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With the continuous advancement of the integration of the world’s digital
economy, the economic development of various regions has become
increasingly interdependent. However, the interregional interactions of digital
industries have yet to be further elucidated. Here, based on the Multi-Regional
Input-Output model, we take China, for example, and analyze the impact of digital
industries on the economy from the industrial and regional. At the industry level,
we discuss the economic spillover relationship between the digital industry and
the three traditional industries, and analyzes the spatial and temporal
differentiation in the inter-industry spillover status of China’s 30 provinces; at
the regional level, we discuss the digital industrial economic spillover links and
spillover states. The results show that: 1) The self-generating ability within the
digital industry sector is the most significant factor influencing the industrial
growth of China’s digital economy, followed by the interrelated effect between
industry sectors, while the inter-industry feedback effect has aweak impact on the
economic system. 2) There is a clear gap in the economic spillover capacity of the
digital industry in 30 provinces, and the overall performance is decreasing in the
eastern, central and western regions. 3) The intra-regional multiplier effect of
digital industry shows a slowly decreasing trend, and the intra-regional digital
economic spillover-feedback effect shows a growing trend. At the same time, the
inter-regional digital economy interaction tends to decay in distance, indicating
that regional accessibility has a significant impact on the inter-regional spillover
effect.
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1 Introduction

With the technology advancements such as the Internet, big data, cloud computing,
artificial intelligence, and blockchain, the world economy is gradually transforming into
digitalization (Liu et al., 2021a; Liu et al., 2021b). Digital economy have become the
precursors for the current world scientific and technological and industrial revolution
(Latif, et al., 2018), as well as the key forces for restructuring the world’s factor resources,
reshaping the worldwide economic structure, and altering the global competition landscape
(Jiang and Jia, 2022). The concept of “digital economy” was first proposed by Bowman
(Bowman, 1996), and since then, it has rapidly become popular worldwide. Major western
developed countries have stepped up the strategic layout of the application of the new
generation of information technology to seize the opportunity of digital economy
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development. In the 1990s, the United States took the lead in seizing
the opportunity of the digital revolution and seizing the
commanding heights of the digital economy with infrastructure
construction, which laid a solid foundation for the economic
prosperity of the United States for more than a decade (Oliner
and Sichel, 2000; Stiroh, 2002; Jorgenson and Vu, 2016). By giving
play to the active leading role of the government, Europe, Japan, and
other regions have introduced a series of digital economy
development strategies (Jiang and Jia, 2022), which have
produced great results in vigorously promoting the digital
revolution (Bunje et al., 2022; Kurniawan, et al., 2022). In the
context of the current intensifying downward pressure on the
global economy, the digital economy is bucking the trend
(Bulturbayevich et al., 2020), and has become a key tool for
countries to stabilize economic growth and achieve economic
recovery (Xue et al., 2022). Especially under the outbreak of
COVID-19, the global industrial chain, supply chain and value
chain are facing the challenge of being reshaped (Sun and Wang,
2021; Wang and Zhang, 2021). The resilience of digital technology
has made the international community aware of the critical role of
the digital economy in restoring the economy (Popkova et al., 2022;
Wang et al., 2022). It is also an enlightening path for strategic
measures to realize the new development pattern of “dual
circulation” (Bressanelli et al., 2018).

As the development of China’s digital economy started late
compared with developed countries, the construction of digital
technology infrastructure lags behind, and there is still a
considerable gap between China and developed countries in
terms of basic theories, core algorithms, key equipment, etc.,
making the import and export trade deficit of digital products is
huge and heavily dependent on imports, resulting in a series of
problems in the development of China’s internal digital economy.
Because China is a vast country, the balance of regional development
is a key topic at present.

From the spatial perspective of economic development, the
economic growth of a region is affected by the following three
effects: intra-regional multiplier effect (ME), inter-regional spillover
effect (SE), and inter-regional feedback effect (FE) (Round, 1985).
The intra-regional multiplier effect refers to the output growth
brought about by the interaction of various industrial sectors in
region a; the inter-regional spillover effect refers to the one-way
effect of the output growth of one region on the economic
development of another region. The feedback effect represents
the effect of the final output change of one region on other
regions and then on the region itself through economic
circulation. If the study of the multiplier effect is the economic
development of a single region, then the research content of
interregional spillover and feedback effect, especially the spillover
effect, is more concerned with the development of the multi-regional
economy.

