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+e digital economy has great potential to sustain China’s high-quality economic growth and substantially strengthen urban
innovation capacity. +is paper developed a digital economy index using city-level data from China and measured the level of
urban innovation with patents per capita. We used a spatial econometric model to explore the spatial implications of the digital
economy on urban innovation, probed into the mechanism by which the digital economy affects urban innovation, and further
measured the spatial spillover distance and threshold of the digital economy on urban innovation. +e findings suggest that
China’s digital economy and urban innovation are characterized by spatial aggregation, and the spatial distribution varies from
region to region. +e digital economy, with strong spatial spillover effects on the innovation capacity of cities in China, may not
only enhance the innovation capacity of one city but also drive a simultaneous growth of the innovation capacity in peripheral
cities. +e analysis of mechanisms indicates that the digital economy enhances local innovation capacity directly through
promoting human resources and increasing science and technology spending and drives the improvement of the innovation
capacity in peripheral cities through the spatial spillover of human resources and science and technology spending. +e effects of
the latter one outweigh those of the former one. +e analysis of heterogeneity shows that the central, western, and northern
regions, where the digital economy is relatively less developed, have the latecomer advantage, and the digital economy has more
prominent effects on innovation capacity. Calculating the spillover distance and threshold demonstrates that the digital economy
influences urban innovation within a spatial spillover range and threshold of approximately 500 kilometers. Within 500 ki-
lometers, the positive spatial spillover effects prevail, while beyond 500 kilometers, the negative siphon effect prevails.+erefore, it
is necessary to consider the differences in the impact and role of the digital economy on urban innovation from a
spatial perspective.

1. Introduction

It is a critical time for China’s economy, which is undergoing
structural change and transforming from high-speed growth
to high-quality development. New economic engines rep-
resented by the digital economy are gathering strength and
will experience explosive growth, producing inestimable
energy to further develop China’s economy. During a
structural transformation of an economy, innovation is
essential. Innovation is also necessary to transition from the
old drivers to the new engines of China’s economic growth

and the nation’s shift from an economic powerhouse to a
superpower in innovation. As the spatial units of economic
growth, cities are where innovation activities and outcomes
congregate and urban innovation activities are promoted;
strengthening urban innovation capacity has formed the
foundation of the nation’s innovation strategy. +e ongoing
development of the digital economy has presented tre-
mendous strategic opportunities for enhancing urban in-
novation capacity. According to the White Paper on the
Global Digital Economy published by the China Academy of
Information and Communications Technology (CAICT), in
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2020, the global digital economy reached 32.6 trillion US
dollars, accounting for 43.7% of the global GDP. China’s
digital economy was worth 5.4 trillion US dollars, ranking
second in the world, rising from 14.2% in 2005 to 38.6% in
2020. Meanwhile, China’s aggregate innovation capacity has
improved substantially. It ranked 14th in the Global In-
novation Index (GII) 2020, making progress by 15 spots
compared to its ranking in 2015. +e development of the
digital economy and the enhancement of innovation ca-
pacity in China has aroused extensive attention and pro-
voked thought in academic circles. Can the growing digital
economy drive China’s urban innovation capacity? How can
the digital economy enhance urban innovation capacity?
What are the mechanisms? In addition, along with the
spatial differentiation of economic growth, the growing
digital economy and urban innovation development have
also gradually shown the feature of spatial differentiation. As
for regions, the digital economy and urban innovation in the
eastern coastal regions are ahead of those of China’s central
and western regions. At a provincial level, the digital
economy and urban innovation in capital cities outpace
those of other cities. +en, how to account for the impact of
the digital economy on urban innovation from the spatial
perspective? Can the digital economy cause spatial spillover
effects on urban innovation, synergistically enhancing the
level of innovation across cities and even regions? Exploring
this issue could not only help us consider the role of de-
veloping the digital economy rationally and comprehen-
sively, creating appropriate ideas for developing the digital
economy and encouraging urban innovation in China but
also provide authorities with the basis and valuable refer-
ences for making decisions on developing the digital
economy and strengthening urban innovation.

+e rest of this paper comprises several sections. Section
2 reviews and summarizes the relevant research literature.
Section 3 sets out the empirical design of this research,
including how to create a spatial econometric model, the
method for constructing the spatial weight matrix, the de-
composition of the spatial effects, the calculation of the
spatial spillover distance, the method for mechanism
analysis, and the description of variables as well as the
sources of data. Section 4 illustrates the results of the em-
pirical analysis in this research, including the results of the
estimation of the spatial econometric models, the results of
the decomposition of the spatial effects, how to address the
endogeneity problem, and the results of robustness testing.
Section 5 further explores the spatial implications of the
digital economy on urban innovation, including the results
of the mechanism analysis, the results of the analysis of
heterogeneity, and the results of the calculation of the spatial
spillover distance and threshold. Section 6 summarizes and
discusses the conclusions and policy recommendations.

2. Literature Review

In recent years, the digital economy’s theoretical research
and application have become hot topics in academic circles,
and scholars have explored relevant issues from various
aspects. +e first key area of research is the concept and

definition of the digital economy. +is term was coined for
the first time by Tapscott in his book, in which he explains
multiple aspects of the digital economy, such as the next-
generation digital economy and its fundamentals, industrial
governance against the context of the Internet [1]. In 1998,
the US Department of Commerce released a report, the
Emerging Digital Economy, which focuses on analyzing the
decisive role of information as a core resource in the
economy at the macro and microlevels. +us, the term
“digital economy” was officially defined [2]. +e widely used
definition of the digital economy was proposed in the G20
Digital Economy Development and Cooperation Initiative
passed at the 2016 G20 Hangzhou Summit. In this initiative,
the digital economy refers to a broad range of economic
activities that include using digitized information and
knowledge as the key factor of production, modern infor-
mation networks as an important activity space, and the
effective use of information and communication technology
as an important driver of productivity growth and economic
structural optimization [3]. +e China Academy of Infor-
mation and Communications Technology (CAICT) pro-
vided further supplementation and clarification for the
definition, arguing that the digital economy shall include not
only the emerging digital industries-such as the Internet,
cloud computing, big data, the Internet of +ings, and
e-commerce-but also the digital transformation of tradi-
tional industries. As there has been no universally agreed
variable for measuring the digital economy, many institu-
tions and scholars have adopted different indicator systems
to measure the digital economy. +e United Nations World
Bank, International Monetary Fund, and OECD defined
relevant matters concerning the digital economy and pro-
vided an overall approach for measuring the digital economy
in the System of National Accounts 2008. Scholars and
institutions, such as the US Department of Commerce,
International Telecommunication Union, and CAICT, also
evaluated and measured the digital economy by using
multiple evaluation models, such as the TOPSIS method,
entropy weight method, principal component analysis
(PCA) approach, and expert scoring method [4–7]. +e
second key area of research is the digital economy by
country. Scholars performed calculations and studies on the
degree of digital economy development in major economies,
such as the measures of the digital economy in China [8, 9];
the patterns of spatial distribution, and regional differences
of the digital economy in China [10, 11]; the measurement
approaches and development trend of the digital economy in
the USA [12, 13]; the development and drivers of the EU
digital economy [14–16]. +e last key area of research is the
impact of the digital economy on different aspects of eco-
nomic growth. Scholars discussed the impact of the digital
economy on economic growth [17, 18]; industrial structural
upgrading [19, 20]; Ecology and Environment [21, 22]; and
total factor productivity [23, 24]. +eir findings proved that
the digital economy could prominently play a positive role
and indicated that the digital economy could have a positive
impact on every aspect of economic growth.

+e impact of the digital economy on innovation and
entrepreneurial activities has been one of the most active
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fields of research in recent years. With the growing digital
economy, innovation and entrepreneurial activities are in-
creasingly influenced by the digital economy, and the digital
economy has become an essential factor influencing en-
trepreneurial activities and innovation capacity. Many pa-
pers on the digital economy and innovation activities were
published. Most scholars explored the impact of the digital
economy on corporate innovation activities mainly at a
microlevel, such as the influence of the digital economy on
business model innovation [25, 26]; the role of digital
transformation in innovation activities [27, 28]; the appli-
cation of the digital technologies and corporate innovations
[29, 30]; the influence of artificial intelligence on corporate
innovation activities [31, 32].+ese studies found that digital
economy development can play a significant role in the
process of corporate innovation and serves as an essential
factor for enterprises that conduct innovation activities.
Many microlevel studies have explored the impact of the
digital economy on corporate innovation activities; however,
not so many papers discussed the outreach and impact of the
growing digital economy on urban innovation capacity at a
macrolevel. Since the digital economy is the main direction
of future economic development, cities, as the main body of
the regional economy, will inevitably increase their invest-
ment in the digital economy to continuously improve their
capacity and level of innovation to gain a sufficient leading
edge in economic competition. Some papers mainly focused
on the effects of the digital economy on urban innovation.
For example, Caragliu and Del Bo [33] used building a smart
city as a quasinatural experiment to measure the level of the
digital economy and reached the conclusion that European
cities, with a higher level of smart cities, may tend to apply
for more patents and therefore improve urban innovation
capacity and levels. J. Li and B. Li [34] used the digital fi-
nancial inclusion index to measure the level of the digital
economy and adopted the difference-in-difference (DID)
model to explore the effects of digital financial inclusion on
innovation in China’s cities. Li found that promoting digital
financial inclusion could increase the number of patents in
cities by 5.3%, and digital financial inclusion could play a
positive role in urban innovation. Wang et al. [35] discussed
the effects of the digital economy on green innovation at a
city level and confirmed the positive effects of the digital
economy on urban green innovation. Lu et al. [36] studied
the relationship between the digital economy and urban
innovation capabilities from a macro perspective, with a
focus on the role of the innovation environment, concluded
that the digital economy can significantly strengthen a city’s
innovation capabilities and explored the mechanisms of the
digital economy to influence urban innovation.

+e above studies showed that much microlevel research
on the effects of the digital economy on innovation activities
has been carried out. However, the macrodiscussion on the
impact of the digital economy on the innovation capability at
the city level is insufficient. Available literature has, to a
certain extent, explored how the digital economy can affect a
city’s capacity and level of innovation, but it is still far from
being sufficient. +e following flaws and weaknesses can also
be found in those papers. First, most research on the digital

economy and urban innovation does not take into account
the spatial effects and spatial implications. Some latest re-
search believes that the digital economy, as a knowledge-
intensive economy, can push the geographical boundaries
and have an impact on the economic activities in other
regions, resulting in strong spatial spillover effects. Ding
et al. [37] found that the digital economy displays pro-
nounced spatial spillover effects when promoting high-
quality economic development. +e digital economy can not
only directly promote the high-quality development of the
local economy but also play a positive role in the high-
quality economic growth in other surrounding areas. Ma
and Zhu [38] also identified that the digital economy in a
region can play a role in the high-quality green development
in surrounding areas through spatial spillover effects.
+erefore, ignoring the spatial implications and spillover
effects may produce biased coefficient estimates for the
impact of the digital economy on urban innovation, which
could hinder us from understanding the impact of the digital
economy on urban innovation. Second, some research on
the impact of the digital economy on urban innovation
analyzed the mechanisms, i.e., how and through what
channels the digital economy affects urban innovation, but
those mechanisms have not undergone sufficient research.
Particularly, if the spatial implications and spillover effects
are taken into account, it needs to further discuss the
mechanisms of the digital economy to influence urban in-
novation. Last, currently published research verified the
trend and size of the impact of the digital economy on urban
innovation, and almost all of them turned out to be positive.
However, will this conclusion be somehow different from a
spatial perspective? How long is the meaningful spatial
spillover distance of the digital economy for urban inno-
vation, and how extensive is the range that it takes effect? In
other words, within what distance can the growing digital
economy in a city influence and drive the enhancement of
innovation capacity in other cities? Is there any threshold for
such impetus and enhancement? +ey are seldom men-
tioned in currently published papers.

