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Abstract

With the rapid development of digital technology, digital finance continues to flourish
globally. The innovations brought about by digital finance are expected to drive regional
economic growth and social development. This paper aims to explore the synergistic
development between digital finance and regional innovation in the Yangtze River Delta
region. By constructing a coupled and coordinated model of digital finance and regional
innovation, the level of synergistic development between digital finance and regional
innovation and the dynamic relationship between them in 27 cities of the Yangtze River
Delta city cluster from 2011 to 2020 are explored, and the development of the two
subsystems of digital finance and regional innovation in the Yangtze River Delta city
cluster during this 10-year period is analysed in detail. The study shows that the level of
synergistic development between digital inclusive finance and regional innovation in
China's Yangtze River Delta city cluster is improving year by year. Before 2017 the digital
inclusive finance and regional innovation synergy system, digital inclusive finance
system are in the lagging stage of development. By 2020, the digital inclusive financial
system and the regional innovation system reach a stage of quality synergistic
development. To this end, governments and financial institutions need to work together
to enhance the synergistic development of digital finance and regional innovation in
order to promote sustainable, healthy and stable economic development.
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1. Introduction

Digital finance and regional innovation are two important areas of economic development in
today's world. The rise and development of digital finance has brought about huge changes to
the financial sector, transforming people's financial consumption and investment behaviour,
while also providing new opportunities for regional economic development. Regional
innovation, in turn, is one of the key drivers of economic growth and social development, and
has become an important source of competitiveness for governments and companies. In the
context of digitisation and informatisation, the synergies between digital finance and regional
innovation are increasingly evident. The application of digital financial technology can promote
the spread and improvement of regional financial services and provide more convenient and
efficient financial services for the development of the regional economy. At the same time,
regional innovation can also provide more application scenarios and innovation opportunities
for the development of digital finance.
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Chinese digital finance company Ant Financial listed in Hong Kong in November 2021. Ant
Financial Services is one of the world's largest digital payment and wealth management
platforms and a leading player in China's digital finance industry. Its IPO has attracted global
attention and reflects the rapid growth of digital finance in China and globally. In April 2022,
the 4th Digital China Construction Summit was held in Fuzhou, Fujian Province, with the theme
of "Digital Innovation for a Shared Future". The summit focused on the latest developments and
trends in the digital economy, digital government, digital society and digital ecology, and
explored the synergies and future prospects of digital finance and regional innovation. It is
evident that digital finance and regional innovation are gaining more and more attention and
support as important areas of economic development in the world today. In the future, the
development of digital finance and regional innovation will provide more opportunities and
impetus for global economic growth and social development.

Dong Shugong[1] and Zhao Qingtuan[2] showed that digital finance can promote the
development of regional innovation. And the promotion effect of digital finance development is
more obvious for regions with low innovation level. Zhang Bin[3] showed that digital inclusive
finance can optimize regional resource allocation; upgrade regional payment and clearing
system; and improve regional wealth management capacity, thus significantly improving the
level of regional innovation. Teng Zhou[4] found that digital finance has a stronger innovation-
driving effect on eastern regions, i.e. innovation activities and innovation investment are also
more concentrated and innovation performance is higher in regions with faster development
of digital finance. Digital inclusive finance is based on digital technology and requires
continuous technological innovation to drive its high-quality development and core
competitiveness, Guo Zhenzhou [5]; Wang Yang et al. (2021). In the context of the global
economy being hit by the new crown pneumonia epidemic, Zhou Xiaochuan[6] points out that
the development of digital inclusive finance can be promoted through innovation.

Wang Yang [7] and Wang Liang [8], on the other hand, explored the mutual facilitation between
digital finance and regional innovation. There is not only a two-way promotion effect between
digital finance and regional innovation, but also a significant spatial interaction effect. In
summary, scholars have conducted extensive research on digital finance and regional
innovation. However, relatively few studies have been conducted on the synergistic
development of digital finance and regional innovation. As the Yangtze River Delta city cluster
is an important region for China's economic development, the study of the coordinated
development of digital finance and regional innovation in the region has important theoretical
and practical significance. Therefore, this paper aims to explore the synergistic development
between digital finance and regional innovation in the Yangtze River Delta region. Firstly, a
theoretical mechanism analysis of the synergistic development of digital finance and regional
innovation is conducted, and then the coupling synergy between digital finance and regional
innovation is further measured. While the literature has focused more on the impact of digital
finance on regional innovation, little empirical research has been conducted on the impact of
regional innovation on digital finance. This paper examines the mutual impact of the two and
measures the coupling and synergy between them, so as to gain a deeper understanding of their
dynamic relationship. By constructing the coupling synergy degree of digital finance and
regional innovation, we analyse the level and dynamic development of the synergy between the
two subsystems of digital finance on regional innovation in the Yangtze River Delta city cluster,
and provide theoretical basis and practical suggestions for promoting the synergy development
of digital finance and regional innovation.
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2. Mechanisms of Synergistic Development between Digital Finance and
Regional Innovation

