system. (A) The coupling and coordination of science and technology finance and green development in 2005; (B) The coupling and
coordination of science and technology finance and green development in 2010; (C) The coupling and coordination of science and technology finance
and green development in 2015; (D) The coupling and coordination of science and technology finance and green development in 2020.
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can also be found that the science and technology finance system
continues to lag behind the green development system. The gap
between the two systems gradually increases over time, which may
be why the coupling and coordination level of science and
technology finance and green development cannot be further
improved (Yin et al., 2022). Therefore, this conclusion implies
that improving the development level of science and technology
finance is the key to optimizing the high coupling and coordination
between science and technology finance and green development.

In order to more intuitively analyze the dynamic evolution and
spatial pattern of the coupling and coordination degree of science
and technology finance and green development in cities across the
country, this paper takes 2015 and 2020 as time nodes to visualize
the coupling and coordinated development of science and
technology finance and green development in 274 cities in China,
as shown in Figure 3. It can be seen that in these four periods, the
coupling and coordination degree of science and technology finance
and green development system showed a gradient change trend in
space, that is, from inland areas to coastal areas. The coupling and
coordination degree of eastern cities with the more developed
economy is generally higher than that of central and western
cities with lower economic development and northeast cities. In
addition, in 2005, the coupling coordination degree of most cities in
China was mainly concentrated in the range of

0.1622524–0.30844205. By 2020, most cities’ coupling and
coordination degree will rise to 0.4546327–0.60082335, which
indicates that the coupling and coordination degree between
science and technology finance and green development will
increase significantly over time (Yin and Xu, 2022).

4.1.2 Characteristics of seven urban
agglomerations

Table 6 shows the basic characteristics of the coupling and
coordination degree between science and technology finance and
green development of China’s seven urban agglomerations from
2003 to 2020. The Beijing-Tianjin-Hebei, Yangtze River Delta and
Pearl River Delta regions have a high level of coordination between
science and technology finance and green development, which
belongs to the first ladder level at the level of urban
agglomeration. Among them, the coupling coordination degree of
the Beijing-Tianjin-Hebei region has increased from 0.3108 in
2003 to 0.3950 in 2020, which is in a moderate coupling
coordination within the observation period. The coupling
coordination degree of the Yangtze River Delta and the Pearl
River Delta increased from 0.2693 to 0.2644 in 2003 to
0.3717 and 0.3865 in 2020, respectively, from low coupling
coordination to medium coupling coordination. The turning
points were in 2009 and 2010, respectively.

TABLE 6 The coupling coordination of science and technology finance and green development in China’s seven urban agglomerations.

