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[T I N R

Abstract: The positive interaction between digital economy development and urban—rural relation-
ship adjustment can both expand the contribution of technological factors and enhance the balance
of urban—rural development. This paper aims to explore the trends and barriers to the coupled and
coordinated development of the digital economy and urban—rural integration. This paper measures
the degree of coupled coordination between the digital economy and urban-rural integration based
on provincial panel data from 2013 to 2020 in China. Based on this, this paper investigates the
characteristics and driving forces of the coupled coordination relationship through the chronological
evolution method and geographically weighted regression. The results show that (1) the coupling
relationship between the digital economy and urban—rural integration has improved substantially
in Chinese provinces; (2) heterogeneity still exists at the provincial level; (3) this relationship is
expected to be optimized over time; and (4) information construction, rational distribution, balanced
growth, equalization of public services and digital-industry development does have a positive effect
on the improvement of the coupled coordination relationship, and the popularity of the internet has
a negative effect. Accordingly, this paper mainly draws the following conclusions. The coupling
relationship between the digital economy and urban-rural integration in the Chinese provinces
shows a tendency to be more coordinated. It is necessary to promote the development of the five
positive drivers and to guide and regulate the negative drivers.

Keywords: digital economy; urban—rural integration; coupling-coordination model

1. Introduction

Restructuring and reshaping the urban—rural relationship is an important part of na-
tional modernization. China’s urban-rural relations are experiencing a development trend
from antagonism to integration. With the development of society, the following distinct
changes in the characteristics of the urban-rural structure have taken place as China’s per
capita GDP grows from USD 1042 in 2001 to USD 12,741 in 2022. With the increase in
income, the consumption structure of residents has also undergone great changes. The
Engel coefficient of the population decreased from 40.5% in 2001 to 29.8% in 2021. As the
level of urbanization increases, the trend of a two-way flow of resource factors gradually
emerges [1]. However, the differences between urban and rural development levels have
been the major reason to restrict balanced development in China for a long time [2]. The
income ratio between urban and rural residents (rural residents” income = 1) in 2022 is
still as high as 2.45 in addition to individual-level distributional problems, imbalances in
the areas of macro growth and infrastructure [3] are also important manifestations of the
urban-rural gap in China.

Equitable distribution, balanced growth, and improved infrastructure are important
components of the UN Sustainable Development Goals. Since the 1980s, especially since the
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21st century, the Chinese government has made improving the urban-rural relationship one
of its major goals. The Chinese government has focused on implementing special policies in
rural and urban areas, respectively, to eliminate the urban—rural dichotomy and to promote
integrated urban-rural development. The digital economy is the main economic form after
the agricultural and industrial economies, and it has greatly changed the industrial and
agricultural forms, which inevitably have a great impact on the development of the urban—
rural relationship [4]. The Chinese Government put forward plans for smart cities and
digital villages in succession under the policy framework for establishing a digital China.
This is an important measure to achieve urban-rural common prosperity in the era of the
digital economy. We can see that the digital economy and urban-rural integration have
strong compatibility in policy: on one hand, the digital economy brings a new potential
technical route for the development of urban-rural integration, and on the other hand,
the increasing need of cities and villages for each other provides new scenarios for the
development of a digital economy. The future is an important opportunity to promote the
deep integration of the digital economy and the real economy and to realize the prosperity
of the digital economy. It is also a critical stage for improving urban-rural coordination and
achieving urban-rural integration. Therefore, there is an urgent need for China to explore
the specific effects and coordination mechanisms of the digital economy and the integrated
development of urban and rural areas. In this context, this study is prescient.

With the rapid development of the digital economy and urban-rural integration,
the mutual influence between the two has become complex. Therefore, this paper is
benefit to understand the level and inner mechanism of the coordinated development
of digital economy and urban-rural integration more fully, and further discusses the
spatial relationship between the two. However, there are not enough studies that relate
the digital economy to urban-rural integration. Among these studies, most of them
are concerned with the impact of the digital economy on urban-rural integration. Few
articles discuss the impact of rural-urban integration on the digital economy and their
interrelationship. Therefore, this paper attempts to provide evidence for the following
three perspectives. First, the level of coupled coordination between the digital economy
and urban-rural integration gradually increases nationwide and in each province. Second,
the coupling and coordination level of the digital economy and urban-rural integration
in each region and province is still in the process of continuous optimization. Third, the
main endogenous mechanisms of the coupled coordination of the digital economy and
urban-rural integration are information construction, internet penetration, digital industry
development, rational distribution, balanced growth, and equalization of public services;
the impact of the endogenous mechanisms has differences.

This study makes marginal contributions in the following aspects. First, this paper is
the first to propose the endogenous mechanism of the digital economy and urban-rural
integration and use it as a basis to build an indicator evaluation system of the digital
economy and urban-rural integration by drawing on relevant literature. Second, this
paper attempts to integrate the digital economy and urban-rural integration into a unified
theoretical framework and analyze their coupling and coordination. Third, this paper
uses equations for chronological evolution and geographically weighted regression (GWR)
models to discuss the trends and main drivers of the coordinated relationship between the
two. This study is expected to provide theoretical support and policy recommendations for
the development of the digital economy and urban-rural integration, to deeply explore the
value and functions of the digital economy, and to promote the high-quality development
of urban-rural integration and common prosperity of urban and rural areas.

