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Abstract

At present, China's economy is in the stage of shifting from high-speed growth to high-
quality development, and the development of the digital economy is a lasting driving
force for improving the efficiency of economic growth. This project conducts the coupling
and coordination relationship between the digital economy and economic growth
efficiency and the correlation between regional difference research, measures the panel
data of 30 provinces and cities in China from 2011 to 2019, and analyzes the
measurement results from the perspectives of time series and regional differences. This
paper studies the coupling and coordination effects of digital economy and economic
growth efficiency. Based on this, this project puts forward policy recommendations to
accelerate the coordinated development of digital economy and economic growth
efficiency in various provinces and cities in China, reduce coordination differences, and
promote the development of scientific and technological innovation, so as to achieve
rapid social transformation and structural upgrading.
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1. Introduction

Currently, the Chinese economy is transitioning from high-speed growth to high-quality
development, and the development of the digital economy is a lasting driving force for
improving economic growth efficiency. This project measures the panel data of 30 provinces
and cities in China from 2011 to 2019 and analyzes the results from the perspectives of time
series and regional differences. Through the construction of a comprehensive index for
analyzing the digital economy, the efficiency of economic growth, and the degree of
coordination between the two, this project evaluates the regional differences in the
coordination of the digital economy and economic growth efficiency, and studies the impact of
the coordination between the digital economy and economic growth efficiency. Based on this,
feasible and innovative suggestions are proposed for promoting the development of the digital
economy, improving economic growth efficiency, and achieving coordinated development
between the two.

Since the 18th National Congress of the Communist Party of China, China has attached great
importance to the development of the digital economy and has gradually elevated it to a
national strategy to expand the new space for economic development. In the report of the 19th
National Congress of the Communist Party of China, it was proposed to promote the deep
integration of the Internet, big data, artificial intelligence, and the real economy, and build a
digital China and a smart society. The weight of the digital economy in China's national economy
has gradually increased and has become a core component of the economic system. How does
the development of the digital economy affect the efficiency of economic growth? Will this
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impact vary in different regions? Domestic and foreign scholars have proposed that the rapid
development of the digital economy can further improve economic growth efficiency (Jing
Wenjun, Sun Baowen, 2019; Li Xiaohua, 2019). Honohan pointed out that the digital economy
promotes national economic growth, and Basu and Fernald pointed out that the digital
economy can improve the efficiency of economic market operation. The digital economy can
become a new driving force to promote high-quality economic development in China (Zhang
Teng, Jiang Fu, 2021).

In terms of regional economic growth, domestic and foreign scholars have conducted extensive
research and discussions on economic growth and regional disparities (Romer P, Lucas R E). Li
Le and Zhou Lin Yi (2018) studied the significant role of the development of the digital economy
in promoting regional economic growth and improving production efficiency. Yu Zhigian and
Zhu Ning (2021) pointed out that overall efficiency, the improvement of economic growth
efficiency in underdeveloped areas is more prominent. In terms of enterprise productivity
growth, Du Chuanzhong, Zhang Yuan (2021) analyzed that the digital economy can indirectly
promote enterprise productivity growth. The above conclusions provide theoretical support
for the digital economy to improve economic growth efficiency and also have certain
enlightening significance for how to develop the digital economy to achieve high-quality
economic development. Regarding the efficiency of economic growth as one of the main reasons
for regional economic differences (Song Changqing, Li Zilun, 2013), this project selected the
examples of the Yangtze River Delta region (Wang Yong, Du Pengfei, 2020) and Sichuan
Province (Zhang Weidong, Ding Junchao, 2014) to examine whether the improvement of
economic growth efficiency will narrow regional disparities and promote the development of
the digital economy. Overall, the improvement of economic growth efficiency is achieved
through the integration of regional elements, structural upgrades, and strengthened regional
cooperation (Li Xuesong, Zhang Yudi, et al., 2017). In terms of regional research, the SBM-
Undesirable model (Yuan Qingmin, Qiu Jing, 2015), DEA-BCC model (Zhang Weidong, Zhao
Shihong, 2015), logarithmic Cobb-Douglas production frontier model (Li Yuxin, Zheng Liang,
2019), and others are used to select different panel data to study the promotion of the digital
economy by improving economic growth efficiency. Most scholars' research focuses on the
measurement of China's digital economy index system, the quality of digital economy
development, and its influencing factors, etc. neglecting the research on the coupling and
coordination relationship between the digital economy and economic growth, as well as the
regional differences. Duan Xiufang, Xu Chuanang (2021) analyzed the overall and provincial
levels of the coordination and coordination level between the above-mentioned digital
economy development and economic growth efficiency in China; Li Xiaolong, Ran Guanghe
(2021) used a two-way fixed model and a mediating effect model to empirically test the
influence between the two systems; Wei Zhenxiang, Shi Xiangguo (2021) combined the degree
of coordination and the PVAR model to analyze the coupling and interaction development
between the two systems; Bai Xuejie, Song Pei, et al. (2021) used panel data from Chinese
provinces to explain the specific impact of digital economic growth from the perspective of
efficiency-type technological progress; Qin Kefeng, et al. (2021) explored the impact
mechanism of the digital economy on economic growth from the perspective of regional
innovation. These studies have certain practical significance for promoting the coordinated
development of the digital economy and economic growth and narrowing regional disparities.
However, there are still some shortcomings, such as the lack of comprehensive evaluation of
the coordination level between the two systems and the regional differences, and the lack of
targeted suggestions for promoting the coordinated development of the digital economy and
economic growth in specific regions.
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2. The theoretical analysis and framework construction of the coupling
and coordination relationship between the two are discussed in the
overall system

