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ABSTRACT The spatial heterogeneity of the influences of various driving factors on the digital economy
restricts the further development of regional coordination. This paper constructs an index system for measur-
ing the development level of the digital economy from the three dimensions of infrastructure construction,
digital application and digital industry development. Using the entropy method to measure the development
level of the digital economy in each region in 2018 and based on the theory of economic growth and new
economic geography, a theoretical model of the influences of input factors, technological progress and
institutional changes on China’s digital economy is established. Combined with Exploratory Spatial Data
Analysis (ESDA) and Geographically Weighted Regression (GWR) model analysis, the spatial distribution
pattern of China’s digital economy and its influencing factors are discussed. The results show that there is
a large gap in the development level of the digital economy in the eight comprehensive economic regions,
and the development level of the digital economy presents a significant spatial correlation in space. The
driving patterns of input factors, technological progress and institutional changes to the spatial distribution
of the digital economy show obvious spatial differentiation. This study provides important referential value
for promoting the coordinated development of the regional digital economy.

INDEX TERMS Digital economy, ESDA, input factor, GWR, institutional change, technological progress.

I. INTRODUCTION

With the advent of the digital age, numerous new models and
new forms of business represented by data elements, digital
technology and industrial transformation have arisen. The
digital economy has emerged as the times have required and
has become the new driving force for economic development.
In 2016, the scale of China’s digital economic added value
was 22.6 trillion yuan, accounting for 30.3% of the country’s
GDP; it reached 35.8 trillion yuan in 2019 with year-on-
year growth of 1.4%, accounting for 36.2% of the country’s
GDP [1]. This shows a trend of rapid growth of the digital
economy. However, as many imbalanced problems appear in
the development of the agricultural economy and industrial
economy. The digital economy is a new form of social devel-
opment. In the development process, due to different resource
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endowments, inputs, digital technology innovation and sys-
tem support for the digital economy in different regions,
the influence mechanism leads to different results and the
outstanding problem of an uneven distribution of the digital
economy. Therefore, regarding the regional digital economy
development level, there is a large gap that causes the eco-
nomic structural gap to continue to expand, which is bound
to affect coordinated regional development. Therefore, how
to accurately measure the development level of the digital
economy in different regions of China, explore the spatial
heterogeneity of the digital economy in different regions, and
explore the sources of heterogeneity are particularly neces-
sary for coordinated regional development.

Based on the above background, this paper will study
the development of China’s digital economy from a spatial
perspective and explore its influencing factors. Based on the
existing research results, this article expands this research
in the following aspects. First, based on research on an
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indicator system for measuring the development level of the
digital economy, the characteristics of the development level
of China’s digital economy and the basic establishment of
an evaluation system, in principle, an indicator system with
three dimensions (infrastructure construction, digital appli-
cation, and digital industry development) is established in
this study to measure the development level of the digital
economy in each province. Second, based on the theory of
economic growth and new economic geography and consid-
ering the characteristics of the penetration and sharing of
the digital economy, we construct a spatial analysis frame-
work for the impacts of input factors, technological progress,
and institutional changes on China’s digital economy. Third,
we use the exploratory spatial data analysis (ESDA) method
and combine it with the GWR model to compare the dif-
ferences in the digital economy development of China’s
eight comprehensive economic zones and quantitatively ana-
lyze the influencing factors of their spatial differentiation in
order to provide references and suggestions for the devel-
opment of China’s digital economy and to provide referen-
tial value for the coordinated development of the regional
economy.

The remainder of this paper is arranged as follows: The sec-
ond part is a literature review. The third part introduces
the theoretical mechanism and hypothesis. The fourth part
establishes the model and selects the variables. The fifth part
describes the spatial distribution pattern of the development
level of the digital economy. The sixth part details the empir-
ical research. The seventh part provides the conclusions and
suggestions.

II. LITERATURE REVIEW

In academia, there are divergent opinions on the definition
of the “digital economy”. From a qualitative point of view,
the digital economy is also called the “new economy”.
It is a special economic form that emphasizes the trading
of goods and services in the digital form of new activities
and new products [2], [3]. He (2005) postulated that the
digital economy is a digital new economic form in which
digital technology penetrates into the fields of manufacturing,
management, and circulation and is based on knowledge and
skills [4].

There are also some scholars and institutions that analyze
the digital economy through the establishment of an indi-
cator system from a quantitative perspective. Representative
studies include Balcerzak and Pietrzak (2017), Zhang and
Jiao (2017), Fan and Wu (2020), Wu and Zhang (2020).
International organizations such as the European Union,
the OECD, the U.S. Department of Commerce, the Inter-
national Telecommunication Union, the China Academy of
Information and Communications Technology, CCID Con-
sulting, and the Shanghai Academy of Social Sciences have
also measured the digital economy from different perspec-
tives, and most of them have adopted mainstream comprehen-
sive evaluation models such as the TOPSIS method, entropy
method, principal component analysis method, expert scoring
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method, efficacy scoring method and other technical methods
to measure the digital economy [5]-[8].

Regarding the research on the regional heterogeneity of
China’s digital economy development, the existing litera-
ture mainly focuses on comparative analyses among China’s
provinces and draws a more consistent conclusion that the
digital economy development levels in the eastern, central,
and western regions present a significant imbalance. The
spatial distribution pattern is significantly different [9]-[11].
Many scholars are also concerned about the development
of the regional digital economy and use the Theil index,
geographic detector model, spatial autocorrelation and other
methods to study the spatial differentiation pattern of the
digital economy in Northeast China and the Yangtze River
Economic Belt [12], [13].

Many factors affect the imbalanced development level of
the digital economy. Modern economic growth theory states
that the flexible allocation of the two basic elements of cap-
ital and labour and the rational use of scientific and tech-
nological inputs are the main driving forces for economic
growth. Factors such as human capital, population quality,
broadband communication, industrial structure, and other
material inputs in various regions all play a role in the dig-
ital economy [14]. Technological progress is an endogenous
factor and an important driving force for economic growth.
Due to the limited number of traditional production factors,
the dynamic mechanism of economic growth is gradually
shifting to technological innovation. This is especially true in
an era when existing digital technologies penetrate all walks
of life. However, as economic theory has deepened, the school
of new institutional economics has proposed that the ultimate
decisive force of a country or region’s economic growth
lies in the system, and only through continuous institutional
changes and innovations to adapt to economic development
can society continue to progress [15]. The same is true for
the development of the digital economy. The government
supports science and technology and formulates various new
economic policies so that the developing environment of the
digital economy can be further optimized and the effective
implementation of various digital technologies can be guaran-
teed to adapt to the pace of modern digital innovation [6], [9].