+is paper’s novel features and marginal contributions
are to improve the weaknesses of the above-given research.
First, we examined the impact of the digital economy on
urban innovation from a spatial perspective and found that
both the digital economy and urban innovation are char-
acterized by spatial aggregation. +e digital economy can
drive innovation in local cities to a higher level and boost
peripheral cities’ innovation. +erefore, while developing
the digital economy and improving the innovation capacity,
the local areas need to attach importance to the synergy
across regions.+is is of great significance for developing the
intercity digital economy and enhancing innovation ca-
pacity. Second, this paper sought to enrich and improve the
mechanisms of the digital economy to fluence urban in-
novation and identified how the digital economy had im-
proved urban innovation capacity in the context of spatial
spillover effects. We not only focused on the direct mech-
anisms of the digital economy to influence urban innovation
but also analyzed how the spatial spillover effects of the
digital economy may work on urban innovation. Last, we
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explored the spillover distance, range, and threshold of the
digital economy to influence the spaces of urban innovation.
Different from most studies, we found that the digital
economy can only strengthen the innovation capacity of
other cities within a distance of 500 kilometers that roughly
reaches the provincial boundaries; beyond this range, the
digital economy often has a negative siphon effect on urban
innovation, indicating that the digital economy could force
regions to scrabble for urban innovation. +is finding is this
paper’s most significant marginal contribution and a novel
feature. We hope it will provide meaningful references for
theorists and policy-makers who seek to appropriately
understand the impact of the digital economy on urban
innovation and improve the strategies for developing the
digital economy and urban innovation.

3. DesignofEmpiricalResearchontheImpactof
the Digital Economy on Urban Innovation

3.1. Building the Spatial Econometric Models for Empirical
Research. Spatial econometrics is a branch of econometrics
that originated in the 1970s and 1980s. It refers to multiple
methods for estimating and testing spatial effect models by
adding factors into an empirical model to measure the
spatial implications of variables. Over the last decades, ac-
ademic circles have been increasingly actively engaged in
spatial econometric theories and empirical applications,
which have become a widely used modeling approach in the
field of economics now. For research on spatial implications
and spatial spillover, spatial econometric models have often
been a preferred option for empirical modeling. +e spatial
econometric models mainly include the spatial lag model
(SLM), the spatial error model (SEM), and the spatial
Durbin model (SDM) [39]. +ese models are presented in
equations (1)–(3):

(1) the Spatial Lag Model:

yit � a + ρ􏽘
n

i�1
wijyjt + βxit + ui + vt + εit, (1)

(2) the Spatial Error Model:

yit � α + βxit + μit, μit � ρ􏽘
n

i�1
μjt + εit, (2)

(3) the Spatial Durbin Model:

yit � α + ρ􏽘
n

i�1
wijyjt + βxit + θ􏽘

n

i�1
wijxjt + ui + vt + εit,

(3)

where yit is the dependent variable and refers to the level of
urban innovation we study herein; xit is the explanatory
variable and includes the level of the digital economy as the
core explanatory variable and a variety of control variables
that affect the level of urban innovation. wij is the spatial
weights matrix; wijyjt represents the spatial lag term of the
dependent variable; ρ represents the spatial autocorrelation

coefficient. wijxjt represents the spatial lag term of the
explanatory variable; μit is the error term; μjt is the spatial lag
term of the error term; ui and vt represent individual and
time fixed effects, respectively; εit is a disturbance term.
Among these three spatial econometric models, the spatial
Durbin model (SDM) is the most common one, and LeSage
[40] compared and discussed these three spatial econometric
models in his paper. In his opinion, the SDM is a spatial
econometric model that can produce unbiased estimates
even if there are modeling mistakes. +is paper selected the
optimal one from the SLM, SEM, and SDM through the
model selection tests and used it in the following empirical
analysis.

3.2. Method for Constructing the Spatial Weights Matrix.
+e spatial weight matrix is essential when a spatial
econometric model is used for empirical analysis. In this
paper, we chose the spatial distance weight matrix, which is
presented in the following equation:

wij �

1
d
2
ij

, (i≠ j),

0, (i � j),

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(4)

where dij is the straight-line distance between two cities. If
the straight-line distance between two locations is longer,
then the value of the matrix element 1/d2

ij is smaller, and the
degree of interaction is lower. We observed the spatial
implications of each observation by assigning different
weights to the observation value, thereby avoiding the ho-
mogenized defects and weaknesses of observation values in
conventional econometrics.

3.3. Spatial Autocorrelation Test. A spatial correlation test
was performed on the dependent and core explanatory
variables before the spatial econometric analysis. In spatial
econometrics, the variables at close geographic locations or
adjacent areas are characterized by a tendency to approach
each other. Generally, Moran’s I is used to perform the
spatial autocorrelation test. Values of Moran’s I range from
−1 to 1. Values of Moran’s I between 0 and 1 indicate
positive spatial autocorrelation, which means locations with
high values cluster together. Values of Moran’s I between −1
and 0 indicate negative spatial autocorrelation, which means
locations with high values and low values are spatially mixed.
+e way to calculate Moran’s I is presented in the following
equation:

Moran′s I �
􏽐

n
i�1 􏽐

n
j�1 wij xi − x( 􏼁 xj − x􏼐 􏼑

􏽐
n
i�1 xi − x( 􏼁

2 . (5)

Apart from the global spatial autocorrelation test in
equation (5), we performed a local spatial autocorrelation
test. +e Moran scatterplot was used to classify the cluster
patterns of all locations. +e four quadrants in the Moran
scatterplot represent the clusters that fall into the High-
High (H-H), Low-High (L-H), Low-Low (L-L), and high-
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low (H-L) categories. We determined which cluster the
digital economy and urban innovation at the level of
Chinese cities belongs to by classifying the clusters.

3.4. Decomposition of the Spatial Effects. As we explored the
spatial implications of the digital economy on urban in-
novation in this paper, it was necessary to study further the
spatial spillover effects of the digital economy on urban
innovation. However, as the spatial Durbin model includes
spatial lag terms of both the independent variable and de-
pendent variable due to modeling, the coefficient estimates
of the independent variable relative to the dependent var-
iable cannot directly reflect the impact of the independent
variable on the dependent variable. In other words, it is
impossible to calculate the spatial spillover effects of the
digital economy on urban innovation through model esti-
mation. In response, we adopted the method used by LeSage
and Pace: divide the total effects of the digital economy on
urban innovation into direct effects and indirect effects by
decomposing the partial differential equation [41]. +e di-
rect effects represent the direct impact of the local digital
economy on local urban innovation. In contrast, the indirect
effects refer to the impact of the local digital economy on
urban innovation in peripheral areas, which means the
spatial spillover effects [42]. We changed the spatial Durbin
model in equation (3) into the following equation:

y � 􏽘
m

r�1
βr(I − λw)

− 1
xr +(I − λw)

− 1
,

ε � 􏽘
m

r�1
Sr(w)xr +(I − λw)

− 1ε,
(6)

where sr(w) � βr(I − λw)− 1 is a matrix of order m. We
further transformed equation (6) into a matrix, as shown in
the following equation:

y1

y2

. . .

ym

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

sr(w)11 sr(w)12 ... sr(w)1m

sr(w)21 sr(w)22 ... sr(w)2m

... ... ... ...

sr(w)m1 sr(w)m2 ... sr(w)mm

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

x1r

x2r

...

xmr

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

+(I − λw)
− 1ε.

(7)

where the total effects of the digital economy on urban
innovation is the average value obtained by summing up in
the matrix, as shown in equation (8). It represents the overall
effect of the digital economy on urban innovation across all
regions.

Total effects �
1
n

􏽘

n

i�1
􏽘

n

j�1
sr(w)ij �

1
n

in′sr(w)in. (8)

+e impact of the local digital economy on local urban
innovation is called the direct effects, such as the effects of
Beijing’s digital economy on Beijing’s urban innovation and
those of Tianjin’s digital economy on Tianjin’s urban

innovation. In equation (7), it is the element that lies on the
main diagonal of thematrix sr(w).+e computingmethod is
shown in the following equation:

Direct effects �
1
n
trace sr(w)􏼂 􏼃. (9)

+e impact of the local digital economy on urban in-
novation in peripheral areas is called the indirect effects,
such as the effect of Shanghai’s digital economy on urban
innovation in peripheral cities, Hangzhou, Suzhou, and
Nanjing. In equation (7), it is the element that lies outside
the main diagonal of the matrix sr(w) and the total effects
minus the direct effects, as shown in the following equation:

Indirect effects �
1
n

in′sr(w)in − trace sr(w)􏼂 􏼃􏼈 􏼉. (10)

3.5. Calculation of the SpilloverDistance andRange. With the
decomposition of the spatial effects, we obtained the spatial
implications and spillover effects of the digital economy on
the level of urban innovation. We further explored the
distance such spatial implications cover and the range within
which the spillover effects occur. In other words, we
attempted to explore the distance within which the digital
economy can influence urban innovation. +erefore, we
adopted the method Yu et al. used to calculate the threshold
for the spillover effects of the digital economy on urban
innovation by setting different thresholds and estimating
with spatial weights matrices [43]. +e thresholds are set in
the following equation:

wij(T) �

1
d
2
ij

, dij ≥T,

0, dij <T,

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(11)

where dij represents the straight-line distance between two
cities, and T represents the threshold. 50 kilometers was set
as the initial distance, and every 50 kilometers as a threshold
(such as 50, 100, 150, and 200 kilometers) to create different
spatial weights matrices. +e range of spatial effects and the
threshold of the spillover effects were obtained by analyzing
the changes in the values of the direct and indirect effects of
the digital economy on urban innovation at various
distances.

3.6. Mechanism of the Empirical Research. We applied the
mediation effect for mechanism analysis to identify how the
digital economy acts on urban innovation. First, we per-
formed the regression of the digital economy as the core
explanatory variable relative to the mediator variable and
then the regression of the mediator variable relative to urban
innovation, and finally added the mediator variable to the
benchmark regression model [44], as shown in the following
equations:
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Zit � α + ρz 􏽘

n

i�1
wijZjt + βxit + θ􏽘

n

i�1
wijxjt + ui + vt + εit,

(12)

yit � α + ρ􏽘
n

i�1
wijyjt + βzZit + θz 􏽘

n

i�1
wijZjt + ui + vt + εit,

(13)

yit � α + ρ′􏽘
n

i�1
wijyjt + β′xit + θ′􏽘

n

i�1
wijxjt + βz

′Zit

+ θz
′􏽘

n

i�1
wijZjt + ui + vt + εit,

(14)

where for the sake of brevity, yit represents urban inno-
vation; xit represents the digital economy solely; Zit rep-
resents the mediator variable. Only the following conditions
are met could we prove that the digital economy does in-
fluence urban innovation through the mediator variable Zit.
First, the coefficient estimates of the digital economy relative
to the mediator variable shall be significant. Second, the
coefficient estimates of the mediator variable relative to
urban innovation shall be significant. Lastly, when the
mediator variable is added to the benchmark model, the
coefficient estimate of the impact of the digital economy on
urban innovation decreases or is no more significant. While
in the spatial Durbin model, the total effects of the digital
economy on urban innovation are decomposed into direct
effects and indirect effects. +erefore, the analysis of the
mechanisms of mediation effect testing should also be di-
vided into two sections: direct effects and indirect effects. In
this way, we can understand the mechanisms of how the
digital economy acts on and influences urban innovation
from the perspectives of spatial implications and spillover
effects.

+en, how to identify the mediator variables for the
impact of the digital economy on urban innovation? Gen-
erally, it is impossible to achieve scientific and technological
innovations in cities without human engagement. All in-
novation activities involve human participants. When the
high-caliber talent pool in a city expands, the city will have
greater potential for innovation, which could be translated
into more innovative output, taking urban innovation to a
higher level. +erefore, human resources may be a vital
mechanism of the digital economy to influence urban in-
novation. In addition, strong government support is nec-
essary for urban scientific and technological innovations.
Governments generally support local scientific and tech-
nological innovation activities via financial expenditure. +e
more they spend on science and technology, the more robust
protection and support for innovation activities they will
provide, and thus the more likely to boost urban innovation
in local areas. For this reason, science and technology
spending may also be a vital mechanism of the digital
economy to influence urban innovation. +e mechanism
analysis further explored whether the digital economy acts
on urban innovation through human resources and scien-
tific and technological innovations.