The mainstream approaches to study spillover feedback effects
include spatial econometric models, life cycle assessment (LCA),
general and partial equilibrium models (GEM), and multi-regional
input-output models (MRIO) (Ning et al., 2019). Although MRIO
has a time lag due to the need to compile input-output tables, the
preferred analytical method to study inter-regional industrial
linkages is the multi-regional input-output model, which
represents the interdependence and mutual influence

relationships among sectors in complex economies in a
systematic and quantitative way, and the spillover feedback
effects can be effectively quantified by MRIO, which is the reason
why this paper chooses to use MRIO to measure This is the reason
why we choose to useMRIO tomeasure the spillover feedback effect.

The inter-regional spillovers and feedback effects produced by
inter-regional trade play an increasingly important role in regional
economic growth and inter-regional economic exchanges.
Considering that regional spillovers are closely related to regional
economic integration, it is necessary to measure the digital economy
at the regional and industrial levels, especially in a vast developing
country like China. Spillover effects, as an important factor in
regional economic development, have been widely used not only
to study economic aspects, but also to study environmental issues in
recent years. For example, at the regional level, Zhang (2017)
analyzed the spillover-feedback effects of carbon emissions in
three regional levels of China. Ning et al. (2019) examine the
feedback and spillover impacts of carbon emissions among
China’s eight regions. Hu et al. (2019) assessed the multiplier,
spillover and feedback effects of water, carbon and land
footprint. At the level of China’s capital city agglomeration, Li
et al. (2018) measured the spillover and feedback effects of
economy and CO2 emissions. Chen, et al. (2021) Measured
spillover-feedback effect of virtual water transfers in urban
agglomerations. At the national level, Wang et al. (2021)
calculated the status of inter-regional carbon emissions along the
Belt and Road. Zhang and Zhang (2018) explore the relationship
between China, EU and US CO2 emissions from regional and
sectoral levels by calculating carbon spillover-feedback effects.

The digital economy can improve the efficiency of industrial
innovation through spatial spillover effects (Liu et al., 2022; Zhang
et al., 2022), promote industral transformation (Xiao, 2020; Singh
et al., 2021), expand the level of industrial collaboration (Lioutas
et al., 2021; Su et al., 2021), which in turn drives the economic
development of neighboring regions (Ma and Zhu, 2022). With the
growing momentum of the digital economy, digital technology and
traditional industries will be deeply integrated and become the
power source and core driving force of economic growth
(Pradhan et al., 2019). As a technology-intensive activity, the
digital economy has become inseparable from high-quality
development. It is an indispensable and vital force in China for
social development (Song et al., 2021),technological progress (Ding
et al., 2021), poverty eradication (Lv et al., 2022), expanding the
labor market (Simionescu, 2022), and expanding regional economic
integration (Gong, 2022). Therefore, research on the digital
economy has direct relevance for improving China’s overall
national power and promoting high-quality and stable economic
development (Bahrini and Qaffas, 2019). Although the spillover
effects of the digital economy have been confirmed (Liu, et al., 2022;
Zhang, et al., 2022), however, most studies focus on the overall effect,
and few studies quantify the spillover effects of the digital economy
in detail, ignoring heterogeneity and inter-city or regional
heterogeneity and spatial spillover effects, which may lead to
biased findings.

Through sorting and summarizing the existing literature, we
found that, at present, most of the studies on digital economy are
focused on measuring the scale or added value of digital economy,
and relatively few of them study the effect of digital economy and

Frontiers in Environmental Science frontiersin.org02

Ma et al. 10.3389/fenvs.2023.1138200

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1138200


various industries in the national economy. In addition, most
scholars analyze the development level of digital economy by
constructing an index system, and only a few scholars use the
input-output method to construct an economic model to study
the impact of digitalization level. Compared with the existing
literature, the contribution of this paper is mainly reflected in
three aspects:

First, this study focuses on the internal structure of the digital
economy industry and analyzes the inter-industry association
patterns between the digital economy industry and the traditional
three major industries (primary industry, secondary industry, and
tertiary industry) and their macroeconomic spillover effects using an
input-output model; Second, this paper analyzes the spatial
variability of inter-industry spillover effects of the digital
economy in China’s 30 provinces. Finally, this paper takes into
account the inter-regional spatial spillover and uses a multi-regional
input-output model to analyze mutual spillover effects among the
eight regions in China.

The research purpose of this article is to use overflow
feedback effects to evaluate the scale of China’s digital
economy development, and analyze the association of digital
industries between eight regions and the two -way impact
between target areas. Based on this, we will explore how the
digital industry contributes to the region and whether it has
promoted the economic development between regional. It will
provide a reference for the accuracy and scientificity of
quantitative research on China’s digital economy industry,
enrich the research content of the digital economy industry to
a certain extent, and provide a new basis for existing research.

