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ous policy shock test of the Outline of Digital Rural
f digital economic development has a significant spatial
ninfluence the level of rural revitalization in neighboring regions.
eterogeneity, the regression results based on the multi-distance

ementing a differentiated digital economy development strategy and enhancing
the%radiation of polarized regions are important for reducing regional differences in
digital economy and rural revitalization to realize the coordinated development of
China’s digital countryside.
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1 Introduction

The digital economy, which supports rural development, is crucial in the establishment of
digital China, rural regeneration, and sustainable development methods. The report of the
Communist Party of China’s (CPC) 19th National Congress innovatively advocated the rural
rejuvenation plan of “prosperous industry, pleasant ecological, civilized countryside, efficient
government, and prosperous life.” Since then, the government has developed a series of
initiatives to boost the digital economy and empower rural rejuvenation. In 2018, Document
No. 1 of the Chinese central government introduced the concept of digital countryside
development. In addition, the Government Work Report advocated developing “Internet +
rural regions,” upgrading rural circulation networks, and promoting rural e-commerce and
rural express in 2019. In 2020, the Digital Agriculture and Rural Development Plan prioritizes
the deep integration of digital technology into agricultural and rural economies.The Outline of
the 14th Five-Year Plan for the “National Economic and Social Development of the People’s
Republic of China” and Vision 2035 emphasize the importance of accelerating the construction
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of the digital countryside, developing an integrated information
service system for agriculture and rural areas, establishing a
mechanism for providing universal access to agriculture-related
information, and promoting the digitization of rural management
services. All of these measures have clearly defined the strategic
direction of the digital economy to push the modernization of
agricultural and rural regions, and the digital economy has become
a critical force to promote rural revival development.With the
Internet’s extensive reach and ease, the digital economy may
effectively solve the “final kilometer” of rural building and become
an effective engine and long-term driving force for rural revival. At the
same time, rural rehabilitation provides fertile ground for the
inventive growth of the digital economy. There is a lot of
opportunity for digital governance, industrial digitization, digital
infrastructure building, and digital industrialisation in the rural,
which is critical for China’s digital economy to grow and enhance
its quality and efficiency.

The essence of the digital economy is an economic form that
applies information and communication technology to economic
development, which has a huge impact on economic development
and people’s lives. In the context of the era of big data, with the
continuous development of information technology, scholars have
begun to pay attention to the impact of the digital economy. The
concept of digital economy was first proposed by Tapscott (1996),
which is mainly used in the fields of e-commerce and the Internet
(Jeon et al., 2008; Lee and Chou, 2018; Manca et al., 2018; Sutherland,
2018). The micro-perspective research on the digital economy mainly
focuses on enterprises. It is believed that the digital economy
reduce the search cost, marginal cost, transportation cost, tracking
and verification cost of enterprises, which could gre
2020; Nuno,
economy can also help enterprises to establis

business friction (Jesemann,

Allam and Jones, 2020). Tre
digital economy is breakd
information

such as time cos ns and

transmission, and i conomic spatial pattern,
factors such as capital and
technology, improving the\@fficiency of factor allocation (Trevisan
et al, 2021). Gaglio et al. (2022) studied the relationship between
enterprise digitization and innovation, and they found that
communication technology promotes enterprise innovation by
increasing labor productivity (Gaglio et al, 2022). In terms of
macro impact effects, the digital economy has characteristics such
as permeability, platform and sharing, which can empower traditional
industries, promote the upgrading of traditional industrial structures
and create new growth drivers (Goldfarb and Tucker, 2019; Lange
et al,, 2020). At the same time, the digital economy can improve the
efficiency of resource utilization, which coincides with the concept of
green environmental protection and low carbon, and promotes high-
quality economic development (Nambisan et al., 2017). Myovella et al.
(2022) studied the contribution of digitization to economic growth in
sub-Saharan Africa and found that digital technologies such as mobile
telecommunications have played an important role in the process of
economic development (MyovellaKaracuka and Haucap, 2019). Ma
and Zhu (2022) analyzed the relationship between the digital economy
and total factor productivity, and found that the digital economy, as a
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driving force for economic innovation, significantly improved the level
of total factor productivity (Ma and Zhu, 2022). Pan et al. (2022)
further found that the digital economy can significantly promote the
level of total factor productivity in the economically developed eastern
regions of China, but this phenomenon is not obvious in the central
and western regions, indicating the impact of the digital economy on
total factor productivity is spatially differentiated (Pan et al., 2022).
Luo et al. (2022) found that the digital economy significantly improves
the efficiency of green development, which is mainly achieved through
technological innovation, human capital accumulation, and industrial
structure transformation (Luo et al., 2022).

With the continuous expansion of the application scope of digital
technology, some scholars have extended their research on the digital
economy to the field of rural revitalization to explore how the digital
economy can revitalize rural development. The main goal of rural
revitalization is to serve the disadvantaged groups in rural areas and to
eliminate poverty and increase income in the region, which is mainly
reflected in the prosperity of rural jndustries, ecological livability,
and affluent life (Li et al.,
studies have found that

t role in improving

economic development,
g rural construction and

prove agricultural production efficiency and
s (Weersink et al., 2018; Lioutas et al., 2019; Garske