3.7. Variable Explanation and Date Sources. +e variables
used in this paper are set out as follows: the first one is the
explained variable, Urban Innovation. +is paper measured
urban innovation with city-level patents per capita. +e
more patents per capita, the higher the level of urban in-
novation is. +e city-level data for patents granted include
the number of invention patents, utility model patents, and
design patents granted. In this paper, the sum of those three
was used to compute the patents per capita in a city.+e core
explanatory variable is the Digital Economy. +e approach
from Zhao et al. [45] was applied herein for measuring the
city-level digital economy index. +e composite digital
economy index was calculated as the average of five stan-
dardized indicators, including the number of Internet and
broadband users per 10,000 people, the number of practi-
tioners in the computer service and software industries per
10,000 people, the total telecommunication business per
capita, the number of mobile users per 10,000 people, and
the digital financial inclusion index. Other control variables
are set out as follows: (1) Economic Development. +e level
of the local economy could influence innovation activities, so
the control variable Economic Development was incorpo-
rated and measured by local GDP per capita. (2) Population
Size. +e larger and denser population in a local area in-
dicates the growingmarket size, which can provide a broader
market space for innovative activities and innovative
products. +e Population Size was measured by the total
local population. (3) Fixed Investment. Increasing invest-
ment in local fixed assets and improving infrastructure can
provide innovation activities with more infrastructure
support. +is indicator was measured by the local invest-
ment in fixed assets per capita. (4) Industrial Level. A higher
local industrial level can offer more industrial support and
initial incubation for local innovation activities and provide
innovation activities with more technological support. +e
industrial level was measured by local gross output by in-
dustry per capita. (5) Wages level. +e higher wage level
indicates that the overall local benefits are favorable, which
can offer better benefit support and create a better envi-
ronment for entrepreneurs and innovation activities. +is
indicator was measured by local wage per capita. (6) Road
Condition. If road conditions improve, they can facilitate
accessibility inside and outside cities, benefit people’s mo-
bility and communication and accelerate the dissemination
of knowledge and information. +is indicator was expressed
as the local road density. (7) Urbanization Level. With a
higher local urbanization level and improved urban func-
tion, it is more likely to provide urban innovation activities
with high-quality public services. +is indicator was
expressed as the local urbanization level. (8) Financial
Development. +e better financial development and more
developed financial market in the region can better provide
urban innovation and entrepreneurial activities with the
necessary financial support and easy access to financing and
facilitate the healthy development of urban innovation. +is
indicator was expressed as the total local loans and deposits
per capita. (9) Foreign Investment. It reflects the degree of
cooperation between the local area and international mar-
kets. More state-of-the-art technology and management
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experience will be introduced into places where foreign
investment is more active, significantly contributing to local
urban innovation activities. +is indicator was expressed as
the local foreign direct investment. Lastly, there are mediator
variables, mainly Human Resources and Technology
Spending. +ey were expressed as the number of local
college students per 10,000 people and local government
spending on science and technology per capita, respectively.
In addition, several variables, such as Urban Innovation,
Economic Development, Population Size, Fixed Investment,
Industrial Level, Wages Level, Road Condition, Financial
Development, Foreign Investment, Human Resources, and
Technology Spending, were subject to the logarithmic
transformation.

+e data sources used in this paper include but are not
limited to China City Statistical Yearbook, CEIC, and China
Economic and Social Data Platform (CNKI). +e digital
financial inclusion index used for creating the digital
economy index is based on +e Digital Financial Inclusion
Index of China prepared by Guo (2020) from the Institute of
Digital Finance, Peking University [46]. +e results for the
descriptive statistics of each variable are shown in Table 1.

4. Spatial Econometric Analysis of Empirical
Findings on the Impact of the Digital
Economy on Urban Innovation

4.1. Results of the Spatial Autocorrelation Test of Urban In-
novation and Digital Economy. When exploring the impact
and role of the digital economy on urban innovation
through spatial econometric analysis, the first step was to test
the spatial autocorrelation of urban innovation and the
digital economy and explore its spatial correlation and
clustering features. +e spatial econometrics was not ap-
plicable until this test was passed and all conditions were
satisfied. Using the Moran’s I, we carried out the spatial
autocorrelation test, and the test results are shown in Table 2.
In Table 2, from 2011 to 2020, all test values of the Moran’s I
on urban innovation and the digital economy are positive
and significant, above 1%. +is indicates that in space, the
two variables: urban innovation and digital economy
demonstrate a positive and strong spatial correlation, that is,
the feature of spatial clustering. From the perspective of the
urban space, both the urban innovation and digital economy
are characterized by high-high clusters and low-low clusters.
+ese are in line with reality: in the city clusters in the
wealthy east coastal areas in China, the level of urban in-
novation and the digital economy index is higher, while in
most western cities, these two indicators are lower, with large
spatial differences and a distinct feature of clustering.
+erefore, using spatial econometrics to analyze the impact
of the digital economy on urban innovation is reasonable.

4.2. Spatial Clustering Features of Urban Innovation and
Digital Economy. After analyzing the spatial autocorrelation
feature of urban innovation and digital economy, the second
step was to explore their spatial clustering features divided
by the Moran scatterplot. Cities in the upper right quadrant

are identified as the high-high (“H-H”) cluster, where the
level of urban innovation and the digital economy index are
higher. Cities in the upper left quadrant are identified as the
low-high (“L-H”) cluster, where cities with a lower level of
urban innovation and digital economy index are surrounded
by those with higher indicators. Cities in the lower left
quadrant are identified as the low-low (“L-L”) cluster, where
the level of urban innovation and the digital economy index
are lower. Cities in the lower right quadrant are identified as
the high-low (“H-L”) cluster, where cities with a higher level
of urban innovation and digital economy index are sur-
rounded by those with lower indicators. +e results are
shown in Figures 1 and 2. +e two figures suggest that, for
urban innovation and digital economy indicators, most
cities are in the upper right and lower left quadrants and
belong to the H-H cluster and L-L cluster, respectively. +is
aligns with the results of the spatial autocorrelation test. We
also provide a spatial distribution map of China’s digital
economy and urban innovation in 2020 (Note: this map is
based on the map numbered GS (2016) No. 1063, down-
loaded from the standard map service website of the China
Bureau of Surveying, Mapping and Geographic Information,
and the base map has not been modified), as shown in
Figures 3 and 4. It can be seen that the level of the digital
economy and urban innovation is higher in eastern coastal
regions and capital cities of China. In comparison, the
typical cases in the central and western regions are the L-L
cluster with a lower level of the digital economy and urban
innovation.

After we found that both urban innovation and digital
economy demonstrate a positive and strong spatial corre-
lation and an identical spatial clustering pattern, we explored
the relationship between urban innovation and urban
economy. +e scatterplot was used to express their rela-
tionship, and a scatterplot with a line of best fit and the linear
equation were obtained, as shown in Figure 5. +is figure
indicates a perfect positive correlation between them. +e
line of best fit with a positive slope and the value of r (0.534)
for the linear relationship both indicate that, irrespective of
other factors, the digital economy has positive implications
on urban innovation and strong explanatory power con-
cerning urban innovation. +is should be further analyzed
and explored by empirical analysis.

4.3. Estimation Results of Spatial Econometric Models for
Impact of the Digital Economy on Urban Innovation.
Table 3 shows that the OLS model, the SLM, SEM, and SDM
were used to analyze the impact of the digital economy on
urban innovation. +e spatial Durbin models included the
random effects model, city fixed effects model, year fixed
effects model, and individual-year fixed effects model. +e
model estimation results are presented in Rows (1)–(7) of
Table 3. In the OLS model, the coefficient estimate of the
digital economy relative to urban innovation is 1.691,
positive and significant at the 1% level. In the spatial
econometric models, the coefficient estimates of the digital
economy relative to urban innovation are 0.564, 1.157, 1.102,
0.961, 1.414, and 0.961, respectively, all positive and
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significant at the 1% level.+ose coefficient estimates are less
than that obtained from the OLS model (1.691), indicating
that the OLS estimation may have a higher coefficient es-
timate which needs to be corrected by taking into account
the spatial factors and applying the spatial econometric

approach. In addition, the spatial autocorrelation coefficient
estimates in Rows (1)–(7) are 0.640, 0.743, 0.748, 0.696,
0.695, and 0.696, respectively, demonstrating the obvious
spatial spillover effects of urban innovation. 1% of the level of
urban innovation in a region improved would drive the level
of urban innovation in peripheral cities to increase by about
0.7%, playing a very significant role as impetus and
enhancement.

Table 3 provides the analysis results for the SLM, SEM,
and SDM with different effects. +us, the optimal model was
selected from those models for further analysis. Table 4
represents the model selection tests for the spatial econo-
metric approach. In the first step, model selection tests were
run, in which the optimal model was chosen from the SLM,
SEM, and SDM. +is was accomplished through the Wald
and LR tests, as shown in Table 4. +e corresponding chi-
square test values are 202.94, 145.90, and 72.89, and the
corresponding p-values are all 0.001. It indicates that the
SDM model is optimal among these three models. +e next
step was the fixed effects tests. +e results of the Hausman
test show that the SDM needs to use fixed effects. In the final
step, we identified which form of the fixed effects model
should be applied for the SDM.+e corresponding results of
the LR test are 31.50 and 4351.18, and the p-values are 0.001
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Figure 1: Moran’s I in spatial clustering of urban innovation in
2020.

Table 1: Results for the descriptive statistics of variables.

Variable Variable explanation N Mean Sd Min Max
lnUI Urban innovation 3370 1.609 0.988 0.000 4.927
DE Digital economy 3370 0.178 0.080 0.017 0.679
lnED Economic development 3370 10.653 0.590 8.707 12.324
lnPS Population size 3370 5.336 1.425 0.277 8.885
lnFII Fixed investment 3370 6.519 1.661 0.363 10.663
lnIL Industrial level 3370 6.812 2.197 0.008 12.374
lnWL Wages level 3370 10.921 0.328 9.753 12.207
lnRC Road condition 3370 0.640 0.293 0.029 1.421
UL Urbanization level 3370 52.313 17.205 7.370 100.000
lnFD Financial development 3370 2.353 0.687 0.914 4.835
lnFOI Foreign investment 3370 1.243 1.166 0.000 5.498
lnHR Human resources 3370 1.441 1.171 0.000 5.110
lnTS Technology spending 3370 3.875 1.922 0.000 9.011

Table 2: Spatial autocorrelation test results of urban innovation
and digital economy.

Year
lnUI (urban
innovation) DE (digital economy)

Moran’s I p-value Moran’s I p-value
2011 0.471∗∗∗ 0.001 0.258∗∗∗ 0.001
2012 0.476∗∗∗ 0.001 0.214∗∗∗ 0.001
2013 0.484∗∗∗ 0.001 0.257∗∗∗ 0.001
2014 0.474∗∗∗ 0.001 0.251∗∗∗ 0.001
2015 0.472∗∗∗ 0.001 0.252∗∗∗ 0.001
2016 0.461∗∗∗ 0.001 0.244∗∗∗ 0.001
2017 0.456∗∗∗ 0.001 0.258∗∗∗ 0.001
2018 0.471∗∗∗ 0.001 0.231∗∗∗ 0.001
2019 0.464∗∗∗ 0.001 0.185∗∗∗ 0.001
2020 0.436∗∗∗ 0.001 0.148∗∗∗ 0.001
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10%
levels, respectively.
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Figure 2: Moran’s I in spatial clustering of digital economy in 2020.
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and 0.001. It indicates that the individual-year fixed SDM
should be selected with respect to the fixed effects.+erefore,
the optimal model used in the following empirical analysis is
the individual-year fixed SDM.

4.4.Decompositionof the Spatial Effects of theDigital Economy
onUrban Innovation. In spatial econometrics, the results of
the SDM are relatively special as the coefficient estimates of

its explanatory variables cannot directly reflect its impact on
the explained variables. +erefore, the method of decom-
posing the spatial effects was applied to classify the impact of
the digital economy on urban innovation into direct, in-
direct, and total effects. +e direct effects refer to the direct
effects of the local digital economy on local urban inno-
vation, and the indirect effects refer to the spatial spillover
effects of the local digital economy on urban innovation in
peripheral regions. +e results are shown in Table 5. In
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Figure 4: Spatial distribution map of China’s digital economy in 2020.
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Figure 3: Spatial distribution map of China’s urban innovation in 2020.
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Table 5, the coefficient estimates of the direct effects, indirect
effects, and total effects of the digital economy on urban
innovation are 1.095, 4.368, and 5.463, respectively; they are
all positive and significant at the 1% level, which indicates
that the development of the local digital economy can not
only directly promote local urban innovation but also have a
positive effect on the level of urban innovation in peripheral
regions as there are strong spatial spillover effects.+erefore,
we must encourage regions to promote the remarkable
progress of the digital economy, enhance the level of the
digital economy, and, on that basis, remarkably drive the
innovation in local and peripheral regions to a higher level,
which helps create a countrywide environment conductive
to urban innovation driven by digital economy and growth
driven by innovation.

