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Abstract: With the arrival of the era of innovative economy, innovation is of great significance for the
development of China, and even the world. Based on statistical data and taking 2009, 2014, and 2019
as node years, this study uses the entropy weight method and a modified gravity model to study
the pattern and evolution characteristics of China’s interprovincial innovation network. The results
showed that: 1. The weights of innovation output, innovation input, and innovation environment
were 0.253, 0.340, and 0.407, respectively. Currently, innovation output is the most representative
of the interprovincial innovation connections, but the weight of innovation environment has been
increasing year by year, and its importance is constantly highlighted. 2. The overall spatial structure of
China’s interprovincial innovation network shows a “core periphery” feature, radiating from coastal
provinces such as Jiangsu, Beijing, and Zhejiang to inland provinces, and exhibiting an overall pattern
of “strong in the east and weak in the west”. 3. In terms of evolutionary characteristics, Guangdong
and Jiangsu ranked in the top two in terms of outward innovation scale from 2009 to 2019. The
combined total innovation connections of the top five provinces in 2009, 2014, and 2019 accounted
for 70.79%, 64.29%, and 64.24%, respectively. Although the phenomenon of uneven innovation
connections exists, it has slowed down. In addition, China’s interprovincial innovation network is
gradually becoming enriched, with the most significant change being the number of innovation links,
with a gravity level increasing from four in 2009 to twenty-six in 2019. The interprovincial innovation
links continue to strengthen, but the focus has not changed significantly; it is still concentrated in the
Bohai Rim region and the Yangtze River Delta region. 4. In terms of maximum gravitational lines,
Guangdong Province had the highest number of maximum gravitational lines in 2009, 2014, and 2019,
with a total of six. The maximum gravitational line change from 2009 to 2019 took place from 2014 to
2019, transitioning from “Jilin-Liaoning” to “Jilin-Heilongjiang”.

Keywords: entropy weight method; modified gravity model; China; interprovincial innovation
connection network; space structure

1. Introduction

Against the backdrop of deepening supply side structural reform, China’s economic de-
velopment has shifted from traditionally factor-driven and investment-driven to innovation-
driven [1]. In 2018, the “Opinions of the State Council on Promoting the High Quality
Development of Innovation and Entrepreneurship and Creating an Upgraded Version of
“Mass Entrepreneurship” proposed to promote mass innovation. With the arrival of the era
of innovative economy, the flow of innovative elements such as knowledge, technology,
patents, and talents has strengthened the innovation connections between cities, regions,
and even countries.

The research on innovation connections at home and abroad mainly includes three
aspects: 1. Research on the diffusion of innovation space. Hägerstrand put forward
the three stage theory of innovation space diffusion in the 1950s [2]. Relevant studies
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believe that the ability of regions to absorb new technologies and the transfer of tacit
knowledge through face-to-face exchanges are the main reasons for the diffusion of new
technologies from “core” regions to “marginal” regions [3]. Due to the fact that large cities
have more high-quality human resources and higher absorption rates of new technologies,
their innovation competitiveness is stronger than ordinary cities, thus occupying a circular
advantage in the diffusion of innovation levels in the urban system [4,5]. In addition,
relevant studies have shown that due to the advantages of infrastructure, transportation,
and cultural atmosphere in large cities, new economic industries are more likely to emerge,
which accelerates the agglomeration of innovative enterprises in the center of large cities,
increases the growth space of enterprises, and further accelerates the diffusion of innovation
space [6–8]. 2. Research on innovation cooperation. Most scholars mainly use data
such as patent cooperation [9], paper cooperation [10], R&D activities [11], and high-tech
enterprise information [12] to conduct research on innovation cooperation between cities
and regions. 3. Research on Regional Innovation Networks. Freeman proposed the concept
of innovation networks earlier, believing that the connection of innovation networks is
based on innovation cooperation between enterprises [13]. Tong Xin et al. further believed
that regional innovation networks refer to relatively stable systems formed by different
entities such as enterprises, research institutions, local government organizations, and
individuals on the basis of cooperation and exchange [14,15]. Most scholars have conducted
research on the evolution of regional innovation networks, and relevant studies have shown
that innovation networks have structural and proximity characteristics [16]. During the
evolution process of innovation networks, they are influenced by cumulative and selection
mechanisms [17] as well as dynamic evolution due to changes in factors such as innovation
sources, innovation services, innovation environment, industrial foundation, and policy
systems [18–21].