Rose and Chilvers (2018) believed that digital
logies such as big data provide reliable analysis for food
production, optimize the links of food production, and improve the
output of food (Rose and Chilvers, 2018). Saiz-Rubio and Rovira-Mas
(2020) thought that data has become a key factor in modern
agriculture. Relevant data obtained through sensors can help
producers optimize decision-making and improve agricultural
production efficiency and sustainability (Saiz-Rubio and Rovira-
Mas, 2020). In terms of the digital economy to promote high-
quality economic development, rural industries can use the synergy
of digital technology to exert the spillover effect of information
technology, realize industrial optimization and upgrading, and
obtain higher economic output (Stenberg et al., 2009), Kumar et al.
(2021) believed that Industry 4.0 has changed the organizational
structure of agriculture, forming a more complex, customer-centric
and sustainable supply chain, and the optimization of the supply chain
has improved the operational efficiency of the rural economy (Kumar
etal., 2021). Zhu and Shang (2021) combined the Internet background
with the traditional rural tourism model to construct an Internet +
rural smart tourism system, and proved the effectiveness of the rural
smart tourism system through experiments (Zhu and Shang, 2021).
The digital economy can also effectively break down the urban-rural
dual structural barriers, narrow the urban-rural economic gap, and
promote high-quality rural economic development (Peng and Ma,
2021; Zhu and Chen, 2022). Kupriyanova et al. (2019) believed that
rural areas in Russia suffer from severe digital discrimination, which
leads to a decline in the competitiveness and profit margins of
agricultural-related enterprises. In the future, the construction of
rural digital facilities should be strengthened to reduce the urban-
rural digital divide (Kupriyanova et al., 2019). Ni (2022) pointed out
that the digital economy represented by cross-border e-commerce has
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promoted mass entrepreneurship and innovation, promoted the
transformation and upgrading of the foreign trade industry in the
county, narrowed the development gap between urban and rural areas,
and promoted the high-quality development of the regional economy
(Ni,2022). In terms of the digital economy for common prosperity, the
digital economy can promote balanced and shared growth, promote
regional coordination and equalization of public services, and reduce
the income gap between residents, thereby achieving common
prosperity (Lechman and Popowska, 2022; Leng, 2022). Philip and
Williams (2019) compared the income of rural household enterprises
before and after broadband technology installation through a case, and
believes that the digital economy provides many advantages for rural
household enterprises and can effectively reduce the income
imbalance of residents (Philip and Williams, 2019). Adams and
Akobeng (2021) pointed out that Information and Communication
Technologies can effectively reduce income inequality in rural Africa,
which is conducive to promoting rural democracy and political
stability (Adams 2021).
construction and governance, digital technologies are embedded in

and Akobeng, In terms of rural
rural public spaces and public facilities, promoting the construction of
rural civilization (Zhao et al., 2019; Zhang et al., 2021; Feng and Zhang,
2022), the convenience and low cost of the Internet. Cost breaks the
original social structure, relational structure and geopolitical structure,
reshapes the rural governance pattern, expands new ways and
methods for multiple participation in rural governance, and realizes
the digitization of governance (Wantchekon and Kosec, 2018; Ye and
Liu, 2020; Merrel, 2022). Hodge et al. (2017) took Clare, a rural town in
South Australia, as an example. They used topic content analysis
social network analysis to analyze the digital interaction between
elderly and service providers. There is great interest, i

6f responsibilities and reduce the
ijk et al., 2021). However, Rotz et al.
(2019) believed that the promotion of digital technology in rural areas

occurrence of disputes (Ri

will also have some disadvantages. When they study the impact of
digital technology on farm labor and rural communities, they found
that there exists a serious racial exploitation in farms that use digital
technology in large numbers. The labor and racially exploitative effects
of new technology should not be ignored when it comes to technology
(Rotz et al., 2019). Zhu et al. (2020) found that the use of the Internet
can significantly reduce residents’ sense of inner justice when studying
voluntary use of the Internet and social justice (Zhu et al.,, 2020). In
addition, the development of the digital economy has promoted equity
in rural education (Wang et al, 2019; Muhaimin et al., 2020) and
medical equity (Lindberg and Lundgren, 2022), and also played a
positive role in low carbon and environmental protection (Shen et al.,
2022; Xie et al., 2022).

Although the academic community has conducted extensive
research on the influencing factors of rural revitalization and the
empowering effect of the digital economy, the research mentioned
above still cannot provide reliable evidence for the influence of the
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digital economy on rural revitalization. On the one hand, the
theoretical discussion on the influence of the digital economy on
rural revitalization in the existing research is still insufficient. On the
other hand, the empirical test on the influence of the digital economy
on rural revitalization needs to be improved, and the relationship
between the digital economy and rural revitalization needs further
research and verification. The relationship between the digital
economy and rural revitalization needs to be further studied and
verified. Therefore, this study is based on the shortage of existing
studies. Possible contributions to this article: first, this study analyzes
the theoretical mechanism of the digital economy influencing rural
revitalization from digital infrastructure, digital industrialization,
industrial digitization, and digital governance dimensions based on
existing literature and applies a spatial econometric model to
investigate the influence effect of the digital economy on rural
this  study Digital Rural
Development Strategy Outline to exogenous shock test to verify

revitalization; second, uses the

that rural revitalization is consiste ith the connotation of the

ent and robustly tests
ly, this study cuts from
improve the study of the
ng rural revitalization. In
a basis for comprehensively
patial distribution of the digital
ization in China, screening key
ncing factors, and promoting a new pattern
development through a rigorous empirical study. The
is article is split into five sections: the first is the
the second is the development of research
spatial features of China’s digital economy and rural regeneration, the
fourth is the influence of the digital economy on China’s rural

revitalization, and the fifth is the conclusion.