2 Methodology

2.1 Multi-region input-output model

Multi-region Input-Output Model (MRIO) is able to measure
the interaction between different regions, and plays a unique role in

the fields of industrial linkage and cross-regional accounting. It is a
practical model for analyzing the interaction and interdependence
between different sectors in different regions by linking various
regional input-output models.

On this Table 1, the equilibrium output relationship of the three
regions is expressed by formula (1) as:

Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ � Aaa Aab Aac

Aba Abb Abc

Aac Abc Acc

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ + Ya

Yb

Yc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (1)

Then, Eq. 1 can be divided into:

Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ � I − Aaa( )−1 0 0
0 I − Abb( )−1 0
0 0 I − Acc( )−1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

×
0 Aab Aac

Aba 0 Abc

Aca Acb 0

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ + Ya

Yb

Yc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦⎛⎜⎜⎝ ⎞⎟⎟⎠ (2)

Define Brr � (I − Arr)−1, Srs � BrrArs, Eq. 2 can be expressed as:

Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ � 0 Sab Sac

Sba 0 Sbc

Sca Scb 0

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ + Baa 0 0
0 Bbb 0
0 0 Bcc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ Ya

Yb

Yc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (3)

Define

Faa � I − Sab + SacScb( ) I − SacScb( )−1 Sba + SbcScb( ) − SacSca[ ]−1 (4)

Kac � Sab + Sac + SacScb( ) I − SbcScb( )−1Sbc[ ] (5)

Uab � Sab + SacScb( ) I − SbcScb( )−1 (6)

Similarly, the expressions of Fbb, Fcc, Kac, Kba, Uab, Uca can be
defined. Equation 3 can be further decomposed into:

Xa

Xb

Xc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ � Faa 0 0
0 Fbb 0
0 0 Fcc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ I Uab Kac

Kba I Ubc

Uca Kcb I

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ Baa 0 0
0 Bbb 0
0 0 Bcc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ Ya

Yb

Yc

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦
(7)

TABLE 1 Interregional input-output table for three region.

Output Intermediate input Final demand Export Total output

Region Region Region Region Region Region

Input a b c a b c

1 . . . n 1 . . . n 1 . . . n

Inter-mediate input region
a

1 . . . n X1...n
a...b F1...n

a...b EX1...n
a...b X1...n

a...b

region
b

1 . . . n

region
c

1 . . . n

Import IM1...n
a...b

Total added value V1...n
a...b

Total input X1...n
a...b
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According to Eq. 7, the inter-region Leontief inverse matrix can
be decomposed into:

L �
Laa Lab Lac

Lba Lbb Lbc

Lca Lcb Lcc

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ � FaaBaa FaaUabBbb FaaKacBcc

FbbKbaBaa FbbBbb FbbUbcBcc

FccUcaBaa FccKcbBbb FccBcc

⎡⎢⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎥⎦ (8)

2.2 Multiplier, spillover and feedback effects
in MRIO

The term “feedback effect” was first coined by Miller (1963), who
first proposed two regional input-output models to measure the
economy feedback effects, but did not explicitly introduce the
concept of spillover effects. Pyatt and Round (1979) and Stone
(1985) proposed the concept of spillover effects based on the social
accounting matrix (SAM) and analyzed it. Round (1985) proposed a
decompositionmodel based on the above tomeasure spillover-feedback
effects in more detail and extended a SAM-based three-region model.
Since then, spillover-feedback effect models have been widely used to
analyze inter-regional economic linkages and interactions.

For closed three-region, according to the multi-regional input-
output model, the change in economy caused by each unit of the
final demand of region a can be expressed as follows:

e( )T, e( )T, e( )T,[ ] Lab, Lba, Lca,[ ]T
� e( )TFaaBaa + e( )TFbbKbaBaa + e( )TFccUcaBaa

� e( )TBaa + e( )TKbaBaa + e( )TUcaBaa

+ e( )T Faa − I( )Baa + e( )T Fba − I( )KbaBaa + e( )T Fbb − I( )UcaBaa

(9)
where (e)T denotes the unit inverse matrix. Then, the multiplier
effect, spillover effect, and feedback effect are as follows:

1) Intraregional multiplier effect of the region a

MEaa � e( )TBaa (10)
Equation 10 denotes the intra-regional multiplier of region a,

which represents the economic changes caused by the own inter-
industry structure within region a.

2) Interregional spillover effect of the region a

SE � e( )TKbaBaa + e( )TUcaBaa (11)
where denotes the effect of changes in final demand for a on total
output of b, Similarly, (e)TUcaBaa denotes the effect of a change in
final demand in a on the total output of c.