Through the literature review, it was found that significant progress has been made
in research on innovation connection both domestically and internationally, but there are
still the following issues. For China, which is rapidly developing in innovation, relevant
research on the research scale is mostly focused on cities and urban agglomerations [22],
with less attention paid to the interprovincial innovation connections at the national level as
a whole. In terms of research methods, many methods such as kernel density analysis, geo-
graphical weighted regression model, spatial cluster analysis, and spatial autocorrelation
analysis are used to analyze the spatial pattern of innovation [23–25], and the gravity model
is usually used to quantitatively analyze the innovation links between urban areas [26].
However, the measurement indicators of the classic gravity model are usually too isolated,
and the distance in the model is often interfered with by other factors, making it unable
to reflect its innovation ability. Therefore, in order to explore the future development
of interprovincial innovation connections in China, this study analyzes the pattern and
evolution characteristics of China’s interprovincial innovation connection by building
evaluation indicators of China’s interprovincial innovation connection, using the entropy
weight method to determine the indicator weights, and revising the gravity model, with a
view to proposing more perfect planning responses and providing references for China to
implement innovation development strategies, optimize innovation resource allocation,
and improve regional innovation efficiency.

2. Research Scope and Data Source

Innovation competition has gradually become the focus of global competition. At
the 19th National Congress, China clearly proposed to implement an innovation-driven
development strategy, build an innovative country, and vigorously improve regional inno-
vation capabilities. At present, China has entered a stage of high-quality development. As
important nodes in the spatial innovation network, provinces and cities have built bridges
for the circulation of funds, talents, and technology, which is of great significance for
building an innovative country [27]. Therefore, this study takes China as an example, using
the first level administrative regions of China as the research unit, and takes 2009, 2014,
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and 2019 as the node years to explore the pattern and evolution characteristics of China’s
interprovincial innovation connection network. The research subjects mainly include three
types: 1. Municipalities directly under the central government: Beijing, Tianjin, Shang-
hai, and Chongqing. 2. Provinces: Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, Jiangsu,
Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Hainan,
Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, and Qinghai. 3. Autonomous regions: Inner
Mongolia Autonomous Region, Guangxi Zhuang Autonomous Region, Tibet Autonomous
Region, Ningxia Hui Autonomous Region, and Xinjiang Uygur Autonomous Region. Due
to data acquisition issues, this study does not include Taiwan Province, Hong Kong Special
Administrative Region, and Macau Special Administrative Region.

The data in the paper are all sourced from the corresponding year’s “China Urban
Statistical Yearbook” and “China Science and Technology Statistical Yearbook”, as well
as statistical data from various provincial science and technology statistical websites and
science and technology departments. The distance data come from the geographic distance
and time distance between cities, retrieved using Baidu Maps with the shortest driving
distance and the shortest train (high-speed rail) time as constraints. Partial missing data
are filled in using methods such as replacing adjacent year data and mean interpolation.

3. Methods
3.1. Entropy Weight Method

The evaluation indicators for interprovincial innovation connection in China estab-
lished in this article involve multiple evaluation dimensions; the dimensions of different
indicators are also different, and the importance of each indicator cannot be objectively
and accurately given. The entropy weight method only relies on the discreteness of the
data, and is an objective weighting method suitable for calculating the weights of the above
indicators. The steps taken to calculate weights using the entropy weight method are
as follows [28]:

Standardize the data using the sum normalization method, and then use the entropy
weight method to determine the weight of the index wj.

Standardization treatment:

aij = xij/ ∑m
i=1 xij (1)

Information entropy:
Ej = −k ∑m

i=1 aij ln
(
aij
)

(2)

k =
1

ln(m)
(3)

Value:
Dj = 1 − Ej (4)

Weight:
wj = Dj/ ∑ Dj (5)

xij is the original data of i under index j of the research year, Dj is the entropy of the
index, and wj is the weight of the indicator.