Existing documents have important insights for the devel-
opment of the digital economy, but because China’s digital
economy is still relatively young, there are still many areas
worthy of further study. First, there has never been a uni-
fied standard for measuring the digital economy. Different
scholars and research institutions use different measure-
ment perspectives and focuses due to differences in dis-
ciplinary backgrounds and research directions. Without a
unified understanding, measurement methods are also eas-
ily controlled by other factors. Second, previous studies
mostly focused on the traditional eastern, central, and western
regions or provinces. The Development Research Center of
the State Council of the People’s Republic of China stated
that the division of eastern, central, and western regions fol-
lowed by China has become outdated and proposed dividing
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the mainland into eight specific comprehensive economic
zones.! Finally, although the abovementioned literature has
achieved some valuable research results on the regional dif-
ferences in the development level of China’s digital economy
and its spatial distribution, most of the literature analyses
the spatial distribution characteristics of the digital economy
from multiple dimensions, and the spatial distribution pattern
of the digital economy has been formed. The root causes
are rarely discussed, and most previous studies use tradi-
tional measurement methods to explore the mechanism of
the evolution of the spatial pattern of the digital economy.
There are few documents that deeply explore the mecha-
nism of the spatial heterogeneity of the development of the
digital economy. However, everything and all individuals in
space are related, and traditional methods have difficulty
explaining the differences in the impacts of the indicators
of different influencing factors on the digital economy in
different regions, so they cannot reflect the true spatial dis-
tribution characteristics of the influencing factors [16]. The
development level of the digital economy will change greatly
with the spatial and geographic background conditions. The
geographically weighted regression (GWR) model proposed
by Brunsdon et al. (1998) can overcome the shortcomings of
previous studies [17]. Therefore, this paper will proceed from
these aspects to further study the spatial distribution pattern
and influencing factors of China’s digital economy.

Ill. THEORETICAL MECHANISM AND HYPOTHESIS

There are many factors restricting economic growth. Classi-
cal economics takes the labour theory of value as the core and
believes that population, land, material, and capital can pro-
mote economic development. Neoclassical economics pays
more attention to the theory of utility value and equilib-
rium value and regards exogenous technological progress as
the main driving force of economic development. The new
growth theory believes that technological changes are internal
forces and emphasizes knowledge spillover, human capital
investment, etc. Then, the new system school proposed that
the system is the core explanatory variable that affects eco-
nomic development. Driven by existing digital technologies
such as the Internet and big data, the digital economy has
become China’s new economic growth point with digital
technology as the carrier. Relying on the penetrability, substi-
tution and synergy of digital technology, the digital economy

"n June 2005, the Development Research Center of the State Council
of China divided the inland into eight comprehensive economic zones,
namely, the Northeast Comprehensive Economic Zone (Liaoning, Jilin, and
Heilongjiang), the Northern Coastal Comprehensive Economic Zone (Bei-
jing, Tianjin, Hebei, and Shandong), the Eastern Coastal Comprehensive
Economic Zone (Shanghai, Jiangsu, and Zhejiang), the Southern Coastal
Comprehensive Economic Zone (Fujian, Guangdong, and Hainan), the Com-
prehensive Economic Zone in the Middle Reaches of the Yellow River
(Shaanxi, Shanxi, Henan, and Inner Mongolia), the Comprehensive Eco-
nomic Zone in the Middle Reaches of the Yangtze River (Hubei, Hunan,
Jiangxi, and Anhui), the Great Southwest Comprehensive Economic Zone
(Yunnan, Guizhou, Sichuan, Chongqing, and Guangxi), and the Great North-
west Comprehensive Economic Zone (Gansu, Qinghai, Ningxia, Tibet, and
Xinjiang).
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has quickly spread to all corners of social production and
life. As a result, the growth of the digital economy is not
only affected by natural resources, factor inputs, technology,
systems and other factors but also has the characteristics of
interconnection and sharing, and spatial factors have obvious
influences [18]-[20].

A. THE MECHANISM OF FACTOR INPUT ON REGIONAL
DIGITAL ECONOMIC DEVELOPMENT DIFFERENCES
New economic geography is based on economic theory. It is
believed that under imperfect competition, the transfer of
production factors will spread from the centre to the periphery
between regions in a ‘“‘centre-periphery” model or gather
from the periphery to the centre [21]. The leading role of new
technologies such as artificial intelligence, drones, and 5G
technology has accelerated the regional mobility of the two
basic input elements of capital and labour, which has induced
growth of physical capital and gradually accumulated human
capital from the periphery to the centre. The effect of knowl-
edge spillover is also more obvious, as it has widened the
regional differences in the digital economy.

Hypothesis 1: Factor inputs in different regions have dif-
ferent influences on the development of the digital economy,
and there is regional heterogeneity.

B. THE MECHANISM OF TECHNOLOGICAL PROGRESS ON
REGIONAL DIGITAL ECONOMIC DEVELOPMENT
DIFFERENCES
In the era of the digital economy, owing to the development
of digital technology, production efficiency has been greatly
improved, which greatly promotes the development of the
economy. The ability of the digital economy to radiate out-
ward is improved accordingly, and the leading role of the
digital economy in neighbouring areas is enhanced, which
is conducive to the overall development of the digital econ-
omy. However, because regional activities subject to digital
technology are limited, generally, the economy in a relatively
developed area benefits from the early introduction of digital
technology, more digital individuals, more digital enterprises,
a broader digital government application scenario, and a
strong digital development ability. However, in economically
poor regions, the acceptance of new technology is low. There-
fore, technological development is not very balanced, and the
heterogeneity of the digital economy is developing.
Hypothesis 2: Technological progress is a favourable tool
to improve the development level of the digital economy in
China. The development level of the digital economy will be
different due to the different degrees of acceptance of new
technology in different regions.