3) feedback effect of the region a

FEaa � e( )T Faa − I( )Baa + e( )T Fbb − I( )KbaBaa

+ e( )T Fcc − I( )UcaBaa (12)

Where (e)T(Faa − I)Baa denotes region a’s own economic
changes caused by feedback effects, (e)T(Fbb − I)KbaBaa denotes
the final demand of region a affecting the change in output of region
b, which in turn affects the output of region a, (e)T(Fcc − I)UcaBaa

represents the same meaning.

2.2 Data sources

China’s inter-regional input-output tables of 42 sectors in 2012 and
2017 were obtained from the China Carbon Accounting Database
(CEADs) (Zheng, et al., 2020), and provincial input-output tables were
published by the National Bureau of Statistics. In this paper, we divide
China into eight regions, based on interregional input-output tables for
China in 1997, 2002 and 2007 (Figure 1). At the same time, we define
the digital industry macroscopically and merge digital manufacturing
and digital services into a hybrid industry, which is the object of this
research. In the industry-level analysis section, we divided the industries
into four industries: primary industry, secondary industry, tertiary
industry, and digital industry.

3 Results

3.1 Intra- and inter-industrial effect intensity
at industrial level

3.1.1 Intra-industry effect intensity decomposition
analysis

The intra-industrial multiplier and feedback effect, and inter-
industrial spillover effect intensities of four industrial (primary,
secondary, tertiary and digital industry) in three time periods
(2007, 2012 and 2017) are presented in Figure 2. In these three
time periods, the secondary industry has the maximum value of the
intra-industrial multiplier and feedback effect intensities, and the
digital industry has the peak of the inter-industrial spillover effect
intensities; in contrast, the spillover effect intensity of the primary
industry surpasses the tertiary industry only in 2012 and 2017, and
the primary industry holds the lowest value of the three types of
effects in the rest of the time. This phenomenon implies that the
internal correlation mechanism of digital industry exceeds the
primary and secondary industries. As an emerging industry, it
has a vital role in driving the national economy.

From the perspective of the time dynamic evolution trend, the
digital industrial total effect intensity (the sum of the intra-industrial

FIGURE 1
The eight regions of China.
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multiplier and feedback effect intensities, and the inter-industrial
spillover effect intensities) showed a downward trend. The reason
for this fluctuation may be related to the fact that China’s economy
has entered a new routine and high-quality development stage of
medium and low-speed growth, which has caused a more significant
impact on the original extensive industrial development mode. The
driving effect of the digital industry on the growth of the national
economy depends not only on the endogenous development of the
digital industry but also on the smoothness of the interaction
mechanism with other industries. For the three major traditional
industries, their total effect intensities are similar to the changing
trend of the digital, and all show a downward trend, indicating that
industrial systems are interdependent in the impact of the national
economic system. After the stage of high-quality development,
China’s economy as a whole has entered a state of medium-low

growth, resulting in a weakening of the effects of the inter-industry
correlation mechanism and fluctuations in its endogenous
development momentum.

3.1.2 Inter-industrial spillover-feedback effect
intensity

The inter-industrial mutual spillover-feedback effect intensities
of four industries and three time periods are appeared in Figure 3.
Frist, for the inter-industrial mutual spillover effect intensities
aspect, from the perspective of one industrial demand, the
secondary industry has the crest value of spillover effect
intensities (2.61, 2.28 and 1.70, respectively), and the digital
industry has the least value of intensities (0.20, 0.17 and 0.19,
respectively) in these time periods. At the same time, except for
the tertiary industry, where the intensity of effects rises by 27.80%,

FIGURE 2
The effect intensities of the intra-industry of four industries.

FIGURE 3
The inter-industrial mutual spillover (A) and feedback (B) effect intensities of four industries.
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the effect intensity of the rest of the industries showed a decreasing
trend (26.03%, 53.19%, and 5.36%, respectively). From the
perspective of one industrial supply, the results are just the
opposite of the demand, with the largest values for the digital
industry (1.51, 1.45 and 1.15, respectively), and the smallest
values for the secondary industry (0.56, 0.62, 0.69, respectively).
Similarly, except for the intensity of the effect of the secondary
industry increased by 19.18%, while the remaining industries
showed a decreasing trend (12.68%, 55.83% and 30.56%,
respectively). Second, for the inter-industrial mutual feedback
effect intensities aspect, from the perspective of feedback effect
intensities of one industry via other industries back to itself, the
digital industry has the crest value of intensities (0.18, 0.16 and 0.12,
respectively). On the time scale, the tertiary industry has increased
by 27.18%, while the remaining industries have all decreased. From

the perspective of feedback effect intensities of other industries via
the industry back to other industries, the largest values for the
secondary industry (0.35, 0.29 and 0.20, respectively). The value of
the secondary industry has increased by 24.04%, while the remaining
industries has a decreasing trend.