3.2. Modified Gravity Model

Regional innovation spatial connection refers to the geographical spatial connection
formed by the dynamic flow of innovation factors among different innovation entities [29].
The current research mostly uses the classical gravity model to quantitatively measure
the strength of regional innovation connection, but the classical gravity model also has
some limitations. Influenced by modern information technology and transportation, simple
direct geographical distance cannot accurately reflect the distance between regions in real
space [30–33]. Research suggests that the flow of innovative elements today is not only
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influenced by geographical distance, but also by temporal and spatial factors [34,35]. “Spa-
tiotemporal contraction” or “spatiotemporal convergence” describes the gradual reduction
in travel time between two locations [36]. In order to obtain more realistic measurement
results, time and spatial factors must be considered. Therefore, by making up for the defects
of the classical gravity model and optimizing the inaccurate distance between regions, the
modified gravity model is obtained.

Scale of outward innovation:
M = wjaij (6)

Interprovincial innovation links:

Rij =
KMi Mj

D2
ij

(7)

Dij =
√

ω1T × ω2D (8)

Rij represents the strength of interprovincial innovation links, K represents the gravi-
tational constant, usually taken as 1000, Mi and Mj represent the outward innovation scale
of province i and province j, respectively, and Dij represents the comprehensive distance
from province i and province j, where ω1, ω2 represent the weight of time distance T and
geographical distance D, both of which are 0.5 [37].

Total external innovation links:

Ri = ∑n
j=1 Rij (9)

Ri is the total external innovation connection of province i.
The maximum gravity line of a province represents the strength of its innovation

influence within the region; that is, the importance of the province as an innovation node
province (municipality, autonomous region). Existing research often uses maximum gravity
lines to reflect the central position of the province in the region.

Maximum gravitational line:

Rmaxi = max(Ri1, Ri2, Ri3, · · · , Rin) (10)

Rmaxi is the maximum gravity of province i in the region, and Ri1, Ri2, Ri3, · · · , Rin is
the gravitational force between 1st to nth province, respectively.

4. Analysis of the Pattern and Evolution of Interprovincial Innovation Connection
in China
4.1. Construction of China’s Interprovincial Innovation Connection Index System

To quantitatively measure the scale of innovation and innovation connection between
provinces, this study follows the principles of scientificity, systematicity, and operability.
Referring to the research results of Lachang Lyu et al. [31], Tianying Jiang et al. [38],
and Weidong Zhu et al. [28], an evaluation index system was constructed including the
target layer, criterion layer, and indicator layer (Table 1). Among them, the innovation
environment mainly reflects the economic foundation of the province (municipality directly
under the central government, autonomous region) and the innovative manpower and
scale of innovation connections between provinces; innovation investment mainly reflects
the level of innovation investment in the province (municipality, autonomous region);
and innovation output mainly reflects the level of innovation output in the province
(municipality, autonomous region).
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Table 1. China’s interprovincial innovation connection indicators.

Target Layer Criterion Layer Index Layer

Scale of Outward
Innovation

Innovation Environment

Public revenue
Per capita GDP

CNY 10,000
CNY

Total postal business CNY 10,000
Total telecommunication services CNY 10,000

Number of Internet users 10,000 households
Number of students in adult

higher education People

Innovation Input

Financial expenditure on education CNY 10,000
Financial expenditure on science CNY 10,000

Number of legal entities in the scientific
research and technology service industry 10,000 People

Research and experimental development
(R&D) personnel Person/year

Research and experimental development
(R&D) external expenditure CNY 10,000

Expenditure for new product
development of industrial enterprises

above designated size
CNY 10,000

Innovation Output

Number of patent applications Piece
Number of patents granted Piece

New product sales revenue of industrial
enterprises above designated size CNY 10,000

Output value of new products of
high-tech industry CNY 10,000

Number of scientific papers published Article
Number of scientific and

technological works Article

In the indicator table, the higher the weight ratio, the greater the contribution of the
indicator to interprovincial innovation connection. An analysis was conducted on the
weights of China’s interprovincial innovation network indicators in 2009, 2014, and 2019
(Tables 2–4), and the results showed that:

1. From 2009 to 2019, in the criteria layer, the weight of innovation output was the
highest, while the weight of innovation environment was the lowest. Additionally,
the weight of the innovation environment continued to rise, while the weight of
innovation output continued to decline.