2.1. The Role of Digital Finance as a Catalyst for Regional Innovation

Digital finance can facilitate the development of regional innovation in the following ways: first,
by providing financing support: digital finance platforms can provide financing support to
innovative enterprises and promote their R&D and innovation activities. Digital finance
platforms can provide innovative enterprises with diversified financing channels through
inclusive finance, crowdfunding and equity financing, alleviating the problem of difficult
financing for innovative enterprises. Second, reduce financing costs: digital finance platforms
can reduce financing costs through the application of information technology. For example, the
use of big data analysis technology for credit assessment of borrowers reduces financing costs
and improves financing efficiency. Third, providing risk management: digital finance platforms
can provide risk management services to innovative enterprises and reduce their risks. For
example, digital finance platforms can provide insurance services to provide risk protection for
innovative enterprises. Fourth, promote cross-regional cooperation: Digital financial platforms
can promote cross-regional cooperation and exchange, and promote cooperation and sharing
of innovation results among innovative enterprises. Digital finance platforms can provide an
open platform for innovative enterprises to promote inter-regional cooperation and exchange,
and facilitate cross-border integration of technology and innovation. In summary, digital
finance can help promote the development of regional innovation by providing financing
support, reducing financing costs, providing risk management and promoting cross-regional
cooperation.

2.2. The Role of Regional Innovation in Driving Digital Finance

Regional innovation can drive the development of digital finance in four ways: First, the needs
of innovative enterprises drive the development of digital finance. Innovative enterprises need
services such as financing support, risk management and cross-regional cooperation in the
innovation process, and digital finance platforms can provide these services to meet the needs
of innovative enterprises. The demand of innovative enterprises is an important driving force
for the development of digital finance. Second, regional innovation drives the innovation of
digital finance. The development of regional innovation activities needs the support of digital
finance, and digital finance platforms can innovate financial products and services to meet the
needs of regional innovation according to the characteristics and needs of different regions. For
example, digital finance platforms can launch customised financing products for innovative
enterprises to provide more personalised services for innovative enterprises. Third, digital
finance platforms promote exchanges and cooperation in regional innovation. Digital finance
platforms can provide an open platform for regional innovation and promote exchanges and
cooperation in regional innovation. Digital finance platforms can provide innovative
enterprises with cross-regional financing support and cross-regional cooperation
opportunities, facilitating the exchange and sharing of technology and knowledge between
different regions. Fourth, digital finance platforms provide data support for regional innovation.
Data is an important driver of regional innovation, and digital finance platforms can provide
data support for regional innovation through technologies such as big data analysis and
artificial intelligence. For example, digital financial platforms can provide scientific risk
assessment and better risk management services for innovative enterprises through analysis
of their data. In summary, regional innovation and digital finance are mutually reinforcing;
regional innovation can promote the development of digital finance, and digital finance can
provide support for regional innovation. Regional innovation and digital finance are two
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mutually reinforcing areas; regional innovation can drive the development of digital finance,
and digital finance can provide support for regional innovation.

3. Analysis of the Degree of Synergy between Digital Finance and Regional
Innovation Coupling

3.1. Data Sources and Processing
3.1.1. Digital Financial System Evaluation Indicator System
Table 1. Comprehensive evaluation index of digital finance in 27 cities of the Yangtze River

Delta city cluster

City 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Shanghai 81.18 | 135.03 | 182.03 | 192.59 | 222.45 | 238.96 | 27555 | 291.44 | 308.64 | 320.79
Nanjing 79.76 | 131.13 | 173.08 | 18644 | 217.24 | 244.38 | 2719 | 289.18 | 303.29 | 313.9
Wuxi 786 | 11868 | 161.77 | 17859 | 206.26 | 230.5 | 260.18 | 276.08 | 289.48 | 301.63
Changzhou 7845 | 12027 | 162 | 17581 | 206.67 | 232.18 | 260.34 | 279.53 | 293.47 | 304.52
Suzhou 80.58 | 124.29 | 165.86 | 181.1 | 208.81 | 236.99 | 267.44 | 281.97 | 297.87 | 309.8
Nantong 7118 | 11042 | 150.37 | 164.71 | 191.11 | 217.01 | 246.18 | 264.52 | 280.28 | 293.12
Yancheng 59.16 | 97.46 | 133.93 | 145.12 | 177.64 | 211.96 | 239.55 | 251.02 | 263.72 | 276.5
Yangzhou 68.16 | 105.78 | 146.75 | 163.72 | 195.19 | 226.78 | 251.6 | 263.82 | 277.15 | 289.86
Zhenjiang 72.64 | 110.47 | 148.82 | 16842 | 197.83 | 222.83 | 25255 | 267.95 | 280.65 | 293.47
Taizhou 65.62 | 10541 | 145.03 | 161.96 | 186.47 | 220.16 | 247.08 | 260.34 | 274.89 | 287.34
Hangzhou 86.18 | 147.96 | 189.27 | 199.4 | 231.13 | 246.92 | 28543 | 302.98 | 321.65 | 334.48