2. Literature Review and Mechanism Analysis
2.1. Literature Review

The literature review consists of three main parts: the definition of the digital economy,
the definition of urban-rural integration, and the study of combining digital economy and
urban-rural integration.
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The concept of the digital economy appeared in the 1990s. Tapscott [5] was the first to
put forward the concept of “the digital economic times”. He pointed out that the digital
economy realized the combination of intelligence, knowledge, and creativity through
breakthroughs in technology and intellectual network, sequentially facilitating the growth
of the economy. The early research on the digital economy always focused on technologies
of the digital economy and the laws of industrial development. Lane [6] mentioned that a
digital economy is an economic form driven jointly by information communication and
computing technologies, resulting in extensive growth of the e-commerce industry and
changes in traditional business models. Teo [7] and Cheon and Kim [8] further clarified
the definition of the digital economy, and Cheon and Kim [8] also clarified the boundary
of the digital economy on this basis. The G20 Hangzhou Summit in 2016 formed a broad
consensus on the definition of the digital economy through the “G20 Digital Economy
Development and Cooperation Initiative”, i.e., the economic activities which take digitized
knowledge and information as the key productive elements, the modern information
network as the important carrier, the effective application of information communication
technologies as the important impetus to improve the efficiency and optimize the economic
structure [9].

There are two main types of methods used by academia to measure the digital economy.
The first type is to use a single proxy for the scale of industries related to the digital
economy. Since the connotation and extension of the digital economy are extremely broad,
although this type of method can also better reflect the impact of the development of
the digital economy; it is difficult to comprehensively reflect the changes in the internal
structure of the digital economy. The second type of method is the indicator system
method, which constructs an indicator system from multiple dimensions of digital economy
development and standardizes it. This approach can pass the development of each element
within the digital economy. For example, the Organization for Economic Cooperation and
Development (OECD) measures the prosperity of the digital economy in four dimensions:
smart infrastructure, innovation capacity, digital industry, and empowered society [10], and
the European Union (EU) publishes the Digital Economy and Society Index (DESI), which
covers human capital, Internet connectivity, commercial applications of digital technologies,
and digital public services [11]. Hanna (2020) constructed an evaluation index of the digital
economy in terms of digital infrastructure, digital platform, digital governance, and data
processing [12].

An urban-rural relationship is an interaction and connection between cities and
villages, interactional, mutually influenced, and mutually restricted, and it is formed
on the basis of the specific social and economic system [13]. As the stages of economic
development change, the relationships between cities and villages are constantly changing.
Different from the digital economy, cities and villages are the two most important forms of
settlement of human civilization, and economists have concluded and explored the laws
of development and interaction of these two in early phases. At the primary phase of
economic development, Adam Smith [14] put forward the first theory of the urban-rural
relationship, i.e., the “Urban-Rural” Natural Order Theory. This theory pointed out that the
development of agricultural villages in the early days of the industrial revolution played
an important role in cities. The industrial revolution caused profound changes in the
relationship between cities and villages, and urban-rural conflicts arose. Marx and Engels
formed the urban-rural integration theory based on their criticism and absorption of the
discussions on the urban—rural relationship of classical economics and utopian socialism.
Marx believed that the development of the urban—rural relationship will experience four
phases “separation- antagonism-coordination-integration”. Urban-rural integration is the
last phase of the development of Marxist urban-rural relations [15]. In the 20th century,
Syrquin and Chenery [16] pointed out that the advancement of urbanization accompanied
by industrialization is a common feature of development in all countries. The “Lewis—
Fei—Ranis” model describes a kind of urban-rural dual structure for the balanced growth
of industry and agriculture [17,18]. After that, many researchers challenged the trend
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of urban—rural division and deviation and put forward abundant theoretical hypotheses,
such as the regional network model proposed by Douglass [19], the desakota model by
McGee [20], and the urban-rural dynamic theory by Lynch [21], etc.

Urban-rural integration is the last stage in the development of urban-rural rela-
tions [22]. This concept broadly and extensively includes the coordination of factors and
industries in the relationship between urban and rural areas [23-27]. There is no accepted
standard to measure the level of urban—rural integration. Established studies have con-
structed a multidimensional evaluation index system of urban-rural integration mainly in
terms of factor flow, industrial development and infrastructure, and public services [28].
Some scholars also point out that urban—rural integration corresponds to the coordination
of urban—rural economic and social development, the innovation of urban-rural factor
combinations, the improvement of urban—rural factor marketability, the optimization of
urban-rural ecological environment and spatial layout, and the equal sharing of urban—
rural development achievements [29,30].

It can be seen that the definition and measurement of the digital economy or urban-
rural integration have been relatively well researched. However, relatively little literature
addresses the integration of the digital economy and urban-rural integration compared
to the extensive practice. Of the limited literature, the vast majority focuses on the digital
economy driving urban-rural integration [31-35]. Very little literature has described how
urban-rural integration can help the digital economy. Therefore, this paper will attempt
to fill the gap in four aspects: (1) complementing and improving the intrinsic mechanism
of coupled and coordinated development of digital economy and urban-rural integration;
(2) measuring the coupled and coordinated development of digital economy and urban—
rural integration; (3) analyzing the characteristics of this coupled and coordinated re-
lationship; and (4) empirically analyzing the influence of each factor on this coupled
coordination degree.

The remaining parts of this paper are arranged as the following: Section 3 is the
introduction of empirical methods and data pretreatment; Section 4 is the report of empirical
results; and Section 5 is the conclusion and discussion of this paper.