Next, we analyzed the impact of the control variables on
urban innovation. In control variables, Economic Devel-
opment (lnED) has positive and significant direct effects on
urban innovation. In contrast, its indirect effects are negative
and significant, which shows that local economic develop-
ment can promote local urban innovation only but has a
negative siphon effect on the urban innovation of peripheral
regions. +e indirect and total effects of Population Size
(lnPS) and Fixed Investment (lnFII) on urban innovation are
all positive and significant, while their direct effects are not
significant, indicating that the population size and fixed
investment have particularly strong spatial spillover effects
on urban innovation. Foreign Investment (lnFOI) and In-
dustrial Level (lnIL) have no significant direct effects or
strong spatial spillover effects. Wages Level (lnWL) has
positive and significant direct effects on urban innovation,
indicating that higher local wages would better boost local
urban innovation. However, local wages have neither sig-
nificant indirect effects nor strong spatial spillover effects on
urban innovation in peripheral regions. +e direct, indirect,
and total effects of Road Condition (lnRC) on urban in-
novation are all positive and significant, which indicates that
the road condition can not only substantially promote local
urban innovation but also enable a massive increase in the

urban innovation of peripheral regions. Urbanization Level
(UL) has positive and significant direct effects on urban
innovation, indicating that an increase in the local urban-
ization level may directly drive local urban innovation.
However, its indirect effect is not significant, showing that
the urbanization level has no strong spatial spillover effects
on urban innovation in peripheral regions. +e direct effects
of Financial Development (lnFD) on urban innovation are
positive and significant, indicating that a higher level of
financial development tends to more effectively provide
financial support for local urban innovation activities and
drive urban innovation. However, the indirect effects of
Financial Development on urban innovation are negative
and significant, indicating that better financial development
in local areas is easy to impose a siphon effect as it attracts
innovation activities in peripheral regions to flow into the
local areas and weakens the urban innovation capacity of
peripheral regions at the expense of urban innovation im-
provement of peripheral regions.

4.5. Addressing the Endogeneity Problem of Impact of the
Digital Economy onUrban Innovation. For the impact of the
digital economy on urban innovation, the endogeneity
problem arises due to the reciprocal cause-and-effect rela-
tionships between the digital economy and urban innovation;
that is, the digital economy may influence urban innovation
and vice versa. +erefore, instrumental variables were used to
address the endogeneity problem in this section. When
selecting the instrumental variables, we considered two cri-
teria: correlation and exogeneity. For correlation, an instru-
mental variable must be correlated with the digital economy.
For exogeneity, an instrumental variable must be uncorre-
lated with other factors that affect urban innovation. We
adopted panel models to perform the estimation of instru-
mental variables. Meanwhile, instrumental variables with a
spatial factor were taken into account. In this paper, the
spatial lag term and spatio-temporal lag term of the digital
economy were selected as the instrumental variables. +e
spatial lag item of the digital economy is the average value of
the digital economy of other cities except for the city in the
province where the city is located. +e spatio-temporal lag
term is the spatial lag term with a lag of one period. From the
perspective of correlation, the digital economy of cities in the
same province is highly correlated, even though the lag period
is considered, which meets the assumption of correlation.
From the perspective of exogeneity, the possibility that the
spatial lag term and spatio-temporal lag term of the digital
economy are correlated with other factors that affect urban
innovation is limited, which generally meets the requirements
of exogeneity. +e results of the instrumental variables esti-
mation are shown in Table 6.

In Table 6, with the spatial lag term and spatio-temporal
lag term of the digital economy as instrumental variables, the
instrumental variables estimates for the impact of the digital
economy on urban innovation are 2.856 and 2.585, both
positive and significant at the 1% level. +e coefficient and
significance level are consistent with the results of OLS
estimation and spatial econometric model estimation.
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Figure 5: Fitted scatter plot of urban innovation and digital
economy.

10 Complexity



Moreover, in Table 6, the coefficient estimates of the results
in the first stage regression are 0.828 and 0.797, both positive
and significant at the 1% level. Values of the KP Wald-F
statistic test performed by instrumental variables are

1055.908 and 424.375, both much higher than 10 (recog-
nized critical value). +ese demonstrate that the results of
modeling and estimation for the impact of the digital
economy on urban innovation are reasonable and reliable,

Table 3: Results of spatial econometric analysis for impact of the digital economy on urban economy.

Variable OLS SAR SEM
SDM

RE Individual-FE Year-FE Individual-year-FE
(1) (2) (3) (4) (5) (6) (7)

DE 1.691∗∗∗ 0.564∗∗∗ 1.157∗∗∗ 1.102∗∗∗ 0.961∗∗∗ 1.414∗∗∗ 0.961∗∗∗
(8.37) (3.46) (6.52) (6.21) (5.47) (6.75) (5.19)

lnED 0.118∗∗∗ 0.056∗∗ 0.115∗∗∗ 0.157∗∗∗ 0.114∗∗∗ 0.130∗∗∗ 0.114∗∗∗
(3.78) (1.99) (3.41) (4.86) (3.35) (3.92) (3.18)

lnPS 0.111 −0.191∗∗ −0.177∗∗ 0.096∗∗∗ −0.119 0.050∗∗ −0.119
(1.26) (−2.37) (−2.19) (3.48) (−1.51) (2.23) (−1.43)

lnFII 0.002 −0.013 −0.016 −0.018∗ −0.008 −0.046∗∗∗ −0.008
(0.15) (−1.39) (−1.64) (−1.82) (−0.89) (−3.43) (−0.84)

lnIL −0.002 0.010 0.014 0.018 0.014 0.059∗∗∗ 0.014
(−0.12) (0.89) (1.15) (1.62) (1.28) (4.74) (1.22)

lnWL 0.365∗∗∗ 0.137∗∗∗ 0.466∗∗∗ 0.355∗∗∗ 0.408∗∗∗ 0.101∗ 0.408∗∗∗
(6.73) (3.43) (10.33) (7.08) (8.16) (1.90) (7.74)

lnRC 0.251∗∗ 0.260∗∗∗ 0.199∗∗ 0.149∗ 0.208∗∗ 0.320∗∗∗ 0.208∗∗
(2.42) (2.75) (2.10) (1.86) (2.31) (5.54) (2.19)

UL 0.005∗∗∗ 0.004∗∗ 0.007∗∗∗ 0.007∗∗∗ 0.006∗∗∗ 0.005∗∗∗ 0.006∗∗∗
(3.00) (2.30) (4.21) (5.94) (3.61) (6.55) (3.43)

lnFD 0.150∗∗∗ 0.107∗∗∗ 0.229∗∗∗ 0.316∗∗∗ 0.205∗∗∗ 0.392∗∗∗ 0.205∗∗∗
(3.68) (3.07) (6.15) (10.11) (5.73) (14.73) (5.44)

lnFOI 0.022∗ 0.026∗∗ 0.012 0.034∗∗∗ 0.015 0.113∗∗∗ 0.015
(1.78) (2.33) (1.03) (2.97) (1.31) (12.17) (1.25)

Wx_DE −0.338 0.671∗ 1.928∗∗∗ 0.671∗
(−0.95) (1.87) (3.73) (1.78)

Wx_lnED −0.195∗∗∗ −0.194∗∗∗ −0.075 −0.194∗∗∗
(−2.93) (−2.85) (−0.87) (−2.70)

Wx_lnPS 0.030 1.257∗∗∗ −0.088 1.257∗∗∗
(0.47) (5.74) (−1.60) (5.45)

Wx_lnFII 0.046∗∗ 0.045∗∗ −0.025 0.045∗∗
(2.27) (2.19) (−0.80) (2.08)

Wx_lnIL −0.064∗∗ −0.058∗ −0.016 −0.058∗
(−2.13) (−1.88) (−0.46) (−1.78)

Wx_lnWL −0.366∗∗∗ −0.303∗∗∗ 0.676∗∗∗ −0.303∗∗∗
(−4.03) (−3.07) (5.13) (−2.91)

Wx_lnRC −0.019 0.804∗∗∗ 0.281∗∗ 0.804∗∗∗
(−0.10) (2.90) (2.20) (2.75)

Wx_UL −0.002 −0.006∗ −0.001 −0.006
(−0.86) (−1.69) (−0.31) (−1.60)

Wx_lnFD −0.221∗∗∗ −0.408∗∗∗ −0.382∗∗∗ −0.408∗∗∗
(−3.23) (−4.85) (−6.00) (−4.60)

Wx_lnFOI 0.008 0.029 −0.096∗∗∗ 0.029
(0.33) (1.07) (−4.32) (1.01)

Rho/lambda 0.640∗∗∗ 0.743∗∗∗ 0.748∗∗∗ 0.696∗∗∗ 0.695∗∗∗ 0.696∗∗∗
(26.87) (30.77) (34.34) (29.14) (30.07) (27.64)

Individual-FE Yes Yes Yes No Yes No Yes
Year-FE Yes Yes Yes No No Yes Yes
Adj. R-sq 0.7090 0.6858 0.6904 0.6902 0.7102 0.6837 0.7102
N 3370 3033 3033 3370 3370 3370 3033
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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and the digital economy can remarkably boost urban
innovation.

4.6. Robustness Tests for Impact of the Digital Economy on
Urban Innovation. We performed robustness tests to ensure
the robustness of the empirical results to the impact of the
digital economy on urban innovation and measured the
reliability and credibility of the empirical results through
changes in criteria. +e robustness tests were mainly con-
ducted in the following ways. First, the explained variable,
Urban Innovation, was replaced, which means other indi-
cators were used to replace Urban Innovation and included in
the model’s regression. On the one hand, this paper adopted
the Innovation Index of Cities in China released by Professor
Kou Zonglai-led team from Fudan University to measure the
level of urban innovation [47]. On the other hand, in the
existing patent data, the urban patent density used to measure
the innovation level of a city was obtained by calculating the
regional area of the city. Second, the core explanatory vari-
ables were replaced. On the one hand, the underlying data of
the digital economy were replaced by those with a lag of one
period tomeasure the impact of the digital economy on urban
innovation. On the other hand, after standardizing the five
indicators for measuring the digital economy, their aggregate
was incorporated into the model’s regression to replace the
average as an alternative indicator of the digital economy.
+ird, the spatial weights matrix was replaced. Different
weights matrices may also affect the results of model esti-
mation. On the one hand, the spatial distance matrix was
replaced by the spatial contiguity matrix. +e spatial conti-
guity weights matrix was constructed in the following way: all
matrix elements in cities of the same province are 1, and the
others are 0. On the other hand, we used the mixing spatial
matrix which was obtained by mixing and summing up the
spatial distancematrix and spatial contiguity matrix. Different
spatial weights matrices were used to replace the original
matrix for regression. Lastly, the sampling period was ad-
justed. Different sampling periods were adopted to measure
the robustness of the estimation results. In this paper, the
samples are divided into samples of even-numbered years and
those of odd-numbered years, and the regressions were
conducted, respectively, to verify the impact of different
sampling periods on the empirical results.

+e results of the robustness tests are shown in Table 7.
In rows (1)–(8) of Table 7, the coefficient estimates and the
spatial autocorrelation coefficients of the impact of the
digital economy on urban innovation are all positive and

significant at the 1% level. Meanwhile, they are overall close
to the coefficient estimates obtained in Table 7; the direct
effects, indirect effects, and total effects of the digital
economy on urban innovation are all statistically positive
and significant. +erefore, it reflects that the results of the
estimates in the model of the impact of the digital economy
on urban innovation are robust, which means the digital
economy can boost urban innovation. Such impetus is not
only evidenced by the local digital economy as an incentive
for local urban innovation but also reflected in the spatial
spillover effects of the local digital economy on urban in-
novation in peripheral regions.

5. FurtherAnalysisof theSpatial Implicationsof
the Digital Economy on Urban Innovation

5.1. Analysis of Mechanisms of the Digital Economy to In-
fluence Urban Innovation. After the robustness tests, we
analyzed the mechanisms of how the digital economy in-
fluences urban innovation. +e mechanisms were analyzed
by considering the mediation effect of two variables: Human
Resources and Technology Spending. +e results are shown
in Table 8, where Row (1) presents the results of the re-
gression benchmark for the impact of the digital economy
on urban innovation, which is not intended to repeat in this
section. Rows (2) and (3) reflect the impact of the digital
economy on the mediator variables, a.k.a., Human Re-
sources and Technology Spending. +e spatial autocorre-
lation coefficients are 0.348 and 0.557, both positive and
significant at the 1% level. It indicates a strong positive
spatial correlation between Human Resources and Tech-
nology Spending. An increase of 1% in Human Resources
and Technology Spending in a region can drive a simulta-
neous growth of Human Resources and Technology
Spending in peripheral regions by 0.348% and 0.557%. Such
spatial spillover values are smaller overall than urban in-
novation (0.696%). +e values of the direct effects show that
the coefficients of the direct effects of the digital economy on
Human Resources and Technology Spending are 0.486 and
2.660, respectively, both positive and significant at the 1%
level. It means the growing local digital economy can boost
the growth of local human resources and science and
technology spending. In actual circumstances, the devel-
opment of the digital economy in a region could attract
workers to flow into this region; likewise, a region with a
more established digital economy may invest more in sci-
entific and technological innovations. +is has been ade-
quately reflected in the size of spending on human resources
and science and technology by Chinese governments at all
levels in recent years. +e values of the indirect effects that
represent the indirect effects of the digital economy on
Human Resources and Technology Spending are 0.963 and
1.248, respectively; only the former is positive and significant
at the 1% level. +is result indicates that the development of
the local digital economy can drive a substantial accumu-
lation of human resources in peripheral regions, serving as a
model and providing good practices, which in turn leads to
positive spatial spillover effects.