At the same time, we find that in the structure of inter-industrial
mutual spillover-feedback effects, the intensity of the effects of both
digital and primary industries is relatively small. Therefore, in the
future, the in-depth integration of the digital industry and the
primary industry should be further promoted, making it a
powerful starting point for the rural revitalization strategy,
promoting the integrated development of the rural digital
industry and various industries, enriching the rural economic
format, and enhancing the coordination of urban and rural
development.

FIGURE 4
The spatiotemporal pattern of the multiplier, spillover, and feedback effect intensities of China’s digital industry in 2007(left) and 2017(right).
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3.2 Spatiotemporal variability of effect
intensity in 30 Chinese provinces

3.2.1 Spatial variability of intra-industrial effect
intensity

The measurement results of the intra-provincial multiplier,
spillover, and feedback effect intensities for 30 provinces in
China in 2007 and 2017 was presented in Figure 4. Due to the
obvious differences in the level of economic development, industrial
structure, and the degree of development of the digital industry in
various provinces in China, there are also heterogeneities in the
intra-provincial multiplier, spillover, and feedback effect intensities
of the digital industry. Taking 2017 as an example, Shandong’s total
effect has the highest value, and the spillover effect intensity reached
2.36, which exceeded the multiplier effect intensity. This result
shows that the relationship between industries in Shandong is
close, the degree of integration between industries is high, and
the growth of digital industries can be cross-transmitted through
spillover effects to form the growth of multiple industries. The top
ten provinces, except for Anhui and Chongqing, are from the eastern
region; The bottom 10 are from the central and western regions. This
result shows that the digital industry in the eastern region has
improved in scale and efficiency; on the other hand, it has also
formed a close connection with other industries. However, the
digital industry in the central and western regions has not yet
formed a more mature industrial interaction than in the eastern
region. Generally, the intensity of the three effects in the developed
coastal provinces is stronger than that of economically backward
provinces. In the future, the internal structure of the digital industry
needs to be further optimized to enhance the resilience of
development and cope with the strong impact of the adjustment
of the international economic and trade pattern.

After nearly a decade of development, the effect intensity of
digital industries in the central and western regions has increased
significantly, such as Chongqing, Henan, and.

Anhui. This result is closely related to China’s implementation
of the strategic guidance of the “Rise of Central China” and the
“China Western Development.” However, the intensity of the effect
in the more economically developed provinces in the coastal region
all declined to varying degrees, and this result does not seem to
match their economic status. Nevertheless, if we look at the reasons,
part of the reason is that with the development of the economy, the
economic connection between such regions and the outside world is
strengthened, and it is no longer limited to the region itself. The
intermediate products of the digital industry required by the inter-
region begin to be provided by other regions, and the region is also
started supplying intermediate goods to other regions. After taking
this factor into account, this result can be reasonably explained to a
certain extent. In general, the regions with higher intensity of the
effect of digital industry are still concentrated in the southeast of the
Hu Huanyong line, and have not yet broken through the line
constraint, but show the trend of stronger in the east and gradual
release of development potential in the middle and west.

3.2.2 Spatial variability of inter-industry effect
intensity

The decomposition results of the intensity of spillover effects
of digital industries in 30 Chinese provinces are displayed in

Figure 5. In 2017, the intensity of spillover effects between digital
and secondary industries was higher than that between digital
and primary and tertiary industries in 26 provinces. This result is
in line with the average level of spillover effect intensity of digital
industries in China. However, the intensity of spillover effects
between the digital industry and the tertiary industry in Beijing is
twice as strong as that of the secondary industry, which also
implies that the degree of integration between the digital industry
and the tertiary industry in Beijing is much better than that with
the secondary industry. The spillover structure of digital
industries was adjusted between 2007 and 2017. The spillover
intensity between digital and secondary industries in some
developed coastal provinces showed a decreasing trend, such
as Guangdong, Zhejiang, Anhui, and Fujian; on the contrary, the
intensity of spillover effects between digital industries and both
secondary and tertiary industries in inland regions increased.
This phenomenon presents that the demand for secondary
industries in the eastern coastal provinces is no longer limited
to the domestic market, and the spillover effects of digital
industries to other industries in the inland regions are more
coordinated.