The theoretical analysis and framework construction of the coupling and coordination
relationship between the two are comprehensively discussed. By reviewing the relevant
literature by domestic and foreign scholars on the digital economy and economic growth
efficiency, it can be found that the existing literature has conducted extensive research on the
digital economy's promotion of economic growth and realization of high-quality economic
development. However, there is a relative lack of research on the coupling and coordination
development between the digital economy and economic growth efficiency. As a major factor
in improving economic growth efficiency, the digital economy inevitably has a mutually
reinforcing and coordinating relationship with economic growth. On the one hand, the rapid
development of the digital economy can further improve economic growth efficiency. On the
other hand, the improvement of economic growth efficiency can reduce regional economic
disparities, thereby promoting the development of the digital economy (Zhang Weidong, Ding
Junchao, 2014). In response to the problem that traditional coupling coordination models are
not standardized enough, Wang Shujia, Kong Wei, et al. (2021) have further proposed a
modified model for coupling degree. This project analyzes the coupling and coordination
relationship between the digital economy and economic growth efficiency, and analyzes the
regional differences and spatiotemporal correlation evolution of the coupling and coordination
between the two. It constructs the framework for this project and lays the theoretical
foundation for subsequent construction and measurement of the indicator system.

Indicator System:The indicator system of this project mainly includes the comprehensive index
of the digital economy, the comprehensive index of economic growth efficiency, the coupling
and coordination index between the digital economy and economic growth efficiency, and the
regional disparity index. By constructing these indicators, it is possible to comprehensively
evaluate the level of development of the digital economy, economic growth efficiency, and the
coordination relationship between the two, as well as their regional differences, and provide
detailed data support for research.

Constructing a scientific and feasible indicator system is an important part of studying the
coupling and coordination development relationship between the digital economy and
economic growth efficiency. Based on a comprehensive analysis of the digital economy and
economic growth efficiency, this paper adheres to principles of scientific and objectivity and
constructs an indicator system from all aspects.

The digital economy indicator system: With the rapid development of the digital economy,
domestic and foreign scholars have measured it from multiple dimensions. Observing the
development process of the digital economy, infrastructure provides the basic conditions for
development, industrial development is the objective carrier of the digital economy, the
innovation environment is a key factor in the upgrading and development of the digital
economy, and digital inclusive finance can be seen as a modern innovation of inclusive finance
and is a social application of the digital economy. In addition to referring to existing research
on digital economy evaluation indicators, this paper selects digital infrastructure, digital
industrial development, digital innovation environment, and digital inclusive finance as the
four primary indicators for studying the development of the digital economy, as well as 16
corresponding secondary indicators.