Table 4: Model selection tests for the spatial econometric
approach.

Model selection test Chi2 statistic p-value
Hausman test 31.76 0.001
Wald test 202.94 0.001
LR test (SDM vs SAR) 145.90 0.001
LR test (SDM vs SEM) 72.89 0.001
LR test (Ind-year-FE vs individual-FE) 31.50 0.001
LR test (Ind-year-FE vs year-FE) 4351.18 0.001
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Table 6: Results of instrumental variables estimation for impact of the digital economy on urban economy.

Variable
Urban innovation

(1) (2)
2SLS two-stage regression results spatial
lag term/space-time lag term

2.856∗∗∗ 2.585∗∗∗
(8.33) (5.36)

Simplified result 2.365∗∗∗ 2.061∗∗∗
(5.44) (3.56)

+e first stage regression results 0.828∗∗∗ 0.797∗∗∗
(21.96) (16.17)

Control variable Yes Yes Yes Yes Yes Yes
Individual-FE Yes Yes Yes Yes Yes Yes
N 3370 3370 3370 3033 3033 3033
Adj. R-sq 0.655 0.692 0.907 0.602 0.647 0.864
KP Wald-F statistic 1055.908 424.375
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.

Table 5: Results of decomposition of the spatial effects of digital economy on urban innovation.

Variable
Direct effect Indirect effect Total effect

Coefficient value t-statistic Coefficient value t-statistic Coefficient value t-statistic
DE 1.095∗∗∗ (5.90) 4.368∗∗∗ (3.53) 5.463∗∗∗ (4.30)
lnED 0.099∗∗∗ (3.30) −0.372∗ (−1.78) −0.273 (−1.28)
lnPS −0.002 (−0.02) 3.734∗∗∗ (4.91) 3.732∗∗∗ (4.69)
lnFII −0.003 (−0.28) 0.140∗∗ (2.10) 0.137∗ (1.95)
lnIL 0.007 (0.51) −0.160 (−1.45) −0.153 (−1.31)
lnWL 0.409∗∗∗ (8.34) −0.056 (−0.19) 0.353 (1.19)
lnRC 0.305∗∗∗ (3.08) 3.145∗∗∗ (3.40) 3.449∗∗∗ (3.61)
UL 0.005∗∗∗ (3.42) −0.005 (−0.44) 0.001 (0.07)
lnFD 0.178∗∗∗ (5.12) −0.899∗∗∗ (−3.37) −0.721∗∗∗ (−2.63)
lnFOI 0.019 (1.51) 0.129 (1.36) 0.148 (1.54)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.

Table 7: Results of the robustness tests for impact of the digital economy on urban innovation.

Variable
Replace the explained

variable
Replace the explanatory

variable
Replacing the spatial

weight matrix Adjusted sample period

(1) (2) (3) (4) (5) (6) (7) (8)

DE 0.259∗∗ 1.147∗∗∗ 1.047∗∗∗ 0.192∗∗∗ 1.029∗∗∗ 1.013∗∗∗ 0.578∗∗ 1.392∗∗∗
(2.38) (5.51) (4.39) (5.19) (5.55) (5.48) (2.19) (4.56)

Wx_DE 0.846∗∗∗ 1.354∗∗∗ 0.577 0.137∗ 0.563∗ 0.593∗ 0.923∗ 0.562
(4.15) (3.20) (1.26) (1.81) (1.83) (1.83) (1.69) (0.91)

Rho 0.772∗∗∗ 0.661∗∗∗ 0.711∗∗∗ 0.695∗∗∗ 0.577∗∗∗ 0.620∗∗∗ 0.695∗∗∗ 0.688∗∗∗
(26.51) (24.70) (27.49) (27.58) (30.65) (31.72) (17.83) (18.04)

DE-direct effect 0.390∗∗∗ 1.340∗∗∗ 1.187∗∗∗ 0.220∗∗∗ 1.169∗∗∗ 1.155∗∗∗ 0.712∗∗∗ 1.543∗∗∗
(3.46) (6.43) (4.90) (5.91) (6.43) (6.34) (2.69) (5.05)

DE-indirect effect 4.605∗∗∗ 6.164∗∗∗ 4.567∗∗∗ 0.880∗∗∗ 2.641∗∗∗ 3.130∗∗∗ 4.368∗∗ 4.882∗∗
(4.70) (4.87) (2.82) (3.57) (3.97) (3.98) (2.36) (2.51)

DE-total effect 4.995∗∗∗ 7.504∗∗∗ 5.754∗∗∗ 1.099∗∗∗ 3.811∗∗∗ 4.285∗∗∗ 5.081∗∗∗ 6.425∗∗∗
(4.92) (5.78) (3.43) (4.34) (5.57) (5.33) (2.68) (3.23)

Control variable Yes Yes Yes Yes Yes Yes Yes Yes
Individual-FE Yes Yes Yes Yes Yes Yes Yes Yes
Year-FE Yes Yes Yes Yes Yes Yes Yes Yes
Adj. R-sq 0.7046 0.7674 0.6697 0.7105 0.7157 0.7157 0.7012 0.7373
N 1685 3033 2696 3033 3033 3033 1348 1348
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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During the analysis of the mediation effect mechanism,
we explored the impact of the digital economy on mediator
variables (Human Resources and Technology Spending),
followed by the analysis of the impact of these mediator
variables on urban innovation. +e results are shown in
Rows (4) and (5) of Table 8. For the spatial autocorrelation
coefficients, the coefficient estimates are 0.720 and 0.668, and
both are positive and significant at the 1% level and close to
0.696 in Row (1). When the local urban innovation gets 1%
better, it would simultaneously increase the urban inno-
vation in peripheral cities by about 0.7%. For direct effects,
the values of the direct effects of Human Resources and
Technology Spending on urban innovation are 0.161 and
0.104, both positive and significant at the 1% level. It in-
dicates that local human resources and science and

technology spending can directly boost local urban inno-
vation. For indirect effects, the values of the indirect effects
of Human Resources and Technology Spending on urban
innovation are 0.299 and 0.478; only the latter one is positive
and significant at the 1% level. It means that only increasing
science and technology spending can significantly drive the
improvement of urban innovation in peripheral cities,
leading to robust spatial spillover effects. However, the in-
crease of human resources cannot effectively create positive
and significant spatial spillover effects on urban innovation,
as human resources are mainly located in large and capital
cities and flow to such cities, which provides a noticeable
boost to urban innovation in large and capital cities, but its
impact on urban innovation of peripheral cities is not
significant.

Table 8: Results of analysis of mechanisms of the digital economy to influence urban innovation.

Variable lnUI lnHR lnTS lnUI lnUI lnUI lnUI
(1) (2) (3) (4) (5) (6) (7)

DE 0.961∗∗∗ 0.462∗∗∗ 2.619∗∗∗ 0.908∗∗∗ 0.648∗∗∗
(5.19) (4.54) (7.95) (4.89) (3.51)

lnHR 0.152∗∗∗ 0.133∗∗∗ 0.148∗∗∗
(4.60) (4.02) (4.55)

lnTS 0.089∗∗∗ 0.088∗∗∗
(8.82) (8.62)

Wx_DE 0.671∗ 0.470∗∗ −0.906 0.652∗ 0.317
(1.78) (2.29) (−1.35) (1.71) (0.83)

Wx_lnHR −0.029 −0.106 −0.144∗
(−0.35) (−1.26) (−1.73)

Wx_lnTS 0.101∗∗∗ 0.086∗∗∗
(4.34) (3.63)

Rho 0.696∗∗∗ 0.348∗∗∗ 0.557∗∗∗ 0.720∗∗∗ 0.668∗∗∗ 0.697∗∗∗ 0.657∗∗∗
(27.64) (10.19) (19.03) (29.90) (26.05) (27.75) (25.02)

DE-direct effect 1.095∗∗∗ 0.486∗∗∗ 2.660∗∗∗ 1.036∗∗∗ 0.711∗∗∗
(5.90) (4.84) (8.16) (5.51) (3.83)

lnHR-direct effect 0.161∗∗∗ 0.128∗∗∗ 0.142∗∗∗
(4.75) (4.31) (5.21)

lnTS-direct effect 0.104∗∗∗ 0.101∗∗∗
(10.34) (9.31)

DE-indirect effect 4.368∗∗∗ 0.963∗∗∗ 1.284 4.136∗∗∗ 2.013∗∗
(3.53) (2.96) (0.85) (3.27) (2.13)

lnHR-indirect effect 0.299 −0.067 −0.101
(0.94) (−0.28) (−0.47)

lnTS-indirect effect 0.478∗∗∗ 0.408∗∗∗
(6.57) (6.05)

DE-total effect 5.463∗∗∗ 1.449∗∗∗ 3.944∗∗ 5.171∗∗∗ 2.725∗∗∗
(4.30) (4.50) (2.56) (3.97) (2.78)

lnHR-total effect 0.460 0.060 0.041
(1.41) (0.24) (0.19)

lnTS-total effect 0.582∗∗∗ 0.509∗∗∗
(7.83) (7.24)

Control variable Yes Yes Yes Yes Yes Yes Yes
Individual-FE Yes Yes Yes Yes Yes Yes Yes
Year-FE Yes Yes Yes Yes Yes Yes Yes
Adj. R-sq 0.7102 0.3798 0.4221 0.7029 0.7245 0.7112 0.7296
N 3033 3033 3033 3033 3033 3033 3033
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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Lastly, the mediator variables (Human Resources,
followed by Technology Spending) were added to the
benchmark model for regression. +e results are presented
in Table 8. +e impact of the digital economy on urban
innovation after the incorporation of the mediator vari-
ables is shown in Rows (6) and (7) of Table 8, and then
whether the digital economy acts on urban innovation
through two aspects, a.k.a., human resources and science
and technology spending, was verified. For the spatial
autocorrelation coefficients, the coefficient estimates are
0.697 and 0.657, both positive and significant at the 1%
level. Upon incorporating Human Resources, the spatial
autocorrelation coefficient in the benchmark model
changes slightly from 0.696 to 0.697, while upon incor-
porating Technology Spending, the spatial autocorrelation
coefficient in the benchmark model is decreased from
0.697 to 0.657. +e significant decline indicates that the
incorporation of Technology Spending has a greater im-
pact on the benchmark model’s regression results, which
means the digital economy is more likely to act on local
urban innovation via a rise in science and technology
spending. For direct effects, upon incorporating the me-
diator variables, the coefficient estimates of the impact of
the digital economy on urban innovation are 1.036 and
0.711, both positive and significant at the 1% level. In
comparison with the regression result in Row (1) (1.095),
the former just changes slightly while the latter sees a more
considerable decline, indicating that science and tech-
nology spending is more likely to be the mechanism of the
digital economy to influence urban innovation. +e local
digital economy prominently boosts the cities’ level of
innovation through more spending on science and tech-
nology. For indirect effects, upon incorporating the me-
diator variables, the values of the indirect effects of the
digital economy on urban innovation are 4.136 and 2.103,
both positive and significant. In comparison with the
benchmark model, by adding Human Resources, the value
of indirect effects of the digital economy on urban in-
novation is decreased from 4.368 to 4.136; by adding
Technology Spending, the value of indirect effects sees a
sharp decline, from 4.136 to 2.013. It demonstrates that
from the perspectives of indirect effects and spatial
spillover, both human resources and science and tech-
nology spending are the mechanisms of the digital
economy to create spatial spillover effects on urban in-
novation; from the perspective of the coefficient estimates,
the impact of science and technology spending outweighs
that of human resources. +e development of the digital
economy in the local region puts the spatial spillover ef-
fects on urban innovation in peripheral regions via two
channels, a.k.a., human resources and science and tech-
nology spending, and the effects of the latter one outweigh
those of the former one.