2 Research methodology and
construction of the indicator system

2.1 Details of the composition of the rural
revitalization indicator system

This paper constructs the indicator system for China’s rural
revitalization level according to the three-step selection process of
indicators. Firstly, based on the reports of the 18th and 19th National
Congresses of the Party, the Strategic Plan for Rural Revitalization
(2018-2022), the Opinions of the State Council of the Central
Party of China on the
Implementation of the Rural Revitalization Strategy, and the Law

Committee of the Communist
on the Promotion of Rural Revitalization, five first-level indicators
were selected, namely, prosperous industry, pleasant ecological living,
civilized countryside, effective governance, and affluent living.
Secondly, 25 secondary indicators were selected, considering the
actual situation of measuring rural revitalization. Based on the
specific connotation and data availability of the secondary
indicators and the comparability of the indicators, the specific
measurement formulae for the 25 secondary indicators were
formulated. Specifically, rural revitalization in China is the target
level, with five primary indicators (subsystems) of prosperous
industry, livability, civilized effective

ecological countryside,
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Subsystems
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Primary indicators

ny develop t

Secondary
indicators

10.3389/fenrg.2023.1061221

Indicator measurement formula

Weights

China’s rural
revitalization

Industrial prosperity(0.209) Labour productivity Value added of primary industries/rural 0.029
population
Land productivity Value added of primary sector/total crop 0.061
area sown
Total machinery power per capita Total power of agricultural machinery/ 0.054
employees in primary sector
Amount of fertilizer applied per unit of Agricultural fertilizer use/total crop area 0.027
arable land sown
Share of primary sector value added Primary sector increase/GDP 0.036
Ecological and livable(0.257) Sanitary toilet penetration rate Number of farm households using sanitary 0. 019
toilets/total number of farm households
Piped water penetration rate Number of farm households using piped 0. 021
water/total number of farm households
Thousands of village health office staff 0.102
Greenery coverage 0. 068
Forest cover 0. 048
Civilization of the countryside(0.177) Public library holdings per capi 0. 085
Cultural station c umber of Cultural stations in townships/ 0. 026
number of townships
Proportion of expendit§i on culture Volume of cultural and educational 0. 015
expenditure/total consumption
(Number of illiterates X 1 + number of 0.011
primary school students X 6 + number of
junior secondary school students X 9 +
number of high school and secondary school
students X 12 + number of college and
university students and above X 16)/Total
population aged 6 years and over
Integrated TV coverage TV ownership/total number of farm 0.040
households
General public budget Wages and benefits, goods and services, 0.042
capital expenditures and other expenditures
Proportion of village improvement Number of villages under improvement/ 0.035
carried out number of administrative villages
Proportion with village construction Number of villages with construction plans/ 0.018
planning number of administrative villages
Proportion with township master plan Number of townships with master plans/ 0.012
total number of townships
Coverage rate of village committees Number of village committees/number of 0.089
natural villages
Living well(0.161) Aged care institutions Number of elderly service institutions/rural 0.044
population
Living space per capita Residential building area/rural population 0.043
Income comparison between urban and rural = Income of urban residents/income of rural 0.014
residents residents
Engel Coefficient Total food expenditure/total consumption 0.016
expenditure
Disposable income per capita Average of rural personal disposable income 0.043
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TABLE 1 (Continued) Index system of China’s rural revitalization and digital economy development.

Subsystems

Primary indicators

Secondary
indicators

10.3389/fenrg.2023.1061221

Indicator measurement formula

Weights

Digital Economy

Frontiers in Energy Research

05

Digital Economy Length of fiber optic cable Length of long-distance fiber optic cable 0.0186
Infrastructure(15.09%) lines (million kilometers)
Number of cell phone base stations Number of cell phone base stations in the 0.0256
region (10,000)
Cell phone penetration rate Total number of telephone sets (including 0.0073
cell phones)/total population of the
administrative region x 100 (departments)
Number of Internet broadband access ports | Internet broadband access ports (10,000) 0.0179
Number of Internet users as a proportion of Number of Internet users/resident 0.041
resident population population
Number of Internet domain names Number of Internet domain names (10,000) 0.0404
Industry Digitization(36.97%) Digital Inclusive Finance Index Peking University Digital Inclusive Finance 0.128
Index
Enterprise informatization level 0.129
Number of courier services 0.0073
E-commerce Sales 0.1053
Digital Governance(27.86%) Years of education per capit 0.0363
entary school education x 6 + number
f people with junior high school
education x 9 + number of people with high
school and secondary school education x 12
+ number of people with college or
university education x 16)/total number of
people over 6 years old (years)
t inte@ity of R&D expenditure | The ratio of internal expenditure on R & D to 0.0341
GDP (%)
mber of Digital Economy Enterprises Information transmission, computer 0.0393
services and software industry, the number
of legal persons (units)
Total Technology Contract Transaction Total turnover of technology contracts 0.0555
(million yuan)
Number of patent applications Number of invention, utility model and 0.0371
appearance 3 kinds of patent applications
(pieces)
Number of granted patent applications Number of inventions, utility models and 0.0403
appearance 3 kinds of patents granted
(pieces)
Digital government level Number of government websites (pcs) 0.0360
Digital Industrialization(20.08%) Digital Industry Employees Information transmission, software and 0.0482
information technology service industry
year-end average number of employees
(people)
Total industrial output value of the digital Total industrial output value of 0.0595
industry communications equipment, computer and
other electronic equipment manufacturing
industry (billion yuan)
Telecommunications business volume Total telecommunications business (billion 0.0365
yuan)
Software Industry Revenue Software business revenue (million yuan) 0.0566
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governance, and prosperous living, and five secondary indicators
under each primary indicator, covering a total of 25 secondary
indicators. The entropy weighting method is used to figure out the
weight of each secondary indicator based on the sample data. The
weight of the primary indicators is then based on the secondary
indicators.

2.2 Construction of the evaluation index
system for China'’s digital economic
development

The core concept of this paper in constructing the digital economy
development evaluation index system is to, based on the environment
of digital governance, with digital economy infrastructure investment,
vigorously promote digital industrialization and industrial digital
integration development. At present, the following types of
indicators are used to measure the level of China’s digital
economy’s development: First, the Digital City Development Index
is provided by Tencent and the Global Digital Economy Index by Ali
Research Institute; second, the indicator system is reconstructed based
on the research framework of CITIC Tong Research Institute; and
third, the digital economy efficiency coefficient is used as a
measurement variable. The indicators of different dimensions of
digital economic development all contain useful information on
digital economic development, and considering only one or a
lead to
understanding of digital economic development. Therefore,

certain dimension of indicators will a one-sided
paper takes into account the new trends and characteristics

digital economic development and builds a regiona

1) Indicators of digital econom
an economic form in gy

indicators that show how many Internet broadband access ports

there are and how many Internet users there are.
2) Industrial digitalization indicators. The digitalization of industries
brings about increased output and efficiency through the
convergence and penetration of ICT products and services in
other areas, especially in the three industries. This paper uses
the digital financial inclusion index, the level of enterprise
the of

e-commerce sales, etc. to measure this.

informationization, number express  businesses,

3) Digital governance indicators. Digital governance is an important
guarantee for the healthy and orderly development of the digital
economy, covering government, policy, industry, innovation,
property rights, corporate governance, and other levels. This
paper selects indicators such as the number of years of
education per capita, the intensity of investment in R & D
expenditure, the number of enterprises in the digital economy,
the total amount of technology contract transactions, the number
of patent applications, the number of patent applications granted,
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and the number of government websites (the level of digital
government) to measure the level of digital governance.