C. THE MECHANISM OF INSTITUTIONAL CHANGES ON
REGIONAL DIGITAL ECONOMIC DEVELOPMENT
DIFFERENCES

In order to adapt to the development of emerging indus-
tries such as electronics, information and new energy and
to promote industrial transformation and upgrading, various
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FIGURE 1. Research framework.

regions have introduced various new digital economy policies
and implemented a series of institutional reforms with the
support of digital technology. North stated in the theory of
institutional change that institutions are the final deciding
force of the economic growth of a region or a country.
Institutional changes are the driving force of regional eco-
nomic growth. The ways, paths, scales, speeds, effects and
impacts of institutional changes in different regions have pro-
duced differences in regional economic growth. For example,
the degree of openness and transportation convenience in
China’s coastal areas is far greater than that in the central and
western regions, and the support of various local governments
in science and technology will affect the development of the
digital economy.

Hypothesis 3: Institutional changes in various regions are
an important guarantee for adapting to digital development
and promoting the development of China’s digital economy.

The research design of this article is to build a theoret-
ical framework based on the above mechanisms and study
the spatial distribution pattern of the development of the
digital economy and the mechanisms of influencing factors,
as shown in Figure 1.

IV. MODEL SETTING AND DATA SOURCE

A. MODEL SETTING

According to the above theoretical analysis, in order to
explore the root causes of the development level of the digital
economy in each region, this paper uses the Cobb-Douglas
production function, and the explanatory variable is the devel-
opment level of the digital economy (Y). The explanatory
variables are the factor input, technological progress and
institutional change that affect the development of the digital
economy. Among these explanatory variables, the human
input of the factor input is represented by the number of
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college graduates (HC), the material input is represented by
the per capita investment in fixed assets (K), and the knowl-
edge input is represented by the proportion of R&D expen-
ditures with respect to GDP (RD). Technological progress is
represented by the number of patents per 10,000 people (TP).
In the process of institutional change, the proportion of total
trade imports and exports with respect to the GDP of each
region (XM) is used to measure the degree of openness to the
outside world, transportation convenience is represented by
the highway mileage of each region (TC), and government
support is measured by the proportion of general public bud-
get expenditures with respect to the GDP of each region (GS).
The model is set as follows:

Y = AK% (HC)CQ (RD)(J[3 (TP)Ot4 eOt5XM+016TC+Dl7GS (1)

where o1 + a2 + o3 + a4 = 1. Taking the logarithm of both
sides of equation (1) yields:

LnY = LnA + a1LnK + asLn (HC) + azLn (RD)
+ aqln (TP) + asXM + agTC+a7GS  (2)

However, the traditional econometric model usually
assumes that the independent variables and dependent vari-
ables are stable; that is, the variables will not change with the
spatial movement of the sample, or the parameters are con-
sidered to be spatially stationary. With the rapid development
of digital technologies such as cloud computing and artificial
intelligence, the digital economy has crossed the boundaries
of traditional geographical distance and spatial distance, and
its spatial fluidity is more obvious. As a result, the parameters
of the influencing factors will also change with the spatial
movement of samples. Therefore, the measurement results
using the traditional model are obviously inconsistent with
the fact that the parameter space is not stationary. In the
following part of this paper, the variable coefficient GWR
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TABLE 1. Descriptive statistics of each variable.

variable Average géi?;?;i Minimum Maximum VIF
Human input 12.8760 7.0949 0.8300 26.2000 3.85
(10" people)

Material input
(10* RMB/person) 0.0781 0.0263 0.0225 0.1248 1.50
Knowledge input (%) 0.2996 0.4721 0.0745 2.5019 1.59
Technical progress (pieces) 15.2747 15.4115 3.5246 57.3333 6.80
Openness (%) 24.3685 24.4487 1.7540 94.4470 8.20
Convenience of transportation 15.8292 8.3600 13106 33.1592 3.23
Government support (%) 26.2965 10.6300 12.4915 59.9502 3.19

model is introduced to solve the nonstationary problem of the
parameter space of the impact factors of the digital economy.
The specific form of the model is as follows:

LnY; = ao (u;, vi) + a1 (u;, vi) Ln(K ;1)
+ a2 (ui, vi) Ln(HC jp) + a3 (ui, vi) Ln(RD;3)
+ a4 (ui, vi) Ln(TPy4) + a5 (ui, vi) XM s
+ ae(ui, vi)TCi6 + a7(ui, vi)GSi7 + &; (3)

In the above formulas, (u;, v;) represents the geographic
coordinates of region i, xjx (k = 1, ..., 7) represents the inter-
preted value of the independent variable in locale i, o (u;, v;)
represents the regression parameter at the centroid (u;, v;) of
region i in the study area, and &; represents the random error
term.

B. DATA SOURCE

The social and economic data for each variable mainly come
from the China Statistical Yearbook. In view of the availabil-
ity of the data on various indicators of the digital economy,
the sample is set as the cross-sectional data of 30 provinces
(municipalities and autonomous regions) excluding Tibet,
Hong Kong, Macao and Taiwan in 2018. The descriptive
statistical results of each variable are shown in Table 1. The
VIF of the explanatory variable shows that the maximum
VIF is 8.20, which is less than 10, indicating that there is no
collinearity among the explanatory variables.

V. THE SPATIAL DISTRIBUTION PATTERN OF THE
DEVELOPMENT LEVEL OF THE DIGITAL ECONOMY

A. MEASUREMENT OF THE DEVELOPMENT LEVEL OF THE
DIGITAL ECONOMY

Although there are some research results on the measurement
of the development level of the digital economy, there are
still differences in the connotation and scope of the digital
economy, and a unified index system for quantifying the
development level of the digital economy has not been estab-
lished. The research conclusions have certain controversies
and limitations. We explore the reasons for the spatial het-
erogeneity of the development level of the digital economy.
The development level of the digital economy is the core
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explanatory variable. Therefore, it is very important to con-
struct a proxy variable that can reasonably measure the devel-
opment level of the digital economy. The development level
of the digital economy is a multi-dimensional comprehensive
concept with rich connotations. However, there is no unified
understanding of the application of comprehensive indicators
in previous studies. This paper holds that the construction
of digital economic infrastructure is the cornerstone of the
integration of digital elements and traditional elements, dig-
ital application is an important embodiment of the penetra-
tion of digital technology in various economic subjects, and
the development of the digital industry is the main way to
optimize the industrial structure and intellectualize the devel-
opment mode of a country. Therefore, after summarizing
the indicator system for measuring the development level of
the digital economy, in accordance with the characteristics
of China’s digital economy development level and the basic
principles established by the evaluation system, a total of
three indicators are established: infrastructure construction,
digital application, and digital industry development. The
evaluation index system composed of 3 first-level indicators,
7 second-level indicators, and 19 three-level indicators is
listed in Table 2.