2.2. Mechanism Analysis

Understanding the mechanism of interaction between the digital economy and urban—
rural integration is the key to initially identifying the driving force of their coupling and
coordination. The digital economy is an important driver of efficiency improvement
and structural optimization in the economy. Further urban-rural integration provides a
broader market and fuller financial support for the development of the digital economy:.
In terms of equitable distribution, the development of the digital economy has improved
asymmetric information and increased market competitiveness. This creates more economic
opportunities for individuals, which leads to a reduction in the differences in income
distribution and product consumption structure between urban and rural individuals. The
improvement in individual income distribution and product consumption between urban
and rural areas has allowed more residents to afford digital technologies and services, i.e.,
this has increased the penetration of the digital economy. In terms of balanced growth, the
new technologies and business formats embedded in the digital economy provide carriers
for the efficient allocation of factors between urban and rural areas, which can be beneficial
to balanced growth between urban and rural areas. Balanced growth is an essential sign of
integrated urban-rural development and urban and rural balanced growth greatly expands
the market and demand for the digital economy. In terms of public services, the new digital
economy, such as online medicine, online government, and public online classrooms, has
given rural areas access to a similar quality of public services as urban areas. In this way,
urban and rural residents can have more equitable access to public services provided by
the government. The dense information network infrastructure has created a unified and
extensive information and communication network between cities and villages. The digital
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Digital economy

economy can evolve within this large network. Figure 1 illustrates these mechanism paths
more visually.
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Figure 1. Internal mechanisms of the coupled and coordinated relationships between the digital
economy and urban-rural integration.

3. Index System Formulation, Data Source, and Evaluation Methods
3.1. Development of the Indicator System

As mentioned earlier, integrated urban-rural development is mainly manifested as
equitable distribution of wealth among urban and rural residents, robust and balanced
development of the urban and rural economy, and the equal allocation of urban and rural
public resources. The Petty—Clark theorem [36] stated that the structural antagonisms
between the agricultural industries which are mainly carried by rural settlement and
the nonagricultural industries which are mainly carried by urban settlement prevail in
developing countries. Therefore, this paper constructs the indicator system of urban-rural
integration from three aspects: equitable distribution, balanced growth, and equalization of
public services. In terms of equitable distribution, the structural opposition between urban
and rural industries leads to the differences in urban and rural residents’” employment
sector and quality, and these differences further result in the difference in urban and rural
income and consumption structure. Generally speaking, compared to rural residents, urban
residents have higher per capita income and can afford more consumption. In terms of
balanced growth, the structural opposition between urban and rural industries leads to
differences in industrial size and the circulation service system. The higher allocative
efficiency of elements of urban nonagricultural sectors makes the capital accumulating
rate of nonagricultural industries much higher than the rural agricultural sectors. The
differences in circulation service systems, on one hand, are manifested as the differences
between the urban and rural capital reinvestment, and, on the other hand, are manifested as
the differences between the flow capacities of urban and rural consumer goods. Meanwhile,
in the public domain, the imbalanced development of the urban-rural economy also hinders
the equal allocation of public services.

Specifically, in this paper, we refer to Zhang Bosheng and Yang Zisheng [37] and Zhang
Aiting et al. [38] for the selection of indicators of urban—rural development coordination
level. This paper selects eight indicators that can reflect the urban-rural development level,
from the three aspects of equitable distribution, balanced growth, and the equalization of
public service, as shown in Table 1. In this paper, we also consider the availability of data.
In order to manifest the integration of urban-rural development, this paper references
the methods of Zhang and Yang [37], uses corresponding urban subindicators and rural
subindicators, and calculates each indicator by using the coefficient of variation method.

0"4
X; =t

= 1
m )
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Table 1. Indicator system of urban-rural integration development index.

Target Layer Element Layer Indicator Layer Urban Subindicator Rural Subindicator Weights
Coordination of Disposable income of Disposable income of 0.1506
Income X1 urban households pc 1x11  rural households pc x12 ’
distribution Coordination of Consumption Consulr.lption
Consumption X2 expenditure of urban expenditure of rural 0.1604
P households pc x7; households pc x22
Coordination of Nonagricultural output Agricultural output 01116
Growth X3 value pc x31 value pc x3; ’
Coordination of Urban fixed capital Rural fixed capital
Urban-rural Balanced growth Investment X4 investment pc x41 investment pc x4 0.1640
integration — — —
index X Coordination of Price index of urban Price index of rural 01657
Market X5 consumer goods x5; consumer goods x5 ’
Coordination of Proportion of urban Proportion of rural
. . 0.0712
Employment X6 employed population x4;  employed population xg
o Average years of Average years of
Equéllzatlo.n of ggzz:g?;ﬁr;(;f education 2 of urban education of rural 0.0979
public service population x7; population x7;
Coordination of Number of beds in Number of beds in
medical institutions per medical institutions per 0.0786

Medical X8 10,000 urban residents xg; 10,000 rural residents xg,

1 pc means per capita. 2 Average years of education = (Pprimary school X 6 *+ Priddle school X 9 + Phigh school X

12 + Pcollege and abovel X 16)/(Pprimary school + Pmiddle school + Phigh school + Pcollege and above), and P represents the
educated population at each level.

Therein, indicator X; represents the coefficient of variation between subindicator
x;1 and subindicator xj, in Table 1; o; is the standard deviation of x;; and xj, y; is the
arithmetic mean of x;; and x;;. The smaller the value of indicator X; is, the smaller the
dispersion degree between urban and rural subindicators which are corresponded by the
ith indicator in the indicator layer, and this reflects a better urban—rural integration degree
of this indicator. The integrated urban-rural development index reflects the urban—rural
integration state by measuring the differences in urban-rural development from several
dimensions. Therefore, the method applied in this paper to calculate the urban-rural
integration development index by making a weighted summation is as follows:

X=1-Y WX @)

X is the urban-rural integration development index, whose value range is [0, 1].
The bigger the index value is, the higher the integration degree of urban—rural develop-
ment is. W; is the weight of the ith indicator X;, and W; is calculated by using entropy
weight method.