5.2. Analysis of Heterogeneity in the Impact of the Digital
Economy on Urban Innovation. After the mechanism
analysis, we explored the heterogeneity in the empirical
results. In this paper, samples were categorized by the

regions where the cities are located, namely, the eastern,
central and western, southern, and northern regions, to
compare the effects of policies in different regions. +e
results are presented in Table 9. First, we compared the
eastern region with the central and western regions. In Rows
(1) and (2), the coefficient estimates of the impact of the
digital economy on urban innovation are 0.394 and 0.874,
and only the latter is significant at the 1% level. For the
spatial autocorrelation coefficients, the coefficients of the
eastern region and the central and western regions are 0.532
and 0.650, both positive and significant at the 1% level. +e
results of the decomposition of the spatial effects show that
only the direct effects, indirect effects, and total effects of the
central and western regions’ digital economy on urban in-
novation are positive and statistically significant, while all
coefficient estimates in relation to the eastern region are not
significant. +is means, in comparison with the eastern
region, the digital economy in the central and western
counterpart is more likely to substantially improve urban
innovation, primarily for the following reasons that we
found in the eastern region: the innovation atmosphere and
entrepreneurial activities are more favorable; the overall
level of urban innovation is higher; it is challenging for the
growing digital economy to create more substantial marginal
effects on urban innovation. On the contrary, as the western
region sees a lower level of urban innovation and a less
developed digital economy, along with the greater potential
for improving urban innovation, making more efforts to
develop the digital economy may provide urban innovation
with solid support in information infrastructure and ser-
vices, which could help transform the digital economy into
innovation activities and boost urban innovation.

Next, we compared the southern region and northern
region. +e coefficient estimates of the impact of these re-
gions’ digital economy on urban innovation are 1.162 and
1.605, both positive and significant at the 1% level. +eir
spatial autocorrelation coefficients are 0.641 and 0.627, both
positive and significant at the 1% level. +ese indicate a
positive spatial correlation of urban innovation in southern
and northern regions. For the decomposition of the spatial
effects, the direct, indirect, and total effects of the northern
region’s digital economy on urban innovation are positive
and significant at the 1% level. In contrast, only the direct
and total effects in the southern region are positive and
significant, and the indirect effects are not significant. For
the values of the coefficients, those coefficient estimates of
the southern region are smaller than those of the northern
region, which indicates that the effects of the northern re-
gion’s policies on the digital economy relative to urban
innovation are better than those of the southern region. Such
results are closely related to the overall level of the digital
economy and urban innovation in these two regions. As
such, the southern region, with a higher level of the digital
economy and urban innovation, is home to a large group of
companies in the digital economy, such as Hangzhou-based
Alibaba and Shenzhen-based Tencent. Urban innovation
there is very active. However, generally speaking, the digital
economy and urban innovation in the northern region lag
behind those in the southern region.+erefore, the northern
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region has latecomer advantages, and the effects of its
policies on the digital economy relative to urban innovation
surpass those of the southern region.

5.3. Spatial Spillover Distance and @reshold of the Digital
Economy on Urban Innovation. In the above-given analysis,
we explored the spatial implications and mechanisms of the
digital economy on urban innovation and discovered that
the digital economy has significant direct effects and more
potent spatial spillover effects on urban innovation. We
further analyzed the specific forms of spatial spillover effects
of the digital economy on urban innovation, including the
distance within which the spatial spillover effects occur and
how the spatial spillover effects change with geographic
distance. Furthermore, we sought to determine the range
within which the digital economy can influence urban in-
novation and the threshold of its impact. In this regard, we
performed a regression with the spatial weights matrices of
different thresholds to obtain the coefficient estimates of the
direct and indirect effects of different thresholds, which were
mapped to the corresponding thresholds. +e results are
shown in Table 10 and Figure 4. In Table 10, the coefficient
estimates of direct effects within the range of 50–2,000 ki-
lometers are all positive and significant at the 1% level, which
indicates that even at different thresholds the development
of the local digital economy can have a significant positive
effect on local urban innovation. From the perspective of
indirect effects, within the range of 500 kilometers, the
digital economy has positive and strong spatial spillover
effects on urban innovation, and the development of the
local digital economy can substantially drive the significant
improvement of urban innovation in other cities within the
range of 500 kilometers. However, within the range of
600–1,600 kilometers, the coefficient estimates of the indi-
rect effects of the local digital economy development on

urban innovation are primarily negative, which means that
within this range, the digital economy fails to boost urban
innovation in other regions, and instead, it considerably
weakens the innovation of cities in these regions, leading to a
strong siphon effect.

Why can the digital economy generate positive spatial
spillover on urban innovation within 500 kilometers? In his
research, Yu et al. argues that 500 kilometers generally reach
the provincial boundaries [43]. We also provide new evi-
dence for the 500 kilometers provincial boundaries, where
we plot the geographic distances of cities from provincial
capital cities as a histogram. Figure 6 shows that except for a
few extreme values (16, less than 5%), the distance between
most cities and their provincial capital cities will not exceed
500 kilometers. Such a provincial boundary imposes con-
siderable influence and a specific limit on the spatial spill-
over effects; there is a particular regional threshold that is
often created by local markets. On the one hand, giving
preference to local companies, producers and service pro-
viders tend to do business with local companies they are
familiar with. On the other hand, local protectionism could
also contribute to the regional threshold for spatial spillover
effects; provincial authorities often seek to maximize the
benefits within the administrative region, preventing the
effects of policies from spilling over outside the province.
Yu’s conclusion can help explain why the spatial spillover of
the digital economy on urban innovation has a threshold
within 500 kilometers. +e main reasons are that during the
development of the digital economy in regions, those that
benefit most are local companies and individuals; there is a
local market effect; local companies and individuals can fully
benefit from the policies on the digital economy due to
geographic advantages and an accurate grasp of market
information and policies in their provinces. In addition, due
to local protectionism, the primary purposes for each

Table 9: Results of analysis of heterogeneity in the impact of the digital economy on urban innovation.

Variable Eastern Middle-western Southern Northern
(1) (2) (3) (4)

DE 0.394 0.874∗∗∗ 1.162∗∗∗ 1.605∗∗
(1.29) (3.74) (4.69) (2.12)

Wx_DE −0.497 0.747∗ −0.138 1.383∗∗∗
(−0.78) (1.73) (−0.27) (2.66)

Rho 0.512∗∗∗ 0.633∗∗∗ 0.641∗∗∗ 0.627∗∗∗
(11.54) (21.43) (17.49) (18.82)

DE-direct effect 0.375 1.013∗∗∗ 1.219∗∗∗ 1.812∗∗∗
(1.22) (4.32) (4.89) (2.82)

DE-indirect effect −0.452 3.478∗∗∗ 1.746 4.602∗∗∗
(−0.33) (3.06) (1.18) (3.42)

DE-total effect −0.077 4.490∗∗∗ 2.965∗ 6.414∗∗∗
(−0.05) (3.80) (1.94) (3.83)

Control variable Yes Yes Yes Yes
Individual-FE Yes Yes Yes Yes
Year-FE Yes Yes Yes Yes
Adj. R-sq 918 2115 1620 1413
N 0.7910 0.7002 0.7698 0.6661
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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province to develop the digital economy are to serve local
companies and residents, boost urban innovation in the
province, and maximize the effects of policies and benefits in
the province.

Why does the digital economy have a considerable si-
phon effect on urban innovation in 600–1600 kilometers?
For geographic distance, 600 kilometers are generally be-
yond the provincial boundaries and categorized as a cross-
province, cross-region case. In this range, the development
of the digital economy in a province will generate a pro-
nounced siphon effect on other provinces, attracting various
resources to aggregate in provinces with a developed digital
economy. Nationwide, the imbalance is a challenge in
China’s digital economy and urban innovation. +e digital
economy and urban innovation in the wealthy east coastal

provinces are generally at a higher level. However, the
central and western counterpart, especially underdeveloped
provinces in the west, generally has a less developed digital
economy and urban innovation. +e trend is that various
resources flow from the central and western regions and
inland provinces to the southeastern coastal regions and
accumulate there to cause a siphon effect on the central and
western regions and inland provinces. +erefore, even
though in empirical econometrics, we reached the conclu-
sion that the digital economy can put prominent spatial
spillover effects on urban innovation, from the spatial
perspective, such spatial spillover effects could only occur
within 500 kilometers, in most cases, without crossing
provincial boundaries. However, in a larger space, the digital
economy imposes a significant siphon effect on urban in-
novation, in line with the regional dualism of China’s
current economy. +erefore, the conclusions of this paper
are also characterized by regional dualism. +e digital
economy can significantly boost urban innovation within
the provincial boundaries, i.e., 500 kilometers. In other
words, the digital economy can only contribute to sub-
stantial improvements in urban innovation of other cities in
the same province, but it imposes an obvious siphon effect
on the innovation of other cities outside the province.

Figure 7 describes the trends of the digital economy’s
direct and indirect effects on urban innovation with changes
in distance. We found that the direct effects of the digital
economy on urban innovation have small coefficient esti-
mates and change little, while the coefficient estimates of
indirect effects are positive in the first place and then fall into
the negative territory, with a trend of “rise, fall, and rise.”
+erefore, the indirect effects of the digital economy on
urban innovation demonstrate distinct changes and

Table 10: Spatial spillover distance of the digital economy on urban innovation.

Distance threshold
(km)

Direct effect Indirect effect
Distance threshold

(km)

Direct effect Indirect effect

Coefficient t-
statistic Coefficient t-

statistic Coefficient t-
statistic Coefficient t-

statistic
50 1.236∗∗∗ (6.60) 8.814∗∗∗ (3.55) 1050 1.605∗∗∗ (8.08) −13.719∗∗∗ (−5.12)
100 1.196∗∗∗ (6.14) 23.590∗∗∗ (3.11) 1100 1.732∗∗∗ (8.68) −14.941∗∗∗ (−5.46)
150 1.119∗∗∗ (5.62) 25.373∗∗ (2.25) 1150 1.753∗∗∗ (8.79) −14.937∗∗∗ (−5.97)
200 1.005∗∗∗ (4.94) 25.018∗∗ (2.46) 1200 1.778∗∗∗ (8.86) −15.720∗∗∗ (−6.41)
250 1.075∗∗∗ (5.29) 25.246∗∗∗ (2.92) 1250 1.823∗∗∗ (9.07) −14.624∗∗∗ (−5.55)
300 1.235∗∗∗ (6.02) 30.410∗∗∗ (2.87) 1300 1.884∗∗∗ (9.30) −12.793∗∗∗ (−5.12)
350 1.280∗∗∗ (6.24) 31.194∗∗∗ (2.86) 1350 1.864∗∗∗ (9.20) −12.028∗∗∗ (−5.36)
400 1.391∗∗∗ (6.72) 33.692∗∗∗ (2.85) 1400 1.759∗∗∗ (8.66) −10.877∗∗∗ (−5.48)
450 1.460∗∗∗ (7.10) 17.557∗∗ (2.49) 1450 1.802∗∗∗ (8.92) −9.590∗∗∗ (−4.66)
500 1.391∗∗∗ (6.78) 9.572∗ (1.75) 1500 1.739∗∗∗ (8.56) −6.770∗∗∗ (−3.66)
550 1.465∗∗∗ (7.15) 0.087 (0.02) 1550 1.655∗∗∗ (8.13) −3.377∗ (−1.94)
600 1.453∗∗∗ (7.16) −10.970∗∗ (−2.51) 1600 1.536∗∗∗ (7.54) −0.801 (−0.51)
650 1.525∗∗∗ (7.60) −14.189∗∗∗ (−3.50) 1650 1.406∗∗∗ (6.92) 1.922 (1.30)
700 1.487∗∗∗ (7.46) −14.165∗∗∗ (−4.50) 1700 1.389∗∗∗ (6.86) 2.196 (1.62)
750 1.509∗∗∗ (7.59) −14.920∗∗∗ (−4.61) 1750 1.486∗∗∗ (7.41) 2.985∗∗ (2.29)
800 1.516∗∗∗ (7.59) −15.817∗∗∗ (−4.79) 1800 1.517∗∗∗ (7.66) 3.560∗∗∗ (2.96)
850 1.373∗∗∗ (6.88) −14.943∗∗∗ (−5.27) 1850 1.566∗∗∗ (8.02) 3.392∗∗∗ (3.02)
900 1.441∗∗∗ (7.22) −14.397∗∗∗ (−5.36) 1900 1.603∗∗∗ (8.24) 2.985∗∗∗ (2.74)
950 1.509∗∗∗ (7.58) −14.771∗∗∗ (−5.28) 1950 1.551∗∗∗ (8.05) 3.540∗∗∗ (3.50)
1000 1.536∗∗∗ (7.73) −13.766∗∗∗ (−5.18) 2000 1.587∗∗∗ (8.18) 1.960∗∗ (2.02)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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Figure 6: +e distance distribution between cities and provincial
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volatility, which indicates that the impact of the digital
economy on urban innovation is dominated by indirect
effects and mainly presented with spatial spillover effects.
+erefore, in the process of developing the digital economy,
bringing the digital economy of cities to the next level, and
promoting urban innovation, it is necessary to focus on the
intercity synergy and collaboration for developing a prov-
ince’s digital economy and give full play to the spatial
spillover effects of the digital economy on urban innovation
through coordination and cooperation to maximize the
effects of policies within the province.