21



Frontiers in Humanities and Social Sciences Volume 4 Issue 2, 2024
ISSN: 2710-0170

Eistan

BETA% SR fEhR —dEkE H iy i
Hordbn Wi frahdnid i g AP NS IE

1P T R Ko S A 2R K i A IE T

55 N LI Y 4 12 11 4 0o EF

155 NIFH ELIE R 4% % A EF

Borm R gkl BN e iET)

Ml 4 b Bt fe.e iE )

5 BR &L fe.7t IEF

. {5 BB T BOHUIR 25 AR MOl A 53 3 PN IEf
W el e @ Ef
HURELL E Tk Al RED A 5 F A i

B LL_E Tk Al R&D 2297 37 1Y fzot 1E[A

LR AL A 1E)

) U 0 i Jf1)

UrEEsH HyysEommsr % IE

B T S o R 18 iE T

o7 U R S R A AR % )

3. Results Analysis

3.1. Analysis of Coupling Coordination Degree between Digital Economy and
Economic Growth Efficiency

The data value of coupling coordination degree ranges from 0 to 1, with a higher value
indicating a greater overall interdependence and mutual restraint between the digital economy
and economic growth. Based on the above, this project uses the coupling coordination degree
model to calculate the coupling coordination degree between the digital economy and economic
growth efficiency of various provinces from 2011 to 2019. It is divided into four intervals: low
coordination (0-0.3), moderate coordination (0.3-0.5), high coordination (0.5-0.8), and extreme
coordination (0.8-1). Regional analysis is conducted for the eastern region, central region, and
western region of China.
Table 1 Coupling Coordination Degree between Digital Economy and Economic Growth Rate
of Provinces from 2011 to 2019

G0
ERE
dt® | 05256 0.5777 0.5623 0.5555 0.6018 0.6764 0.7412 0.7805 0.7689 | 4.87%
Ri#E | 03821 0.4278 0.4277 0.4228 0.4274 0.4826 0.5219 0.5466 0.5623 | 4.95%
74t | 0.3455 0.3744 0.3903 0.3407 0.3982 0.4193 0.4849 0.5107 0.5215 | 5.28%

T | 04257 04371 0.4519 0.4330 0.4508 0.4919 0.5203 0.5525 0.5714 | 3.75%
;g F¥% | 05536 0.6004 0.6487 0.6332 0.6774 0.7259 0.7733 0.8081 0.8307 | 5.20%
g | @7 | 05632 06087 0.6124 06299 06492 0.6927 0.7571 0.8034 0.8035 | 4.54%
AL | 0.4866 0.5678 0.5571 0.5239 0.5707 0.6270 0.7075 0.7368 0.7610 | 5.75%
fB#E | 04398 0.4770 0.4946 0.4886 0.5130 0.5696 0.6418 0.6777 0.6694 | 5.39%
L& | 04650 0.4765 0.4924 0.4958 0.5069 0.5597 0.6106 0.6364 0.6357 | 3.99%
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J % | 0.5776 0.6096 0.6067 0.6183 0.6372 0.7061 0.7474 0.8223 0.8356 | 4.72%
& | 0.2883 0.3343 0.3464 0.3559 0.3810 0.3891 0.4466 0.4696 0.5045 | 7.25%
¥E | 04593 0.4992 0.5082 0.4998 0.5285 0.5764 0.6321 0.6677 0.6786 | 5.00%
¥ | 0.2863 03099 0.3170 0.3147 0.3272 0.3554 0.4129 0.4604 0.4415 | 5.56%
Ak | 02968 0.3220 0.3340 0.3077 0.3353 0.3783 0.4106 0.4447 0.4332 | 4.84%

0.3245 0.3694 0.3783 0.3777 0.3859 0.4144 0.4583 0.4871 0.4954 | 5.43%

# Z# | 03651 0.4069 0.4185 0.4156 0.4272 0.4770 0.5118 0.5578 0.5506 | 5.27%
H 7 | 02936 0.3511 0.3718 0.3647 0.4006 0.4283 0.4927 0.5149 0.5403 | 7.92%
X #®# | 03556 0.3859 0.3885 0.3730 0.3973 0.4497 0.5000 0.5227 0.5436 | 5.45%
#4L | 03857 0.4321 0.4557 0.4485 0.4732 0.5010 0.5574 0.5838 0.5975 | 5.62%
M@ | 03557 0.4010 0.4179 0.4041 0.4361 0.4618 0.5200 0.5389 0.5550 | 5.72%
¥ | 03329 0.3723 0.3852 0.3758 0.3978 0.4332 0.4830 0.5138 0.5197 | 5.72%