Jiaxing City 86.51 | 128.16 | 165.88 | 175.41 | 205.98 | 220.65 | 252.92 | 272.74 | 287.34 | 300.48
Huzhou City 77.79 | 119.58 | 160.91 172.7 201.49 | 218.39 | 249.64 | 269.89 283.8 295.53
Zhoushan City 76.74 | 120.64 | 157.51 | 174.58 | 201.37 | 222.24 | 24796 | 26449 278.4 291.14

Jinhua 79.46 | 12547 | 16692 | 17943 | 209.87 222.1 253.8 277.19 | 294.95 | 307.33
Introduction 77.1 118.88 | 156.07 | 175.02 | 204.52 220.6 245.75 | 262.11 | 281.78 | 293.21
Wenzhou 81.83 | 127.24 | 169.68 | 180.98 | 211.38 | 229.53 | 260.22 | 273.98 | 286.74 | 297.22
Taizhou 7726 | 124.81 | 160.81 | 172.87 | 203.35 | 218.68 | 246.88 | 263.88 | 27892 | 290.21
Ningbo 81.77 | 129.17 | 168.04 186.1 213.31 | 228.33 | 258.55 2744 288.94 | 301.13
Xuancheng City | 56.03 92.7 136.96 | 155.21 | 17535 | 192.92 | 223.42 | 23848 | 251.22 263.5
Chuzhou 45.43 85.67 125.84 | 152.03 | 171.48 | 196.14 | 222.28 | 23642 | 249.86 | 264.88
Chizhou 51.82 91.46 127.68 142 172.78 | 198.56 2219 234.76 | 247.05 | 258.29
Hefei 71.58 | 114.66 | 155.02 | 172.25 | 201.48 | 222.57 | 256.24 | 272.52 | 288.08 | 299.16
Tongling 63.69 | 113.18 | 142.16 | 170.17 | 191.15 | 195.18 | 219.11 | 237.18 | 252.91 | 264.99
Ma'anshan 57.1 108.43 | 140.99 | 166.44 | 187.29 | 20794 | 23434 | 249.31 | 262.61 | 274.73
Wubhu City 57.03 | 104.45 | 140.36 | 159.18 | 186.64 | 206.82 | 241.64 254.9 273.16 | 290.05
Anging 42.34 85.25 125.14 | 145.56 167.7 193.09 217.4 231.25 | 243.65 | 257.72

Indicator measurement of digital finance subsystem. This paper draws on the Digital Inclusive
Finance Development Index published by the Digital Finance Research Centre of Peking
University to measure the comprehensive evaluation index of digital finance in each region. The
index is based on data support from Ant Financial Services and is constructed from three
dimensions: the breadth of coverage of digital financial services, the depth of use of digital
financial services and the degree of digitalisation of inclusive finance. Following the principles
of science, dynamics, typicality and systematization, this paper also adopts the Peking
University Digital Inclusive Finance Index as a measure of the digital financial development of
27 cities in the Yangtze River Delta city cluster. Table 1 shows the comprehensive evaluation
index of digital finance of the 27 cities in the Yangtze River Delta city cluster, and Figure 1 shows
the trend of the average value of the digital finance index of the Yangtze River Delta city cluster
in each year.
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Current status of digital finance development in
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Figure 1. Average development status of digital finance in the Yangtze River Delta city cluster

Figure 1 illustrates the general trend of the level of digital financial inclusion development in
China's Yangtze River Delta city cluster from 2011-2018. To measure the overall level of
development in that year, this paper uses the average value of 27 cities for measurement. The
results show that the level of digital inclusive finance development in China's Yangtze River
Delta city cluster shows a fluctuating upward trend, rising from 70.56 in 2011 to 291.67 in 2020.

3.1.2. Regional Innovation System Evaluation Index System

Table 2. Comprehensive regional innovation evaluation index of 27 cities in the Yangtze River
Delta city cluster

City 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Shanghai 89.07 90.63 91.78 95.21 96.67 97.09 97.19 98.23 98.34 98.75
Nanjing 96.49 96.85 97.9 98.68 99.36 99.71 99.56 99.76 99.82 99.85

Wuxi 97.27 97.16 97.12 97.66 98.43 98.74 98.86 99.08 99.05 99.19

Changzhou 93.47 94.63 95.54 95.97 96.98 97.16 98.12 98.13 98.36 98.51
Suzhou 98.72 98.82 98.97 99.13 99.5 99.69 99.78 99.83 99.83 99.88
Nantong 95.02 95.11 94.82 95.21 96.74 97.58 98.09 98.57 98.38 98.78

Yancheng 92.78 91.58 91.98 93.76 94.99 96.15 97.21 98.09 97.74 98.12

Yangzhou 91.59 90.26 91.32 91.56 94.25 95.04 95.85 96.88 96.4 96.97

Zhenjiang 89.35 90.48 89.79 91.82 93.35 94.99 96.01 96.35 96.08 96.58
Taizhou 89 88.6 88.85 89.58 93.4 94.13 95.38 96.57 96.37 97.39