The digital economy is a new type of economic form that has achieved technical
integration, industrial integration, and the integration of producers and consumers. It takes
digitized information as the core element of the production, information technology as
the support, and the modern information network as the main carrier, and uses digitized
technology to provide the products or services [39]. Therefore, the digital economy is
indeed a comprehensive development product of informatization [40] and the internet [41],
and the digital industry based on this [42]. Informatization provides hardware and software
supports for the development of the digital economy, while the popularization degree of
the internet decides the size of the potential markets in the digital economy. Informatization
mainly includes infrastructure such as optical cables, base stations, talent teams, etc., and
its influence is formed through businesses such as telecommunications, software, and so on.
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The popularization of the internet includes the popularization of internet devices at fixed
terminals and mobile terminals, as well as the popularization of users. The development of
digital industry can be measured by the popularization degree of enterprise websites and
computers as well as the development state of e-commerce.

Based on this, this paper references the methods to select variables in the measurement
system of digital economy development in the literature of Liu et al. [43] and Han et al. [44]
and selects 14 subindicators that can reflect the development state of digital economy from
three aspects: informatization construction, popularization of the internet, and develop-
ment of digital industries, as shown in Table 2. Data are standardized as follows for the
analysis of coupling-coordination degree:

Yit max — Yit min

Table 2. Indicator system of digital economy development index.

Target Layer Element Layer Indicator Layer Subindicator Layer Weights
Cable density v 0.0556
Infrastructure of Der}mty of mobile phone base 0.0556
s . c . stations y»
Informatization informatization . . o
: Proportion of informatization
construction o 0.0556
practitioners y3
Impacts of informatization Total Telecom Business y4 0.0834
P Software Business Revenue y5 0.0834

Infrastructure of

fixed terminals Density of internet access ports yg  0.0834

Infrastructure of Popularization rate of mobile

Dlgltal economy Popularization mobile terminals phones y7 0.0834
development of Internet P tion of broadband-internct
index Y Impact of fixed terminals roportion ot broadband-interne 0.0834
users yg
Impact of mobile terminals 1+ roportion of mobile-infernet 0.0834
users g
Prci)pc')trtlon of enterprise 0.0556
Infrastructure of ‘l;ve st is Y10 ¢ ‘ db
Development of digital industries roportion Of Computers used by g55¢
digital industries enterprl'ses yn
Proportion of e-commerce y1, 0.0556
S . E-commerce sales y13 0.0834
Impact of digital industries Online retail sales 14 0.0834

Therein, Y;; is the ith subindicator in the tth year after being standardized; y; ; is the
ith subindicator of the original data in the tth year; y; ; ;45 is the maximum value of the ith
subindicator of the original data in the tth year; and y; ; i, is the minimum value of the
ith subindicator of original data in the tth year. As there is an obvious logical progressive
relationship at the indicator layer, this paper references the method of Liu et al. [43] and uses
the digital economy development index, i.e., using the average-weight method to assign
weights and perform linear weighting operations respectively at the element, indicator,
and subindicator level.

Data Sources

The basic data of this paper originates from the “China Statistical Yearbook”, the
“China Rural Areas Statistical Yearbook”, the “China urban-rural construction statistical
yearbook”, and the “China Population and Employment Statistics Yearbook” of 2013-2020,
and the average years of education of the urban and rural populations are measured and
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calculated by the treatment method mentioned in the “China National Human Develop-
ment Report 2013” (See Note 2 in Table 1 for details). As the four municipalities directly
under the central government, including Beijing, Shanghai, Tianjin, and Chongqing, have
high degrees of urbanization and smaller rural areas, the statistical data of their rural areas
is seriously deficient, and the agricultural and rural development in the two autonomous
regions, including Tibet and Xinjiang, have their geographical and humanistic particulari-
ties. Therefore, after being sorted, the samples for this study cover the data of 25 provincial
administrative units in China, excluding the six provinces and cities mentioned above and
Hong Kong, Macao, and Taiwan.

3.2. Evaluation Methods
3.2.1. Coupling-Coordination Model

Coupling-coordination degree reflects the interaction degree among the subsystems
in a coupling system, and the coupling effect and the coordination degree decide the
evolution and development trends of the coupling system. The coupling effect refers to
the strength of interaction among the subsystems. The coordination degree represents
the degree to which the interactions of the subsystems promote the benign development
of the subsystems. There is a complicated nonlinear coupling relationship between the
subsystems of digital economy and urban-rural integration, therefore, this paper puts both
in one framework and constructs the digital economy urban-rural integration coupling
system. The coupling-coordination model can be expressed as,

D=vVCxT (4)

1
c—(thxt Uzz ’ )
(U]-{Uz)
T = al; + BlU, (6)

In Equation (4), D is the coupling-coordination level of the system, C is the coupling
degree between the two subsystems, and T is the coordinating development degree between
the two subsystems. U; and U, are two values representing the two subsystems. Since
both of the subsystems are major movers to achieve common prosperity and are of great
significance in economic and social development, the undetermined coefficients, « and g, of
both of the subsystems are set as 0.5. Referring to the criteria of research by Zhao et al. [45],
Li and Zhang [46] and Han et al. [44], the coupling-coordination degree grades are divided
as in Table 3.

Table 3. Criteria for coupling-coordination degree grades division.

Range of Coupling-Coordination Degree D Coupling-Coordination Stages Coupling-Coordination Degree
(0.0~0.1) Extremely imbalanced
[0.1~0.2) Low-level coupling stage Severely imbalanced
[0.2~0.3) Moderately imbalanced
[0.3~0.4) . Lightly imbalanced
[0.4~0.5) Antagonism stage Almost imbalanced
[0.5~0.6) Run-in stage Barely balanced
[0.6~0.7) & Low-level balanced
[0.7~0.8) Moderately balanced
[0.8~0.9) High-level coupling stage Well balanced
[0.9~1.0) Superiorly balanced
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3.2.2. Equations for Chronological Evolution

The digital economy urban-rural integration coupling system is a complicated system
relationship, including the digital economy subsystem and the urban-rural integration
subsystem. According to the system theory, this paper expresses the evolution equation of
these two subsystems as:

(x,1) = X 7)
_ dUx(Y)
(v, 1 = 2 ®

In Equations (7) and (8), Uy (X, t) and U,(Y, t) are respectively the evolution trends of
the digital economy subsystem and the urban—rural integration subsystem under the joint
influence of both endogenous and exogenous factors. Therefore, the evolution rate change
equation of the two subsystems is:

n(x) = 20D ©)
v(y) = 22D (10)

In Equations (9) and (10), U; (X, t) and U, (Y, t) are respectively the evolution trends of
the digital economy subsystem and the urban—rural integration subsystem under the joint
influence of both endogenous and exogenous factors. V;(X) and V(YY) are respectively the
evolution rates.