Entropy value method is originally developed from the
concept of information entropy. Its main idea is to estab-
lish the weight by determining the degree of dispersion of
indicators, and then form a comprehensive evaluation system
method. Such methods are usually based on macro data,
which is more scientific and objective than subjective judg-
ment. In this paper, the development level of digital economy
is evaluated from three aspects of infrastructure construction,
digital application and digital industry development. Accord-
ing to their respective influence degrees, entropy method is
used to determine the weight, and the final comprehensive
evaluation results are obtained according to the calculation
of each index value. Through the results to judge the extent
of regional digital economy development.

Firstly, the original data are normalized:

Xjj — min(x;)

“

x; = 0.1+ 0.9 %
v max (x;) — min(x;;)
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TABLE 2. Evaluation system of the digital economic development level.

I-nte.grated l?irs}-level Secpndary Three-level indicators Unit Ind-icator
indicators indicators indicators attributes
Hardware Internet broadband access ports (C1) 10* +
foundation =~ Mobile phone base stations (C2) 10* +
Digital (B1) Optical cable line length (C3) km +
infrastructure Softwar Number of websites (C4) 10°* +
(A1) fo:;n datioen Number of domain names (C5) 10* +
(B2) Number of Internet pages (C6) 10* +
Number of IPv4 addresses (C7) 10* +
Digital Mobile Internet access traffic (C8) 10°G +
individuals  Telephone penetration rate (C9) pieces/10” people +
(B3) Internet broadband access users (C10) 10*households +
Digital Digital Proporti40n of cfom_panies with e-commerce % n
. S . transaction activities (C11)
Digital application enterprises Number of websites owned b, 100 i
economy (A2) (B4) _ y every pieces .
development companies (Cl?) . .
level Digital Government microblogging (C13) pieces +
government  Government website (C14) pieces +
(B5) Government headlines (C15) pieces +
Number of R&D personnel (C16) 10* people +
I Number of employees in information
ndustry L . .
reserve trans.mlssmn, software ar.ld information )
Digital (B6) services and manufacturing of computers, 10" people +
industry communications and other electronic
development equipment (C17)
(A3) Industry é(gtl:vare business revenue as a percentage of % n
benefit (C.IS) . .
(B) Proportion of high-tech products exports with % +
respect to GDP (C19)

Data source: Indicators C1-C12 and C17-C19 are from the China Statistical Yearbook, indicators C13-C15 are from the China Internet Development
Statistical Report, and indicator C16 is from the China Science and Technology Statistical Yearbook.

where x;; is the index value of a certain index in the jth
area and max(x;;) and min(x;) respectively represent the
maximum value and the minimum value of a certain index
value in all areas.

Then, the specific gravity, entropy value and difference
coefficient of each index are calculated to obtain the weights
and comprehensive scores. The results are shown in Table 3.

B. SPATIAL DISTRIBUTION CHARACTERISTICS

With the in-depth integration of digital technology and var-
ious economic entities, the digital economy has achieved
initial successes and has become a new growth point for
the Chinese economy. However, the spatial distribution of
the digital economy is uneven, and there is still a large gap
between China’s digital economy and that of some developed
countries. Table 3 shows that the overall level of China’s
digital economy development is low, and regional differences
are obvious. The development levels of the Northern Coastal
Economic Zone, the Eastern Coastal Economic Zone, and
the Southern Coastal Economic Zone are higher than the
overall national level. In contrast, those of the Northeast
Economic Zone, the Middle Yangtze River Economic Zone,
the Southwest Economic Zone and the Northwest Economic
Zone are far below the overall level of the country. Among
the different regions, the Northwest Economic Zone has the
lowest development level at 0.0179.
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In order to deeply explore the differences in the levels of
digital economic development in various regions, the scores
of the digital economic development level calculated above
are used to draw a quantile map of China’s 2018 digital
economic index. The digital economy level of each region is
classified from low to high in 5 steps by the natural fracture
point method. Table 4 shows that the provinces with close
gradients are basically adjacent; that is, China’s digital econ-
omy has a relatively obvious spatial agglomeration effect in
the provincial space. The digital economy development levels
in the coastal areas are much higher than those in the inland
areas, while the digital economy development levels in the
middle reaches of the Yellow River and the middle reaches
of the Yangtze River are higher than those in the southwest,
northwest and northeast regions. The spatial distribution of
the development of China’s digital economy presents declin-
ing trends from the coastal areas to the inland areas and from
the centre to the periphery.

C. SPATIAL CORRELATION FEATURE

Understanding the spatial agglomeration and distribution of
China’s digital economy is the starting point for analyzing
the imbalanced spatial distribution of the digital economy.
The global autocorrelation Moran’s I index is 0.2310, and the
standardized test Z(I) value is 2.3463. This value is significant
at the 0.05 level, which shows that the development level
of China’s digital economy presents a spatially positively
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TABLE 3. Comprehensive scores of the digital economy.