0.2717 0.3124 0.3407 0.3270 0.3328 0.3753 0.4420 0.4713 0.4765 | 7.27%

78 | 0.2580 0.3061 0.3141 0.3107 0.3212 0.3563 0.4299 0.4430 0.4666 | 7.69%
)k | 03512 0.3877 0.4028 0.4195 0.4383 0.4788 0.5246 0.5431 0.5648 | 6.12%
W)l | 03867 0.4289 0.4456 0.4335 0.4792 0.5027 0.5612 0.5987 0.6062 | 5.78%
& #/M | 0.2530 0.3044 0.3152 0.3178 0.3264 0.3786 0.4278 0.4296 0.4631 | 7.85%
=® | 02783 0.3144 0.3447 0.3271 0.3292 0.3818 0.4260 0.4399 0.4353 | 5.75%

;ﬁ ¥ | 03366 0.3651 0.3724 0.3606 0.4025 0.4179 0.4926 0.5177 0.5290 | 5.81%
H | 0.2206 0.2903 0.3156 0.3138 0.3108 0.3517 0.3984 0.4426 0.4547 | 9.46%
F% | 01974 0.2572 0.2659 0.2598 0.2644 0.3366 0.3711 0.4023 0.3761 | 8.39%
TE | 02258 0.2825 0.2665 0.2804 0.2508 0.3146 0.3798 0.4084 0.4030 | 7.51%
#r¥E | 0.2724 03230 0.3417 0.3303 0.3510 0.3864 0.4143 0.4494 0.4471 | 6.39%
¥1E | 0.2774 03247 0.3387 0.3346 0.3461 0.3892 0.4425 0.4678 0.4748 | 6.95%
¥18 | 0.3589 0.4014 0.4133 0.4061 0.4268 0.4696 0.5228 0.5534 0.5615 | 5.75%

The eastern region includes 11 provinces such as Beijing and Tianjin. By analyzing the data in
Table 1 over the years, it can be observed that the data is increasing year by year. Provinces
with coupling coordination degrees fluctuating around 0.5 in 2011 have increased to fluctuate
around 0.7 in 2019. Even provinces with initially small coupling coordination degrees (such as
Fujian and Hainan) have increased by more than 0.5. In terms of average annual growth rates,
the lowest is Liaoning Province at 3.75%, and the highest is Hainan Province at 7.25%. The
rapid development of Hainan Province's tourism industry and other factors contributed to its
rapid development of the digital economy and improved economic growth efficiency, leading
to a faster growth in their coupling coordination degree. On the other hand, Liaoning Province,
as one of the old industrial bases in Northeast China, relied too much on heavy industries in its
early development, resulting in a lack of further foundation for the development of the digital
economy and slow growth in economic growth efficiency, leading to a slow growth in their
coupling coordination degree. From a longitudinal perspective, although the data sizes of
provinces in the same year are different, their annual means are increasing, growing from an
initial value of 0.4593 to 0.6786, with an average growth rate of 5.00%.

The central region includes eight provinces such as Shanxi and Jilin. The coupling coordination
degree of each province in the central region steadily increases each year, with an average
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annual growth rate of 5.72%. Although the average annual growth rate in the central region is
higher than that in the eastern region, the coupling coordination degree is relatively small. The
data for each province fluctuated around 0.3 in 2011 and increased to fluctuate around 0.5 in
2019, which is equivalent to the coupling coordination degree of the eastern region in 2011.
The western region includes 11 provinces such as Inner Mongolia and Guangxi. It has the
highest average annual growth rate among the three regions, reaching 6.95%, but the coupling
coordination degree is the smallest. The mean coupling coordination degree of each province
in 2011 is 0.2774, and it increased to a mean value of 0.4748 in 2019, showing a stable growth
trend. From the perspective of the growth rate of coupling coordination degree, the central and
western regions have surpassed the eastern region. This is related to the limited space for
growth in the eastern region in recent years and the strong support from the Chinese
government for the development of the digital economy in the central and western regions.
The total national average annual value of all provinces grows at a rate of 5.75%, increasing
from 0.3589 to 0.5615. The coupling coordination degree of each province increases year by
year, indicating that the development of the digital economy is becoming more widespread and
has gradually become an important pillar of economic growth, further promoting the
improvement of economic growth efficiency. In some economically developed provinces and
cities (such as Shanghai and Guangdong), the coupling coordination degree between the digital
economy and economic growth efficiency is above 0.8, reaching the extreme coordination stage.
This reflects the mutual promotion of the two at a high level, where the development of the
digital economy promotes economic growth, and economic growth drives the development of
the digital economy. Nationwide, the digital economy is gradually sweeping across various
industries, ushering in new economic forms.
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Graph 1 Ranking of the Mean Coupling Coordination Degree between Digital Economy and
Economic Growth Efficiency of Provinces from 2011 to 2019
Using the coupling degree model, the average coupling coordination degree between the digital
economy and economic growth efficiency of 30 provinces from 2011 to 2019 is calculated, and
they are ranked in descending order (as shown in Graph 1). From the ranking of the mean
values, Shanghai has the highest coupling coordination degree, followed by Guangdong, Jiangsu,
Beijing, and Zhejiang. Provinces with lower rankings include Gansu, Ningxia, and Qinghai. This
reflects the significant difference in the coupling coordination degree between the digital
economy and economic growth efficiency between the eastern region and the central and
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western regions of China. Provinces with higher mean rankings are mainly located in the
eastern region, while provinces with lower rankings are concentrated in the western region.
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Graph 2 Temporal Variation of Coupling Coordination Degree between Digital Economy and
Economic Growth Efficiency in China and Various Regions from 2011 to 2019