3.2.3. Geographically Weighted Regression (GWR)

The geographically weighted regression model extends the lack of explanatory power
of the traditional linear regression model for spatial independent variables and is able to re-
flect the change in the spatial regression relationship with spatial location. Its computational

model is that: ;

yi = Bo(ui,v;) + ) Br(ui, vi)xij + & (11)
j=1
In Equation (11), y; is the coupling-coordination degree of the digital economy and
the urban—rural integration in the ith provincial district; x;; is the jth influencing factor of
the coupling-coordination degree of i provincial district; (1, v;) is the spatial geographic
coordinates of province and region i; By (u;, v;) is the jth regression parameter of the ith
provincial district; and ¢; is the random error term.

4. Results
4.1. Measurement of SubSystems

The level of subsystem development and its differences are the basis of the system
coupling and coordination relations. Table 4 shows the subsystem development indices
calculated on the basis of the previously described methodology and data. In order to
emphasize the gap between the indices, the development indices of the two subsystems
are written in the form of fractions in Table 4. The numerator and denominator denote the
digital economy development index and the urban—rural integration development index,
respectively. Further, the national average is also calculated in Table 4.
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Table 4. Digital economy and urban-rural integration subsystem development index.

Region  Province 2013 2014 2015 2016 2017 2018 2019 2020
NE HL 0.081/0.167 0.112/0.158 0.134/0.144 0.146/0.134 0.183/0.137 0.197/0.136 0.236/0.143 0.275/0.161
NE JL 0.097/0.207 0.115/0.199 0.138/0.176 0.148/0.163 0.161/0.163 0.205/0.16 0.215/0.175 0.23/0.208
NE LN 0.135/0.156 0.174/0.159 0.215/0.197 0.223/0.208 0.252/0.222 0.267/0.219 0.307/0.218 0.329/0.228
E FJ 0.142/0.171 0.172/0.17 0.209/0.175 0.224/0.156 0.246/0.147 0.274/0.131 0.302/0.141 0.321/0.152
E GD 0.295/0.185 0.35/0.183  0.434/0.196 0.471/0.174 0.553/0.178 0.661/0.195 0.78/0.196 0.878/0.203
E HI 0.167/0.171 0.223/0.17  0.254/0.18 0.283/0.177 0.282/0.191 0.28/0.205 0.293/0.197 0.292/0.202
E HE 0.091/0.235 0.119/0.27 0.15/0.283 0.162/0.268 0.182/0.261 0.222/0.249 0.271/0.242 0.303/0.244
E IS] 0.277/0.254 0.304/0.256 0.359/0.271 0.38/0.261 0.418/0.262 0.477/0.257 0.554/0.26 0.616/0.266
E SD 0.143/0.215 0.181/0.215 0.221/0.223 0.262/0.215 0.292/0.215 0.373/0.232 0.419/0.253 0.459/0.272
E Z] 0.225/0.183 0.256/0.179 0.315/0.192 0.352/0.195 0.387/0.198 0.442/0.21 0.529/0.225 0.598/0.246
W GS 0.088/0.031 0.108/0.067 0.136/0.073 0.169/0.064 0.168/0.068 0.186/0.084 0.211/0.099 0.229/0.113
A\ GX 0.092/0.17  0.101/0.165 0.088/0.18 0.102/0.176 0.115/0.179 0.158/0.186 0.205/0.204 0.253/0.222
\4 GZ 0.089/0.183 0.111/0.199 0.139/0.193 0.175/0.169 0.181/0.164 0.2/0.179  0.241/0.193 0.271/0.208
W M 0.098/0.221 0.122/0.216 0.149/0.23 0.175/0.224 0.201/0.214 0.211/0.192 0.241/0.187 0.274/0.191
w NX 0.101/0.121 0.132/0.106 0.165/0.112 0.182/0.1  0.183/0.1  0.193/0.132 0.197/0.15 0.219/0.164
W QH 0.114/0.166 0.142/0.17 0.181/0.174 0.211/0.164 0.212/0.165 0.235/0.145 0.256/0.149 0.289/0.15
W SN 0.133/0.146 0.174/0.156 0.209/0.172 0.241/0.177 0.265/0.194 0.3/0.176  0.353/0.175 0.383/0.173
A\ SC 0.151/0.19  0.191/0.2  0.241/0.205 0.273/0.206 0.292/0.266 0.327/0.259 0.389/0.251 0.445/0.247
\ YN 0.109/0.119 0.135/0.121 0.169/0.124 0.188/0.117 0.202/0.118 0.219/0.114 0.272/0.126 0.309/0.139
C AH 0.118/0.105 0.159/0.108 0.198/0.124 0.21/0.117 0.232/0.121 0.262/0.15 0.314/0.146 0.331/0.15
C HA 0.073/0.254 0.096/0.253 0.119/0.255 0.129/0.246 0.145/0.241 0.193/0.25 0.234/0.219 0.28/0.199
C HB 0.114/0.225 0.15/0.219 0.19/0.221 0.219/0.236 0.24/0.232  0.274/0.251 0.327/0.241 0.356/0.249
C HN 0.099/0.233 0.135/0.231 0.159/0.237 0.176/0.24 0.183/0.234 0.219/0.215 0.253/0.225 0.296/0.244
C JX 0.096/0.225 0.123/0.225 0.152/0.214 0.136/0.187 0.173/0.178 0.195/0.173 0.226/0.171 0.261/0.181
C SX 0.08/0.179  0.108/0.177 0.131/0.177 0.152/0.164 0.149/0.171 0.168/0.199 0.191/0.227 0.206/0.271
N'! Avg. 2 0.128/0.18 0.16/0.183  0.194/0.189 0.216/0.182 0.236/0.185 0.27/0.188 0.313/0.193 0.348/0.203