'S
=

Digital industrialization indicators. Digital industrialization refers
to the added value of an information industry characterized by
digital technology, including digital technology innovation and
digital
information manufacturing, information and communication

industrial production, mainly including electronic

industries, software service industries, and Internet-related
industries. This paper uses digital industry employees, the total
industrial output value of the digital industry, telecommunications
business volume, and software industry revenue to measure digital

industrialization indicators.

2.3 Data sources and description

This paper uses panel data from 30 provinces in China from
2011 to 2020 as the sample for examination, and in view of the

not considered for the
the China Statistical

ook, among other sources. The data
the EPS data platform. Some missing values
interpolation, and some of the most recent year’s data
rocessed. In order to facilitate the subsequent spatial
variation analysis, the paper divides the 31 provinces of
into four economic regions, namely the eastern region, the
central region, the northeastern region, and the western region,
according to the 2011 classification method of the National Bureau
of Statistics.

3 The spatial and temporal
characteristics of China’s digital
economy and rural revitalization

3.1 Overall spatial and temporal
characteristics of the digital economy and
rural revitalization

According to the digital economy and rural revitalization index
system constructed in Table 1, the digital economy and rural
revitalization indices of 30 provinces in China from 2011 to
2020 were first measured by the entropy weight method. Then the
coupling coordination degree of China’s rural revitalization and digital
economy was calculated according to the coupling degree model and
the coupling coordination degree model constructed in the previous
section. Figure 1 shows the development trend of the digital economy
and rural revitalization across the country and the four major regions,
showing the following three characteristics: Firstly, both the digital
economy and rural revitalization show a relatively stable upward trend
with a noticeable consistent trend, which is the basis for a coupling and
coordination relationship between the two. Secondly, the digital
economy and rural revitalization have had the same detailed
changes. For example, nationwide, there is a similar inflection
point in 2019. In the eastern region, the central region, the western
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FIGURE 1
Trends of the digital economy and rural revitalization.

region, and the northeastern region, the digital economy and the — more obvious rarchical ~ solidification

development of rural revitalization also showed similar fluctuationsin ~ phenomenon. main diagonal reflects the
2016 and 2019, indicating an inevitable coupling and coordination  probabili t digital economy development
relationship between the two on a local scale. Thirdly, the development above the main diagonal, the
of rural revitalization is ahead of the digital economy, which reveals from the advancement zone to the pioneer
. The probability of transfer across two layers is
ndicates that digital economy development is still a
prosperous life” has accelerated the shortcomings in 1 gradual trend. It is challenging to leapfrog the

ru ment of multiple layers.

that China’s rural revitalization strategy of “prosperous industry,
pleasant ecology, civilized countryside, effective governance,

development and rapidly improved the quali

revitalization development. The digital econom
possibilities for developing the rural econo
revitalization, while rural revitalization p 3.3 A markov dynamic transfer analysis of
the digital economy to improve quali i i digital economic development is performed
develop. The quality of digital i under geographic neighborhood constraints
revitalization has been low, i
development of the digita The spatial distribution of digital economy development reflects
Q specific spatial agglomeration characteristics. In order to analyze the
influence of the geographic domain environment on the transfer of
digital economy development types, this study explored the
3.2 Markov dyna transfer analysis of digital  probability of digital economy development levels under the
economy development under unconstrained influence of neighboring areas using a spatial Markov transfer
matrix, and the results are shown in Table 3. In terms of the
In order to analyze the transfer dynamics and state transfer  transfer probability of innovation quality level in the neighborhood
dynamics of digital economy development, this study calculates the  of the lagging area, the probabilities of the main diagonal of the
transfer probabilities between digital economy development levels  pioneer, advance, catch-up, and lagging areas are 0.8421, 0.6000,
from 2011 to 2020 based on the Markov chain method, and the  0.4167, and 0.4286, respectively. The probabilities of the main
results are shown in Table 2. Overall, there are apparent club  diagonal of the advance and pioneer areas are relatively small. The
convergence characteristics in all subdivisions of digital economy  probability of the main diagonal of the lagging area is the largest,
development, and the internal mobility of digital economy  which indicates that the digital economy development level of the
development is generally low in all of them. The values of the  pioneer area in the neighborhood of the lagging area is degraded. The
main diagonal reflect the probability that the digital economy  probability is the largest, and the transfer activity is the highest, while
development  hierarchy  remains unchanged. From the thelagging arealacks transfer dynamics. From the transfer probability
comprehensive view of the probability values of the main diagonal,  of digital economy development in the neighboring areas of the
the digital economy development catching-up area has the highest  catching up area, the probabilities of the main diagonal of the early
probability of hierarchical transfer, followed by the digital economy  area, the advancing area, the catching up area, and the lagging area are
development advancing area. Moreover, the digital economy  0.5789, 0.5217, 0.5625, and 1.0000, respectively. The central diagonal
development pioneer and lagging areas have the lowest relative  probability of the early area is higher, which indicates that the transfer
probability, with diagonal values greater than 0.35, reflecting the  vitality of the early area is weak, and the catching up area lacks the
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TABLE 2 Markov transition probability of the digital economy from 2011 to 2020.