3.1.1. The coupling coordination degree in China shows a gradual growth trend.

As shown in Graph 2, from 2011 to 2019, the coupling coordination degree between the digital
economy and economic growth efficiency in China shows a gradual growth trend. From 2011
to 2012, there is a slight increase, indicating a slight increase in the level of coordinated
development between the digital economy and economic growth efficiency during this period.
From 2012 to 2014, it remains almost unchanged, without any significant turning points,
indicating that the level of coordinated development between the digital economy and
economic growth efficiency in China remains almost unchanged. From 2014 to 2019, there is a
growth trend, indicating a further increase in the level of coordinated development between
the digital economy and economic growth efficiency in China. Overall, the coupling
coordination degree between the digital economy and economic growth efficiency in China is
relatively low, ranging from 0.3 to 0.7, and the type of coupling coordination degree has
transitioned from low coordination to moderate coordination. This indicates that with the
transformation of economic and social development, the overall interdependence and mutual
restraint between the digital economy and economic growth efficiency in China have become
stronger, but there is still room for improvement.

3.1.2. Similar and comparable changes in coupling coordination degree between the
digital economy and economic growth efficiency in the three major regions

Considering the changing characteristics of the coupling coordination degree, the development
of coupling coordination between the digital economy and economic growth efficiency in China
can be divided into three regions: the eastern region, the central region, and the western region.
From a regional perspective, the changing trend of the coupling coordination degree between
the digital economy and economic growth efficiency in the three major regions is generally
consistent with the overall trend in China. Among the three regions, the coupling coordination
degree between the digital economy and economic growth efficiency in the eastern region has
transitioned from moderate coordination to high coordination, while the central region and the
western region have similar but lower levels of coupling coordination degree compared to the
eastern region, and their coupling coordination degree has transitioned from low coordination
to moderate coordination. This indicates that the overall interdependence and mutual restraint
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between the digital economy and economic growth efficiency in the eastern region are higher,
while the level is lower in the central and western regions.

Based on the above analysis, it can be concluded that the higher coupling coordination degree
in the eastern region is due to the fact that most provinces in this region have reached a higher
level of development in the digital economy, and the overall level of economic growth efficiency
is higher. The interdependence and mutual restraint between the two are higher, and they have
achieved a stage of moderate coordination or above. The central region has a higher coupling
coordination degree compared to the western region, which may be due to the radiation-driven
effect of the eastern region on the central region, leading to higher levels of digital economy
development and economic growth efficiency. The western region has always been in a stage
of low coordination, which may be due to its weak economic foundation, poor location
conditions, lower levels of digital economy development and economic growth efficiency,
leading to a lower coupling coordination degree.
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Graph 3 Kernel density estimation of coupling coordination degree between digital economy
and economic growth efficiency

To further analyze the overall characteristics of the coupling coordination degree between the
digital economy and economic growth efficiency in 30 provinces in China from 2011 to 2019,
this project uses kernel density estimation to depict the overall form of the coupling
coordination degree in 2011, 2014, 2017, and 2019 (Graph 3).