Province Score Rank Province Score Rank
Heilongjiang 0.0203 26 Hubei 0.0301 14
Jilin 0.0204 25 Hunan 0.0284 15
Liaoning 0.0277 16 Jiangxi 0.0253 17
Northeast Economic Zone 0.0228 Anhui 0.0301 11
Beijing 0.0697 2 Middle Yangtze River 0.0285
Economic Zone
Tianjin 0.0251 19 Yunnan 0.0227 21
Hebei 0.0301 12 Guizhou 0.0220 22
Shandong 0.0464 6 Sichuan 0.0435 8
Northern Coastal .
Economic Zone 0.0428 Chongging 0.0301 13
Shanghai 0.0440 7 Guangxi 0.0253 18
Jiangsu 0.0567 4 Southwest Economic Zone 0.0287
Zhejiang 0.0507 5 Gansu 0.0215 24
Eastern C";f)fé Economic 0.0505 Qinghai 0.0153 30
Fujian 0.0610 Ningxia 0.0165 29
Guangdong 0.0802 1 Xinjiang 0.0181 28
Hainan 0.0186 27 Northwest Economic Zone 0.0179
Southern Coastal 0.0533 Nationwide 0.0333
Economic Zone
Shaanxi 0.0323 10
Shanxi 0.0239 20
Henan 0.0424 9
Inner Mongolia 0.0215 23
Middle Yel.low River 0.0300
Economic Zone
TABLE 4. Spatial distribution of China’s digital economy development level.
Comprehensive economic zone Lowest level Low level Medium level High level Highest level
Northeast Economic Zone Hellong} lang Liaoning
and Jilin
Northern Coastal Economic Zone Tianjin Hebei Shandong Beijing
Eastern Coastal Economic Zone Jiangsu, Zhej 1ang. and
Shanghai
Southern Coastal Economic Zone Hainan Guangdﬁ3ng and
Fujian
Middle Yellow River Economic Zone Shanxi and I nner Shaanxi Henan
Mongolia
Middle Yangtze River Economic Zone Jiangxi Hubei, Huna_ln, and
Anhui
. Guangxi, Yunnan, . .
Southwest Economic Zone and Guizhou Chongging Sichuan
Xinjiang,
Northwest Economic Zone Ningxia, and Gansu
Qinghai

correlated agglomeration feature in various regions. This is
the prerequisite for the practicability of the spatial measure-
ment model and lays the foundation for the validity of the
GWR model.

Next, in order to further explore the spatial distribution
pattern of the development level of the digital economy
in each region, Moran’s I scatter plot is selected for the
local spatial autocorrelation test. The four quadrants of the
Moran’s I scatter chart represent the four local spatial correla-
tion categories of high-high, low-high, low-low and high-low
development levels of China’s digital economy. As shown
in Figure 2, the development level of the digital economy
in most provinces is in the first and third quadrants, while
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the development level of the digital economy is in the sec-
ond and fourth quadrants in only a few provinces. This
shows that the development level of the digital economy
of these 30 provinces (cities and autonomous regions) in
China has a positive spatial correlation, which further con-
firms that China’s digital economy is characterized by spatial
agglomeration.

VI. EMPIRICAL ANALYSIS ON THE INFLUENCING
FACTORS OF THE DEVELOPMENT LEVEL

OF THE DIGITAL ECONOMY

Through the above research, we find that the development
level of China’s digital economy is characterized by regional
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FIGURE 2. Moran’s | scatter diagram of the digital economy development
level of China’s provinces.

heterogeneity and spatial aggregation among the eight com-
prehensive economic zones. In order to explore the driv-
ing factors of this imbalance, the GWR model is used to
thoroughly analyze the mechanism by which various factors
actively influence the development level of China’s digital
economy.

A. MODEL PARAMETER ESTIMATION RESULTS

Using the comprehensive score of the development level of
the digital economy as the dependent variable and factor input
and using technological progress and institutional change as
the independent variables, ArcGIS10.5 software is used to
estimate the variables of the GWR model constructed above,
and the AIC is used to select the optimal bandwidth of the
model. That is, when the minimum AIC occurs, the band-
width is optimal, and then the GWR model is the most
effective. The model parameter results are shown in Table 5.
The adjusted R? is 0.7824, indicating that the fitting effect is
good.

TABLE 5. GWR model parameters.

Parameter GWR
Bandwidth 35,493,223.0539

Residual Squares 13.0409

Effective Number 8.0168

Sigma 0.7702

AICc 87.1797

R? 0.8350

Adjusted R? 0.7824

B. ANALYSIS OF THE SPATIAL PATTERN OF ACTIVE
INFLUENCING FACTORS

1) IMPACT OF FACTOR INPUT

Table 6 shows that the regression coefficients of human input
in the eight comprehensive economic zones are all posi-
tive, and the degree of influence is high in the Northwest
and Southwest Economic Zones along the middle reaches
of the Yangtze River and the middle reaches of the Yellow
River and decreases to the northeast. Human investment is
an important factor in the growth of the digital economy.
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In economically developed areas, labour is easier to acquire.
When the matching of various positions is saturated, increas-
ing human investment will not lead to better development of
the digital economy, which is more serious than the brain
drain. Increasing the marginal productivity of talent invest-
ment can significantly improve the regions in which talent is
scarce, especially in the western regions. Increasing human
capital investment can effectively improve the development
level of the digital economy.

Material input is the factor with the largest degree of
influence among all influencing factors. It has a positive
relationship with the overall development of the digital econ-
omy, and the regression coefficient is [1.242708~1.256753].
Regarding the spatial pattern of the coefficient values, high
values tend to concentrate in the southern and eastern coastal
areas; the maximum values are located in Shanghai, Zhejiang,
Fujian, Guangdong, Hainan and other places, while the low-
est values are located in Xinjiang. This means that compared
with the areas with poor talent input, material input is more
inclined to the coastal and inland areas with good geograph-
ical conditions. Due to the unique profit-driven nature of
capital, entrepreneurs are more inclined to invest capital in
areas with high economic returns, and this eventually forms a
vicious cycle of poverty, which further widens the difference
between the development of the digital economy in North-
west China and coastal and Central China.

Knowledge input can obviously promote the development
of the digital economy in each region, and its degree of
influence is between those of material input and human input.
Table 8 shows that the regression coefficients in Northeast
China are of high value to Central, Southwest, and North-
east China, which have poor environmental bearing capac-
ities. The traditional industry technical content is low, and
industrial structure adjustment and traditional industry trans-
fer are inevitable choices. Therefore, increased knowledge
investment in Northeast China can effectively promote the
development of the digital economy.

2) IMPACT OF TECHNOLOGICAL PROGRESS

Owing to the rapid development of modern science and
technology, the replacement of traditional heavy labour by
technologies such as the Internet of Things and artificial intel-
ligence has effectively improved productivity under the same
amounts of existing capital and labour input. Table 9 shows
that the impact of technological differences on the digital
economy varies in different regions, and the regression coef-
ficient of technological progress decreases in the middle and
south directions with the northern region having a high value.
Technology can optimize the economic structure. Science
and technology play a considerable role in digital economic
development. The technological development in the north is
relatively backward. The promotion of science and technol-
ogy can greatly improve the labour productivity of a region’s
entire industry. This can promote the digital economy to raise
the level of economic development. The level of science and
technology in the southern region is higher, so other ways
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TABLE 6. Spatial distribution of the regression coefficients of human input.