3.3 Intra- and inter-regional effect
intensities at regional level

3.3.1 Intra-regional digital economic multiplier
effect

The intra-regional multiplier and inter-regional spillover-
feedback effects in eight regions (NE, BT, NC, SC, CT, NW and
SW) and two periods (2012 and 2017) are presented in Figure 6.
Regions SC and EC had larger intra-regional multiplier; NW, NC
and CT had larger inter-regional spillover-feedback; In contrast,
NW had the smallest intra-regional multiplier effects; SC had the
smallest inter-regional spillover-feedback. By and large, all of the
intra-regional multiplier effects moved towards a decline over the
long haul; inter-regional spillover-feedback effects trended towards
an increase. This tendency also indicates that the inter-regional
linkage status shows a positive trend and the economic exchanges
between regions are no longer confined to the intra-region. Regional
markets are gradually opening up, and economic interactions are
becoming frequent.

3.3.2 Real inter-regional economic spillover of
digital industry

The inter-regional spillover intensities of the digital industry
across the 2 years are shown in Table 2. Taking the results in 2017 as
an example, NC, CT, and NWwere the regions with higher intensity
of spillover effects; from a region’s demand side, CT, EC, and NC
were the regions with higher intensity. Inversely, regions BT and
NW had the smallest in demand aspect; regions SC and EC had the
smallest in supply aspect. According to the viewpoint of time aspect,
the inter-regional spillover intensities of digital industry in the eight
region in demand and supply level is to keep growing. Specifically,
from 2012 to 2017, the region SC, NW and CT in demand level
increased by 156.49%, 60.43% and 54.22%, respectively, and
similarly, from 2012 to 2017, the proportions in region NW, CT,
BT in supply level were 57.00%, 48.51% and 45.29%, respectively.
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Therefore, the improvement of the regions is gradually relying on
inter-regional interactions and linkages, which indicates that the
level of regional integration is being strengthened.

The eight inter-regional mutual economic spillover in two
time periods are shown in Figure 7. Overall, whether in 2012 or
2017, BT, EC and SC were digital economic spillover flow export
areas while NC, EC, and CT were net economic spillover flow

import areas. However, in 2017, BT and SW transform from
digital economic spillover flow import areas to economic
spillover flow import areas than 2012, and the structure of
inter-regional digital economic spillovers is also more
balanced. Because, under the strategic guidance of the “Rise
of Central China” and the “China Western Development”, the
role of the central region in “connecting the east and connecting

FIGURE 5
Spillover effects of digital industries on traditional tertiary industries by province. Note: “P” denotes the spillover effect of the digital industry on the
primary industry; “S" denotes the spillover effect of the digital industry on the secondary industry; “T” denotes the spillover effect of the digital industry on
the tertiary industry.

FIGURE 6
Ratio of digital industry spillover-feedback to total effect in eight regions of China. Note: NE-Northeast BT-Beijing-Tianjin NC-Northern coastal EC-
Eastern coastal SC-Southern coastal CT-Central region NE-Northwest SE-Southwest.
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the west” is becoming more and more apparent. On the whole, it
can be seen that spatial accessibility significantly impacts the
inter-regional digital economic spillover. This influence is
reflected in two aspects. First, the economic spillover
between neighboring regions is more pronounced. Second,
the region with low transportation costs is more significant.
For example, the inter-regional economic spillover with
maritime transport conditions is more significant, even if
they are not adjacent.

3.3.3 Inter-regional digital economic feedback
effect intensities

The intra-regional and the inter-regional digital economic
feedback effect intensities are respectively shown in Table 2 and
Figure 8. Taking an example 2017, at the intra-region level,
regions NC and CT had the largest intra-regional feedback
effect intensity; Region SC and NE had the smallest intra-
regional feedback effect intensities. Except for the region NE,
the remaining seven regions show an increasing trend over time.

TABLE 2 The effect intensities of digital industry’s intra and interregional economic multipliers in China.