As the years go by, the peak of the kernel density graph shifts to the right, indicating an
improvement in the level of coordinated development between the digital economy and
economic growth efficiency in the whole country and in the eastern, central, and western
regions. Regardless of the year, the coupling coordination degree between the digital economy
and economic growth efficiency presents a skewed distribution with a right tail, and the graph
is basically unimodal, reflecting the differences in the coupling coordination degree between
the digital economy and economic growth efficiency among cities.

Compared with 2011, the unimodal in 2014 and 2017 is higher and more skewed to the right,
and the kurtosis of the unimodal is steeper, reflecting the overall improvement in the level of
coordinated development between the two in 2017, and the more obvious changes in kurtosis
indicate a widening gap in coordinated development. As the years go by, the area from the left
to the middle of the graph decreases year by year, while the area from the right increases year
by year, indicating a faster speed of coordinated development between the digital economy and
economic growth efficiency. In addition to the unimodal around 0.45, the kernel density graph
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in 2017 and 2019 also shows a bimodal convexity between 0.6 and 0.8, indicating a trend of
transformation from unimodal to bimodal, representing that some provinces have reached a
high level of concentration in the coupling coordination degree between the digital economy
and economic growth efficiency, and the level of coordinated development between the two has
improved. The transformation from bimodal to bimodal indicates that the coupling
coordination degree between the two is shifting from convergence to divergence, and the
development among different provinces shows greater differences.

3.2. Analysis of the spatial-temporal evolution of the coupling coordination
degree between the digital economy and economic growth efficiency

b.2014

500 1,000
km

500 1,000
km

Graph 4 The spatial distribution map of the coupling coordination degree between the digital
economy and economic growth efficiency.
By using the coupling degree model, the coupling coordination degree between the digital
economy and economic growth efficiency in 30 provinces in China from 2011 to 2019
(excluding Tibet, Taiwan, Hong Kong, and Macao due to missing data) was calculated. Based on
the changes in coupling coordination degree types (i.e., low coordination, moderate
coordination, high coordination, and extreme coordination) and their evolutionary
characteristics, representative years in the research period, namely 2011, 2014, 2017, and
2019, were selected to draw the spatial evolution map of the coupling coordination in the 30
provinces and cities in China. From the perspective of spatial structure, the high coordination
areas show a progressive distribution trend from coastal to inland regions, mainly concentrated
in the eastern region, while the coordination degree is weaker in the central and western
regions, indicating that the development of the coupling coordination between the digital
economy and economic growth efficiency in China exhibits a radiation distribution effect from
coastal to inland regions. From the perspective of temporal structure, in 2011, 12 provinces
and cities were classified as having low coordination, 14 provinces and cities as having
moderate coordination, and 4 provinces and cities as having high coordination. With the
continuous development of the economy, by 2014, the coupling coordination degree between
the digital economy and economic growth efficiency had improved, with 2 provinces and cities
having low coordination, 24 provinces and cities having moderate coordination, and 4
provinces and cities having high coordination. By 2017, further improvement was achieved,
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with 14 provinces and cities having moderate coordination, 15 provinces and cities having high
coordination, and 1 province and city having extreme coordination. By 2019, the coupling
coordination degree between the digital economy and economic growth efficiency in China had
improved, with 11 provinces and cities having moderate coordination, 16 provinces and cities
having high coordination, and 3 provinces and cities having extreme coordination.

3.2.1. The spatial pattern of the improved coupling coordination degree between the
digital economy and economic growth efficiency in the Yangtze River Delta and
Pearl River Delta regions shows a significant regional driving effect.

As observed from Graph a to d, as a whole, the high-growth areas of coupling coordination
between the digital economy and economic growth efficiency from 2011 to 2019 are
distributed in the Beijing-Tianjin-Hebei region, the Yangtze River Delta region, and the Pearl
River Delta region. The moderate-growth areas are distributed in the economic belts near the
Yangtze River Delta and the Pearl River Delta, and the moderate-high-growth areas are
distributed in the eastern region. The low-growth areas are distributed in the central and
western regions. In terms of regional distribution, the coupling coordination growth in the
Beijing-Tianjin-Hebei region is not as good as that in the Yangtze River Delta and Pearl River
Delta regions. The coupling coordination growth in the Yangtze River Delta and Pearl River
Delta regions shows a structure that gradually increases from Jiangsu Province and Guangdong
Province to the surrounding provinces and cities.