After a nation-level analysis of the spatial spillover effects
and spatial threshold of the digital economy on urban in-
novation, we explored the spillover distance and threshold

from the regional perspective. First, we looked at the eastern
region. As shown in Table 11 and Figure 8, for direct effects,
the values of the direct effects of the eastern region’s digital
economy on urban innovation are small and not statistically
significant, which means, for the eastern region, the local
digital economy does not have amajor impact on local urban
innovation, in line with the results of the analysis of het-
erogeneity. For indirect effects, in the range of
200–300 kilometers, the values of the indirect effects of the
digital economy on urban innovation are positive and sig-
nificant, indicating that the digital economy can remarkably
drive urban innovation in other cities within this range. In
comparison with the nation-level results, the range of the
spatial spillover of the eastern region’s digital economy on
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Figure 7: Spatial trends of the impact of the digital economy on urban innovation.

Table 11: Spatial spillover distance of the impact of the eastern region’s digital economy on urban innovation.

Distance
threshold (km)

Direct effect Indirect effect Distance
threshold (km)

Direct effect Indirect effect
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

50 0.370 (1.19) −0.405 (−0.22) 1050 −0.020 (−0.06) −1.960 (−0.83)
100 0.356 (1.15) 1.635 (0.63) 1100 0.110 (0.35) −2.647 (−1.08)
150 0.158 (0.50) 3.986 (1.34) 1150 0.167 (0.53) −1.146 (−0.51)
200 0.101 (0.32) 8.424∗∗∗ (2.68) 1200 0.115 (0.36) −4.274∗ (−1.87)
250 0.331 (1.02) 6.548∗∗ (2.23) 1250 0.254 (0.79) −2.369 (−1.00)
300 0.137 (0.41) 8.500∗∗∗ (2.62) 1300 0.351 (1.10) 2.498 (0.96)
350 0.140 (0.42) 1.466 (0.38) 1350 0.341 (1.07) 2.643∗∗ (2.10)
400 0.117 (0.35) −0.325 (−0.07) 1400 0.400 (1.25) 2.231 (0.85)
450 −0.060 (−0.18) −3.738 (−0.82) 1450 0.528 (1.62) 2.829 (1.35)
500 −0.042 (−0.13) −1.886 (−0.43) 1500 0.528 (1.63) 3.626∗ (1.73)
550 0.070 (0.22) 0.372 (0.09) 1550 0.397 (1.23) 2.125∗∗∗ (2.72)
600 0.061 (0.19) 0.366 (0.09) 1600 0.279 (0.88) 2.481∗ (1.84)
650 0.051 (0.16) −4.505 (−1.03) 1650 0.286 (0.92) 1.337 (1.35)
700 −0.042 (−0.13) −4.059 (−0.89) 1700 0.453 (1.46) 1.166 (1.44)
750 0.108 (0.35) −3.524 (−0.81) 1750 0.569∗ (1.88) 0.998 (1.54)
800 0.058 (0.19) −3.737 (−0.87) 1800 0.685∗∗ (2.27) −0.246 (−0.46)
850 0.052 (0.17) −0.178 (−0.05) 1850 0.383 (1.27) −0.502 (−0.89)
900 0.171 (0.54) −1.110 (−0.36) 1900 0.226 (0.74) −0.520 (−0.94)
950 0.142 (0.45) −0.883 (−0.32) 1950 0.266 (0.88) −1.169∗ (−1.73)
1000 0.011 (0.04) −2.465 (−0.96) 2000 0.321 (1.05) −0.939 (−1.39)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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urban innovation is smaller. For the eastern region, there are
no adjacent and obvious areas with a siphon effect, which
indicates the eastern region is characterized by a developed
digital economy, balanced intercity digital economy and
innovation, weak spatial spillover effects, and no strong
intercity siphonage.

Next, we looked at the central and western regions. +e
digital economy and urban innovation in the central and
western regions are generally at a low level, with enormous
potential for growth and plenty of scope for improvement.
As shown in Table 12 and Figure 9, for direct effects, the
values of the direct effects of the digital economy on urban
innovation are all positive and significant, which shows that
the local digital economy can substantially boost local urban
innovation at different thresholds. Compared with the na-
tion-level results, the values of the direct effects of the central
and western regions are generally higher, which indicates
that the direct effects of the digital economy on urban in-
novation in the central and western regions outweigh the
country’s overall direct effects. For indirect effects, in a range
of 50–250 kilometers, the development of the digital
economy in the central and western regions can consider-
ably drive urban innovation in other cities within this range.
+is range does not differ much from the eastern region, but
the distance is shorter than the nation-level spatial spillover
distance. In the range of 750–1,600 kilometers, the indirect
effects of the digital economy on urban innovation are
negative and significant, which indicates that the digital
economy imposes a distinct siphon effect on the innovation
of other cities within this range. It is in line with the nation-
level characteristics but different from those of the eastern
region. Moreover, the large spatial spillover range and
siphonage range in the central and western regions for the
impact of the digital economy on urban innovation have
exacerbated the digital economy gap and lagged-behind
urban innovation in the central and western regions. In this
region, several capital cities, such as Chengdu, Chongqing,
and Wuhan, even see their level of the digital economy and
urban innovation higher than some coastal cities in the
eastern region. However, this pattern of the digital economy
and urban innovation, with a strong capital city as a

characteristic, is formed by siphoning the factors of re-
sources from other small and medium cities in the central
and western regions, objectively speaking, which widens the
gap of the digital economy and urban innovation in the
central and western regions.

After that, we looked at the northern region. In recent
years, the economic differences between the north and the
south in China have received increasing attention from
scholars. +e development gap between the north and the
south has been a significant issue for China’s economy. As
shown in Table 13 and Figure 10, for direct effects, the values
of the direct effects of the northern region’s digital economy
on urban innovation are all positive and significant, in line
with the nation-level characteristics. For indirect effects, in
the range of 50–350 kilometers, the digital economy has
strong spatial spillover effects on urban innovation, indi-
cating that the northern region’s digital economy can
substantially drive the innovation of other cities within this
range. However, in the range of 700–2,000 kilometers, the
indirect effects of the digital economy on urban innovation
are generally negative and significant, which means the
development of the local digital economy imposes a strong
siphon effect on the innovation of peripheral cities within
this range. In comparison with the nation-level results, the
northern region is characterized by a shorter distance for
spatial spillover effects and an ample space for the siphon
effect, and the distance of the siphon effect in the northern
region is not in a declining trend, which indicates that the
siphon effect of the northern region’s digital economy on
urban innovation could occur in a larger range. +e main
reasons are the relatively weak impact of the northern re-
gion’s overall digital economy on urban innovation capacity,
the imbalanced regional development, and municipalities
directly under the Central Government, especially Beijing
and Tianjin, siphoning the factors of the digital economy and
technological innovation resources from most areas of
North China, leaving an extensive siphon range for the
impact of the digital economy on urban innovation in the
northern region.

Finally, we looked at the southern region. +e digital
economy is relatively well-established in the southern
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Figure 8: Spatial trends of the impact of the eastern region’s digital economy on urban innovation.
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region, home to Internet giants Tencent and Alibaba. +e

southern region is the leader in the digital economy in the
country. As shown in Table 14 and Figure 11, for direct
effects, the direct effects of the southern region’s digital
economy on urban innovation are all positive and significant
at various thresholds. For indirect effects, in the range of
100–550 kilometers, the values of the indirect effects of the
digital economy on urban innovation are positive and sig-
nificant, which shows that the digital economy in the
southern region can considerably drive the innovation of
peripheral cities within this range. Compared with the
northern region and the nation-level results, the southern
region has a larger spatial spillover space, and the digital
economy can reach larger peripheral areas. In the range of
650–2,000 kilometers, the indirect effects of the digital

economy on urban innovation are generally negative and

significant, which indicates that the development of the
digital economy in the southern region also imposes a strong
siphon effect on the innovation of other cities within this
range. +e southern region sees the coexisting ranges of
spatial spillover effects and the siphon effect of the digital
economy on urban innovation. However, unlike the
northern region, the southern region is characterized by a
larger spatial spillover range and a smaller siphon effect
range with a declining trend.

6. Conclusions and Policy Recommendations

6.1. Research Conclusions. +e digital economy is a crucial
direction for the future high-quality development of China’s
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Figure 9: Spatial trends of the impact of the central and western regions’ digital economy on urban innovation.

Table 12: Spatial spillover distance of the impact of the central and western regions’ digital economy on urban innovation.

Distance
threshold (km)

Direct effect Indirect effect Distance
threshold (km)

Direct effect Indirect effect
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

50 1.232∗∗∗ (5.15) 5.822∗∗∗ (2.95) 1050 1.621∗∗∗ (6.39) −11.904∗∗∗ (−3.48)
100 1.210∗∗∗ (4.83) 14.749∗∗∗ (3.06) 1100 1.742∗∗∗ (6.86) −11.981∗∗∗ (−3.69)
150 1.093∗∗∗ (4.37) 10.185∗∗ (2.28) 1150 1.692∗∗∗ (6.68) −11.531∗∗∗ (−4.12)
200 0.969∗∗∗ (3.81) 5.302∗ (1.69) 1200 1.760∗∗∗ (6.88) −11.041∗∗∗ (−4.26)
250 1.106∗∗∗ (4.39) 6.570∗ (1.87) 1250 1.826∗∗∗ (7.17) −11.721∗∗∗ (−3.88)
300 1.186∗∗∗ (4.70) 5.057 (1.48) 1300 1.855∗∗∗ (7.17) −10.188∗∗∗ (−3.87)
350 1.246∗∗∗ (4.89) 2.836 (0.91) 1350 1.761∗∗∗ (6.80) −8.853∗∗∗ (−3.73)
400 1.297∗∗∗ (5.01) 3.235 (1.04) 1400 1.638∗∗∗ (6.34) −7.690∗∗∗ (−3.63)
450 1.508∗∗∗ (5.76) 2.936 (0.91) 1450 1.597∗∗∗ (6.19) −8.044∗∗∗ (−3.19)
500 1.524∗∗∗ (5.84) 1.984 (0.60) 1500 1.497∗∗∗ (5.78) −5.251∗∗ (−2.44)
550 1.664∗∗∗ (6.46) −0.205 (−0.05) 1550 1.520∗∗∗ (5.87) −3.601∗ (−1.93)
600 1.587∗∗∗ (6.17) −3.612 (−0.83) 1600 1.366∗∗∗ (5.26) −2.890∗ (−1.79)
650 1.643∗∗∗ (6.49) −6.128 (−1.32) 1650 1.320∗∗∗ (5.09) −1.699 (−1.17)
700 1.610∗∗∗ (6.37) −6.999 (−1.58) 1700 1.243∗∗∗ (4.77) −1.104 (−0.86)
750 1.594∗∗∗ (6.33) −7.660∗ (−1.95) 1750 1.323∗∗∗ (5.14) −0.517 (−0.44)
800 1.655∗∗∗ (6.56) −6.633∗∗ (−2.10) 1800 1.340∗∗∗ (5.24) 0.173 (0.16)
850 1.538∗∗∗ (6.10) −8.320∗∗∗ (−2.75) 1850 1.524∗∗∗ (5.97) −0.337 (−0.31)
900 1.522∗∗∗ (6.00) −10.389∗∗∗ (−3.12) 1900 1.642∗∗∗ (6.39) −1.024 (−0.85)
950 1.585∗∗∗ (6.25) −12.409∗∗∗ (−3.20) 1950 1.551∗∗∗ (6.12) 0.614 (0.51)
1000 1.596∗∗∗ (6.32) −14.328∗∗∗ (−3.39) 2000 1.551∗∗∗ (6.06) 1.837 (1.56)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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Table 13: Spatial spillover distance of the impact of the northern region’s digital economy on urban innovation.

