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Abstract: The development of the digital economy is a strategic choice to build
a new pattern of China’s economic development and a necessary path to pro-
mote the high-quality development of China’s economy. In addition, the digi-
tal economy has become a new driving force for China’s economic growth and
quality improvement. This paper constructs a comprehensive evaluation system
for the digital economy (20 indicators in total) in four dimensions: digital infra-
structure, digital industry revenue generation, digital service capacity, and digital
innovation capacity. Based on regional sample data from 31 provinces and cities
in China from 2014 to 2021, this paper uses an Entropy-based TOPSIS (Technique
for Order of Preference by Similarity to Ideal Solution) method to examine and
assess the overall level of China’s digital economy development, such as a weak
industrial transformation, weak innovation capacity, lagging digital govern-
ance, an unbalanced internal structure of the digital economy, and unbalanced
development within regions. The authors then make targeted recommendations
based on specific issues. On the supply side, it is necessary to support infrastruc-
ture development, nurture market players, enhance innovation capabilities and
strengthen the talent pool to form a strong support for the development of the
digital economy. Meanwhile, on the demand side, a wide range of application
scenarios and market areas should be built for the digital transformation of enter-
prises, residents, and government departments to form an effective driver for the
development of the digital economy.
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1. Introduction

With the development of information technology, the digital economy has
become a new engine to drive China’s economic growth. The digital economy
is based on digital technology, using new technologies such as the Internet, big
data, artificial intelligence, and blockchain to upgrade and transform traditional
industries, thus promoting rapid economic development. The development of the
digital economy in China is at a stage of rapid growth and has become an impor-
tant force in driving economic development.

Firstly, the development of the digital economy in China is characterized by rapid
growth. With the popularity of the Internet and the spread of mobile devices,
China’s digital economy is showing explosive growth. By 2021, China’s dig-
ital economy already accounted for over 36 percent of gross domestic product
(GDP), the number of start-ups in the digital economy continues to grow, and
the demand for digital transformation is increasing. China’s digital economy has
become a new engine for the country’s economic development and provides a
new impetus for the development of the global digital economy. Secondly, the
development trend of China’s digital economy is characterized by the following
aspects: firstly, the continuous upgrading of digital technologies, including the
widespread use of cloud computing, the Internet of Things, 5G, artificial intelli-
gence, and other technologies, which provide strong support for the development
of the digital economy; secondly, the diversified development of the digital econ-
omy, extending from traditional sectors such as e-commerce, finance and educa-
tion to the new digital culture, digital healthcare, digital agriculture. Thirdly, the
deep integration of the digital economy with the real economy has promoted the
transformation and upgrading of traditional industries.

The promotion of the digital economy to China’s economic development is mainly
reflected in the following aspects. Firstly, it promotes innovation and entrepre-
neurship, stimulating enterprises’ innovative vitality and competitiveness.
Secondly, it enhances the competitiveness and creativity of the economy and pro-
motes the rapid development of China’s economy. Besides this, it also enables the
upgrading of employment and consumption and drives up the living standard
of the people. However, the development of the digital economy is also facing
several challenges and problems. Firstly, there are still specific bottlenecks and
difficulties in the integration of the digital economy with traditional industries,
which require continuous promotion of innovation and upgrading; secondly, the
security of the digital economy needs to be given high priority and strengthened
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management; thirdly, the issues of equity and sustainability of the development
of the digital economy also need to be given attention.

This paper adopts the entropy power TOPSIS research method to study the devel-
opment status of China’s digital economy from 2014 to the present and the devel-
opment trend. In addition, the authors have used the literature review method to
interpret the definition and characteristics of the digital economy in this paper.
The authors also analyze the current situation and development trend of China’s
digital economy and discuss the promotion of the digital economy to China’s
economy and will also discuss the challenges and problems faced by the digital
economy and propose corresponding solutions and suggestions, hoping to con-
tribute to global digital economy governance and cooperation.

2. Literature Review

The digital economy is an economic form that uses digital technology to change
economic and business models and create new economic growth points. With the
continuous development of digital technology, the digital economy has become
a significant trend in today’s economic development (Lestantri et al., 2022).
Governments and enterprises are using it as an essential tool to promote eco-
nomic growth. This article will review the digital economy’s definition, develop-
ment history, impact, and future development trends (Carlsson, 2004).