Year Beijing-Tianjin-
Hebei

Yangtze River
Delta

Pearl River
Delta

Chengdu-
Chongqing

Middle Yangtze
River

Guanzhong
Plain

Central
Plains

2003 0.3108 0.2693 0.2644 0.2799 0.2625 0.2573 0.2852

2004 0.3184 0.2759 0.2682 0.2823 0.2666 0.2611 0.2877

2005 0.3201 0.2799 0.2715 0.2855 0.2671 0.2629 0.2889

2006 0.3207 0.2834 0.2735 0.2874 0.2683 0.2653 0.2894

2007 0.3269 0.2888 0.2814 0.2890 0.2716 0.2685 0.2960

2008 0.3330 0.2929 0.2863 0.2932 0.2744 0.2735 0.2997

2009 0.3406 0.3010 0.2969 0.2947 0.2854 0.2797 0.3031

2010 0.3474 0.3058 0.3090 0.3001 0.2829 0.2813 0.3069

2011 0.3509 0.3137 0.3164 0.3061 0.2854 0.2831 0.3101

2012 0.3569 0.3195 0.3228 0.3131 0.2904 0.2878 0.3133

2013 0.3603 0.3250 0.3352 0.3196 0.2939 0.2906 0.3165

2014 0.3657 0.3291 0.3338 0.3230 0.2974 0.2957 0.3211

2015 0.3715 0.3353 0.3406 0.3286 0.3009 0.2978 0.3246

2016 0.3772 0.3413 0.3490 0.3315 0.3056 0.3011 0.3279

2017 0.3817 0.3735 0.3941 0.3346 0.3292 0.3226 0.3300

2018 0.3852 0.3536 0.3791 0.3385 0.3146 0.3068 0.3326

2019 0.3893 0.3615 0.3771 0.3509 0.3170 0.3135 0.3366

2020 0.3950 0.3717 0.3865 0.3475 0.3217 0.3148 0.3395

Average 0.3529 0.3178 0.3214 0.3114 0.2908 0.2869 0.3116

N 234 468 144 288 504 198 522
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The level of coupling and coordination between science,
technology, finance and green development in Chengdu-
Chongqing and Central Plains is relatively close, belonging to the
second ladder level at the level of urban agglomeration. The coupling
and coordination degree of the two increased from 0.2799 to
0.2852 in 2003 to 0.3475 and 0.3395, respectively, from low
coupling and coordination to medium coupling and
coordination. The turning point occurred in 2010 and 2009,
respectively.

The coupling coordination level of the middle reaches of the
Yangtze River, and the Guanzhong Plain is relatively low, belonging
to the third ladder level at the level of urban agglomeration. The
coupling coordination degree of the two areas has risen from
0.2625 to 0.2573 in 2003 to 0.3217 and 0.3148 in 2020,
respectively, from low coupling coordination to medium coupling
coordination. The turning points occurred in 2015 and 2016,
respectively.

From the average value of the coupling coordination of each
urban agglomeration, it is found that the average coupling
coordination level of the seven urban agglomerations is ranked in
the order of large to small: Beijing-Tianjin-Hebei > Pearl River
Delta > Yangtze River Delta > Central Plains > Chengdu-
Chongqing > Yangtze River Delta > Guanzhong Plain.

In order to further analyze the reasons for the imbalance of the
coupling and coordination between science and technology finance
and green development among urban agglomerations, this paper
makes descriptive statistics on the comprehensive scores of science
and technology finance and green development of the seven urban
agglomerations in the observation period, as shown in Table 7. It can
be found that the regional difference between science and
technology finance is lower than that of green development. The
maximum value of the average comprehensive score of science and
technology finance is 0.104, and the minimum value is 0.074; that is,
the maximum value is 1.41 times the minimum value. The
maximum average comprehensive score of green development is
0.174, and the minimum is 0.103; that is, the maximum is 1.69 times
the minimum. The considerable difference in green development
among urban agglomerations may be the key reason for the
imbalance of coupling and coordination between science and
technology finance and green development, which is similar to

the explanation of Hou et al. (2022). The average comprehensive
scores of science and technology finance and green development in
Guanzhong Plain urban agglomeration are low, which leads to the
lowest coupling coordination between science and technology
finance and green development. The Beijing-Tianjin-Hebei urban
agglomeration is the only region where the average comprehensive
science and technology finance score is greater than 0.1. The
enormous advantages of science and technology finance make the
Beijing-Tianjin-Hebei urban agglomeration’s average coupling
coordination degree rank first among the seven urban
agglomerations.

4.2 Spatial analysis of the systematic
coupling between science and technology
finance and green development

Based on the nested matrix of spatial economic geography, this
paper verifies the spatial relevance of the coupling and coordination
relationship between science and technology finance and green
development by calculating Moran’s I index.

4.2.1 Overall spatial effect
Table 8 reports the overall Moran index of the coupling and

coordination of science, technology, finance, and green development
in 274 cities in China. During the observation period, the Moran
index of coupling coordination degree was positive. However, it did
not pass the 10% significance level test between 2003 and 2005,
indicating no spatial autocorrelation between the coupling
coordination level of early science and technology finance and
green development. Since 2006, the Moran index of coupling
coordination degree has begun to be significant, and the
significance level is also gradually increasing. In 2010 and later,
the Moran index passed the significance level of 1%. Therefore, we
believe that the coordinated and interactive relationship between
science and technology finance and green development positively
correlates in space. At the same time, from the perspective of the
evolution trend, the Moran index of the coupling and coordination
degree shows an overall upward trend of fluctuation, indicating the
spatial correlation between the coupling and coordination of science

TABLE 7 Descriptive statistics of comprehensive scores of science and technology finance and green development in China’s seven urban agglomerations.