1 N means national. > Avg. means average.

The results of the two development index measurements show the characteristics

of synchronous and different speeds. First, the national averages are synchronized with
different speeds. In terms of growth trends, both have undergone an evolutionary process
of development from a lower level to a higher level. The digital economy development
index has increased from 0.128 in 2013 to 0.348 in 2020, while the urban—rural integration
subsystem has fluctuated from 0.180 in 2013 to 0.203 in 2020. In 2013, the development
level of the digital economy subsystem was lower than that of the urban—rural integration
subsystem, though the difference between the two gradually narrowed during the evolution
of system development. Since 2015, the digital economy development index has exceeded
the urban—rural integration development index from the national average.

The characteristic of synchronization with different speeds also applies at the provin-
cial level. Most of the sample provinces, with the exception of six provinces and regions,
have received different degrees of improvement in both development indices. Heilongjiang,
Fujian, Inner Mongolia, Qinghai, Henan, and Jiangxi saw their urban-rural integration
levels decline, though only marginally. It should be emphasized that the differences in
growth rates are not only between the two development indices of the same provinces but
also between different provinces. The above analysis shows that the development evolution
of the two subsystems shows a more complex correlation of homogeneous changes. This
may be due to the changes in the relationship between the two. Therefore, further research
on the coupled coordination relationship between the digital economy and urban-rural
integration is necessary.

4.2. Coupling-Coordination Analysis

There are complex interactions between the digital economy and urban-rural integra-
tion. In this paper, the interrelationship between the digital economy subsystem and the
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urban-rural integration subsystem is measured and analyzed by provinces and regions
using the coupling-coordination degree model. Table 5 shows the calculated results and
national average values of the coupling-coordination degree between the digital economy
subsystem and the urban-rural integration subsystem in each province and region. From
an overall perspective, the mean value of the coupling-coordination degree between the
digital economy and urban-rural integration in China from 2013 to 2020 increased from
0.427 to 0.680, an increase of 59.25%. The coupling-coordination relationship between
China’s digital economy and urban-rural coordination developed from the antagonistic
stage of near dissonance to the high-level coupling stage of primary coordination.

Table 5. Coupling and coordination about digital economy and urban-rural integration.

Region Province 2013 2014 2015 2016 2017 2018 2019 2020 Increase
NE HL 0.321 0.413 0.441 0.449 0.496 0.509 0.552 0.603 87.85%
NE JL 0.406 0.449 0.476 0.48 0.498 0.544 0.568 0.612 50.74%
NE LN 0.454 0.51 0.588 0.606 0.644 0.654 0.683 0.707 55.73%
E F] 0.478 0.518 0.562 0.557 0.565 0.565 0.596 0.622 30.13%
E GD 0.643 0.676 0.736 0.727 0.767 0.828 0.868 0.905 40.75%
E HI 0.513 0.571 0.607 0.626 0.639 0.651 0.653 0.657 28.07%
E HE 0.4 0.499 0.566 0.576 0.599 0.637 0.676 0.702 75.50%
E JS 0.69 0.713 0.762 0.768 0.791 0.817 0.856 0.887 28.55%
E SD 0.513 0.566 0.616 0.646 0.669 0.738 0.783 0.821 60.04%
E 7] 0.585 0.608 0.663 0.69 0.713 0.755 0.811 0.861 47.18%
Y GS 0.13 0.298 0.35 0.364 0.373 0.423 0.47 0.506 289.23%
Y GX 0.367 0.391 0.359 0.402 0.435 0.514 0.584 0.644 75.48%
Y GZ 0.365 0.44 0.49 0.52 0.523 0.557 0.609 0.647 77.26%
Y M 0.417 0.475 0.532 0.565 0.588 0.58 0.603 0.633 51.80%
Y NX 0.355 0.396 0.446 0.446 0.447 0.501 0.525 0.561 58.03%
' QH 0.423 0.477 0.532 0.553 0.555 0.554 0.575 0.599 41.61%
Y SN 0.441 0.507 0.56 0.593 0.629 0.637 0.669 0.683 54.88%
Y SC 0.507 0.566 0.62 0.647 0.711 0.731 0.765 0.792 56.21%
'V YN 0.371 0.419 0.466 0.477 0.491 0.5 0.556 0.598 61.19%
C AH 0.373 0.434 0.495 0.497 0.52 0.58 0.61 0.626 67.83%
C HA 0.306 0.427 0.491 0.507 0.533 0.606 0.625 0.646 111.11%
C HB 0.463 0.527 0.581 0.624 0.641 0.685 0.717 0.743 60.48%
C HN 0.427 0.509 0.552 0.578 0.582 0.608 0.647 0.697 63.23%
C JX 0.413 0.482 0.526 0.481 0.526 0.546 0.574 0.614 48.67%
C SX 0.323 0.418 0.465 0.486 0.488 0.537 0.587 0.635 96.59%
N1 Avg.2 0.427 0.492 0.539 0.555 0.577 0.61 0.646 0.68 59.25%