2. From 2009 to 2019, in the index layer, the weight of per capita GDP (CNY) was
the lowest, and the weight of output value of new products of high-tech industry
(CNY 10,000) was the highest. Among them, in terms of innovation environment, the
total postal business (CNY 10,000) and the weight of the number of students in adult
higher education (people) increased, while the total telecommunications services
(CNY 10,000), the number of Internet users (10,000 households), and the weight of
per capita GDP (CNY) decreased. In terms of innovation investment, the weight of
research and experimental development (R&D) personnel (person/year), financial
education expenditure (CNY 10,000), research and experimental development (R&D)
expenditure (CNY 10,000), and new product development expenditure of industrial
enterprises above designated size (CNY 10,000) increased year by year. In terms
of innovation output, the weight of the number of patent applications (pieces), the
number of patents granted (pieces), and the number of scientific and technological
works published (article) decreased year by year.
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Table 2. Index weight of China’s interprovincial innovation connection network in 2009.

Criterion Layer Weight Index Layer Weight

Innovation Environment 0.223

Public revenue (CNY 10,000)
Per capita GDP (CNY)

0.046
0.017

Total postal business (CNY 10,000) 0.037
Total telecommunication services (CNY 10,000) 0.050
Number of Internet users (10,000 households) 0.041

Number of students in adult higher education (People) 0.032

Innovation Input 0.321

Financial expenditure on education (CNY 10,000) 0.025
Financial expenditure on science (CNY 10,000) 0.081

Number of legal entities in science (10,000 People) 0.038
Research and experimental development (R&D) personnel

(Person/year) 0.047

Research and experimental development (R&D) external
expenditure (CNY 10,000) 0.060

Expenditure for new product development of industrial
enterprises above designated size (CNY 10,000) 0.070

Innovation Output 0.455

Number of patent applications (piece) 0.090
Number of patents granted (piece) 0.096

New product sales revenue of industry (CNY 10,000) 0.068
Enterprises above designated size (CNY 10,000) 0.124
Number of scientific papers published (article) 0.033

Number of scientific and technological works (article) 0.044

Table 3. Index weight of China’s interprovincial innovation connection network in 2014.

Criterion Layer Weight Index Layer Weight

Innovation Environment 0.247

Public revenue (CNY 10,000)
Per capita GDP (CNY)

0.038
0.010

Total postal business (CNY 10,000) 0.084
Total telecommunication services (CNY 10,000) 0.044
Number of Internet users (10,000 households) 0.040

Number of students in adult higher education (People) 0.031

Innovation Input 0.318

Financial expenditure on education (CNY 10,000) 0.026
Financial expenditure on science (CNY 10,000) 0.063

Number of legal entities in the scientific (10,000 People) 0.036
Research and experimental development (R&D) personnel

(Person/year) 0.052

Research and experimental development (R&D) external
expenditure (CNY 10,000) 0.062

Expenditure for new product development of industrial
enterprises above designated size (CNY 10,000) 0.079

Innovation Output 0.435

Number of patent applications (Piece) 0.076
Number of patents granted (Piece) 0.082

New product sales revenue of industrial (CNY 10,000) 0.080
Enterprises above designated size (CNY 10,000) 0.127
Number of scientific papers published (Article) 0.032

Number of scientific and technological works (Article) 0.038
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Table 4. Index weight of China’s interprovincial innovation connection network in 2019.