Region Science and technology finance Green development

Mean Std Min Max Mean Std Min Max

Beijing-Tianjin-Hebei 0.104 0.046 0.083 0.391 0.169 0.126 0.062 0.796

Yangtze River Delta 0.084 0.050 0.014 0.353 0.151 0.091 0.051 0.784

Pearl River Delta 0.078 0.055 0.014 0.303 0.174 0.098 0.075 0.521

Chengdu- Chongqing 0.087 0.022 0.013 0.158 0.124 0.089 0.051 0.549

Middle Yangtze River 0.074 0.037 0.012 0.605 0.112 0.041 0.051 0.352

Guanzhong Plain 0.076 0.030 0.013 0.140 0.103 0.044 0.043 0.321

Central Plains 0.087 0.004 0.082 0.115 0.112 0.034 0.055 0.309
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and technology finance and green development is growing. Guo
et al. (2021) confirmed this conclusion.

4.2.2 Spatial effect of seven urban agglomerations
Furthermore, this paper calculates the Moran index of the

coupling and coordination degree of science, technology, finance,
and green development of China’s seven urban agglomerations. The
results are shown in Table 9. Overall, only the Beijing-Tianjin-Hebei
urban agglomeration and the Yangtze River Delta urban
agglomeration have significantly positive Moran exponents for
coupling coordination. The Moran index of the Pearl River Delta
urban agglomeration did not pass the 10% significance level test in
2018 and was significant in other years. From the value of the
coefficient, the Moran index of the Yangtze River Delta urban
agglomeration is increasing yearly, indicating the spatial
relevance of the coupling and coordination relationship between
science, technology and finance and green development in the
region continues to increase. The Moran index of the Beijing-
Tianjin-Hebei urban agglomeration rose slowly until 2012 but
declined thereafter. The Moran index of the Pearl River Delta
urban agglomeration is mainly volatile. The Moran index of
Chengdu-Chongqing, the middle reaches of the Yangtze River,
the Guanzhong Plain, the Central Plains, and other urban
agglomerations is positive or negative. However, they have not
passed the significance test, indicating no spatial correlation
between the coupling and coordination of science and technology
finance and green development in such urban agglomerations. To
sum up, the imbalance and disharmony between science and
technology finance and green development in various regions of
China still exist (Tian andWang, 2022). The development process of
the coupling and coordination of science and technology finance
and green development is relatively long. In the future, cities need to
cooperate, improve the circulation of innovation elements, build a
joint governance mechanism for the ecological environment, and

jointly promote high-quality regional development (Han et al.,
2021).

Based on the above analysis of the Moran index of the coupling
and coordination of the seven urban agglomerations, the spatial
correlation of the coupling and coordination of science and
technology finance and green development needs to attach
importance to the development of its subsystems (Fan et al.,
2019). The development of the subsystem not only refers to the
development of the green economic system but also includes the
development of the scientific and technological financial system.
Coupling coordination’s spatial relevance can be reflected when the
level of science and technology finance and green development
systems is high. When both systems’ development level is low, the
coupling system will fall into a “low-end equilibrium” (Lai et al.,
2020). Meanwhile, combining the above analysis of the temporal
properties of the coupling and coordination of the seven urban
agglomerations, it can be seen that the spatial radiation effect is
strong when the level of coupling and coordination between the
systems is in the high-coupling regime. When the level of coupling
and coordination between the two systems is low, the spatial
radiation effect is also weakened (Ge et al., 2022).

4.3 The interaction between science and
technology finance, green development and
their coupling coordination

4.3.1 Analysis of PVAR model results
This paper estimates the GMM of the PVAR model for

274 cities, analyzes the long-term interaction between science and
technology finance, green development and their coupling
coordination levels, and the results are shown in Table 10. It can
be seen that there is a significant positive correlation between science
and technology finance lagging by one period and its current level,

TABLE 8 Global Moran index of the coupling and coordination degree of science and technology finance and green development.

