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Abstract. In the context of the development of new productivity, digital industry,
as the core driving force of technological breakthroughs and industrial transfor-
mation, promotes the market-oriented allocation of data elements, accelerates the
integration of digital technology. This study takes Hebei Province as an empirical
object to explore the relationship between the coordinated development of digital
industry and urban economy in Hebei Province from 2019 to 2023. By construct-
ing the “entropy weight-coupling” model, using the entropy weight method to
objectively assign weights, constructing an evaluation index system for digital
industry and urban economy, using the coupling coordination model to measure
the coordination level, and using SPSS for data analysis. The results of the em-
pirical study show that the overall comprehensive scores of digital industries and
urban economy in Hebei Province showed an upward trend from 2019 to 2023.
The coupling coordination degree between the two jumped from moderate dis-
harmony in 2019 to high-quality coordination in 2023, indicating that the system
relationship has moved from horizontal coordination to high-level mutual pro-
motion.
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1 Introduction

China’s series of policies focus on the development of new productivity, which empha-
sizes innovation, technological breakthroughs and industrial transformation, and uses
the digital technology revolution to lead to productivity leaps. Hebei Province, as an
important hinterland of the coordinated development of Beijing, Tianjin and Hebei, has
both the needs of traditional industrial transformation. This study takes Hebei Province
as an empirical object, aiming to construct an “entropy weight-coupling” comprehen-
sive evaluation framework, deeply explore the level of coordinated development of dig-
ital industry and urban economy, and provide quantifiable decision-making basis [ .

© The Author(s) 2025

A. Senadjki et al. (eds.), Proceedings of the 2025 7th International Conference on Econom

Cultural Industry (ICEMCI 2025), Advances in Economics, Business and Management Research 354,
https://doi.org/10.2991/978-94-6463-888-2_19


https://doi.org/10.2991/978-94-6463-888-2_19
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-888-2_19&domain=pdf

Research on the Coordinated Development of Digital Industry and ... 189

Research on the coordinated development of digital industries and urban economies
has shown a multi-dimensional exploration trend. On the one hand, research on how
the digital economy affects the comprehensive level of cities has gradually matured.
Gao Ling’s (2025) study on digital industries and urban economies showed that digital
industries have a marginal and nonlinear impact on urban economic resilience 2, com-
bined with Zhao Tao’s (2020) empirical research and analysis, the digital economy and
the urban entrepreneurial ecosystem have formed a positive interaction *; Tian Xiujuan
(2022) believes that digital technology can cultivate new forms of economic develop-
ment and enable the transformation and development of the real economy . On the
other hand, there are few refined quantitative studies on the level of coordination be-
tween digital industries and urban economies. Zhou Yu (2019) proposed that the digital
economy will drive public service reforms, but did not explain the dynamic feedback
mechanism 3; Jiang Song et al. (2020) empirically showed that the digital economy has
a “crowding-out effect” on the real economy. Currently, most of the existing literature
discusses digital industries or urban economy in isolation.

Therefore, this study, as a supplement, deeply analyzes the theoretical and practical
needs of the coordinated evolution of digital industries and urban economies, focuses
on Hebei Province, a typical transformation region, and studies digital economic issues
in provinces and cities, filling the gap in refined empirical research, and also provides
a replicable evaluation framework for regional coordinated development under the
background of new quality productivity.

2 Study Area, Analysis Methods and Data Sources

2.1 Study Area

Hebei Province is located in North China and is the core hinterland of the coordinated
development of Beijing, Tianjin and Hebei. In 2023, the total GDP of Hebei Province
was 4,394.41 billion yuan, an increase of 105.5% over the previous year, showing a
stable growth trend. As a traditional industrial province, Hebei Province is actively pro-
moting the upgrading of traditional industries.

2.2 Research Methods

2.2.1 Entropy Method
This study uses the entropy method to set the weights of the evaluation indicators of
digital industry and urban economic level. The entropy method is an objective
weighting method based on information entropy theory®. This study refers to the re-
search method of Li Guanggin et al. (2023) and uses the entropy method to measure the
coordinated development level of digital industry and urban economy. The specific
steps are as follows:
Ajj—min (4;j)

(1) Standardization of indicators: Positive indicators: B;; = —*————"—; Re-
max(A;j)—min (4;5)
maX(Aij)—Aij

verse Indicator: Bij = m
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Assume that there are i samples, the maximum number of samples is g, there are j
evaluation indicators, the maximum number of indicators is h, A;jrepresents the origi-
nal value of the i-th sample and the j-th indicator, B;;represents the standardized data,
max(Al- ]-)and represents mi n(AL- j)the maximum and minimum values 7. B;;it cannot
be used directly. It is necessary to shift the standardized values to get B} jthe result after

data shift.
(2) Calculate the proportion of the i-th sample value under the j-th indicator P;;:P;; =