3.2.2. The coupling coordination degree shows a spatial pattern of "decreasing from
coastal to inland.”

As observed from Graph a to d, the highly coordinated areas of the digital economy and
economic growth efficiency are concentrated in the southeast coastal areas, which share the
common characteristics of having a developed economic foundation, providing strong support
for the development of the digital economy. The moderately and low coordinated areas are
widely distributed in central provinces. Due to the radiation effect of digital economic growth
from highly coordinated areas, these provinces have the potential to achieve leapfrog
development, such as Anhui, Shandong, and Fujian. As the implementation of various economic
policies in China follows a gradual progression from coastal to inland regions, the eastern
coastal regions represented by the Yangtze River Delta and the Pearl River Delta usually
implement economic policies first, giving rise to significantly higher economic growth efficiency.
Especially in Jiangsu, Zhejiang, and Guangdong, the speed and quality of digital economic
development are much higher than in other coastal regions, providing favorable conditions for
further improvement in economic growth efficiency.

3.3. Spatial correlation analysis of the coupling coordination degree between
the digital economy and economic growth efficiency
Global spatial autocorrelation analysis

Table 2 The global Moran's [ index for the coupling coordination degree between the digital
economy and economic growth efficiency from 2011 to 2019

years Moran's | Z values P values
2011 0.309 3.062 0.001
2012 0.337 3.322 0.000
2013 0.333 3.290 0.001
2014 0.321 3.192 0.001
2015 0.330 3.267 0.001
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2016 0.336 3.321 0.000
2017 0.349 3.428 0.000
2018 0.323 3.203 0.001
2019 0.332 3.283 0.001

According to the global Moran's I index results of the coupling coordination degree between
the digital economy and economic growth efficiency (Table 3), the Moran's I index for each year
is positive and has passed the Z-test at the 1% significance level. This indicates a significant
positive spatial correlation between the digital economy and economic growth efficiency. In
terms of dynamic trends, the Moran's I index values show an "M"-shaped evolution, indicating
a fluctuating dynamic process in the coupling coordination degree between the digital economy
and economic growth efficiency. This suggests that the phenomenon of spatial agglomeration
and distribution of the digital economy and economic growth efficiency becomes more
pronounced over time. However, the global Moran's I index can only reflect the overall spatial
correlation between the digital economy and economic growth efficiency among the 30
provinces in China, and cannot specifically describe its local spatial autocorrelation. The
coupling and coordination development between the digital economy and economic growth
efficiency not only has spatial agglomeration but also has a radiation effect among
geographically adjacent provinces

Moran scatterplot (Moran's | = 0.406)

Moran scatterplot (Moran's | = 0.400) Coupling coordination degree 2014

Coupling coordination degree 2011 | | |
| |

| 2 L

Wz
=}
L
T

Graph 5 Moran scatter plot of the coupling coordination degree between digital economy and
economic growth efficiency
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Moran scatterplot (oran's | = 0430) Moran scatterplot (Moran's | = 0.448)
Coupling coordination degree 2019 Coupling coordination degree 2017
| | | | | |

To further examine the spatial relationships among different provinces, four representative
years, namely 2011, 2014, 2017, and 2019, were selected.Their corresponding local Moran's I
scatter plots are displayed in Graph 5 and Table 3 shows the distribution of the corresponding
local Moran's [ region. Overall, the local spatial autocorrelation indices of the coupling
coordination degree between digital economy and economic growth efficiency are distributed
in all four quadrants. Most of them are located in the first and third quadrants, indicating the
presence of "high-high" and "low-low" agglomeration areas with significant positive spatial
correlation. There are fewer provinces in the second and fourth quadrants, representing "low-
high" and "high-low" agglomeration areas, respectively, suggesting that regions with high and
low values of coupling coordination tend to cluster at the extremes. In general, during the study
period, only a few provinces transitioned to adjacent regions, while most provinces showed no
significant transition changes, indicating a high level of spatial stability. At the same time, the
degree of imbalance in the development of digital economy and economic growth efficiency
coupling coordination remains significant, which is difficult to reconcile in the short term.
Specifically, the "high-high" (H-H) agglomeration areas are mainly concentrated in the eastern
and central regions, dominated by Beijing, Tianjin, and Shanghai. The "low-low" (L-L)
agglomeration areas are primarily found in the northwest regions such as Inner Mongolia, Jilin,
and Heilongjiang, as well as in the southwestern regions of Yunnan and Guizhou. These regions
have lower levels of digital economy development and are geographically remote. The "low-
high" (L-H) agglomeration areas are mainly located in the central regions, such as Hebei, Jiangxi,
and Henan. The "high-low" (H-L) agglomeration areas are mainly distributed in provinces like
Liaoning and Hubei. It can be observed that regions with higher economic development levels
are generally distributed in the "high-high" (H-H) agglomeration areas and "high-low" (H-L)
agglomeration areas. Furthermore, most provinces are in the "low-low" (L-L) agglomeration
areas, such as the southwestern and northeastern regions, indicating that there is still
significant room for improvement in the development of China's digital economy and economic
growth efficiency. Therefore, accelerating the coordinated development of digital economy and
economic growth efficiency in various provinces and cities, reducing coordination disparities,
and promoting technological innovation is the necessary path to achieve rapid social
transformation and structural upgrading.
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Table 3 The distribution of local Moran's I values for the coupling coordination degree
between digital economy and economic growth efficiency.
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4. Conclusion and Recommendations