Definition of the digital economy

The digital economy refers to using digital technology to promote economic
development and economic activities supported by digital technology. The digital
economy covers many areas, including the digital industry, manufacturing, busi-
ness, trade, finance, and so on. A digital economy is a new form characterized by
digitalization, networking, platform station, intelligence, innovation, etc. (Bukht
and Heeks, 2017).

The development history of the digital economy

There are three stages for the development of the digital economy. The first stage
is the information technology era. This stage is mainly based on information
technology, represented by computers, and the traditional economy and business
model are changed through information technology (Earl, 2000). The second
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stage is the Internet era, dominated by Internet technology, represented by e-com-
merce and online marketing, and the use of the Internet to change the economy
and business models (Lee et al., 2018). The third stage is the digital economy era.
This stage is dominated by digital technologies such as artificial intelligence, big
data, the Internet of Things, and cloud computing, which change the economy
and business models through the use of digital technologies (Li et al., 2022; Li et
al., 2019; Ulas, 2019).

Impact of the digital economy

The development of the digital economy has had an essential impact on the
economy and society. The digital economy has provided new growth points for
economic development. The digital economy has promoted the development of
digital industries, which creates many jobs and injects fresh momentum into
economic development (Sturgeon, 2021). The digital economy has changed the
traditional economic and business model and promoted the transformation and
upgrading of the economy and industry (Chauhan et al., 2022). The digital econ-
omy is changing how people produce and consume, promoting the coordinated
development of productivity and production relations. The digital economy pro-
motes the inclusive and sustainable development of society. The digital economy
provides more convenient and efficient services for society while promoting sus-
tainable development and future economic and social development opportunities
(Viriyasitavat et al., 2019).

The development of the digital economy can make an essential contribution to a
country’s sustainable development. The digital economy is an information and
communication technology-based economic activity that is efficient, innovative,
and flexible and can contribute to economic growth, productivity, labor efficiency,
a green economy, and sustainable social development (Roséario and Dias, 2022).
Firstly, the digital economy can drive economic growth and increase productivity.
The digital economy promotes the application of information and communication
technologies to improve the productivity and competitiveness of enterprises and
encourage economic growth. The digital economy can also promote industrial
upgrading and transformation, drive the development of new economies and
business models, and inject new momentum into economic development (Zhang
etal,, 2021). Secondly, the digital economy can promote a green economy and sus-
tainable development. With its low-carbon, energy-saving and intelligent features,
the digital economy can encourage the effective use of resources and environmen-
tal protection (Li et al., 2022). For example, digital production and service models
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can reduce the waste of energy and materials, digital transport and logistics sys-
tems can reduce air pollution and traffic congestion, and digital energy systems
can promote renewable energy, etc. The digital economy can also promote social
equity and sustainable development, improve resource efficiency and environ-
mental benefits, and create more opportunities and possibilities for sustainable
development in the future (Zhang et al., 2022). Finally, the development of the
digital economy also needs to focus on sustainable development. The develop-
ment of the digital economy also faces a series of sustainability challenges, such
as energy consumption and e-waste. The digital economy needs to strengthen
environmental protection and resource management, promote the digital econo-
my’s green development, and reduce the digital economy’s negative impact on the
environment (Luo et al., 2022). The digital economy also needs to pay attention
to social equity and sustainable development, promote the sound development of
the digital economy and create more opportunities and conditions for sustainable
economic and social development (Wang and Zhong, 2023).

The digital economy can therefore make an essential contribution to the sus-
tainable development of a country. The growth of the digital economy needs to
strengthen sustainability management, promote the sustainable development of
the digital economy and achieve a win-win situation for both the digital economy
and the economy and society (Guo et al., 2022). In addition, existing economic
geography theories provide valuable insights into the spatial dynamics of dig-
ital economy adoption and its impact on regional development. Some scholars
demonstrate that digital economy development significantly contributes to firm
physical innovation and catalyzes strong substantive innovation more than stra-
tegic innovation (Feng and Nie, 2022). In addition, the urban development liter-
ature illuminates the role of the digital economy in shaping urban growth and
sustainability. Several Chinese scholars have explored the urban planning and
governance strategies needed to leverage digital technologies for smart city devel-
opment (Li et al., 2011). By combining insights from this literature, our study aims
to analyze the level of digital economy development in Chinese regions consid-
ered along four dimensions: digital infrastructure, digital industry revenue gen-
eration, digital service capacity, and digital innovation capacity, while considering
the broader urban development context and the potential for creating sustainable
and inclusive cities.