Lagging area

Catching up area

10.3389/fenrg.2023.1061221

Advancing area

Pioneering area

Lagging area 0.6094 0.2969 0.0625 0.0313
Catching up area 0.2969 0.3594 0.3281 0.0156
Advancing area 0.0313 0.2969 0.3906 0.2813
Pioneering area 0.0208 0.0417 0.2083 0.7292

TABLE 3 The spatial Markov transition probability of the digital economy from 2011 to 2020.

Lagging area

Catching up area

Advancing area

Pioneering area

Lagging area Lagging area 0.8421 0.1053 0.0263 0.0263
Catching up area 0.2667 0.6000 0.1333 0.0000
Advancing area 0.0000 0.2500 0.4167 0.3333
Pioneering area 0.2857 0.0000 0.28 0.4286
Catching up area Lagging area 0.5789 0.3684 0.0526
Catching up area 0.2174 0.5217 0.0435
Advancing area 0.0000 0.3125 0.1250
Pioneering area 0.0000 0.0000, 1.0000
Advancing area Lagging area 0.2500 0.2500 0.0000
Catching up area 0.1071 0.7143 0.1786 0.0000
Advancing area 0.0000 2609 0.6087 0.1304
Pioneering area 0.0000 00 0.2353 0.7647
Pioneering area Lagging area 0.1818 0.0909 0.0000
Catching up area 0.5000 0.5000 0.0000
Advancing area 0.1905 0.5714 0.2381
Pioneering ag 0.0000 0.1250 0.8750

der different spatial distance thresholds.

Spatial 2014 2015 2016 2017 2018 2019 2020
distance

100 km 0.944%% 0.944%+% 0.947%%% 0.947%%% 0.942%%% 0.898** 0.883%+* 0.875%*% 0.864*%* 0.859%+*

(4.039) (4.017) (3.998) (3.978) (3.958) (3.863) (3.787) (3.779) (3.735) (3.708)

400 km 0.818%+* 0.835%% 0.837+%* 0.834%+¢ 0.827%+% 0.787%%* 0.779%+* 0.764*** 0.761%%* 0.755%%*

(4.556) (4.600) (4.577) (4.537) (4.500) (4.386) (4.331) (4.280) (4.263) (4.227)

700 km 0.47%%% 0.484*%* 0.4870* 0.439%%* 0.433%%* 0.3940* 0.403*** 0.397*%* 0.41300% 0.380¢

(4.380) (4.462) (4.453) (4.019) (3.964) (3.716) (3.780) (3.755) (3.898) (3.606)

1000 km 0.296%** 0.301%%* 0.305* 0.285%** 0.281%%* 0.2540* 0.257%% 0.241%%* 0.25%0* 0.216%*

(4.029) (4.048) (4.064) (3.803) (3.761) (3.504) (3.537) (3.358) (3.468) (3.059)

1300 km 0.224 0.23*%* 0.2340* 0.209*** 0.206*** 0.189** 0.193** 0.178*** 0.182** 0.1730*

(4.631) (4.694) (4.726) (4.258) (4.204) (3.992) (4.057) (3.804) (3.885) (3.714)

1600 km 0.148 0.153*** 0.157*** 0.128* 0.132%%* 0.1197* 0.125%** 0.113%%* 0.1110* 0.110*

(4.664) (4.746) (4.815) (4.068) (4.157) (3.917) (4.059) (3.771) (3.730) (3.697)
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Moran test for different spatial weight matrices.

influence effect on the early area. From the transfer probability of
digital economy development in the neighboring areas of the
advancement area, the probabilities of the main diagonal of the
advancement area, the advancement area, the catching up area, and
the lagging area are 0.2500, 0.7143, 0.6087, and 0.7647, respectively,
which all have lower transfer vitality.

Regarding the probability of digital
in the neighborhood of the early zone,

transfer econQm
development

probabilities of the main diagonal of the early zone, thega

influence of different levels
dynamic transfer is clea

ing areas to develop
economy development
Cases, but the probability of
upward transfer is still lowghshowing an obvious club convergence

phenomenon.

3.4 Characteristics of rural revitalization
development clustering at various spatial
distance thresholds

This study explores the clustering characteristics of rural
revitalization in China based on the global Moran's I index,
and the distribution pattern shows a certain cluster. In order
to analyze its spatial correlation characteristics, the global
Moran's I index of rural revitalization under different spatial
distance thresholds is calculated. The results are shown in Table 4.
The p-values of Moran’s I index for rural revitalization under
different spatial distance thresholds from 2011 to 2020 are all
zero, and the z-index test values are all positive and greater than
2.58, which indicates that there are significant spatial clustering
characteristics of rural revitalization. Specifically, the Moran’s I
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index decreases as the spatial distance threshold becomes larger,
because rural revitalization exhibits small-scale clustering
characteristics, which is also confirmed by the development
pattern of rural revitalization in China shown in Figure 2. In
addition, the Moran’s I index shows a fluctuating trend of slowly
decreasing and then rapidly decreasing as time evolves, but
overall, the degree of spatial agglomeration is decreasing. The
reasons for this are that the close ties between different regions
and their correlations generated in the process of economic
development have a certain influence on the spatial correlation
of rural revitalization, and the urbanization process, social
factors, and natural environment also lead to the spatial
correlation of rural revitalization in various regions of China.
The existence of spatial correlation and the existence of such
volatility reflect the transformation of the driving factors of rural
revitalization.

fect of China’s
ent on rural

4 Analysis of the i
digital econom
revitalization

e digital economy and the
ization in China, the digital
support to agriculture, industrial
inclusive financial development, level of