Criterion Layer Weight Index Layer Weight

Innovation Environment 0.253

Public revenue (CNY 10,000)
Per capita GDP (CNY)

0.041
0.010

Total postal business (CNY 10,000) 0.083
Total telecommunication services (CNY 10,000) 0.042
Number of Internet users (10,000 households) 0.032

Number of students in adult higher education (People) 0.045

Innovation Input 0.340

Financial expenditure on education (CNY 10,000) 0.026
Financial expenditure on science (CNY 10,000) 0.070

Number of legal entities in the scientific (10,000 People) 0.045
Research and experimental development (R&D) personnel

(Person/year) 0.056

Research and experimental development (R&D) external
expenditure (CNY 10,000) 0.062

Expenditure for new product development of industrial
enterprises above designated size (CNY 10,000) 0.081

Innovation Output 0.407

Number of patent applications (Piece) 0.069
Number of patents granted (Piece) 0.073

New product sales revenue of industrial (CNY 10,000) 0.078
Enterprises above designated size (CNY 10,000) 0.124
Number of scientific papers published (Article) 0.033

Number of scientific and technological works (Article) 0.030

4.2. Analysis of China’s Interprovincial Innovation Connection
4.2.1. Characteristics of China’s Interprovincial Innovation Connection Pattern

The revised gravity model was used to calculate the innovation connection intensity of
each province (municipality directly under the Central Government, autonomous region),
and ArcGIS10.6 was used to conduct a visual analysis of China’s interprovincial innovation
connection (Figure 1). According to the gravity intensity, it was divided into five intensity
levels by using the natural breakpoint grading method: extremely weak gravity, weak
gravity, general gravity, strong gravity, the gravitational force is extremely strong (the
extremely weak gravitational force grade was not represented in the figure). The results
show that:

1. The overall spatial structure of China’s interprovincial innovation network shows a
“core periphery” feature, radiating from coastal provinces such as Jiangsu, Beijing,
and Zhejiang to inland provinces, and exhibiting an overall pattern of “strong in the
east and weak in the west” (Figure 2).

2. From a regional perspective, the economically developed coastal areas of China, such
as the Bohai Rim region and the Yangtze River Delta region, have extremely strong
or strong innovation connections in local areas, but their innovation connections
with other provinces outside the region are average, indicating that the innovation
impact of regions with strong innovation is insufficient. In addition, the innovation
connections between Guangdong Province and other provinces are mostly average,
with only strong innovation connections existing with Hunan Province (Figure 2).

3. The innovation connections between western provinces such as Xinjiang, Tibet, Qing-
hai, Gansu, and other provinces are generally extremely weak, belonging to the
“depression” of innovation connections.
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Figure 1. China’s interprovincial innovation links in 2019. Note: this figure is based on the standard
map of the standard map service system of the Ministry of Natural Resources (Drawing Review
No.: GS (2019) No. 1673), and the base drawing has not been modified (same as below).

4.2.2. Evolution Characteristics of China’s Interprovincial Innovation Connection

(1) The Evolution of the Center of China’s Interprovincial Innovation Connection

ArcGIS 10.6 was used to visually analyze China’s interprovincial innovation network
in 2009, 2014, and 2019 (Figure 3). The results showed that:

1. From 2009 to 2019, the center of gravity of China’s interprovincial innovation network
did not change significantly, and the center of gravity was still distributed in the
eastern coastal areas of China, mainly concentrated in the Bohai Rim region and the
Yangtze River Delta region.

2. From 2009 to 2019, innovation connections between provinces in China were con-
tinuously strengthened, and the trend of innovation networking became increas-
ingly evident. Innovation exchanges between provinces also became more complex
(Table 5, Figure 3).

3. From 2009 to 2014, the changes in interprovincial innovation connections in China
were mainly reflected in the strengthening of existing interprovincial innovation con-
nections, with most innovation connections in coastal provinces changing from weak
to average (Table 5, Figure 3). From 2014 to 2019, the changes in interprovincial inno-
vation connections in China were reflected in the further strengthening of innovation
connections between provinces, and the diffusion of innovation connection networks
from the eastern coastal areas to inland areas mainly manifested in the strengthening
of innovation connections between Guangdong Province and surrounding provinces.
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Figure 2. Cont.
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Figure 2. China’s interprovincial innovation links in 2019. (a) Extremely strong gravity, (b) strong
gravity, (c) general gravity, (d) weak gravity.
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Table 5. Changes in the number of different innovation connection levels in 2009, 2014, and 2019.