Furthermore, case studies related to cities where the digital economy has con-
tributed to development can also illustrate the need for governments to focus on
developing the digital economy. For example, the case of the city of Shanghai
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highlights how strategic investment in digital infrastructure and cultivating a
vibrant innovation ecosystem can facilitate its transformation into a thriving dig-
ital hub (Gu et al., 2022). What is more, in the case of Helsinki, through modern
digital technologies, cities aim to optimize their performance and services. In
addition, cities actively support modern digital technologies to facilitate digiti-
zation and the emergence of a data-based innovation and knowledge economy
(Hdamaldinen, 2020). This informs policy recommendations for other cities in
China and can also provide lessons for development in other regions.

3. Methodology
3.1. Research Questions and Methods

The research questions of this paper are as follows.

1. How did China’s digital economy develop from 2014 to 2021?

2. Are there any geographical differences in the development of the digital econ-
omy?

3. What was the focus of China’s digital economy development during this period?
and what is the future trend?

This paper uses the Entropy-based TOPSIS method to analyze 20 indicators to
explore the development of China’s digital economy from 2014 to 2021. The entro-
py-weighted based TOPSIS method is a multi-attribute decision analysis method,
which combines the entropy-weighted method and TOPSIS method and can con-
sider the correlation and importance of each indicator comprehensively and has
strong applicability to multi-attribute decision problems.

3.2. Data Source

The accuracy of the evaluation of the development level of the digital economy
depends on the understanding of the connotation of the digital economy. Based
on existing research results, this paper considers that the digital economy is new
and based on the traditional economic system. This new economic structure is
rooted in the real economy. It has the characteristics of upgrading output models
and promoting industrial innovation through advanced information technology
such as the Internet and artificial intelligence.
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Table 1. Digital Economy Evaluation Index System

Code Secondary indicators Primary indicators
X1 Length of optical fiber cables (km)
X2 Number of broadband internet access ports
X3 Penetration rate of mobile phones (number of users per Digital
hundred people) infrastructure
X4 Number of domain names (in ten thousands)
X5 Capacity of mobile telephone exchanges (in ten thousands)
X6 Revenue from software business (10,000 RMB)
X7 Revenue from information technology services (10,000
RMB) Revenue from the
X8 Telecom business volume (100 million RMB) digital industry
X9 E-commerce procurement volume (100 million RMB)

X10 E-commerce sales volume (100 million RMB)

X11 The breadth of digital financial coverage

X12 The depth of digital financial usage

X13 Level of online and mobile payments Digital service
X14 | Level of digitalization of inclusive finance capability
X15 Number of employed persons in urban units engaged in

information transmission, software, and information

technology services (in ten thousands)

X16 Full-time equivalent (FTE) R&D personnel in industrial
enterprises above designated size (person-years)

X17 | R&D expenses in industrial enterprises above designated Digital
size (10,000 RMB) innovation

X18 | Number of R&D projects in industrial enterprises above capability
designated size

X19 Technology market turnover (100 million RMB)

X20 Number of domestic patent applications and authorizations

Source: Initial data were collected by authors from official websites of the National Bureau of Statistics of China
(https://data.stats.gov.cn/english/).

From an economic point of view, the digital economy can meet the demand for
digital consumption through digital products and services. In addition, the digital
economy should be an ecosystem in which digital service producers, digital appli-
cation consumers, digital output innovators, and the digital technology environ-
ment coexist harmoniously. Based on this and considering the principles of data
availability, continuity, and operationalization, the authors cover the digital fea-
tures of economic development as far as possible. Hence, this paper constructs a
digital economy evaluation index system comprising 4 primary and 20 secondary
indicators, including digital infrastructure, digital industry income generation,
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digital service capacity, and digital innovation capacity, as shown in Table 1. All
initial data was collected by authors from official websites of the National Bureau
of Statistics of China (https://data.stats.gov.cn/english/). The four indicators—
breadth of digital financial coverage, depth of digital financial usage, level of dig-
italization of inclusive finance and level of online mobile payments—are taken
from the Peking University Digital Inclusive Finance Index, which was com-
piled by a joint research group formed by the Peking University Digital Finance
Research Centre and Ant Financial Services Group (Guo et al., 2020).