4.1 Spatial correlation test

In order to examine the spatial dependence and spillover of
the impact of digital economy on rural revitalization in different
regions, this paper constructs spatial proximity weight matrix
(Elhorst, 2014; LeSage and Pace, 2009), geographic distance
weight matrix, economic distance weight matrix and economic
geographic weight matrix, respectively. The spatial Moran’s I
index of rural revitalization from 2011 to 2020 under these
four spatial weight matrices are calculated, and the results are
shown in Figure 2. The global Moran’s I indexes are all
significantly positive during the examination period from the
measured results. The development of rural revitalization will
be influenced by the level of neighboring areas and shows a spatial
distribution pattern of high-high and low-low aggregation. From
the values of Moran’s I index, except for the spatial proximity
weight matrix and the economic distance weight matrix in 2000,
all others are significantly positive at the 1% level, indicating the
positive spatial correlation of the coupling coordination degree of
rural revitalization is relatively stable. The Moran’s I spatial
proximity weight matrix indices are stable between 0.17 and
0.47. The Moran’s I indices of geographic distance weight
matrix and economic distance weight matrix are stable at
around 0.15~0.32, indicating that geographic distance and
economic distance are essential elements of rural revitalization.
It is necessary to conduct differentiated research from economic
and geographic multi-scales.
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TABLE 5 Variable description.

Variable name Variable symbol

RETRACTED ON 18 DECEMBER 2025

10.3389/fenrg.2023.1061221

Variable description

Rural Revitalization R Entropy measure

Digital Economy D Entropy measure

financial support to agriculture Gov Share of financial support for agriculture, forestry, and water affairs in total financial expenditure
Financial Inclusion Development Fin Beijing University Digital Inclusive Finance Index

Industrial Structure Indu The proportion of tertiary industry output in GDP

Urbanization Level Urban The non-agricultural population as a proportion of the total population

Dependence on Foreign Trade Ft Total Import and Export/Regional GDP

Urban-rural income gap Revenue The annual income of rural residents divided by the annual income of urban residents
Enterprise Activity EA The ratio of total private and individual employees to population in each province

Economic Development Level GDP Real GDP per capita

TABLE 6 Model selection test structure.

Diagnostic tests

4.2 The overall impact of di
development on rural revi

The models were screened
effects test, and the results 2

to the SAR model. The
inal hypothesis at the 1%
that a fixed-effects model should be
-both-time, respectively, tested the

spatial Durbin mod
Hausman test ¢
significance level, indicatr
used. LR-both-ind and L
individual effect and time effect. Both rejected the original
hypothesis at 1% significant level, so the model used a time area
double fixed effect. Diagnostic tests screened the general model. The
SAR model with two-way fixed effects was used in this paper to test the
overall impact of China’s digital economy on rural revitalization.

It is difficult to make accurate estimations using the traditional
OLS method, so the proposed excellent likelihood method (QMLE) is
used for estimation. The final model estimation is shown in Table 7.
The impact coefficients of digital economy development level on rural
revitalization are significantly positive under all four weights,
indicating that digital economy development can significantly
improve rural revitalization in the region. The digital economy
empowers rural revitalization through four aspects: digital economy
infrastructure, industry digitization, governance digitization, and
digital industrialization. The digital economy contributes to rural
revitalization in industrial prosperity, ecological livability, and rural
civilization.

Frontiers in Energy Research

LM-lag 4.424 0.035 LR-both-time v' 8.96 0.000
Robust LM-lag 2.907 0.088 LR-SD 3.0 0.079
LM-error 3.056 0.080 0.02 0.878
Robust LM-error 1.538 0.215 26.16 0.000
Hausman 34.23 0.000 16.11 0.000
LR-both-ind 44.30 0.000

10

Moreover, the gradual penetration of the Internet of Things and
big data makes resource allocation more effective and positively affects
rural revitalization. The impact of the digital economy on rural
revitalization in surrounding areas shows different degrees of
spatial siphon effect under each spatial weight matrix. In terms of
control variables, the coefficients and significance of industrial
structure variables have significant adverse effects under different
spatial weight matrices, which may be attributed to the fact that
secondary and tertiary industries are mainly concentrated in cities.
The development of industrial and service industries makes the rural
population migrate to cities, which inhibits the development of local
rural revitalization. The company dynamics variable significantly
inhibits local rural revitalization under all four weights. Companies
are currently more reflected in the siphoning effect on rural population
and production resources. The urbanization rate and the foreign trade
dependence variables show significant, consistent negative correlation
results under all four weights.

4.3 Exogenous shock test analysis

4.3.1 Connotation of digital countryside
development and model setting

In May 2019, the General Office of the Central Committee of the
Communist Party of China and the General Office of the State Council
issued the Outline of the Digital Countryside Development Strategy,
requiring all regions to implement it earnestly in conjunction with the
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TABLE 7 Benchmark regression results.
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Variables Adjacency weight Geographical distance Economic distance Economic geographical
Digital Economy 0.03** 0.02* 0.02* 0.02*
(2.12) (1.80) (1.87) (1.86)
Industrial Structure —0.21%%% —0.197%% —0.21%%* —0.21%%%
(-5.89) (-5.27) (-5.77) (-5.81)
Enterprise Activity ~0.09%** ~0.09%** ~0.10%** ~0.10%**
(-4.44) (-4.20) (-4.63) (-4.71)
Urbanization Rate —0.05%** —0.05%** —0.05%** —0.05%**
(-2.93) (-2.64) (-2.73) (-2.70)
Dependence ~0.06%** ~0.06%** ~0.06%** ~0.06%**
on Foreign Trade (-5.39) (-5.48) (-5.40) (-5.30)
tho -0.01 ~0.73%%* 0.07 9%
(-0.11) (-3.19) -1.41 .86
Province FE YES YES YE YES
Year FE YES YES ES YES
R-squared 0.5 0.43 0.53
Observations 310 310 310 310
log-likelihood 940.1219 945.6589 41.4482 942.1676

actual situation. By 2020, the 4G coverage rate of me and individuals, this paper applies the double-difference

villages nationwide will exceed 98%, and t thod controlling for two-way fixed effects for empirical testing,

and the econometric model is shown below:

Yi = a+ B, High*After, + B, High; + 3, After, + B, X;
+0; + 9, + & (1)

In the model, 7 is the province, ¢ is time, Y} is the explanatory
variable, i.e., the level of rural revitalization development; High is an
indicator variable that takes the value of one when the province
belongs to the experimental group, ie., the province’s total

Based on the above@nalysis, intuitively, the impact of the  agricultural output value is in the highest 1/3 group, and takes the
value of 0 when the province is in the control group (i.e., the province’s

total agricultural output value is in the low 1/3 group); A fter is also an

introduction of the digital\@pral development strategy outline on
rural revitalization shows systematic differences in the proportion
of agricultural scale. Provisions with a high proportion of gross  indicator, the value of this variable is one when the sample observation
agricultural product receive attention after introducing the digital — occurs in 2019 and later after the introduction of the Digital Rural
rural development strategy. In contrast, provinces with a lower  Development Strategy, otherwise it takes the value of 0; X is a control
proportion of gross agricultural product receive relatively more  variable at the provincial level; §; is an individual fixed effect, y, is a
time fixed effect; ¢; is an error term; We focus on the regression
coefficients High;*A fter that measure the DID effect of the reform

marked by the implementation of the rural revitalization strategy as

minor attention and support. In short, compared with provinces
with a low percentage of agricultural GDP, provinces with a high
percentage of agricultural GDP have a relatively more robust effect on
proposed in the 19th Party Congress report.

This study conducted a parallel trend test, which showed that it
passed this critical test. The paper then proceeded to model estimation,
first using the classical DID model to estimate the sample data. The
regression results are shown in Table 8. As shown in model 1), the

digital economy-enabled rural revitalization with the introduction of
digital rural development strategies.

Specifically, this paper ranks provinces and municipalities
according to their agricultural GDP ratios. It divides the sample
into three groups, including the highest 1/3, middle 1/3, and
lowest 1/3, using the 33% and 67% quartiles of agricultural GDP
as thresholds. We defined the highest 1/3 of agricultural GDP as
the experimental group and the lowest 1/3 of agricultural GDP as

coefficient of the “digital rural development strategy” variable is
significantly positive. The regression result is still significantly
positive after adding control variables in the model (2). When the

the control group. In order to eliminate the differences between  policy dummy variables’ spatial lag term is added, the policy dummy
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TABLE 8 Regression results for the spatial difference-in-differences.

Variable name Traditional DID

RETRACTED ON 18 DECEMBER 2025

Spatial DID model

10.3389/fenrg.2023.1061221

Model 1 Model 3 Model 4
DID 0.046*** 0.027*** 0.003 0.007** 0.008** 0.008**
(7.51) (4.75) (0.79) (1.84) (1.85) (2.09)
‘W*DID 0.016*** 0.029*** 0.026*** 0.026***
(2.60) (4.01) (5.39) (5.49)
Control variables NO YES YES YES YES YES
City FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Observations 310 310 310 310 310 310
R-squared 0.1229 0.3521 0.4644 0.4180 0.3415 0.3504
Placebo test @
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FIGURE 3
Placebo test results.

variables’ results are significant under different spatial weight
matrices. The coefficients of the variables are positive, indicating
that the digital rural development strategy has significantly
improved the development level of rural revitalization and
indicates that there is a non-negligible spatial correlation in the
model’s error term. If it is not considered, the regression results
will produce estimation bias. In particular, WxDID shows a
significant positive effect under economic weights and economic-
geographic nested weights, and the digital economy promotes rural
revitalization in the region and neighboring regions more significantly.
This indicates that the digital economy’s empowerment of rural
revitalization is more inclined to the dual economic-geographic
neighboring regions and is not entirely separated from the
geographical distance constraint.

Frontiers in Energy Research
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4.3.2 Placebo test

To further test whether unobservable factors drive the results in
this paper at the province-year level, this paper conducts a placebo test
by randomly assigning pilot provinces (Cai et al., 2016). Specifically, in
this paper, ten provinces were randomly selected from 30 provinces as
the treatment group, assuming that these ten provinces were the
experimental group and the other regions were the control
group. Random sampling ensures that the independent variables
High*After; constructed in this paper do not affect rural
revitalization. Any significant finding would indicate that the
regression results of this paper are biased. The results of the
500 random samples conducted in this paper are shown in
Figure 3, which plots the distributions of the 500 estimated
coefficients and their associated p-values. The distributions are
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.5 Rgle degbmposition of the impact of the

omy on rural revitalization

concentrated around zero, and most of the estimated values have
p-values more significant than 0.1, suggesting that the estimates in this ita
paper are unlikely to be driven by unobservable factor:
province-year level. Therefore, the exogenous shock To further investigate the specific role factors affecting rural
study further validates the robustness of the impact italization, digital infrastructure, digital industry development,
digital economy on rural revitalization. digital governance capacity, and industrial digitization in the digital
economy index system are independent variables for empirical testing.
AS shown in Table 9, model (7), the coverage of digital infrastructure
er effect multi- will not significantly affect the rural revitalization of the region.