Innovation Connection Level In 2009 In 2014 In 2019

Extremely strong gravity 2 4 5
Strong gravity 3 3 5

General gravity 4 13 26
Weak gravity 38 45 39

(2) The Evolution of China’s Interprovincial Outward Innovation Scale and Total Innova-
tion Connection

The revised gravity model was used to calculate the outward innovation scale and
total innovation connections of provinces (municipalities and autonomous regions) in 2009,
2014, and 2019 (Tables 6 and 7). The results showed that:

1. In terms of outward innovation scale, from 2009 to 2019 there was little change in the
top five provinces (municipalities directly under the central government, autonomous
regions) with outward innovation scale, including Guangdong Province, Jiangsu
Province, Zhejiang Province, and Beijing. Guangdong Province and Jiangsu Province
both ranked in the top two, indicating that Guangdong Province and Jiangsu Province
have strong innovation capabilities. In terms of scale, from 2009 to 2019 the scale
of outward innovation in Guangdong Province continued to rise, while the scale
of outward innovation in other provinces (municipalities directly under the central
government, autonomous regions) decreased over the decade. This indicates that
the innovation capacity of other provinces continued to improve, and the gap in
innovation capacity between provinces was constantly shrinking.

2. In terms of total innovation connection, in 2009 the top five provinces (municipalities
directly under the central government and autonomous regions) in terms of total
innovation connection were Jiangsu Province, Zhejiang Province, Shanghai City,
Beijing City, and Tianjin City, respectively, accounting for 18.30%, 16.27%, 15.09%,
11.99%, and 9.14% of the country’s total innovation connections. The combined total
innovation connections reached 70.79% in 2014 and 2019, respectively. The top five
provinces (municipalities directly under the central government, autonomous regions)
in terms of total innovation connection added up to 64.29% and 64.24%, respectively.
This indicates that the number of innovation connection in the top innovation strong
provinces (municipalities directly under the central government, autonomous regions)
decreased, and the phenomenon of uneven innovation connection still existed, but
had slowed down to some extent. From 2009 to 2019, there was little change in the top
five provinces (municipalities directly under the central government, autonomous
regions) in terms of total innovation connection, including Jiangsu Province, Zhejiang
Province, Beijing, and Shanghai. This also reflects, to some extent, that the Bohai Rim
region and the Yangtze River Delta region are the focus of China’s interprovincial
innovation network. Jiangsu Province and Zhejiang Province were both ranked in the
top two, and since 2014, among the top five provinces (municipalities directly under
the central government, autonomous regions) in terms of total innovation connection,
there have been four provinces in the Yangtze River Delta region (Jiangsu Province,
Zhejiang Province, Anhui Province, and Shanghai City), indicating that the Yangtze
River Delta region not only has close connections within the region, but also has close
innovation connection with other provinces outside the region.
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Table 6. Changes in the scale of outward innovation in 2009, 2014, and 2019.

In 2009 In 2014 In 2019

Scale of
outward

innovation
Top 5

Scale of
outward

innovation

Scale of
outward

innovation
Top 5

Scale of
outward

innovation

Scale of
outward

innovation
Top 5

Scale of
outward

innovation

Guangdong 0.1383 Guangdong 0.1564 Guangdong 0.1913
Jiangsu 0.1223 Jiangsu 0.1355 Jiangsu 0.1129

Shanghai 0.0854 Zhejiang 0.0815 Zhejiang 0.0804
Zhejiang 0.0813 Shandong 0.0717 Shanghai 0.0562
Beijing 0.0801 Beijing 0.0628 Beijing 0.0552

Table 7. Changes in total innovation connection in 2009, 2014, and 2019.

In 2009 In 2014 In 2019

Scale of
outward

innovation
Top 5

Proportion in
China (%)

Scale of
outward

innovation
Top 5

Proportion in
China (%)

Scale of
outward

innovation
Top 5

Proportion in
China (%)

Jiangsu 18.30 Jiangsu 21.15 Jiangsu 20.38
Zhejiang 16.27 Zhejiang 14.71 Zhejiang 16.01
Shanghai 15.09 Beijing 10.19 Shanghai 11.83

Beijing 11.99 Shanghai 9.85 Anhui 8.87
Tianjin 9.14 Anhui 8.39 Beijing 7.15

Figure 3. Cont.
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Figure 3. China’s interprovincial innovation connections in (a) 2009, (b) 2014, and (c) 2019.