3.3. Calculation Process

The main idea is to determine the weight of each indicator by the entropy method
and then use the TOPSIS method to make a comprehensive evaluation. This
method uses the objective weighting idea of the entropy method and the TOPSIS
method to approximate the ideal solution, which can effectively eliminate the
influence of human subjective factors. It is more effective than both the entropy
method and the TOPSIS method. The primary process of the model shows below.

1. Building the original matrix. First, the data on the development of the digital
economy in Chongging is collated. Let a total of n years, and m indicators be
selected for each year to build the original matrix.

X=(x,)nm(i=1,2,3,....n5j=1,2,3,....,m) o)

2. The selected indicators were normalized to initially eliminate differences
caused by the dimensions of the variables. As all the data and information
selected in this study are positively oriented indicators, there is no need for
either positive or reverse transformation. Therefore, this study adopts the
“normalization by mean” method for data processing.

Yij =X/ Mean )

3. Determine the weights for the values of the j = indicator of the i ” object:

poo 3)

ij n
Z Xij
i=1
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Determine the entropy value of the j , indicator:

n

1
e=- ) * ;Pijln(Pij) ,(i=1, .. n;j=1,...,m) 4)

Then, calculating the information utility value d:

d=1-¢ ®)

] i

Determine the entropy weight of the j indicator:

I-e, "
w.=&, 05szl,2wj=1 ©)

J m

Z(l_ej) -

j=1

Compute scores for individual indicators and overall performance level.
n
Sij—wl.xxij, Si—ZjSU 7)

After the above steps, then use TOPSIS method for evaluation. Assuming
there are "' object, " indicators, then the matrix is X=(x,)

Y7 mn

Normalize the decision matrix Y=(y,) . 8)

mn

Next, to compute the weighted and normalized decision matrix V:
V=( v ij)

Using the weighted and normalized decision matrix V, calculate the positive
ideal solution and negative ideal solution. In the TOPSIS method, monotonic-
ity is usually required. The formulas for positive and negative ideal solutions
are as follows:

mxn =( W‘/y I‘I) mxn (9)

positive ideal solution: X+ =( vivy, V,T) ,vi=max, ;v (10)
negative ideal solution: x- =( vTLv3, ,,,,v;), vi=min v 1
To calculate the distances between each object and its positive and negative
ideal solutions, usually use the Euclidean distance:

n .
St= 2 (vij_ vj+)2 Li=1,2,....m

j=1

SI.‘= Z" (vi].—vj‘)2 ,i=1,2,...,m

j=1

12)
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12. Computing the relative closeness of each object:
Cr=s;/(S+57) (13)
13. The relative closeness measure C; of each object is its comprehensive score
index, with a higher ¢} indicating a better object.
4. Results
4.1. Empirical Analysis
Based on constructing the evaluation index system and measurement model for
the development level of digital economy in China, the weight (w ;) of each eval-
uation index in each province and city is derived according to the above formula,

as shown in Table 2 below.

Table 2. The weights of each evaluation index in 31 provinces and cities in China
from 2014 to 2021.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1l XI2 XI13 X14 XI5 XI16 X17 XI8 XI19 X20
Shanghai 184 192 084 524 229 615 1018 2448 815 468 236 4 145 244 391 02 118 093 1371 4.05

Beijing 246 165 004 3.19 465 131 1632 2477 359 892 199 394 167 2 14 055 049 04 393 495
Zhejiang 221 194 008 462 076 473 618 2198 51 496 17 206 093 141 189 131 196 429 2857 333
Jiangsu 215 25 035 361 611 171 544 2897 25 622 278 304 153 143 034 07 229 401 1606 827
Fujian 335 218 005 138 022 18 194 2397 695 656 207 399 161 111 098 19 387 575 1359 429
Guangdong  3.14 299 0.2 081 006 335 725 2158 379 458 177 337 18 11 329 189 215 8 1938 949
Tianjin 589 737 084 259 09 689 1175 3396 205 43 261 373 158 113 016 306 181 055 753 13
Hubei 425 307 042 849 002 354 79 2582 634 452 25 32 161 089 147 126 189 447 595 1239
Anhui 215 1.88 008 448 074 459 6 2135 495 481 274 261 16 063 18 146 332 378 2775 323