Year Moran’s I Year Moran’s I Year Moran’s I

2003 0.035 2009 0.077** 2015 0.125***

(1.179) (2.476) (3.973)

2004 0.041 2010 0.092*** 2016 0.139***

(1.380) (2.935) (4.415)

2005 0.046 2011 0.104*** 2017 0.223***

(1.521) (3.315) (7.079)

2006 0.059* 2012 0.109*** 2018 0.191***

(1.928) (3.469) (6.026)

2007 0.065** 2013 0.122*** 2019 0.168***

(2.115) (3.864) (5.310)

2008 0.071** 2014 0.117*** 2020 0.190***

(2.279) (3.710) (6.001)

Note: * * *, * *, * respectively represent significant at 1%, 5%, and 10% significance levels; The values in parentheses are the corresponding z-statistics.
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TABLE 9 The spatial relevance of the coupling coordination degree of science and technology finance and green development in China’s seven urban agglomerations.

year Beijing-Tianjin-Hebei Yangtze River Delta Pearl River Delta Chengdu- Chongqing Middle Yangtze river Guanzhong
Plain

Central Plains

2004 0.171** 0.295*** 0.182* 0.039 0.016 −0.012 0.087

(2.256) (3.078) (1.848) (0.629) (0.447) (0.518) (1.080)

2006 0.200** 0.316*** 0.162* 0.005 −0.003 −0.032 −0.036

(2.240) (3.290) (1.739) (0.430) (0.289) (0.392) (-0.006)

2008 0.200** 0.333*** 0.185* 0.002 0.020 −0.084 −0.053

(2.432) (3.464) (1.898) (0.405) (0.478) (0.094) (-0.159)

2010 0.200*** 0.384*** 0.180* 0.021 0.015 −0.084 −0.036

(2.582) (3.970) (1.915) (0.507) (0.441) (0.092) (-0.005)

2012 0.204*** 0.409*** 0.172* 0.075 −0.005 −0.079 −0.033

(2.589) (4.253) (1.872) (0.821) (0.276) (0.127) (0.031)

2014 0.190** 0.423*** 0.170* 0.063 −0.003 −0.109 −0.007

(2.550) (4.457) (1.862) (0.750) (0.290) (-0.052) (0.274)

2016 0.191*** 0.458*** 0.180* 0.079 0.008 −0.069 −0.018

(2.624) (4.753) (1.926) (0.832) (0.383) (0.187) (0.183)

2018 0.174*** 0.478*** 0.059 0.088 0.064 −0.065 −0.032

(2.595) (4.912) (1.272) (0.884) (0.860) (0.214) (0.035)

2020 0.160** 0.495*** 0.153* 0.070 −0.009 −0.061 −0.029

(2.528) (5.137) (1.787) (0.784) (0.238) (0.248) (0.074)

Note: * * *, * *, * respectively represent significant at 1%, 5%, and 10% significance levels; The values in parentheses are the corresponding z-statistics.
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and the estimated coefficient is 0.214, representing that science and
technology finance has a self-promoting effect.

At the same time, it is found that the estimated coefficients of the
current green development level and coupling coordination level of
science and technology finance lagging by one period are 0.015 and
0.270, respectively. Both pass the 5% significance level test,
indicating that science and technology finance can significantly
improve urban green development and the coordinated
development level between the two. The green development
lagging by one period significantly negatively affects its current
level. The estimated coefficient is −0.152, indicating that the green
development level has a self-inhibition effect. One possible reason is
that the four dimensions of green development, namely ecological
construction, economic development, social welfare, and
institutional supply, are still unbalanced. The estimation
coefficient of green development lags by one period to the
current science and technology finance level. The level of
coupling and coordination is significantly positive, indicating that

green development is at a higher level, requiring a higher level of
science and technology finance development to serve it (Ibrahim
et al., 2022). It is more conducive to coordination and progress
between the two.

In addition, the coefficient of the coupling coordination lagging
behind Phase 1 to the current coupling coordination level, science
and technology finance and green development is significantly
negative, indicating that the higher coordinated development of
science and technology finance and green development in the early
stage is not conducive to their respective development in the current
period and the coupling coordination level between them. The
possible reason is that the level of coordinated development
between science and technology finance and green development
is relatively high, which will restrict their development (Wang and
Wang, 2021). It can be seen from the estimation coefficient of the
regression of the coupling coordination level lagging behind the first
period to the current science and technology finance and green
development that the impact of the coupling coordination level on
their development is quite different, which will also aggravate the
imbalance between science and technology finance and green
development.

Before equation decomposition analysis, it is necessary to ensure
the stability of the PVAR model system (Apostolakis and
Papadopoulos, 2019). First, calculate the unit root eigenvalue of
the model and then check whether all the eigenvalues fall within the
unit circle to judge the stability of the PVAR model system. The
results are displayed in Figure 4. It can be seen that the three
estimation points all fall within the unit circle; that is, the mean
values of the three characteristic values are less than 1, implying that
the impact of one variable on the other variable will gradually
weaken until it disappears. The model system tends to be stable.
Therefore, the PVAR model built in this paper is stable.