Coefficient range [0.065359~  [0.065376~  [0.065402~  [0.065422~  [0.065448~
& 0.065375] 0.065401] 0.065421] 0.065447] 0.065480]
Heilongjian
Northeast Economic Zone g, Jilin, and
Liaoning
Beijing,
North Coastal Economic Tianjin,
Zone Hebei, and
Shandong
Jiangsu,
Eastern Coastal Economic Zhejiang,
Zone and
Shanghai
Southern Coastal . .
Economic Zone Fujian Guangdong  Hainan
Middle Yellow River Inner Shanx1,.
. . Shaanxi
Economic Zone Mongolia ’
and Henan
Middle Yangtze River . Hube,
. Anhui Hunan, and
Economic Zone . ;
Jiangxi
Guizhou,
Guangxi,
Southwest Economic Zone Sichuan, Yunnan
and
Chongqing
. Gansu and Xinjiang
Northwest Economic Zone Ningxia and Qinghai
TABLE 7. Spatial distribution of the regression coefficients of material input.
. [1.242709~  [1.250541~  [1.253221~  [1.255019~
Coefficient range 1242708 1.250540] 1.253220] 1.255018] 1.256753]
Heilongjian
Northeast Economic Zone g, Jilin, and
Liaoning
North Coastal Economic B'e e,
Tianjin,and ~ Shandong
Zone .
Hebei
Eastern Coastal Economic Jianesu Zhejiang,
Zone g Shanghai
Southern Coastal Fujian,
. Guangdong,
Economic Zone :
and Hainan
Middle Yellow River Inner Shanx1,-
. . Shaanxi,
Economic Zone Mongolia
and Henan
Middle Yangtze River Anhu}, . .
. Hubei, and Jiangxi
Economic Zone
Hunan
Guizhou,
Southwest Economic Zone Sichuan Yunnan, and ~ Guangxi
Chongqing
Qinghai,
Northwest Economic Zone  Xinjiang Gansu, and
Ningxia

to promote the development of the digital economy can be
considered.

3) IMPACT OF INSTITUTIONAL CHANGE

Compared with factor input and technological progress, insti-
tutional change has less impact on the development level of
China’s digital economy. As shown in Table 10, the regression
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coefficients of openness to the outside world have high values
in the southern coastal regions, the Southwest Economic
Zone and other southern regions and decreases from the
central region to the north. In the northwest and northeast
regions, openness to the outside world has the least impact
on the digital economy. This shows that increasing openness
in the coastal and central regions can significantly promote
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TABLE 8. Spatial distribution of the regression coefficients of knowledge input.

Coefficient range [0.183227~  [0.183701~  [0.184345~  [0.184772~  [0.185219~
0.183700] 0.184344] 0.184771] 0.185218] 0.186126]
Heilongjian
Northeast Economic Zone g, Jilin, and
Liaoning
Beijing,
North Coastal Economic Tianjin,
Zone Hebei, and
Shandong
Jiangsu,
Eastern Coastal Economic Zhejiang,
Zone and
Shanghai
Southern Coastal Economic Guangdong .
. Fujian
Zone and Hainan
Middle Yellow River Shaanxi Shanxi Inner
Economic Zone and Henan Mongolia
Middle Yangtze River Hube, .
Economic Zone Hunan? and  Anhui
Jiangxi
. Yunnan and Sichuan .
Southwest Economic Zone . and Guizhou
Guangxi .
Chongqing
Qinghai,
Northwest Economic Zone Gansu and Xinjiang
Ningxia
TABLE 9. Spatial distribution of the regression coefficients of technological progress.
Coefficient range [0.066796~  [0.066809~  [0.066825~  [0.066835~  [0.066848~
0.066808] 0.066824] 0.066834] 0.066847] 0.066868]
Northeast Economic Zone J1_11n, . Heilongjian
Liaoning g
North Coastal Economic BF ing,
Zone Shandong Tianj in, and
Hebei
Jiangsu,
Eastern Coastal Economic Zhejiang,
Zone and
Shanghai
Southern Coastal Economic Guangdong .
. Fujian
Zone and Hainan
Middle Yellow River Shaanxi Shanxi Inner
Economic Zone and Henan Mongolia
Hubei,
Middle Yangtze River Hunan,
Economic Zone Jiangxi, and
Anhui
Yunnan,
Southwest Economic Zone Guangxi glnghou’ Sichuan
Chongqing
Qinghai,
Northwest Economic Zone Gansu, and  Xinjiang
Ningxia

the development of the digital economy. The coastal areas of
Guangdong and Hainan and border provinces such as Yun-
nan and Guangxi have relatively high degrees of openness,
which have greater impacts on the digital economy. However,
increasing the degree of openness in most areas of Northwest
and Northeast China cannot promote the development of the
digital economy.

Convenience of transportation has the most influential pos-
itive role in institutional change for the development of the
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digital economy. As Table 11 shows, the regression coef-
ficients of transportation convenience decrease from Hei-
longjiang and Jilin in the northeast as the high-value centre
to Yunnan in the southwest. Low-value centres are observed
in the Southwestern and Southern Coastal Economic Zones.
The results show that improving transportation convenience
in Northeast China can significantly improve the develop-
ment level of the digital economy, while the central and
coastal regions have more convenient transportation, and
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TABLE 10. Spatial distribution of the regression coefficients of openness.