Shandong 356 287 022 271 0.7 3.05 313 2555 431 561 259 313 178 088 02 102 04 483 2339 1056
Chongging 36 332 055 609 062 632 527 2912 927 48 229 326 116 074 035 188 328 53 89 392
hainan

Shaanxi 488 274 037 95 0 666 891 263 673 7 223 363 241 066 046 025 19 26 728 548

Henan 132 241 037 83 043 134 176 256 334 101 263 348 195 069 178 024 262 44 2804 83

Jiangxi 631 174 066 116 146 412 1.5 1903 545 284 21 195 102 038 027 565 357 993 124 805
Sichuan 39 374 058 417 004 283 319 2475 1187 822 211 271 118 088 064 109 29 652 1449 42

Hunan 239 162 064 7.6 072 544 1034 199 65 27 186 214 094 064 022 103 225 826 2022 502
Liaoning 495 096 0.8 573 3.58 316 6.19 2753 926 552 238 334 154 089 007 056 098 405 763 1151
Shanxi 176 201 031 134 095 624 109 2025 632 1143 195 268 177 043 006 029 125 324 666 803
Guangxi 367 183 036 367 224 1184 1279 131 243 304 108 137 069 03 031 046 054 252 338 395
Hebei 35 162 043 388 042 384 462 2243 43 373 21 301 18 065 069 0.13 204 351 2728 999
‘Yunnan 694 344 046 153 0.69 348 433 2657 605 273 245 264 118 062 004 247 509 43 279 839
Xizang 097 074 002 1 012 1815 1496 271 06 035 011 012 515 113 1393 513 2753 727
Ningxia 381 455 023 49 041 642 859 2283 399 315 1.8 269 16 079 002 165 3.69 2 1405 12.76
Neimenggu 3.2 085 0.5 3.15 001 2532 3528 1101 461 3.18 087 141 065 02 001 114 024 072 266 535
Xinjiang 504 398 047 377 009 141 141 348 58 396 295 279 121 079 095 17 069 182 1917 716
Jilin 606 238 043 127 081 133 067 2611 077 012 226 309 164 08 08 375 07 055 2572 922
Guizhou 215 276 034 214 048 5.5 874 2131 137 103 199 2 091 031 036 109 287 452 1527 56

Heilongjiang 517 212 055 932 03 1129 1307 2062 7.67 511 229 265 136 06 053 607 068 102 591 367
Gansu 34 447 062 155 33 262 214 3219 355 377 313 433 236 067 066 178 045 095 327 109
Qinghai 329 255 024 29 064 1757 122 1891 746 1128 179 213 116 065 003 111 131 326 108 10.72

Source: Initial data were collected by authors from official websites of the National Bureau of Statistics of China
(https://data.stats.gov.cn/english/).

To ease the discussion, the paper adopts the conventional geographical divi-
sion method to divide the 31 provinces and cities into seven regions. It averages
the digital economy development indices of the provinces and cities within the
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regions to facilitate the examination of regional digital economy development
trends. The results are shown in Table 3.

Table 3. Comprehensive evaluation of 31 Chinese provinces and cities

from 2014 to 2021.

Region ime | 2014 2015 2016 2017 2018 2019 2020 2021
East China 0.14 0.52 0.66 1.13 2,67 443 564 324
South China 0.05 0.16 0.22 037 087 131 172 196
Central China 0.06 0.21 0.23 036 098 1.71 229 145
North China 0.17 0.36 0.31 056 1.71 270 346 255
Northwest China 0.17 0.55 0.55 076 194 323 420 1.66
Southwest Region | 0.16 0.22 0.30 053 1.81 326 393 203
Northeast Region 0.50 0.55 0.55 0.88 136 213 244 072

Source: Initial data were collected by authors from official websites of the National Bureau of Statistics of China

(https://data.stats.gov.cn/english/).

In order to visualize the changes in the development of seven Chinese regions’
digital economy between 2014 and 2021, the authors made a visual chart based on

the above data, as shown in Figure 1 below.