4.3. Node Province Analysis of China’s Interprovincial Innovation Connection

This article introduces the “maximum gravity line” and combines it with the total
number of innovation connection to determine the national interprovincial innovation
output connection node provinces. Generally speaking, the more times a province (munici-
pality, autonomous region) is connected in the maximum gravity line graph, the greater the
gravity and the higher the central position.

In this study, the maximum number of gravity lines (Rmax) and the total number of
innovation links (Ri) were combined to judge the level of node provinces. In combination
with the actual situation of China’s interprovincial innovation, this study classified the node
provinces as follows: Rmax ≥ 5 and Ri > M + 2S or Ri > M + 3S are the primary node province,
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where M and S are, respectively, the mean and standard deviation of Ri; Rmax ≥ 5 and Ri > M
or Rmax ≥ 3 and Ri > M + S or Ri > M + 2S are the secondary node province; and Rmax ≥ 5 or
Rmax ≥ 2 and Ri > M or Ri > M + S are the third level node province. According to the above
classification method, this study obtained the classification of China’s interprovincial innovation
connection in 2009, 2014, and 2019 (Figure 4). The results showed that:

1. In terms of the maximum gravity line, there was no change from 2009 to 2014. From
2014 to 2019, the maximum gravity line between Jilin Province and other provinces
changed from “Jilin-Liaoning” to “Jilin-Heilongjiang”, indicating that China’s inter-
provincial innovation connections were centered around the Bohai Rim region, the
Yangtze River Delta region, and Guangdong Province. The provinces with the highest
number of gravitational lines in 2009, 2014, and 2019 were all Guangdong Province,
with a total number of six. However, due to their small total number of innovative
connections, they have not become a primary node province.

2. In terms of innovation connection node provinces, Jiangsu Province was a primary
node province from 2009 to 2019, indicating that since 2009, Jiangsu Province has
had the highest spatial dominance and the strongest regional centrality in China’s
interprovincial innovation connection. Therefore, it can be inferred that Jiangsu
Province was the central province of China’s interprovincial innovation connection in
2009, 2014, and 2019. From 2009 to 2014, Beijing changed from a secondary node to
a third level system node, Tianjin from a third level node to a non node, and Anhui
Province became a third level node province, indicating an increase in innovation
influence in the Yangtze River Delta region and a decrease in innovation influence
in the Bohai Rim region. From 2014 to 2019, Shanghai changed from a secondary
node to a tertiary node, Anhui Province was replaced by Henan Province as a tertiary
node province, and Guangdong Province changed from a tertiary node province to a
secondary node province, indicating that the innovation influence of the Yangtze River
Delta region was weakening. Some inland provinces improved, and Guangdong’s
innovation influence was no longer limited to the Pearl River Delta region. Its external
innovation influence has continued to increase.

Figure 4. Cont.
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Figure 4. China’s interprovincial innovation connection node province in (a) 2009, (b) 2014, and (c) 2019.

5. Conclusions and Discussion

This paper used the entropy weight method and modified gravity model to study
China’s interprovincial innovation network from 2009 to 2019. The main conclusions are
as follows:

1. The study measured the scale of innovation using innovation output, innovation
investment, and innovation environment, and constructed a multi-level indicator
system. From 2009 to 2019 the weight of innovation output was the highest, but
the weight decreased year by year. The weight of innovation environment was the
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lowest, but the weight increased year by year. In the indicator layer, the weight
of per capita GDP (CNY) was the lowest, while the weight of high-tech industry
new product output value (CNY 10,000) was the highest. At present, China’s inter-
provincial innovation connections are most affected by innovation output, which can
intuitively reflect the interprovincial innovation connections. Over time, the impact
of the innovation environment on China’s interprovincial innovation connections
will become increasingly significant. However, there is still a big gap between the
level of innovation environment in freight, education, information circulation, and
economy in the central and western inland provinces and the coastal areas. China
has also proposed implementing an innovation driven development strategy, stim-
ulating and mobilizing the innovation passion of the whole society, and creating a
good innovation environment. Meanwhile, due to the importance of enterprises and
high-tech industries in China’s interprovincial innovation connections, provinces
need to further support high-tech industries and encourage independent innovation
through enterprise.