1 N means national. 2 Avg. means average.

Figure 2 shows more intuitively the provincial spatial and temporal distribution
characteristics of digital economy and urban-rural coordination. The colors of the color
blocks in each province and region all deepen over time. This indicates that the coupling-
coordination relationship between each province and region has improved between 2013
and 2020. However, there are significant inter-provincial spatial differences in the coupled
coordination relationship between the digital economy and urban-rural integration. From
the heat map (Figure 2), the level of coupling coordination in the southeastern coastal
provinces of Shandong, Jiangsu, Zhejiang, Fujian, and Guangdong is at a relatively high
value in 2013. The other provinces in the sample that also had relatively high values in 2013
were Sichuan, an important province in the southwest. In the following eight years, the
coupling coordination of these six provinces remains at relatively high levels. Looking at
the heat map over the years, we can see that the distribution of the coupling-coordination
degree of the sample provinces in the eight years shows a pattern of growth centered on
the above six provinces and spreading around.
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Figure 2. Heat map of the results of the coupling-coordination degree between the digital economy
and urban—rural integration.
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4.3. Equations for Chronological Evolution

Fitting the subsystem evolution trend equation can help clarify the movement and
change the trend of the subsystems. Chronological evolution trends of subsystems of
the digital economy and urban—rural integration respectively. The comparison of fitting
results needs to take into account both the fitting and predictive ability as the purpose.
After comparing the fitting results cross these functions, it is found that the goodness of
fit of the fourth-order power function of digital economy subsystems is 0.9982. And the
goodness of fit of the third-order power function of the urban-rural integration subsystem
is 0.9336. At this time, the function has the better fitting and predictive ability. Therefore,
the chronological evolution equations of the digital economy subsystems and urban-rural
integration subsystems are respectively as follows:

F(x,t) = —0.0001#* 4 0.0029¢> — 0.0198¢2 + 0.0793t + 0.0645

12

R? = 0.9982 (12)

G(y,t) = 0.0003t3 — 0.0032¢> — 0.0118t + 0.1711 13
R? = 0.9336

In Equations (12) and (13), F(x, t) and G (y, t) represent, respectively, the path of the
evolution and development of digital economy and urban-rural integration over time. Take
the derivative of the chronological evolution fitting equation and obtain the fitting function
of the chronological evolution speed of each subsystem.

f(x,t) = —0.0004t> + 0.0087> — 0.0396t + 0.0793 (14)

1) = 0.0009t% — 0.0064t — 0.0118 (15)
gy

Equations (14) and (15) represent the development and evolution speed of the dig-
ital economy subsystem and urban-rural integration subsystem, respectively. Based on
Equations (12)—(15), Figures 3 and 4 show, respectively, the chronological evolution trend
and the evolution speed change law of the subsystems from 2013 to 2020 and use the
fit line to predict the relevant data from 2021 to 2023. In Figure 3, the fit line coincides
highly with the actual curve height, which means that the fit curve perfectly concludes
the actual evolution trend of the subsystems. In terms of development trends, the digital
economy development index from 2013 to 2015 exceeded that of urban-rural integration at
a faster rate and kept increasing continuously ever after. After an early slight downward
fluctuation, the urban-rural integration index started to increase in 2016. This verified the
conclusion drawn earlier in this paper that the coupling-coordination relation of China’s
digital economy and urban—rural integration develops from the antagonism stage on the
verge of imbalance to the high-level coupling stage with primary coordination. The pre-
dictive data shows that after 2020, the curves of the digital economy subsystems and the
urban-rural integration subsystems tended to be parallel to each other. It means that the
evolution trends of these two not only share the same direction but also follow the trend
that a gradual widening gap is suppressed step by step. This can help to form a benign
interaction of high-level coupling coordination.

In Figure 4, the development and evolution speed curves of the digital economy sub-
system and the urban-rural integration subsystem are similar. However, the development
and evolution speed of the digital economy subsystem is always higher than that of the
urban-rural integration subsystem, and the coupling-coordination relation between these
two has not reached the optimal state. It states that, as two major measures to facilitate
the achievement of common prosperity, though there are already many policies and mea-
sures supporting the development of the digital economy and urban-rural integration,
it is still difficult to achieve the high-level coordinated development of these two in the
current coupling environment. This conclusion shows that there is still space to improve
the interactive relation by enhancing the top-level design and improving the infrastructure
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construction and then achieving high-level coordination development. The predictive
value tells us that, after increasing rapidly for a period, the development and evolution
speed of the digital economy subsystem tends to flatten out after 2022. Meanwhile, the
development and evolution speed of urban-rural integration subsystems keeps growing
rapidly. Therefore, after a longer period, these two may enter a high-speed and high-level
stage of coupling-integration development.

04 r
0.35 [
03
0.25 [
02

0.15 /

01

Subsystem index

0.05 [

0 1 1 1 1 1 1 1 1 1 J
2013 2014 2015 2016 2017 2018 2019 2020 2021* 2022* 2023

=== The real value of digital economy index Years
The real value of urban-rural integration index
--------- The fitting value of digital economy index
The fitting value of urban-rural integration index

Figure 3. The real and fitting value of the subsystem development index. (A year with * means that
the curve represents the predicted value in that year).
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Figure 4. The evolution speed of the subsystem development index. (A year with * means that the
curve represents the predicted value in that year).