Distance
threshold (km)

Direct effect Indirect effect Distance
threshold (km)

Direct effect Indirect effect
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

50 0.968∗∗∗ (3.34) 8.923∗∗∗ (3.67) 1050 1.228∗∗∗ (3.98) −6.420∗∗∗ (−4.21)
100 1.069∗∗∗ (3.51) 20.306∗∗∗ (3.90) 1100 1.428∗∗∗ (4.65) −7.860∗∗∗ (−4.58)
150 0.941∗∗∗ (3.13) 15.580∗∗∗ (3.44) 1150 1.251∗∗∗ (4.12) −8.339∗∗∗ (−4.49)
200 0.932∗∗∗ (3.06) 14.270∗∗∗ (3.17) 1200 1.242∗∗∗ (4.14) −9.865∗∗∗ (−4.82)
250 0.899∗∗∗ (2.99) 12.767∗∗∗ (2.87) 1250 1.104∗∗∗ (3.65) −7.549∗∗∗ (−3.90)
300 0.921∗∗∗ (3.08) 8.160∗∗ (2.12) 1300 1.122∗∗∗ (3.64) −6.218∗∗∗ (−3.42)
350 1.018∗∗∗ (3.38) 8.560∗∗ (2.00) 1350 1.059∗∗∗ (3.42) −4.454∗∗∗ (−2.66)
400 1.080∗∗∗ (3.55) 4.226 (1.12) 1400 1.091∗∗∗ (3.53) −2.684∗ (−1.70)
450 1.299∗∗∗ (4.18) 0.044 (0.01) 1450 1.086∗∗∗ (3.47) −3.194∗∗ (−2.20)
500 1.221∗∗∗ (3.95) 3.476 (1.00) 1500 1.084∗∗∗ (3.47) −5.446∗∗∗ (−3.92)
550 1.480∗∗∗ (4.78) 3.908 (1.00) 1550 1.052∗∗∗ (3.34) −5.122∗∗∗ (−4.22)
600 1.584∗∗∗ (5.14) −2.629 (−0.71) 1600 0.872∗∗∗ (2.75) −3.411∗∗∗ (−2.92)
650 1.690∗∗∗ (5.57) −5.621 (−1.56) 1650 0.806∗∗∗ (2.60) −3.981∗∗∗ (−3.66)
700 1.596∗∗∗ (5.35) −9.826∗∗∗ (−3.16) 1700 0.805∗∗∗ (2.59) −3.883∗∗∗ (−3.73)
750 1.583∗∗∗ (5.26) −7.146∗∗∗ (−2.81) 1750 0.965∗∗∗ (3.15) −4.501∗∗∗ (−4.47)
800 1.564∗∗∗ (5.24) −5.094∗∗ (−2.12) 1800 0.979∗∗∗ (3.19) −3.812∗∗∗ (−3.79)
850 1.412∗∗∗ (4.62) −5.617∗∗∗ (−2.79) 1850 0.978∗∗∗ (3.20) −4.400∗∗∗ (−4.37)
900 1.444∗∗∗ (4.66) −3.221∗ (−1.78) 1900 1.086∗∗∗ (3.58) −5.333∗∗∗ (−5.06)
950 1.439∗∗∗ (4.68) −2.939∗ (−1.83) 1950 1.089∗∗∗ (3.61) −5.303∗∗∗ (−4.96)
1000 1.351∗∗∗ (4.31) −4.379∗∗∗ (−3.02) 2000 1.037∗∗∗ (3.39) −4.925∗∗∗ (−4.50)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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Figure 10: Spatial trends of the impact of the northern region’s digital economy on urban innovation.
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economy and an essential safeguard for propelling urban
innovation to new heights and realizing innovation-driven
development. In this context, we calculated the digital
economy index and measured the level of urban innovation
with patents per capita. Furthermore, we discussed the
spatial implications and spillover effects of the digital
economy on urban innovation from the spatial perspective
and explored the mechanisms of the digital economy to
influence urban innovation. We drew the following
conclusions:

(1) China’s city-level digital economy and urban inno-
vation see a significantly positive spatial correlation
and the feature of spatial clustering, mainly pre-
sented as the H-H and L-L clusters, with pronounced

spatial differentiation. +e level of the digital
economy and urban innovation is higher in the
western coastal regions of China, while the common
cases in the central and western regions are the L-L
cluster with a less developed digital economy and
urban innovation.

(2) +e digital economy has a distinctly positive impact
on urban innovation. +e estimation results of
spatial econometrics show that if the spatial effect is
excluded, the impact of the digital economy on urban
innovation will be overestimated. +e spatial im-
plications of the digital economy on urban inno-
vation are reflected in the direct effects and indirect
effects. +e direct effects mean the development of
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Figure 11: Spatial trends of the impact of the southern region’s digital economy on urban innovation.

Table 14: Spatial spillover distance of the impact of the southern region’s digital economy on urban innovation.

Distance
threshold (km)

Direct effect Indirect effect Distance
threshold (km)

Direct effect Indirect effect
Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

50 1.274∗∗∗ (5.14) 3.240 (1.52) 1050 0.992∗∗∗ (3.65) −5.721∗ (−1.87)
100 1.100∗∗∗ (4.33) 7.123∗∗ (2.30) 1100 0.985∗∗∗ (3.59) −5.860∗∗ (−1.96)
150 1.140∗∗∗ (4.46) 8.576∗∗ (2.34) 1150 0.925∗∗∗ (3.39) −5.541∗∗ (−2.06)
200 0.812∗∗∗ (3.05) 11.568∗∗∗ (3.66) 1200 0.999∗∗∗ (3.64) −7.213∗∗ (−2.50)
250 0.884∗∗∗ (3.30) 11.271∗∗∗ (4.33) 1250 0.988∗∗∗ (3.63) −4.964∗∗ (−2.20)
300 1.093∗∗∗ (4.07) 16.043∗∗∗ (4.37) 1300 0.933∗∗∗ (3.42) −3.392∗∗ (−1.96)
350 1.135∗∗∗ (4.19) 16.508∗∗∗ (4.81) 1350 0.727∗∗∗ (2.66) −2.562∗∗ (−2.15)
400 1.243∗∗∗ (4.57) 20.724∗∗∗ (5.82) 1400 0.862∗∗∗ (3.16) −1.698∗ (−1.79)
450 1.275∗∗∗ (4.62) 18.638∗∗∗ (5.55) 1450 0.843∗∗∗ (3.11) −1.777∗∗ (−2.15)
500 1.228∗∗∗ (4.48) 12.721∗∗∗ (4.37) 1500 0.793∗∗∗ (2.91) −0.949 (−1.49)
550 1.083∗∗∗ (3.93) 6.174∗∗ (2.23) 1550 0.870∗∗∗ (3.23) −0.964∗ (−1.84)
600 1.103∗∗∗ (4.11) −2.619 (−0.86) 1600 0.884∗∗∗ (3.27) −1.009∗∗ (−2.16)
650 1.234∗∗∗ (4.62) −5.272∗ (−1.90) 1650 1.023∗∗∗ (3.80) −0.979∗∗ (−2.23)
700 1.052∗∗∗ (3.91) −6.670∗∗ (−2.35) 1700 0.957∗∗∗ (3.54) −0.904∗∗ (−2.13)
750 0.871∗∗∗ (3.27) −7.546∗∗∗ (−2.61) 1750 1.124∗∗∗ (4.18) −0.724∗ (−1.83)
800 0.823∗∗∗ (3.10) −9.128∗∗∗ (−2.94) 1800 1.119∗∗∗ (4.11) −1.201∗∗∗ (−2.87)
850 0.716∗∗∗ (2.68) −10.419∗∗∗ (−3.17) 1850 0.985∗∗∗ (3.68) −1.012∗∗ (−2.38)
900 0.762∗∗∗ (2.82) −8.469∗∗ (−2.51) 1900 1.077∗∗∗ (4.03) −1.274∗∗∗ (−3.06)
950 0.832∗∗∗ (3.05) −7.889∗∗ (−2.36) 1950 1.111∗∗∗ (4.21) −0.941∗∗ (−2.18)
1000 0.944∗∗∗ (3.47) −4.970∗ (−1.77) 2000 1.004∗∗∗ (3.80) −1.259∗∗∗ (−3.21)
Note. ∗∗∗, ∗∗, and ∗ represent the significance level at the 1%, 5%, and 10% levels, respectively. +e numbers in brackets are the test values t.
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the digital economy will directly and considerably
drive local urban innovation. +e indirect effects
mean the digital economy can not only directly boost
the urban innovation in its region but imposes
distinct spatial spillover effects that promote urban
innovation of cities in peripheral regions. After
addressing the endogeneity problem and conducting
various robustness tests, the research conclusions
remain robust and reliable.

(3) +e analysis of the mechanisms of the digital
economy to influence urban innovation shows that
the digital economy enhances local innovation ca-
pacity directly through promoting the concentration
of human resources and increasing science and
technology spending and drives the improvement of
the innovation capacity in peripheral cities through
the spatial spillover of human resources and science
and technology spending. +e effects of science and
technology spending outweigh those of human re-
sources. +e policy effect in the central and western
regions outperforms the eastern region, and the
northern region outperforms the southern region.
Regions with a relatively less developed digital
economy and lower levels of urban innovation have
the latecomer advantage.

(4) +e calculating results demonstrate that the digital
economymay not always have a significantly positive
spatial spillover on urban innovation. Within 500
kilometers, the digital economy’s impact on other
cities’ innovation is primarily presented as positive
spatial spillover effects. When it is beyond 500 ki-
lometers, the negative siphon effect prevails. Re-
garding space, the spatial implications of the digital
economy on urban innovation are characterized by
the range of spatial spillover effects and the siphon
effect. +ese two ranges are roughly divided by
provincial boundaries. +erefore, we should explore
the spatial differences of the impact and effects of the
digital economy on urban innovation from the
spatial perspective and in a comprehensive and
objective way.

6.2. PolicyRecommendations. With the research conclusions
of this paper, we propose several policy recommendations
for the future development of the digital economy and urban
innovation, hoping to provide authorities with a reference
for promoting the digital economy and boosting urban
innovation.

Firstly, we should give due weight to the development of
the digital economy and make substantial efforts to conduct
digital infrastructure construction. +erefore, we should
increase the investment in digital infrastructure construc-
tion, including but not limited to the investment and
support for 5G technology, artificial intelligence (AI), in-
dustrial Internet, Internet of things, data centers, and cloud
computing. We should improve the integration of digital
technology into infrastructure construction, provide more
convenient digital, information, and AI-enabled safeguards

for urban industrial upgrading and innovative and entre-
preneurial activities, and drive urban innovation through the
digital economy.

Secondly, we should pay adequate attention to the sig-
nificance and urgency of innovative activities and continue
to take urban innovation to the upper level. COVID-19 is
continuing to spread around the world and dealing a severe
blow to the global economy already marked by slow growth.
In the future, the global economy will still be sluggish and
even see the potential for a financial crisis. We should
strengthen the efforts made to encourage and support in-
novative activities, offer incentives, such as tax incentives
and government subsidies, to the innovative activities of
enterprises and individuals, provide innovative activities and
startups with the necessary financial support, and reduce the
costs and risks of innovative activities and startups for all
walks of life.

+irdly, we should attach importance to human re-
sources for the digital economy and urban innovation.
+erefore, we should pay adequate attention to building a
pipeline of talent, make more investments in all types of
schools and research institutes, and encourage personal
growth. Meanwhile, we should promote rational human
mobility and mobilize human resources to move to less
developed areas, such as the central and western regions.
Governments should maximize the value of various human
resources and encourage people to engage in activities to
develop the digital economy and promote urban innovation.

Lastly, we should be fully aware of the differences of the
digital economy and urban innovation among different
regions and take actions to mitigate the spatial differenti-
ation of the digital economy and urban innovation. It should
raise concerns from governments at all levels, and efforts
should be made to minimize the spatial mismatch of various
resource factors. In particular, we should mobilize the flow
of surplus factors of production from the eastern region to
the central and western regions to relieve the shortage of
factors of production and then achieve a better spatial match
for resource factors, maximizing the spatial economic
benefits.
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