Time Region Intra-regional multiplier Inter-regional spillover Feedback

NE BT NC EC SC CT NW SW

2012 NE 1.143 0.000 0.041 0.029 0.040 0.020 0.032 0.039 0.030 0.063

BT 1.298 0.047 0.000 0.033 0.036 0.036 0.039 0.049 0.031 0.038

NC 1.584 0.083 0.118 0.000 0.093 0.077 0.083 0.093 0.067 0.101

EC 1.310 0.149 0.181 0.065 0.000 0.145 0.129 0.181 0.128 0.055

SC 1.402 0.046 0.058 0.017 0.043 0.000 0.042 0.057 0.044 0.029

CT 1.200 0.088 0.115 0.060 0.115 0.074 0.000 0.113 0.087 0.060

NW 1.118 0.035 0.042 0.038 0.043 0.021 0.039 0.000 0.031 0.037

SW 1.413 0.043 0.050 0.030 0.046 0.045 0.041 0.060 0.000 0.054

2017 NE 1.030 0.000 0.053 0.028 0.033 0.020 0.039 0.058 0.039 0.061

BT 1.169 0.041 0.000 0.029 0.027 0.019 0.043 0.042 0.036 0.067

NC 1.361 0.066 0.101 0.000 0.062 0.038 0.065 0.092 0.059 0.145

EC 1.259 0.142 0.264 0.101 0.000 0.113 0.176 0.181 0.158 0.072

SC 1.322 0.101 0.236 0.080 0.112 0.000 0.162 0.144 0.177 0.045

CT 1.237 0.139 0.190 0.104 0.134 0.112 0.000 0.216 0.157 0.117

NW 1.022 0.044 0.057 0.036 0.039 0.025 0.056 0.000 0.049 0.071

SW 1.275 0.062 0.079 0.039 0.048 0.052 0.066 0.093 0.000 0.078

FIGURE 7
Mutual economic spillover of digital industries in eight regions of China. Note: “NE-” indicates the direction in which the northeast region overflows,
“-NE” indicates the direction in which other regions spill into the northeast, and the rest have similar meanings.
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The region CT, NW and BT in increased by 96.02%, 95.28% and
78.24% from 2012 to 2017, respectively. From the standpoint of
interregional feedback effect intensities of one region via other
regions back to itself, the peak and least values are region NC and
region SC in 2012 and 2017. From the standpoint of interregional
feedback effect intensities of other regions via the region back to
other regions, the peak and least values are region SC and region
NE in 2017. In terms of time, all eight regions maintain an
upward trend in one region via other regions back to itself aspect,
and the region NW, CT and BT increasing by 104.87%, 95.26%
and 68.54%; however, in other regions via the region back to
other regions aspect, the trend stays up in some areas and down
in others, the region SC, CT, BT and EC respectively increasing
by 261.40%, 154.48%, 141.74% and 4.28%, the region NE NC NW
SW decreasing by 81.88%, 37.54%, 38.45% and 1.97%
respectively.

4 Discussions

4.1 Potential uses of the results

The experience of developed countries shows that the more
developed the economy is, the more significant the resource
allocation efficiency of digital industry is, and the closer the
industrial relationship between digital industry and other
industries is. At present, the intra-industry multiplier effect of
China’s digital economy is stronger than the inter-industry
spillover effect, and economic growth is mainly achieved through
self-circulation. Therefore, it is necessary to further optimize the
economic structure of the digital industry, focus on the coordinated
development of the digital industry and the traditional industry,
establish and improve the industrial system, so that it can bring
greater economic growth momentum by improving labor
productivity and promoting industrial technological innovation.
In addition, China is in the critical period of industrial
restructuring and supply-side reform, and is facing strong
transformation needs. The digital industry needs innovation at
the technical and model levels to promote the vertical

development of the digital industrial chain and improve the
modernization level of the industrial chain, in order to play a
role in promoting the real economy.

The spatial variability of China’s digital industries effect intensities
is excellent. To a certain extent, it also reflects the problem of
unbalanced regional economic development. The effect intensity is
related not only to the digital industry itself but also to the local
industrial structure. The digital industries in the eastern region have a
strong spillover effect. The digital industries in the central and western
regions are in a rapid expansion stage, and there is no mature industrial
interactive relationship with basic industries. For the eastern region, we
should start with the optimization of industrial structure and industrial
integration, encourage the model innovation of the digital industry,
promote the integration of traditional industries and digital industries in
industrial chain and industrial agglomeration, so that the digital
industry can lead and drive the optimization and upgrading of the
traditional industry structure, enhance the enhancement Sustainable
development capabilities in the region. For the central and western
regions, it should be placed in the first place in the development of the
market, developing a digital industrywith local characteristics according
to local conditions, promoting the optimization and upgrading of the
industrial structure, and the transformation of economic growth
methods.