4.4. Driving-Force Analysis of the Coupling-Coordination Degree

The further geographically-driven analysis is useful to identify the key factors affect-
ing the coupled and coordinated development of the digital economy and urban-rural
integration, thus providing evidence for policy formulation. In this paper, a geographically
weighted regression of factors influencing the coupled coordination of the digital economy
and urban-rural integration is conducted using Stata software. The dependent variable
of this regression is the degree of coupled coordination between the digital economy and
urban-rural integration. The independent variable is the factor-level indicator of the digital
economy and urban-rural integration. It is particularly important to explain that the avoid-
ance of endogeneity among indicators under the same factor is the reason for choosing the
factor rather than indicator as the dependent variable. One of the independent variables
related to urban-rural integration in the raw data is the coefficient of variation between
urban and rural areas. A larger coefficient of variation represents a larger urban—rural
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difference, that is, a lower level of urban-rural integration. We used one; this coefficient of
variation in the previous section to measure the level of development of the urban-rural
integration subsystem. Here we use the original values so that negative coefficients of ra-
tional distribution, balanced growth, and equalization of public services indicate a positive
effect on the improvement of coupling coordination. Due to the potential spatial variation
characteristics of the digital economy and urban-rural integration, the regression-using tra-
ditional fixed-effects model may ignore the influence of spatial differences on the regression
results, so the panel GWR model with fixed effects is used.

Table 6 shows the regression results. The regression results show that, except for
internet penetration, the improvement of all other factors plays a significant positive
role in the improvement of the coupling coordination between the digital economy and
urban-rural integration (as mentioned earlier, urban-rural integration uses the coefficient
of variation of the urban-rural gap, and the smaller the coefficient the better the level of
urban-rural integration). Among them, information technology construction plays the
biggest role, and the improvement of the unit of information-technology construction
level will drive the change of coupling-coordination degree twice. This is followed by
rational distribution, balanced growth, equalization of public services, and digital-industry
development in that order. This reveals that further informatization should be carried out in
cities and villages. At the same time, digital technology should be used to solve problems in
the areas of rational distribution, balanced growth, and equalization of public services, and
to continuously expand the market of digital technology and digital economy applications.
The popularity of the internet has played a significant negative role in the improvement of
the coupling and coordination between the digital economy and urban-rural integration.
This implies the need to regulate and guide the development of the internet and promote
the realization of internet dividends to be shared by all citizens.

Table 6. The results of GWR regression.

Variables Coupling Coordination

Informatization construction 0.319 *
(0.179)
Popularization of Internet 0.597 ***
(0.211)
Development of digital industries 1.882 ***
(0.149)
Equitable distribution —2.155 ***
(0.180)
Balanced growth 1.408 ***
(0.0548)
Equalization of public service —0.876 ***
(0.141)
Constant —18.73
(22.98)
Observations 200

Standard errors in parentheses. *** p <0.01, * p <0.1.

5. Conclusions and Discussion
5.1. Conclusions

The work done in this paper has three main parts. First, the evaluation-index system
of the digital economy and urban-rural integration is established and the development
index of both is measured using the data of Chinese provincial administrative regions from
2013 to 2020. Second, this paper uses the coupling-coordination degree model to calculate
the coupling-coordination degree of the digital economy and urban-rural integration
for the sample provinces in China from 2013 to 2020. Third, this paper proposes the
interaction mechanism between the digital economy and urban-rural integration and uses
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it as a framework to explore the characteristics of the coupling and coordination degree of
the two.

Based on the above research, this paper mainly obtains the following conclusions.

First, the development level of the digital economy and urban-rural integration in
China has been greatly improved. The development levels of the two subsystems are
characterized by the same trend of change but different rates of change in both the national
average and each province.

Second, the coupled coordination of China’s digital economy and urban—rural inte-
gration has been significantly improved, though there are differences in the magnitude of
improvement. The national average develops from the antagonistic stage on the verge of
dissonance to the high-level coupling stage of primary coordination. The improvement in
the level of coupling coordination shows a pattern of spreading around the six relatively
high-value provinces of Shandong, Jiangsu, Zhejiang, Fujian, Guangdong, and Sichuan.

Third, in terms of time trends, the coupling-coordination degree of the digital economy
and urban-rural integration still has sufficient room for upward movement and continuous
improvement. After a longer period of development, the coupling-coordination degree
may enter a higher level of the coupling-coordination development stage.

Fourth, information construction, rational distribution, balanced growth, equalization
of public services, and digital industry development are the main driving forces for the
improvement of the coupling-coordination degree in turn. The popularity of the internet
brings a significant negative effect on the coupling-coordination degree.

Therefore, this paper suggests the formulation of policies to promote the construction
of information technology, rational distribution, balanced growth, equalization of public
services, and digital industry development. To strengthen the guidance and regulation of
internet universality and promote the sharing of internet dividends.

5.2. Discussion

The development of China’s digital economy and the coordination of urban-rural
relations are at a critical stage. Both “Digital China” and “urban-rural integration” have
become national strategies. In the foreseeable future, they will together constitute the
new fulcrum of China’s economic development. In view of this, this paper analyzes the
comprehensive level of the development of the digital economy and urban-rural integration
in China from 2013 to 2020 and the characteristics of the changes in the coupling and
coordination degree of the two and analyzes the driving forces affecting the changes in the
coupling and coordination degree of the digital economy and urban-rural integration using
a spatial regression model. This can provide a scientific basis for the implementation of the
digital economy and urban-rural integration strategies, and further enrich the theoretical
connotation of the research on the relationship between the two. On a broader level, the
coordinated development of the digital economy and urban-rural integration will facilitate
the sharing of the fruits of economic development between cities and villages and enhance
the sustainability of economic development and people’s wellbeing. However, limited
by the availability of data, this paper cannot statistically investigate the provincial spatial
distribution characteristics of their coupling-coordination degree (spatial autocorrelation
requires more than 30 individuals). In the future, comparative studies at different spatial
scales can be conducted on related topics to reveal more deeply the regional differences,
spatiotemporal evolution trends, and driving mechanisms of their coupled coordination
relationship. Meanwhile, this paper attempts to construct the mechanism of the role of
the digital economy and urban-rural integration is still in the exploration stage and not
perfect. In the future, a scientific and systematic mechanism should be further constructed
to maximize the rationality and credibility of the research results.
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