B!.
5T OsP;<li=1.,9j=1..h
=171

(3) Calculate the entropy value of the ju indicator Ej: E; = —k 2?:1 Pj;InP; (k=
—, 0<E<1)
Ing

(4) Calculate the coefficient of variation of the ju indicator D;: D; = 1 — E;

i o W= PP
(5) Calculate the weight of the jth indicator W;: W; = s, p;

(6) Use the linear weighted method to calculate the comprehensive evaluation score
of digital industry and urban economic level:U; = Z;Ll Bij W;

2.2.2 Coupling Coordination Analysis Model

Coupling coordination refers to the internal analysis of two or more systems to quan-
tify their mutual influence®. The calculation formula is as follows:

(1) According to existing research, the number of subsystems in this study is two, so

Uy U, :

(U1+U3)?
pling value between digital industry and urban economy, and 0 < C;, < 1.

(2) Coupling coordination model:D = \/Cy, X Ty5; T = a,U; + a,U,, ayand a,are
comprehensive evaluation indexes. Since the growth of digital industry is as important
as the development of urban economy, o and [ are both taken as 0.5 (Table 1).

the coupling degree calculation formula is:C = 2 X ]E,C represents the cou-

Table 1. Coupling coordination level classification standards

Coupling Coupling

coordination Coordina- Couphn.g coordination Coordina- Coup llng
. coordination . coordination
degree D tion level deerce degree D tion level derce
value range & value range &
[0.0-0.1 ! drordered 0500 o P
Serious dis- Primary Co-
[0.1~02) 2 order [0.6~0.7) 7 ordination
Intermediate
[0.2~0.3) 3 I\D’[i’s‘(i)‘fdaetf [0.7~0.8) 8 Coordina-
tion
[0.3~0.4) 4 Mﬂ‘;grlsor' [0.8~0.9) 9 Ggﬁgggﬁr‘
. On the verge % High-quality
[0.4~0.5) > of disorder [0.9~1.0] 10 coordination
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2.3 Data Sources

Publicly released data from the Ministry of Housing and Urban-Rural Development,
covering the period from 2018 to 2024.

3 Data Analysis

3.1 Construction of Indicator System

Based on the principles of scientific and rationality, the study summarizes the connota-
tion and characteristics of the digital economy, draws on existing research results, and
develops a digital industry and urban economic coupling coordination evaluation index
system. According to the above standards, the specific indicator system constructed is
shown in Table 2.

Table 2. Hebei Province’s digital industry and urban economy coordinated development indi-
cator evaluation system (2019-2023)

First Serial Indicato
eria icator
Level In- Secondary Indicators Unit .
. Number Properties
dicator
X1 GDP growth rate (%) Positive
1 illi
X2 GDP (100 ml)“’n Positive
an
Urban . o o
Eco- X3 GDP per capita (Yuan/person) Positive
. P i il sales of con-
nomic X4 er capita retail sales of con (Yuan) Positive
Develop- sumer goods
ment X5 Urban Residents .Consumptlon (Yuan) Positive
Expenditure
. 100 milli .
X6 General public budget revenue (100 million Positive
yuan)
P rti f the terti in-
X7 roportion of the tertiary in %) Positive
dustry
X8 Total Output V.alue of construc- (100 million Positive
tion industry yuan)
N X9 Financial institutions’ year-end (100 million Positive
Digital loan balance yuan)
Indus- 100 milli
.n us X10 R&D expenditure ( muon Positive
trial Sys- yuan)
tem Ratio of internal expenditure
X11 on research and experimental (%) Positive
development to GDP
Undergraduate.and junior col- (10,000 peo- N
X12 lege students in regular col- ple) Positive

leges and universities
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3.2 Comprehensive Evaluation

Overall, the level of coordinated development of digital industry and urban economy
in Hebei Province showed a jagged upward trend from 2019 to 2023, with the compre-
hensive score rising from 0.1566 in 2019 to 0.9646 in 2021.

From the perspective of time segmentation, the overall situation can be divided into
two periods. From 2019 to 2020, the coordinated development of digital industry and
urban economy in Hebei Province stagnated, and the comprehensive score almost grew
by zero. At the same time, the epidemic severely suppressed offline consumption, and
the total retail sales of consumer goods fell by 15.6% compared with the previous year.
The shrinkage on the demand side has greatly reduced the application scenarios of dig-
ital technology, and the market demand for digital industries has been difficult to fully
release, which has hindered the coordinated development of digital industries and urban
economy, making it difficult to improve the comprehensive score °.