This paper selects panel data of the comprehensive index of the digital economy and economic
growth efficiency for 30 provinces and cities from 2011 to 2019 and analyzes and measures the
results from two perspectives: time series and regional differences. It constructs an index
evaluation system for the digital economy and an index evaluation system for economic growth
efficiency based on three dimensions: capital productivity, labor productivity, and total factor
productivity, and explores the impact of overall economic growth efficiency. The above
research results show that: firstly, the development of the digital economy has a positive
promoting effect on economic growth efficiency, and the improvement of economic growth
efficiency also provides a source of momentum for the development of the digital economy.
Secondly, the trend of changes in the coupling coordination degree between the digital
economy and economic growth efficiency in the eastern, central, and western regions of China
from 2011 to 2019 is basically the same, showing a synchronous and stable upward trend.
Thirdly, the regional difference analysis results show that since 2011, there has been a
significant difference in the coupling coordination degree between the digital economy and
economic growth efficiency in China, but it shows a trend of convergence. The difference
between the western region and the eastern region is relatively large, and the differences
among the three regions of the east, central, and west are also showing a trend of convergence.
Based on the above analysis, this study provides the following three feasible suggestions to
promote the development of the digital economy and improve economic growth efficiency:

First, explore strategies and policies for the simultaneous positive development of the digital
economy and economic growth efficiency. Overall, the coupling coordination degree between
the digital economy and economic growth efficiency in China is relatively low. Except for the
eastern region, most provinces in the central and western regions are still in the stage of
moderate to low coordination. Even in the eastern region, only a few provinces have achieved
a high level of coordination, while most are at a moderate level. This indicates that as the
economic and social development progresses, the interdependence and mutual constraint
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between the digital economy and economic growth efficiency in China are increasing, but there
is still room for improvement. It is necessary to strengthen regional infrastructure construction,
especially the construction of digital economy infrastructure, and improve the economic
growth efficiency of underdeveloped regions through the coupling coordination between the
digital economy and economic growth efficiency.

Second, formulate appropriate measures based on the development reality of each region.
Provinces like Jiangsu, Zhejiang, and Guangdong are in a highly coordinated or extremely
coordinated stage, with a relatively developed economic foundation. It is necessary to enhance
their radiation effects on neighboring provinces, expand their radiation scope, and strengthen
their interconnection and interaction with neighboring provinces, thereby promoting the
development of the digital economy and economic efficiency growth in more provinces.
Provinces adjacent to highly coordinated areas, such as Anhui, Shandong, and Fujian, have
started to undergo economic structural transformation. They can take advantage of their
proximity to highly coordinated areas and actively introduce advanced technologies for digital
economy development. By leveraging the advantages in capital, technology, and talents of
highly coordinated areas, they can improve economic growth efficiency, break through the
bottleneck of coupled development, and achieve highly coordinated and balanced development
between the digital economy and economic growth efficiency.

Third, accelerate the development of central and western regions to reduce the imbalance
between the development of the digital economy and economic growth efficiency. The levels of
digital economy development and economic growth efficiency in the central and western
regions are lower compared to the eastern region. It is necessary to expedite policy support for
these underdeveloped regions, address the coordination weaknesses in the coupling
development of the digital economy and economic growth efficiency in the central and western
regions, and promote the coordinated development of the digital economy and economic
growth efficiency in all provinces and cities in China. This can be achieved by promoting
technological innovation and leading the economic development in the central and western
regions.
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