Hangzhou 98.28 98.45 98.87 99.2 99.72 99.81 99.86 99.89 99.91 99.93

Jiaxing City 93.23 92.71 95.26 96.23 97.42 98.18 98.4 98.77 98.69 98.95

Huzhou City 86.73 89.15 92.44 93.94 95.83 96.66 97.11 97.85 98.14 98.32

Zhoushan City 71.37 68.51 73.42 74.3 83.2 87.17 89.56 91.92 90.43 90.75
Jinhua 91.09 90.97 93.1 94.86 96.52 97.88 98.4 98.83 98.98 99.28

Introduction 92.17 91.77 93.83 95.05 96.19 96.66 97.64 98.21 98.29 98.55

Wenzhou 90.24 93.46 95.44 95.49 96.36 97.04 98.01 98.6 98.58 99.06
Taizhou 87.61 73.96 93.02 80.88 94.88 96.42 96.72 97.38 97.74 98.34
Ningbo 96.53 96.67 98.01 98.54 99.07 99.35 99.52 99.67 99.63 99.67

Xuancheng City 75.46 76.82 80.54 81.88 82.97 87.64 89.89 91.24 92.25 92.48
Chuzhou 79.83 63.69 79.18 85.74 88.39 90.58 90.47 93.87 94.7 95.73
Chizhou 56.4 71.83 75.66 79.38 82.34 81.57 84.27 84.61 84.71 88.38

Hefei 94.46 95 96.33 97.35 98.46 98.99 99.14 99.34 99.4 99.38

Tongling 71.54 74.27 73.41 79.15 77.32 83.51 83.51 86.11 90.32 89.76
Ma'anshan 61.77 75.65 80.18 85.49 88.52 90.5 91.01 93.69 93.09 92.55
Wuhu City 90.87 90.89 91.26 91.44 94.59 96.46 96.68 96.84 97.15 97.62

Anging 72.68 77.44 80.3 85.29 84.92 90.89 91.2 93.29 93.5 95.41
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Regional innovation level: In order to measure the regional innovation level of each city in the
Yangtze River Delta city cluster, this paper adopts the China Regional Innovation and
Entrepreneurship Index (IRIEC) compiled by the Enterprise Big Data Research Centre of Peking
University. By combining big data thinking and technology, based on the three core elements of
entrepreneurs, capital and technology, and using the full volume of enterprise information from
the national industrial and commercial enterprise registration database from 1990 to 2020, the
index constructs a Chinese regional innovation and entrepreneurship index that is both
objective, real-time and multidimensional in five dimensions, including the number of new
enterprises, attracting foreign investment, attracting venture capital, the number of patents
granted and the number of trademarks registered. The Innovation and Entrepreneurship Index
was constructed to reflect the innovation and entrepreneurship vitality and performance of
each region in China. Table 2 shows the comprehensive regional innovation evaluation index of
27 cities in the Yangtze River Delta city cluster from 2011 to 2020. Figure 2 shows the trend of
the average value of the regional innovation evaluation index of the Yangtze River Delta city
cluster for each year.
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Figure 2. Current status of regional innovation development in the Yangtze River Delta city
cluster

Figure 2 illustrates the general trend of the regional innovation level of the Yangtze River Delta
city cluster in China from 2011 to 2018. In order to measure the overall development level in
that year, this paper uses the average value of 27 cities for the measurement. The results show
that the regional innovation level of China's Yangtze River Delta city cluster shows a fluctuating
upward trend, rising from 86.78 in 2011 to 96.97 in 2020. based on the trend of the average
development of each year in the figure, it can be seen that the comprehensive regional
innovation evaluation index of the Yangtze River Delta city cluster has been increasing year by
year since 2011.

3.1.3. Data Processing

In empirical analysis, multi-indicator data may have different properties, quantity sets and
scales, which can lead to quantitative differences between indicators and thus affect the
accuracy and reliability of the results. Therefore, these indicators need to be standardised so
that they have the same scale and importance. There are two common methods of
standardisation: z-score standardisation and min-max standardisation. In this case, z-score
normalisation converts the data into a standard normal distribution centred on the mean with
standard deviation. The min-max normalisation transforms the data linearly by minimum and
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maximum values, so that the data are mapped to the interval [0,1]. In this study, we use the
min-max normalisation method to normalise the data. In order to eliminate the effect of
extreme values, the method is improved by multiplying the maximum and minimum values by
factors of 1.1 and 0.9, respectively, when calculating them. This makes the maximum and
minimum values relatively more stable and avoids the effect of extreme values on the
standardisation of the data.

X, —amin(X,)
Y.. — Y Y (1)
’ pmax(X,)—amin(X,)

Here @ is taken as 0.9 and S as 1.1, where X; is the J indicator for thei region and?; is the
normalised value.