Cocfficient range [0.011552~ [0.011571~  [0.011585~  [0.011597~  [0.011612~
0.011570] 0.011584] 0.011596] 0.011611] 0.011631]
Jilin,
Northeast Economic Zone Liaoning, and
Heilongjiang
Shandong,
North Coastal Economic Beijing,
Zone Tianjin, and
Hebei
Eastern Coastal Economic Jiangsu and Zheiian
Zone Shanghai Jlang
Southern Coastal Fuiian Guangdong
Economic Zone J and Hainan
Middle Yellow River Inner Shanxi Shaanxi
Economic Zone Mongolia and Henan
Middle Yangtze River . Hubei,
Economic Zone Anhui Hunan? and
Jiangxi
Sichuan,
Southwest Economic Zone Guizhou, Yunnan 'and
and Guangxi
Chongqing
Northwest Economic Zone  Xinjiang I(\I}?rrllgs;:i:nd Qinghai
TABLE 11. Spatial distribution of the regression coefficients of transportation convenience.
Coefficient range [0.043562~  [0.043586~ [0.043608~ [0.043630~ [0.043656~
0.043585] 0.043607] 0.043629] 0.043655] 0.043683]
Jilin and
Northeast Economic Zone Liaoning Heilongjia
ng
Shandong,
North Coastal Economic Beijing,
Zone Tianjin,
and Hebei
Jiangsu,
Eastern Coastal Economic Shanghai,
Zone and
Zhejiang
Southern Coastal Guangdong Fuiian
Economic Zone and Hainan J
Middle Yellow River Shaanxi, Inner
. Henan, and .
Economic Zone ; Mongolia
Shanxi
Middle Yangtze River Hube, .
Economic Zone Hunan', and  Anhui
Jiangxi
e S
Southwest Economic Zone ? and
and Chongqing
Guangxi
Xinjiang,
Northwest Economic Zone Qinghai Gansu, and
Ningxia

enhancing the transportation infrastructure construction has
less of a promotional effect on the development of the digital
economy.

Among all the driving factors, the degree of government
support has the lowest promotional effect on the development
of the digital economy. As shown in Table 12, the degree
of government support has the highest influence on the dig-
ital economy in Northwest China. The effect decreases to

63104

Jiangsu, Zhejiang, Fujian and other coastal areas and forms a
low-value centre in Heilongjiang, Jilin and the eastern coastal
areas. These results show that increasing government support
in the northwest and western regions can significantly pro-
mote the improvement of the development level of the digital
economy, and Xinjiang, Qinghai and other ethnic minority
regions have higher government support. Although the devel-
opment of the western region is backward, the development
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TABLE 12. Spatial distribution of the regression coefficients of government support.

Coefficient range [0.000012~  [0.000023~  [0.000031~  [0.000054~  [0.000083~
0.000022] 0.000030] 0.000053] 0.000082] 0.0000131]
Northeast Economic Zone Hellong_]} an Liaoning
g and Jilin
North Coastal Economic B.e ying,
Zone Shandong TlaIl_]l.n, and
Hebei
Jiangsu,
Eastern Coastal Economic Shanghai,
Zone and
Zhejiang
Eggiﬁfggﬁ?l Fujian Guangdong  Hainan
Inner
Middle Yellow River Mongolia, Shaanxi
Economic Zone Shanxi, and
Henan
Middle Yangtze River Anhui and Hubei and
Economic Zone Jiangxi Hunan
Yunnan,
Sichuan,
Southwest Economic Zone Guangxi Guizhou,
and
Chongqing
Xinjiang
Northwest Economic Zone G'fmsu. and and
Ningxia . .
Qinghai

of the western region is crucial for the strategy of coordi-
nated regional development. In recent years, China has paid
increasing more attention to the western region, which has a
greater impact on the digital economy.

VII. RESEARCH CONCLUSIONS AND POLICY
RECOMMENDATIONS

Based on the theory of economic growth and new economic
geography, this paper finds that factor inputs, technological
progress and institutional change have impacts on the devel-
opment of the digital economy through theoretical derivation.
Then, using the Cobb-Douglas production function as the
starting point, the spatial distribution pattern and influencing
factors of China’s digital economy are visualized by the
ESDA and GWR methods. The results show the following:
1. The spatial characteristics of China’s digital economy
are represented by a large gap in the development level of
the digital economy among regions. The digital economy is
mainly concentrated in coastal areas and the middle reaches
of the Yangtze and Yellow Rivers. The development level
of the digital economy in different regions is not randomly
distributed but presents a significant spatial positively cor-
related agglomeration distribution. 2. The influencing fac-
tors of factor inputs have different influence modes on the
development of the digital economy, showing obvious spatial
differentiation. The influence of factor inputs on the spa-
tial distribution of the digital economy is positively corre-
lated in all provinces. The most significant areas of human
input influence are mainly concentrated in Southwest and
Northwest China. The most significant area of material input
influence is mainly concentrated in the southeastern coastal
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area of China. The most significant areas of knowledge input
influence are the three provinces of Northeast China and Inner
Mongolia. 3. The influence of technological progress on the
spatial distribution of the digital economy is positively corre-
lated in all provinces, and the degree of influence decreases
from north to south. 4. Among the influencing factors of
institutional change, openness to the outside world and the
convenience of transportation play more significant roles in
promoting the digital economy. The most significant impact
of openness is mainly concentrated in the southern part of
China, with high impacts in the south and low impacts in the
north. The most significant impact of transportation conve-
nience is mainly concentrated in Heilongjiang and Jilin. The
influence of the degree of government support on the digital
economy is small, and the areas with the most significant
impact are mainly concentrated in Xinjiang and Qinghai.
Based on the above results, in order to effectively solve
the problem of the imbalanced development of China’s dig-
ital economy and promote coordinated regional develop-
ment, the following suggestions are proposed: 1. Deepen
regional cooperation and strengthen regional contacts to fur-
ther enhance the digital capabilities in coastal areas and the
middle reaches of the Yangtze and Yellow Rivers. A digital
economy coastal cooperation pilot zone should be established
to give full play to the digital capability of the hinterland
region, thus driving the development of the digital economy
in Northwest China. 2. From the perspective of factor inputs,
first, the level of human capital should be improved. The
level of human capital plays a tremendous role in China’s
digital economy; in particular, improving the human capi-
tal level in the western region will significantly affect the
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development level of the digital economy. In accordance with
the comprehensive strategic deployment of talent and science
and technology, training local senior technical personnel will
reduce the costs of human resources. Second, to strengthen
the material input of the southeast, the southeast population
is dense and the per capita share of resources is small; there-
fore, increasing the material input can effectively stimulate
the development of the digital economy. Third, the knowl-
edge input in Northeast China should be increased, industrial
transformation and upgrading should be accelerated, and the
overall competitiveness of technology-intensive industries in
Northeast China should be increased. 3. From the perspective
of technological progress, investments in science and tech-
nology in the northern region should be increased, the pro-
tection of patent and intellectual property rights should be
strengthened, and a green and efficient knowledge economy
environment should be established. 4. From the perspective
of institutional change, first, to further increase the openness
of the southern coastal areas and areas adjacent to other
countries, regional advantages should be utilized, and more
foreign resources should be introduced. Second, investments
in regional transportation infrastructure construction should
be increased, especially to strengthen the link between the
middle reaches of the Yangtze River and the Yellow River
and the northeast. Third, full play should be given to the
guiding role of the government, and various supportive poli-
cies should be introduced in accordance with local conditions
to promote the development of the digital economy in the
northwest.