4.3.2 Variance decomposition
Variance decomposition is mainly used to measure the

contribution of different random error terms to the fluctuation of
endogenous variables. It can accurately reflect the degree of interaction
between various variables (Huang et al., 2009). Therefore, to further
measure the relationship between science and technology finance, green
development, and their coupling and co-scheduling, this paper
conducts variance decomposition for the prediction errors of all
variables. The variance decomposition results can be calculated
simultaneously during the impulse response function analysis. The
number of periods is set as 10, and the results are reported in Table 11.

TABLE 10 GMM estimation results of PVAR model.

Variables h_Dstf h_Dgreen h_Dcoupl

L.h_Dstf 0.214*** 0.015** 0.270***

(3.37) (2.13) (12.52)

L.h_Dgreen 0.378*** −0.152*** 0.377***

(8.16) (-2.73) (8.14)

L.h_Dcoupl −0.524*** −0.040*** −0.671***

(−11.15) (−4.35) (−21.78)

Note: * * *, * *, * respectively represent significant at 1%, 5%, and 10% significance levels; The data in brackets are standard deviation.

FIGURE 4
Stability test.
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Science and technology finance is affected by three aspects.
Among them, the impact of the coupling coordination level is
the main one. The impact of the first phase is 60.69% from the
coupling coordination level, increasing gradually to 61.91% in the
fifth phase. The self-development of science and technology finance
is the second long-term influencing factor. The self-contribution of
the first period is 35.4%, and the second period has weak growth, but
then it decreases gradually until the sixth period is 33.17% and tends
to be stable. The impact of green development is relatively small,

3.91% in the first phase, and then gradually increases to the fifth
phase and tends to be stable.

Green development is mainly affected by the following two aspects:
its development and the improvement of the level of coupling and
coordination. The contribution of green development began to appear
in the first phase and reached the maximum value, and then gradually
decreased from 95.40% to 94.51% and became stable. The influence of
the improvement of the coupling coordination level also appeared in the
first phase and increased gradually until the eighth phase became stable,
from 4.6% to 5.42%. The impact of science and technology finance is
relatively small. It began contributing to green development in Phase
2 and was stable at 0.07% in Phase 4.

The coupling and coordination degree improved due to its
contribution in the first phase. Since the second phase, the
impact of science and technology finance and green development
has gradually emerged. The impact of science and technology
finance is more prominent. The influence of coupling
coordination degree decreases gradually from the first phase to
the seventh phase and tends to be stable. The contribution of
science and technology finance and green development increased
gradually from the second phase. The contribution rate of science
and technology finance reached the maximum and stabilized in the
sixth phase. The impact of green development on the coupling
coordination degree reaches the maximum and tends to be stable
when it reaches the fifth stage, with a contribution rate of 1.5%.

From the above analysis of the equation decomposition of science
and technology finance, green development, and their coupling
coordination degree, it can be seen that these three have mutual
influence in the long run. Although science and technology finance
plays a relativelyminor role in improving urban green development, it
is still an essential factor that cannot be ignored. The interaction
between science and technology finance and the level of coupling and
coordination is relatively large. Therefore, when pursuing the
coordinated development of science and technology finance and
green development, we should pay more attention to the
development of science and technology finance (Lv et al., 2021).

5 Conclusion and policy
recommendations

This paper uses the coupling coordination model to study the
interaction between science and technology finance and green
development and evaluate their coordinated development level.
Then we adopt the PVAR model and impulse response function
to examine the dynamic causal relationship between science and
technology finance and green development. The research shows
that.

1) The coupling coordination model calculates the coupling degree
and coordination of China’s urban science and technology
finance and green development. The average coupling degree
results show a high correlation between them. However, the type
of coupling coordination rises from low to medium in the sample
period.

2) The Beijing-Tianjin-Hebei, Yangtze River Delta, and Pearl River
Delta have a high level of coupling and coordination, which is at
the first ladder level. Chengdu-Chongqing and the Central Plains

TABLE 11 Variance decomposition result.