3.2. Coupling Synergy Evaluation Model

The Coupled Synergy Evaluation Model is a model for assessing the degree of coupling and
coordination between the various subsystems in a system. The model helps system designers
and managers to understand the interactions and influences between the various parts of a
system so that the design and operation of the system can be optimised. Coupling refers to the
degree of dependencies and interactions between different parts of a system. In a highly
coupled system, changes in one part may have a serious impact on other parts. Coordination
refers to the degree of co-ordination and cooperation between the various parts of a system. In
a highly coordinated system, the parts are able to cooperate and collaborate effectively to
achieve the overall objectives of the system. Synergistic development refers to a development
model in which all aspects of economic, social and environmental development are coordinated
with each other to achieve overall development. In the process of coordinated development,
different aspects need to be balanced, coordinated and integrated with each other in order to
achieve sustainable development. Digital finance and regional innovation are two important
directions of current economic development, and the synergistic development of the two is of
great significance in promoting economic transformation and upgrading and regional
development. Therefore, this paper introduces the coupled synergy model to measure the level
of synergistic development between the two, which consists of three main elements: first, the
coupling degree C between subsystems, second, the coordination degree T between systems,
and third, the coupling synergy degree D between systems. The coupled synergy model of
digital finance and regional innovation can be constructed, while referring to Gaimei [12], the
relative development index E is introduced to measure and analyze the relative development
degree of coupled synergy between digital finance and regional innovation development in 27
cities of the Yangtze River Delta city cluster.

The model equation is as follows:

innovation x digital
C=— 5 . P (2)
[(innovation + digital) / 2]
D =~CxT,T = ainnovation + fdigital (3)
E = innovation — digital (4)
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Wherein, innovation, digital denotes the comprehensive evaluation index of regional
innovation and digital finance respectively, C, T and D denote the coupling degree, development
degree and coupling coordination degree of the two respectively, k is a parameter, this paper
studies the synergistic development between the two systems of digital finance and regional
innovation, so here k is equal to 2, E denotes the relative development degree of regional
innovation and digital finance. Table 3 shows the classification criteria for measuring the level
of synergy between the coupling of digital finance and regional innovation. Wu Rulian [11].

Table 3. Classification criteria for the level of synergy between digital finance and regional
innovation coupling

Coupling Relative .
coordination D Grade development E Type of coordinated development
<n< Quality N1<R< Regional Innovation - Digital Finance
0.8<D=1 coordination 0.1=E=0.1 Simultaneous Development Type
E<-01 Regional lnnovatlor.l development lags
behind
0.1<E Digital finance lagging type
N Regional Innovation - Digital Finance
< - <EL<
0.7<D=08 Good coordination 0.1<E<01 Simultaneous Development Type
E<-01 Regional 1nn0vat10r.1 development lags
behind
0.1<E Digital finance lagging type
Intermediate Regional Innovation - Digital Finance
< - <E<
0.6<D=0.7 coordination 0.1=E=01 Simultaneous Development Type
E<-01 Regional 1nn0vat10r.1 development lags
behind
0.1<E Digital finance lagging type
Primary Regional Innovation - Digital Finance
<p< -0.1<E<0. i
0.5<D=0.6 coordination 0.1=E=0.1 Simultaneous Development Type
E<-01 Regional 1nn0vat10r.1 development lags
behind
0.1<E Digital finance lagging type
I Regional Innovation - Digital Finance
<p=< -0.1<E<
0.4<D=0.5 Mild disorders 0.1=E=0.1 Simultaneous Development Type
E<-01 Regional 1nn0vat10r.1 development lags
behind
0.1<E Digital finance lagging type
. Regional Innovation - Digital Finance
<p< -0.1<E<0. >
0.3<D>0.4 Moderate disorder 0.1<E<01 Simultaneous Development Type
E<-01 Regional 1nn0vat10r.1 development lags
behind
0.1<E Digital finance lagging type
. Regional Innovation - Digital Finance
< - <EL<
0<D=0.3 Extreme disorders 0.1<E<01 Simultaneous Development Type
E<-01 Regional lnnovatlor.l development lags
behind
0.1<E Digital finance lagging type
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4. Analysis of the Results of Measuring the Coupling Synergy between
Digital Finance and Regional Innovation Development

4.1. Degree of Coupling

The degree of coupling is an important indicator in the coupling coordination evaluation model
and is used to assess the degree of coupling between multiple systems. It refers to the degree
of interdependence and influence between individual systems and is usually expressed as a
numerical value. The higher the coupling degree, the greater the degree of interdependence and
influence between systems, and the higher the degree of coordination between systems;
conversely, the lower the coupling degree, the less the degree of interdependence and influence
between systems, and the lower the degree of coordination between systems. The coupling
degree of the Yangtze River Delta city cluster from 2011 to 2020 is measured respectively
according to the constructed model. Figure, depicts the development trend of the coupling
degree of digital finance and regional innovation in 27 cities of the Yangtze River Delta city
cluster from 2011 to 2020. From Figure 3, it can be seen that the coupling degree of digital
finance and regional innovation in the Yangtze River Delta city cluster is increasing year by year.