From 2020 to 2023, the coordinated development of digital industry and urban econ-
omy in Hebei Province showed a rapid upward trend, and the comprehensive score
approached 1 by 2023. The overall change reflects the impact of the complex external
environment on the digital industry and urban economy. In 2022, the Beijing-Tianjin-
Hebei hub of “East Data West Computing” was launched. Hebei Province took over
the spillover demand of data centers in Beijing and other places. The policy focused on
the core bottleneck problems of the development of the digital industry in the province,
and resources were more reasonably allocated, which increased the weight of key indi-
cators in the digital industry subsystem and promoted the coordinated development of
the digital industry and urban economy (Figure 1).
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0.00
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—a&— Comprehensive score  0.1566 0.1561 0.5016 0.6096 0.9646

Fig. 1. Comprehensive score of Hebei Province’s digital industry and urban economic coordi-
nated development index evaluation (2019-2023)

3.3  Coupling Analysis-Coupling Coordination Analysis Model

Through the coupling analysis model, the following coupling scores of the coordinated
development of digital industries and urban economy in Hebei Province are obtained.
From the overall coupling score, it is found that the overall development shows a saw-
tooth rise from imbalance to coordinated development. From the perspective of time
segmentation, it is specifically divided into the following two dimensions.

From 2019 to 2020, the coordinated development of digital industry and urban econ-
omy in Hebei Province was in a state of moderate imbalance, reflecting that a benign
interaction has not yet been formed between the two major systems of digital industry
and urban economy, and there are certain structural dislocations and stage mismatches.
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The direct cause of the aggravated imbalance should still be attributed to the sudden
outbreak of the COVID-19 pandemic in 2020. In short, from 2019 to 2020, Hebei Prov-
ince faced the dual problems of lagging digital industry development and insufficient
urban economic support. The core contradictions were concentrated on insufficient pol-
icy effectiveness, lagging traditional industries and the impact of the epidemic.

From 2020 to 2023, the coordinated development of digital industry and urban econ-
omy in Hebei Province entered the coordination stage, and the coupling relationship
achieved a leap from primary coordination to high-quality coordination, reflecting the
continuous strengthening of the synergy between the digital industry system and the
urban economic development system '°. At the policy level, Hebei Province has issued
policies such as the “Action Plan for Accelerating the Construction of Digital Hebei”,
clarifying the core direction of “taking industrial digitalization as the main line and
digital infrastructure as the support”, optimizing the economic structure, and accelerat-
ing the digital transformation and upgrading of traditional industries (Figure 2).
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Fig. 2. Coupling score of coordinated development of digital industry and urban economy in
Hebei Province (2019-2023)

4 Findings and Discussion

This study uses the entropy method and coupling analysis model to measure the score
levels of Hebei Province’s digital industry and urban economy respectively, and calcu-
lates the coupling coordination degree to evaluate the degree of coordination between
China’s digital industry and urban economic development !'. In the comprehensive
score analysis, the overall scores of the two systems showed an upward trend from 2019
to 2023, among which the score of the urban economic system first decreased and then
increased, and the score of the digital industry system continued to increase. This study
found the following conclusions. For one thing, policy supply systematically affects the
coordinated development of digital industry and urban economy. Through the entropy
weight-coupling model, this study found that the fragmentation of digital industry pol-
icies in Hebei Province in 2019-2020 led to the lack of coordination mechanism. From
2021 to 2023, by optimizing the top-level design of digital industry, the policy effec-
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tiveness was significantly released to empower urban economic development. For an-
other, scientific and technological innovation and education investment provide support
for digital industries to empower urban economic development. Based on the research
results, secondary indicators such as the ratio of R&D expenditure and internal expendi-
ture on research and experimental development funds to regional GDP in Hebei Prov-
ince continued to rise from 2019 to 2023. Drawing on Liang Xiaotian et al. (2022), this
investment can bring more emerging technologies, promote the digital industrialization
and industrial digitalization of Hebei Province, and accelerate the digital transformation
of traditional industries, thereby improving the score of the digital industry system.

5 Conclusion

This study mainly studies the development of urban economy and digital industry in
Hebei Province from 2019 to 2023, and conducts a coupling analysis of urban economic
development and digital industry system. It found that the core contradiction in the
imbalance stage of Hebei Province lies in the lack of policy guidance and external
shocks, while the breakthrough in the coordination stage depends on the precise policy
efforts to promote the deep integration of digital technology and traditional industries
and build a digital industry-urban economy coordination framework. This study pro-
vides a quantitative decision-making framework for the development of digital indus-
tries under the new development pattern, and also provides an important reference for
the coordinated development of regional digital economy and urban economy. First,
strengthen policy guidance and coordination.
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