China’s regional digital industry development is very
uncoordinated. The provinces with more developed digital
industries do not show a higher degree of internal openness, and
most of the digital industries are dominated by internal circulation,
and the external export of digital industries in each region is
significantly insufficient. For regions with backward economic
development, the low level of digital industry development
directly restricts the local economic growth rate, and the intra-
regional circulation of digital industry in developed regions not only
aggravates the unevenness of China’s regional development, but also
fails to achieve the optimal allocation of resources. If this gap is to be
narrowed, the interaction between regions needs to be strengthened,
with strength leading to weakness. Therefore, more support should
be given to the central and western regions in terms of policies and
financial resources, and the mining of digital resources in the central
and western regions should be expanded. At the same time, the

FIGURE 8
The inter-regional digital economic feedback effect intensities from one region’s own reaction and other regions’ own reaction. Note: “NE-NE”
refers to the feedback effect intensities from one region’s own reaction, and “-NE-” refers to the feedback effect intensities from other regions’ own
reaction, and the rest have similar meanings.
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central and western regions should also firmly grasp the strategic
opportunities, strengthen regional cooperation with the eastern
region, and learn from the advanced experience of digital
industry development in the eastern region. Further breaking the
market barriers between regions and promoting the economic
development of China’s three growth poles, will bring a vital
source of power to China’s overall economic growth, especially in
the central and western regions.

4.2 The limitation and future prospects

In this paper, the spillover-feedback effects of the digital
industry with other industries are measured in detail, but the
internal mechanism and the influencing factors are not analyzed
in depth. In the current study, the research on the spillover-
feedback effects of industries exists more in the description of
the current situation, and the research on the internal
mechanism and influencing factors needs to be studied more
deeply with the help of other modeling tools other than input-
output models.

Second, this paper analyzes the spatially differentiated
characteristics of the spillover-feedback effects of digital
industries in 30 Chinese provinces, but the specific reasons for
the differences in these characteristics are not further analyzed;
whether the spatially differentiated characteristics affect the regional
economy or the development of the regional economy affects the
characteristics are questions worth further study in the future, which
will provide a stronger explanation for understanding the promotion
of digital industries to economic growth.

Finally, this paper finds through research that the spillover effect
of China’s inter-regional digital industry is weak, and how to
transform the current inter-industry spillover within the digital
industry region into inter-regional spillover is a topic of great
practical significance.

5 Conclusion

Based on the input-output model, this study analyzes the
dynamic evolution characteristics of digital industry linkages at
the industry level and compares the interactions between digital
industry and the three major industries; at the provincial level, it
shows the spatial and temporal differences and characteristics of
digital industry linkages among 30 provinces in China and clarifies
the different positions of digital industry in the economic
development of each province; at the regional level, it analyzes
the inter-regional spillover of digital industry and, as a result, the
following important findings are obtained.

First, the autogenous capacity within the digital industry sector
is the biggest factor affecting China’s digital economy industry,
followed by the mutual spillover between industry sectors, while the
feedback effect of industry has a weaker impact on the economic
system. The spillover effect of the digital industry is the highest
among the four industries, and the multiplier and spillover effects of
the industries are also relatively balanced, while the secondary and

tertiary industries rely more on their own endogenous multiplier
effects, although this structural difference is gradually converging,
and the mutual spillover between industries is becoming more and
more significant.

Secondly, the differentiation of the industrial association
structure of digital industry in each province is outstanding, and
the degree of industrial integration in economically developed
provinces is higher and is generally stronger than that in
economically backward provinces. However, the regional
differences are gradually narrowing, because the degree of
industrial integration within the economically backward
provinces is supported by policies showing a gradual upward
trend, while the economically developed is subject to the impact
of foreign markets showing a downward trend.

Third, overall, it seems that the external supply of digital
industry in each region is very low, and the vast majority of digital
products in each region of China are circulated internally within
the region, with relatively weak inter-regional exchanges, and the
external export of digital industry in each region is obviously
insufficient. The intra-regional digital industry is most closely
connected within the northern coastal region, and the
northeastern region is the weakest. At the same time, the
coastal region shows a decreasing trend, while the inland
region shows an increasing trend; the inter-regional spillover
is the highest in the Beijing-Tianjin region, the lowest in the
eastern coastal region. The inter-regional spillover and feedback
effect in the inland region keep increasing, but the coastal region
shows a decreasing trend.

In summary, the development of the digital economy in the
less developed regions of China, such as the Northeast,
Northwest, and Southwest China, is increasingly being
influenced by other regions; in contrast, the ability of coastal
regions to drive digital economic growth in other regions of
China is weakening. It further indicates that with the deepening
integration of different regional markets, the development of
China’s regional economy has gradually shifted from relying on
local final products to relying on external regional final products,
and the inter-regional spillover has become an important driving
force source for China’s regional economic development that
cannot be ignored.
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