Coupling

1.2

0.8
0.6
0.4

0.2

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 3. Development trend of digital finance and regional innovation coupling in the
Yangtze River Delta city cluster

4.2. Coherence

In coupling coordination evaluation models, the degree of coordination is usually assessed by
calculating the coupling strength and the consistency of the coupling direction between
individual systems. If the coupling strength between individual systems is high and the
direction of coupling is consistent, the degree of interaction and coordination between the
systems is good and the degree of coordination is higher; conversely, if the coupling strength
between individual systems is low or the direction of coupling is inconsistent, the degree of
interaction and coordination between the systems is poor and the degree of coordination is
lower.

Figure 4, which depicts the development trend of the synergy between digital finance and
regional innovation in the 27 cities of the Yangtze River Delta city cluster from 2011 to 2020, is
based on the model constructed to measure the synergy degree from 2011 to 2020. From Figure
4, it can be seen that the synergy between digital finance and regional innovation in the Yangtze
River Delta city cluster is increasing year by year.
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Figure 4. Development trend of digital finance and regional innovation synergy in the Yangtze
River Delta city cluster

4.3. Coupling Synergies

In order to measure the level of synergistic development of digital inclusive finance and
regional innovation for the 27 cities in the Yangtze River Delta city cluster in China, it is
necessary to first standardise the digital inclusive finance development index and the
comprehensive regional innovation evaluation index, as the two indices are not of the same
order of magnitude. After the standardisation process, the synergistic development level
measurement formula can be used to calculate the level of synergistic development of digital
inclusive finance and regional innovation in these 27 cities. Table 4 shows the table of the level
of synergistic development of digital finance and regional innovation for each city in China's
Yangtze River Delta city cluster during the sample study period, and Figure 5 shows the average
value of the coupling and coordination degree of digital finance and regional innovation for each
year in China's Yangtze River Delta city cluster during the sample study period.

From Table 4, we can calculate that the current average value of the synergistic development
of digital finance and regional innovation in China is 0.733. Since the measurement range of the
synergistic development of digital finance and regional innovation is between 0 and 1, the
better the synergistic development of digital finance and regional innovation, the closer the
level of synergistic development of digital finance and regional innovation is to 1; on the
contrary, if the synergistic development of digital finance and regional innovation is worse, the
level of synergistic development of digital finance and regional innovation is closer to 0. From
this, we can see that the average level of synergistic development between digital finance and
regional innovation in China is at a relatively high level. Overall, the level of synergistic
development between digital finance and regional innovation in the 27 cities in the Yangtze
River Delta region shows a fluctuating upward trend. In 2011, most of the cities in the Yangtze
River Delta region ranked within 0.3 to 0.5 in terms of the level of synergistic development of
digital finance and regional innovation, while by 2020, most of the cities in the Yangtze River
Delta region will be within 0.3 to 0.5 in terms of the level of synergistic development of digital
finance and regional innovation. After 10 years of development, the level of synergistic
development of digital finance and regional innovation in the Yangtze River Delta region has
been improved as a whole.
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Table 4. Levels of synergistic development of digital finance and regional innovation in the 27

cities of the Yangtze River Delta City Cluster, 2011 to 2020

City 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 R?l‘;k‘

Hangzhou | 04967 0.6865 | 0.7656 | 0.7825 | 0.8280 | 0.8473 | 0.8876 | 0.9036 | 0.9192 | 0.9292 L
28 65 57 15 17 24 17 15 25 6

Nanjing 0.4659 | 0.6435 | 0.7353 | 0.7604 | 0.8086 | 0.8440 | 0.8731 | 0.8906 | 0.9035 | 0.9126 )
52 43 49 92 44 11 89 85 67 63

Shanghai 0.4662 | 0.6397 | 0.7318 | 0.7596 | 0.8061 | 0.8277 | 0.8665 | 0.8859 | 0.9011 | 0.9129 3
16 39 66 28 06 35 74 19 95 53
0.4714 | 0.6288 | 0.7246 | 0.7527 | 0.7973 | 0.8351 | 0.8695 0.8988 | 0.9093

Suzhou 34 2 29 44 28 48 51 | 088421 g 91 4

Ningbo 0.4754 | 0.6381 | 0.7263 | 0.7595 | 0.8022 | 0.8231 | 0.8591 | 0.8761 | 0.8898 | 0.9010 c
83 9 84 34 94 84 49 42 96 12

Wengzhou | 04703 | 0.6270 | 07225 | 07421 | 0.7904 | 0.8163 | 0.8548 | 0.8712 | 0.8832 | 0.8948 6
13 95 45 52 58 11 18 17 39 23

jiaxing City | 04936 | 0.6279 0.7151 | 0.7348 | 0.7865 | 0.8091 | 0.8486 | 0.8707 | 0.8842 | 0.8971 .
54 26 9 66 87 07 19 8 64

Wi 0.4608 | 0.6103 | 0.7121 | 0.7444 | 0.7902 | 0.8237 | 0.8582 | 0.8753 | 0.8878 | 0.8992 8
49 65 77 03 58 53 52 16 39 6

Jinhua 0.4602 | 0.6174 | 0.7108 | 0.7376 | 0.7889 | 0.8100 | 0.8495 | 0.8753 | 0.8924 | 0.9045 9
25 13 68 74 56 22 66 27 53 35