Figure 1. Comprehensive Evaluation Results of Digital Economy Development

in China from 2014 to 2021
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At the national level, China’s digital economy showed a year-on-year increase over
the study period, with a 242 percent increase in 2020 compared to 2013, indicat-
ing that China’s digital economy was at a rapid stage of development.

At the regional level, the seven regions also showed a significant growth trend.
Still, there was an imbalance in the level of digital economy development among
the regions, with East China having the highest level of digital economy. This is
because Jiangsu, Zhejiang and Shanghai were ahead of the rest of the country
in terms of infrastructure development, digital industrialization, and digitiza-
tion of industries, reflecting their strong digital economy. Northern China was
in the second echelon, with Beijing’s digital economy being more developed after
Guangdong and Jiangsu. It can give full play to its advantages in digital talent, IT
industry and the digital transformation of mature industries. The digital economy
in Tianjin, Hebei and Shanxi will be accelerated. From 2014 to 2017, the digital
economy in the north-west, south-west and north-east regions lagged and grew
slowly; after 2017, it grew faster. However, overall, China’s digital economy devel-
opment shows a large variation between regions, with a decreasing trend from the
southeast to the northwest. It is also worth noting that the overall level of devel-
opment has declined since 2020, due to the impact of the COVID-19 epidemic.

4.2. Policy Recommendations

Firstly, the government should increase its efforts to build digital economy infra-
structure in the central and western regions and focus on rational planning of
new digital infrastructure to give full play to the cluster synergy effect. Through
financial transfers and other initiatives, the government should direct technology,
capital, and talent toward less developed regions in the digital economy and vigor-
ously promote the integration of advanced technologies, such as big data and the
Internet of Things, with traditional industries to take advantage of the “latecomer
advantage” and narrow the differences between regions. Secondly, the govern-
ment should organize the removal of unfavorable factors, such as administrative
regulations and policy rules that hinder the flow of factors across regions, and
promote the in-depth development of digital infrastructure construction, digital
economy resource sharing, and integrated development mechanisms in neigh-
boring regions, to innovate a regional linkage model for digital economy devel-
opment, and to give full play to the leading and driving role of developed digital
economy regions in the neighboring regions, the “siphon effect” of resources and
the harm of homogenous competition can be reduced. Finally, given the positive
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impact of economic development, industrial structure, trade openness, foreign
investment, and residents’ purchasing power on the digital economy’s devel-
opment, the government should develop differentiated development strategies
according to local conditions.

The southeastern coastal regions should strengthen the digital transformation
of their industries and upgrade the quality of their industrial structure through
the integration of digital technology with smart manufacturing, new energy,
biomedicine, and software services while maintaining their openness to the out-
side world and their advantages in attracting foreign investment; the central and
western inland regions should continue to improve their economic development
and strengthen the construction of digital infrastructure to provide favorable
conditions for the development of the digital economy. The government should
focus on improving the investment environment to attract high-quality capital,
and advanced technology, talent, and management experience are conducive to
upgrading the industrial structure, which has a two-way effect on the develop-
ment of the digital economy.

5. Conclusion

In conclusion, the development of the digital economy is essential for China to
build a new economic pattern and achieve high-quality economic growth. This
paper presents a comprehensive evaluation system for the digital economy and
uses an Entropy-based TOPSIS method to examine and assess China’s digital
economy development. The results indicate that China’s digital economy is rap-
idly developing but faces challenges, such as a weak industrial transformation,
weak innovation capacity, lagging digital governance, and an unbalanced internal
structure and regional development. To address these challenges, the government
should take targeted measures on both the supply and demand sides, including
supporting infrastructure development, nurturing market players, enhancing
innovation capabilities, building application scenarios, and market areas for dig-
ital transformation.

The study also reveals an imbalance in the level of digital economy develop-
ment among the regions, with East China having the highest level, followed by
Northern China. In contrast, the northwest, southwest, and northeast regions
show slow growth in the early years but have caught up in recent years. However,
the overall level of development has declined since 2020 due to the impact of the
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COVID-19 epidemic. To narrow the regional differences, the government should
increase its efforts to build a digital economy infrastructure, promote resource
sharing and integrated development mechanisms, and develop differentiated
strategies according to local conditions. By doing so, China can fully tap into the
potential of the digital economy and achieve sustainable and inclusive economic
growth.
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