Response variables Periods Shock variable

Dstf Dgreen Dcoupl

Dstf 1 0.3540 0.0391 0.6069

Dstf 2 0.3356 0.0470 0.6174

Dstf 3 0.3325 0.0487 0.6188

Dstf 4 0.3319 0.0491 0.6190

Dstf 5 0.3318 0.0492 0.6191

Dstf 6 0.3317 0.0492 0.6191

Dstf 7 0.3317 0.0492 0.6191

Dstf 8 0.3317 0.0492 0.6191

Dstf 9 0.3317 0.0492 0.6191

Dstf 10 0.3317 0.0492 0.6191

Dgreen 1 0 0.9540 0.0460

Dgreen 2 0.0005 0.9470 0.0523

Dgreen 3 0.0006 0.9455 0.0539

Dgreen 4 0.0007 0.9452 0.0541

Dgreen 5 0.0007 0.9452 0.0541

Dgreen 6 0.0007 0.9452 0.0541

Dgreen 7 0.0007 0.9452 0.0541

Dgreen 8 0.0007 0.9451 0.0542

Dgreen 9 0.0007 0.9451 0.0542

Dgreen 10 0.0007 0.9451 0.0542

Dcoupl 1 0 0 1

Dcoupl 2 0.0265 0.0105 0.9630

Dcoupl 3 0.0305 0.0140 0.9556

Dcoupl 4 0.0312 0.0148 0.9540

Dcoupl 5 0.0313 0.0150 0.9537

Dcoupl 6 0.0314 0.0150 0.9537

Dcoupl 7 0.0314 0.0150 0.9536

Dcoupl 8 0.0314 0.0150 0.9536

Dcoupl 9 0.0314 0.0150 0.9536

Dcoupl 10 0.0314 0.0150 0.9536
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belong to the second step, while the middle reaches of
the Yangtze River and the Guanzhong Plain belong to the
third step.

3) The degree of coupling and coordination between China’s urban
science and technology finance and green development is
generally positive spatial autocorrelation, and the spatial
correlation is growing with time. Among the seven urban
agglomerations, the coupling coordination degree of Beijing-
Tianjin-Hebei, Yangtze River Delta and Pearl River Delta show a
positive spatial autocorrelation. In contrast, the coupling
coordination degree of other regions does not have a spatial
correlation.

4) Science and technology finance, green development, and their
coupling coordination are all affected by themselves. For science
and technology finance and green development, the coupling and
coordination degree impact on both is greater than the mutual
impact between them. For the coupling coordination degree, the
impact of science and technology finance is more significant than
that of green development.

Based on the conclusions of this study, policy
recommendations are presented in the following aspects. First,
local governments should emphasize the positive externalities of
scientific and technological financial policies on urban green
development. Consider bringing cities with suitable innovation
environments and substantial financial resources into the policy
pilot scope. At the same time, when formulating relevant policies
to promote urban green development, policymakers should
actively guide various social capitals to support the green
economy.

Second, considering the time-varying impact of science and
technology finance policies on urban green development, local
governments should formulate science and technology finance
policies from a development and forward-looking perspective. In
the policy implementation process, the government should give full
play to its guiding role, scientifically evaluate the policy effect, and
flexibly use the policy advantages to maximize the sustainable green
development of the city. In addition, the introduction of policies
should not be too hasty. There is a time lag between the
implementation of policies and their effectiveness. Policymakers
should avoid issuing too many policies of the exact nature in a
short time.

Finally, differentiated policies should be formulated,
considering regional imbalances in economic development and
innovation. For eastern, high-level and innovative cities, it is
necessary further to strengthen the combination of science and
technology and finance and stimulate the policies of science and
technology and finance to play a more prominent role. For cities
in the central and western regions, low level and low innovation
level, we should not only build a sound interaction mechanism
between science and technology finance and economic
development but also accelerate the introduction and

application of advanced technology and give full play to its
supporting role in driving urban green development.

Some study limitations must be considered when interpreting
our findings. First, the evaluation indicator system and coupling
model adopted in this study emphasize results and representations
and lack in-depth exploration of the process mechanism. Second,
the lack of data in some cities will lead to deviations in the statistical
results. In our future research, we can explore the process
mechanism of coupling through quantitative analysis of the
internal relations between various systems. Additionally, we can
use remote sensing technology, big data, and other new methods to
obtain real-time relevant data to build a more comprehensive and
comprehensive indicator system of science and technology finance
and green development.
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