Changzhou 04573 | 0.6106 | 0.7085 | 0.7348 | 0.7860 | 0.8199 | 0.8553 | 0.8745 | 0.8883 | 0.8985 |
78 88 85 4 76 85 98 21 19 66

Hefei 0.4224 | 0.5951 | 0.6967 | 0.7323 | 0.7833 | 0.8145 | 0.8551 | 0.8728 | 0.8880 | 0.8979 | .
47 92 88 91 65 05 54 96 96 78

Introductio | 0.4497 | 0.6016 | 0.6925 | 0.7308 | 0.7803 | 0.8037 | 0.8376 | 0.8576 | 0.8773 | 0.8889 | .
n 62 07 76 05 66 05 47 12 47 55

Huzhou | 0.4482 | 0.5981 | 0.6979 | 0.7235 | 0.7748 | 0.8008 | 0.8398 | 0.8639 | 0.8785 | 0.8899 | .
City 01 87 86 14 23 45 28 73 63 52

Nantong 0.4205 | 0.5824 | 0.6835 | 0.7128 | 0.7622 | 0.8022 | 0.8399 | 0.8615 | 0.8763 | 0.8899 | ,
36 71 3 19 32 89 02 92 3 18

Taizhou | 04465 | 0.5610 | 0.6994 | 0.6733 | 0.7741 | 0.8003 | 0.8352 | 0.8559 | 0.8722 | 0.8853 | .
62 31 61 09 8 52 1 37 18 16

Zhenjiang | 04247 0.5750 | 0.6670 | 0.7096 | 0.7609 | 0.8002 | 0.8383 | 0.8554 | 0.8662 | 0.8799 |
87 87 46 06 37 42 7 98 48 77

Yangzhou 0.4012 | 0.5602 | 0.6670 | 0.7005 | 0.7602 | 0.8052 | 0.8366 | 0.8537 | 0.8645 | 0.8786 |
33 66 78 05 82 72 83 28 06 81

Taizhou | 0-3844 | 0.5562 | 0.6566 | 0.6911 | 0.7442 | 07935 | 0.8298 | 0.8488 | 0.8622 | 0.8783 | g
08 43 82 34 65 74 51 6 49 9

Wuhu City 03252 | 0.5570 | 0.6532 | 0.6918 | 0.7484 | 0.7845 | 0.8291 | 0.8443 | 0.8641 | 0.8818 | .
67 33 79 4 45 23 88 58 08 78

Yancheng 03422 | 0.5342 | 0.6403 | 0.6698 | 0.7350 | 0.7905 | 0.8288 | 0.8452 | 0.8573 | 0.8715 |
58 85 65 05 79 01 87 91 02 88

Zhoushan | 04187 | 05223 | o . | 0.6369 | 0.7213 | 0.7651 | 0.8036 | 0.8312 | 0.8356 | 0.8477 |
City 13 76 27 18 54 74 71 64 45

Ma'anshan | 0-2965 | 0-5319 | 0.6191 | 0.6841 | 0.7276 | 0.7635 | 0.7967 | 0.8248 | 0.8352 | 08437 | .
77 82 78 02 19 17 37 2 53 11

Xuancheng | 03101 | 0.4905 | 0.6129 | 0.6511 | 0.6868 | 0.7317 | 0.7794 | 0.8022 | 0.8201 | 0.8331 | g
City 14 37 59 09 05 97 73 41 14 29

Tongling 03564 | oo | 0.5881 | 0.6607 | 0.6755 | 0.7155 | 0.7424 | 07749 | 08123 | 08205 | .
75 45 19 37 38 04 36 13 13

Chuzhou | 0-2061 | 04168 | 0.5851 | 0.6603 | 0.7031 | 0.7481 | 0.7807 | 0.8117 | 0.8298 | 0.8497 | .
35 49 52 54 5 89 86 08 8 16

Anging 0.1575 | 0.4659 | 0.5876 | 0.6466 | 0.6838 | 0.7451 | 0.7781 | 0.8033 | 0.8180 | 0.8411 |
27 09 06 57 27 09 99 83 14 29

Chizhou | 0-2406 | 0.4716 | 0.5745 | 0.6176 | 0.6802 | 0.7092 | 0.7495 | 0.7641 | 0.7760 | 0.8070 | .
33 75 73 96 19 55 26 64 14 57

361




Scientific Journal of Economics and Management Research Volume 5 Issue 5, 2023

ISSN: 2688-9323

Coupling synergies

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 5. General trend of the annual digital finance and regional innovation coupling
coordination in the Yangtze River Delta city cluster

Based on the measured data, we counted the coupling coordination status of 27 cities in the
Yangtze River Delta region and presented the statistics on the coordination status of digital
finance and regional innovation in the region from 2011 to 2020 in Table 5. According to Table
5,from 2011 to 2020, the development of the digital finance and regional innovation subsystem
has undergone a process from uncoordinated to coordinated. In 2011, the two systems of digital
finance and regional innovation were generally uncoordinated, with 18 cities mildly out of
alignment, 5 cities moderately out of alignment and 4 cities extremely out of alignment. By 2012,
these two subsystems began to gradually harmonise, with 11 cities reaching intermediate level
of harmonisation and 12 cities reaching primary level of harmonisation. By 2020, the two
systems of digital finance and regional innovation in the Yangtze River Delta city cluster have
reached high quality coordination.