Although the coverage of digital infrastructure will promote the

4.4 Analysis of the spi
distance economic ci
digital empowerment of rural revitalization, the construction of

The existing liteg
effect has spatial-geo

e technology spillover  digital economy infrastructure will consume a large number of
gauation characteristics. As the  resources. The two effects offset each other, making the effect of
geographical distance een regions increases, the cost of  digital infrastructure on the rural revitalization of the region
technology learning and eM@ange rises, significantly reducing the  insignificant. However, digital infrastructure will have a siphon
possibility of technology spillover. The continuous penetration of  effect on rural revitalization in neighboring regions. From the
information and communication technology and the broad results of model (8), the digital development of industry has a
coverage of digital access devices provides a convenient channel for  significant negative effect on rural revitalization in this region. The
knowledge and technology flow. It accelerates the frequency of  digital development of industry empowers rural revitalization
knowledge and technology sharing between regions. In order to  significantly, probably because the development of digital industry
further investigate the spatial decay characteristics of the impact  promotes the development of traditional production factor resources
effect of the digital economy on rural revitalization, this study  from industries with low marginal returns to industries with high
estimated the effect in the range of 100-1,600 km at the interval of = marginal returns. The digital development of industry promotes
every 300km, and the effect of the digital economy on rural optimizing factors and energy allocation and promotes the
revitalization. Figure 4 shows that the local effect of the digital  structure and upgrading of rural industries. From the model (9)
economy on rural revitalization is unchanged. However, the  results, the effect of digital industrialization on rural revitalization
siphoning effect of the digital economy on rural revitalization in  in the region is not significant. Digital industrial development has not
neighboring areas shows an inverted U-shape with the increase of  yet become a vital empowerment path for rural revitalization in China
distance threshold, and the neighboring area effect peaks at 700km  and hurts neighboring regions, probably because digital industrial
and then decays. It also indicates that although the digital economy  development has obvious siphoning. Innovation factors flow to local
can allocate factors across space by network effect, its spatial siphoning  areas, which inhibits the development of rural revitalization in
effect still has a geographical peak due to the limitation of industrial ~ neighboring regions. From the results of model (10), the
development and infrastructure coverage. coefficients of digital governance are all significantly positive, which
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TABLE 9 Decomposition of the role of the digital economy on rural revitalization.

Model 7 Model 8 Model 9  Model
10
Digital infrastructure 0.01
(0.70)
Industry digitization 0.06**
(2.49)
Digital industrialization 0.01
(1.54)
Digital governance 0.04*
(1.65)
Industrial Structure —0.220%* —0.21%* —0.217%* —0.21%%%
(-5.74) (-5.77) (-5.62) (-5.74)
Enterprise Activity =0.10%** =0.11% =0.10%%* =0.11%
(-4.85) (-5.15) (-4.68) (-4.94)
Urbanization Rate -0.05%** =0.06*** =0.05%** =0.05*
(-2.79) (-3.04) (-2.88) (-2.84)
Dependence —0.07*** —0.06*** -0.07* =0.06**
on Foreign Trade (-5.68) (-5.49) (-5.78) (-5.60)
Rho —0.74*** —0.75%** —0.75*** —0.78***
(-3.23) (-3.30) (-3.31) (-3.39)
Province FE YES YES YES
Year FE YES YES
R-squared 0.53 0.48 51
Observations 310 310
log-likelihood 940.8425 941.2719

indicates that digital a significant positive effect on

rural revitalization. Digit8@&overnance can improve the efficiency of
rural services and governmeN@governance, reduce the cost of resource
allocation and optimize resource allocation at the same time, and on
the other hand, digital governance can also increase the participation

of residents and improve the level of rural governance.

5 Conclusion and recommendations

An assessment index system of China’s digital economy and rural
revitalization, which contains 46 indicators of the digital economy and
rural regeneration subsystem, was built using province data from
2011 to 2020. To investigate the spatial effects of the digital economy
on rural revitalization and to study the spatial evolution features of the
digital economy and rural rehabilitation.

Geographic location, environmental variables, and government goals,
which may be changed to the actual circumstances in each region,
produce these geographical and temporal variances and bottlenecks in
the digital economy. The established provinces and cities on China’s
eastern coast have a stronger digital economic environment, which makes
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them intrinsically better for executing the “digital countryside” concept.
The majority of core provinces and cities are paying more attention to
rural e-commerce, and infrastructure building is complete, creating the
groundwork for the digital countryside’s breakthrough development. The
western area is steadily establishing digital village-related sectors with the
help of “One Belt, One Road” and associated national programs. The
following countermeasures are offered to that goal.

First, explore differentiated regional digital economy development
strategies to bridge the regional digital divide.Grasp the differences
between the countryside and urban areas, combine them into the
spatial and temporal distribution of the constraint index of the
coupling and coordination degree of China’s digital economy and rural
revitalization system, and adopt a regionally differentiated digital economy
investment strategy. Moderately condition the financial investment in
digitalization over-saturated with digital economy development and

transfer it to areas where digital economy development seriously lags

infrastructure constructj crage, provide remote

areas with stable Inty

grading hardware facilities
areas. In addition, we will

tion of essential data resources in agriculture and rural
idge the gap between urban and rural data facilities. Targeted
ancial support will be provided to people and enterprises with a low level
digitalization, such as farmers, the elderly, and small and medium
enterprises, to expand the application scenarios of the digital economy and
improve the universality and sharing of the digital economy. Digitalization
in remote areas, in particular, needs to be strengthened so that the masses
can actually enjoy the convenience brought about by digitalization,
increase their work efficiency, improve their quality of life, and
effectively enhance their sense of access and wellbeing,

Second, we should make full use of regional advantages and
cooperation. The  spatial
autocorrelation of the coupling and coordination degree of China’s

improve regional development
digital economy and rural rejuvenation has strong spatial clustering
and positive spatial correlation, according to the study of the spatial
autocorrelation. This spatial linkage effect should be fully utilized, and
the eastern region with high-high concentration should continue to
strengthen and improve its radiation effect on neighboring provinces,
broaden the radiation range, improve interconnection and interaction
with neighboring provinces, and drive the development of digital
economy and rural revitalization in more neighboring provinces.

Third, the development of a growth pole in the central and western
areas. In comparison to the eastern area, the central and western regions
have a lower degree of development in the digital economy and rural
rejuvenation. According to the previous analysis’ findings, the Central and
Western Development Center can be built around representative regions
like Xinjiang, Sichuan, and Heilongjiang to strengthen regional spatial
linkage and lead the combined development of digital economy and rural
revitalization in the Central, Western, and Northeastern regions.

Fourth, we must strengthen the process for “nurturing, recruiting,
and keeping talents in the digital economy” in backward communities.
This will help bridge the regional divide.
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