It should be admitted that the index system established in
this paper cannot be dynamically studied in the form of time
series due to the limitation of data, but the results obtained are
consistent with the current development of China and have
certain reference value. It is believed that with the develop-
ment of time and the improvement of technical level, a more
perfect index system can be established to dynamically track
the development of China’s digital economy, which is also
one of the directions of our future efforts.

REFERENCES

[11 China’s Digital Economy Development White Paper, China Acad. Inf.
Commun. Technol., Beijing, China, 2020.

[2] B.Kim, A.Barua, and A. B. Whinston, ““Virtual field experiments for a dig-
ital economy: A new research methodology for exploring an information
economy,” Decis. Support Syst., vol. 32, no. 3, pp. 215-231, Jan. 2002.

[3] B.Carlsson, “The Digital Economy: What is new and what is not?”” Struct.
Change Econ. Dyn., vol. 15, no. 3, pp. 245-264, Mar. 2004.

[4] X.Y. He, “Research on American digital economy,” Ph.D. dissertation,
School Econ., Jilin Univ., Changchun, China, 2005.

[S] A.P. Balcerzak and B. M. Pietrzak, “Digital economy in Visegrad coun-
tries. Multiple-criteria decision analysis at regional level in the years 2012
and 2015,” J. Competitiveness, vol. 9, no. 2, pp. 5-18, Jun. 2017.

[6] X.L.Zhang and Y. X. Jiao, “China’s digital economy development index
and its application,” Zhejiang Social Sci., vol. 4, pp.32-40 and 157,
Apr. 2017.

[71 H. J. Fan and T. Wu, “Measurement and index system construction of
digitization degree in China,” J. Capital Univ. Econ. Bus., vol. 22, no. 4,
pp. 3-13, Apr. 2020.

[8] X.Y.Wu and Y. J. Zhang, “China’s digital economy development status
and international competitiveness,” Sci. Res. Manage., vol. 41, no. 5,
pp. 250-258, May 2020.

63106

[9]

(10]

(11]

[12]

[13]

[14]

[15]
[16]

(17]

(18]

[19]

(20]

(21]

B. Y. Wang, J. F. Tian, L. S. Cheng, F. L. Hao, and H. Han, *“Spatial dif-
ferentiation and influencing factors of China’s digital economy,” Scientia
Geographica Sinica, vol. 38, no. 6, pp. 859-868, Jun. 2018.

X. L. Zhang and T. T. Wu, “Research on the spatial differentiation pattern
of China’s provincial digital economy development,” World Survey Res.,
vol. 10, pp. 3440, Oct. 2019.

J.Liu, Y. Y. Yang, and S. F. Zhang, “Research on measurement and driving
factors of China’s digital economy,” Shanghai J. Econ., vol. 6, pp. 81-96,
Jun. 2020.

J.F. Tian, B. Y. Wang, S.J. Wang, and L. S. Cheng, ‘‘Spatial differentiation
and causes of digital economy development in Northeast China,” Areal
Res. Develop., vol. 38, no. 6, pp. 16-21, Jun. 2019.

Y. X. Zhong and W. S. Mao, “Spatial pattern and influencing factors of
digital economy in the Yangtze River Economic Belt,” J. Chongging Univ.
Social Sci. Ed., vol. 26, no. 1, pp. 19-30, Jan. 2020.

V. Lazovi¢ and T. Duri¢Kovi¢, “The digital economy in developing
countries-challenges and opportunities,” in Proc. Int. Conv. Inf. Commun.
Technol., Electron. Microelectron., May 2014, pp. 1580-1585.

H. L. Nie and C. Y. Wang, General Theory of Regional Economy. Beijing,
China: China Social Science, 2006, p. 71.

W. Tobler, “A computer movie simulating urban growth in the Detroit
region,” Econ. Geography, vol. 46, no. 2, pp. 234-240, Feb. 1970.

C. Brunsdon, A. S. Fotheringham, and M. Charlton, *“Spatial nonstation-
arity and autoregressive models,” Environ. Planning A, Economy Space,
vol. 30, no. 6, pp. 957-973, Jun. 1998.

G. W. Hu and D. Wu, “Theoretical and empirical analysis of economic
growth factors in China,” J. Tsinghua Univ., Philosophy Social Sci., vol. 4,
pp. 68-76, Apr. 2004.

P. Wei and X. W. Chen, “Digital economy, spatial spillover and urban-
rural income gap: A study based on spatial Dupin model,” J. Shandong
Univ. Sci. Technol., Social Sci., vol. 22, no. 3, pp. 75-88, Mar. 2020.

Y. H. Zhang and J. T. Wang, “Whether the development of digital economy
has reduced the factor mismatch level in China,” J. Statist. Inf., vol. 35,
no. 9, pp. 62-71, Sep. 2020.

P. R. Krugman, “Scale economies, product differentiation, and the pattern
of trade,” Amer. Econ. Rev., vol. 5, pp. 950-959, May 1980.

ZHIQIANG LI is currently a Professor with the
School of Statistics, Jiangxi University of Finance
and Economics. He has presided more than ten
national- and provincial (ministry)-level projects
and published nearly 30 academic articles. He has
been engaged in research on regional economic
and social statistical evaluation technology for a
long time. In recent years, he has carried out con-
tinuous research on the digital economy, intelligent
economy, and other new economies.

YING LIU is currently pursuing the Ph.D. degree
with the School of Statistics, Jiangxi University of
Finance and Economics. She has published a num-
ber of empirical articles in journals. Her research
interests include digital economy, smart economy,
and other new economic measurements.

VOLUME 9, 2021