Table 5. shows the status of coordination between digital finance and regional innovation in
the Yangtze River Delta city cluster from 2011 to 2020

Year Qu:.sllity. qud. Interrr.ledi.ate Prirpary .Mild Mgderate E;Xtreme
coordination | coordination | coordination | coordination | disorders | disorder | disorders

2011 18 5 4

2012 11 12 4

2013 10 13 4

2014 16 11

2015 4 19 4

2016 17 10

2017 21 6

2018 25

2019 26 1

2020 27

Table 6 shows the type of synergistic development of the two systems of digital finance and
regional innovation each year based on the introduced relative development degree E and the
measured coupling coordination degree of digital finance and regional innovation. As can be
seen from Table 6, before 2017, the development of digital finance was lagging behind in the
synergistic development system of digital finance and regional innovation, while after 2017, the
two systems of digital finance and regional innovation reached synergistic development.The
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main reason why the overall development of the digital finance system was lagging behind
relative to the regional innovation system before 2017 may be due to the fact that the
development of digital technology is still at the breakthrough As digital technology continues
to break through, the digital finance subsystem shows rapid development in the coupled and
coordinated system of digital finance and regional innovation, until the two subsystems of
digital finance and regional innovation reach a state of quality coordination in 2020.

Table 6. provides statistics on the types of synergistic development of digital finance and
regional innovation in the Yangtze River Delta city cluster from 2011 to 2020

Regional innovation and digital Regional innovation Digital finance development
Year finance synergies development lags behind lags behind
2011 1 26
2012 2 25
2013 2 25
2014 1 1 25
2015 1 26
2016 3 23
2017 7 20
2018 16 11
2019 24 1 2
2020 27

5. Policy Recommendations and Conclusions

According to the research on the synergistic development of digital finance and regional
innovation, this paper analyzes the interaction between the two subsystems of digital finance
and regional innovation, proposes the research on the level of synergistic development of
digital finance and regional innovation, measures the coupling synergy degree of digital finance
and regional innovation in China's Yangtze River Delta region respectively by constructing a
coupling synergy evaluation model, and further analyzes the dynamic relationship between the
two. The following are the conclusions obtained from this study: First, the level of synergistic
development of digital inclusive finance and regional innovation in China's Yangtze River Delta
city cluster is improving year by year, and the current overall level of synergistic development
of digital finance and regional innovation in China's Yangtze River Delta city cluster is at a
relatively high level on average. Secondly, the level of synergistic development of digital
inclusive finance and regional innovation in the Yangtze River Delta city cluster has
experienced a stage from a mild disorder in 2011 to a high-quality coordination stage in 2020.
Thirdly, before 2017 the digital inclusive finance and regional innovation synergistic system,
digital inclusive finance were in a lagging stage of development, with the continuous innovation
of digital technology and rapid development of digital finance in recent years, by 2020, the
digital inclusive finance system and regional innovation system reached a stage of quality
synergistic development.

Based on the above research, the following policy recommendations are proposed: First,
strengthen the synergy between digital finance and regional innovation: the government and
financial institutions should focus on the synergy between digital finance and regional
innovation, promote the integration of policies, financial resources and technologies, and
facilitate the joint development of digital finance and regional innovation. Second, optimise the
allocation of financial resources: the government should guide financial resources towards
innovative industries and high-tech industries, and increase the support of digital finance for
innovative enterprises. Financial institutions can optimise the allocation of financial resources
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by adjusting credit policies and issuing innovation bonds. Third, enhance the capacity of digital
financial services: financial institutions should increase their investment in financial
technology, improve the quality and level of digital financial services, and enhance the efficiency
of financial services. At the same time, the government should strengthen the regulation of
digital finance to ensure the stability and safety of the financial market. Fourth, strengthen the
construction of the innovation ecosystem: The government and financial institutions should
jointly promote the construction of the innovation ecosystem, including policy, capital, talent,
technology and market elements, to form a favourable environment conducive to innovation.
Fifth, promote regional synergistic development: The government should strengthen inter-
regional policy coordination and resource integration, promote close linkage of industrial,
innovation and capital chains between regions, and promote inter-regional synergistic
development. Sixth, encourage technological innovation and intellectual property protection:
the government should increase support for technological innovation, improve the intellectual
property protection system, and stimulate the innovation enthusiasm of enterprises and
research institutions. Seventh, deepen financial reform and innovation: the government should
deepen financial reform, promote the opening and diversification of financial markets, and
innovate financial products and services to meet the financial needs of regional innovation and
development. In summary, the government and financial institutions need to work together to
strengthen the synergistic development of digital finance and regional innovation in order to
promote sustainable, healthy and stable economic development.
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