2. In terms of the characteristics of the interprovincial innovation connection pattern,
due to geographical and technological proximity, China’s interprovincial innovation
network radiates from coastal provinces such as Jiangsu, Beijing, and Zhejiang to
inland provinces, exhibiting an overall pattern of “strong in the east and weak in the
west” and presenting a spatial structure characteristic of “core periphery”, forming
some regional spatial characteristics of “strong–strong” cooperation and “weak–weak”
cooperation. Among them, regarding China’s economically developed coastal areas,
the innovation connections between the Bohai Rim region and the Yangtze River Delta
region are extremely strong or strong locally, but they are generally weak with other
provinces outside the region. However, the innovation connection level of provinces
in western China, such as Tibet and Xinjiang, is generally weak, indicating that there
is a certain correlation between the interprovincial innovation connection pattern
and the development level of provinces (municipalities directly under the central
government, autonomous regions) in China. At present, China has regions with strong
innovation links, such as the Yangtze River Delta region and the Bohai Bay Rim region.
In addition, the innovation links between Guangdong Province and other provinces
are mostly of moderate intensity. It can be inferred that the regional innovation links
of Guangdong Province are mainly concentrated in the Pearl River Delta.

3. In terms of the evolution characteristics of interprovincial innovation connections, the
top five provinces (municipalities directly under the central government, autonomous
regions) with outward innovation scale did not change much, including Guang-
dong Province, Jiangsu Province, Zhejiang Province, Beijing, with both Guangdong
Province and Jiangsu Province in the top two. From 2009 to 2019, the scale of outward
innovation in Guangdong Province continued to rise, while the scale of outward
innovation in other provinces (municipalities, autonomous regions) decreased over
the past decade. In terms of total innovation connections, the top five provinces
(municipalities directly under the central government, autonomous regions) always
included Jiangsu Province, Zhejiang Province, Beijing City, and Shanghai City. In 2009,
2014, and 2019, the combined total innovation connections of the top five provinces
accounted for 70.79%, 64.29%, and 64.24%, respectively. Overall, from 2009 to 2019,
China’s interprovincial innovation network was gradually enriched, and interprovin-
cial innovation connections continued to strengthen. Specifically, from 2009 to 2014,
innovation connections in coastal areas were strengthened. From 2014 to 2019, the
innovation connections in coastal areas continued to strengthen, and the innovation
connection network expanded from coastal areas to inland provinces, with Guang-
dong Province particularly significantly strengthening its innovation connections with
other provinces. Technological proximity makes it easier for provinces with higher
innovation levels to choose provinces that are closer to their level when making inno-
vation connections. Institutional proximity makes regional innovation connections
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develop better within the region, without too many connections to provinces outside
the region. As a result, the center of gravity of China’s interprovincial innovation
network has not changed significantly, and the center of gravity is still distributed in
the eastern coastal areas of China, mainly concentrated in the Bohai Rim region and
the Yangtze River Delta region.

4. In terms of maximum gravitational lines, Guangdong Province had the highest num-
ber of maximum gravitational lines in 2009, 2014, and 2019, with a total of six. The
maximum gravity line change from 2009 to 2019 was only between Jilin Province and
other provinces. From 2014 to 2019, the maximum gravity line changed from “Jilin-
Liaoning” to “Jilin-Heilongjiang”. In terms of innovation connection node provinces,
due to the high innovation level of each province in the Yangtze River Delta region and
the certain technological proximity of each province in the region, Jiangsu Province
had a relatively close innovation connection with other provinces. From 2009 to 2019,
Jiangsu Province was a node province of interprovincial innovation contact centers.
Although Guangdong had the largest number of gravity lines between 2009 and 2019,
due to its small total number of innovative links, it did not become a primary node
province. In the past ten years, it has only changed from a tertiary node province to
a secondary node province, indicating that although Guangdong’s innovation links
with other provinces have increased year by year, their innovation links are mainly
concentrated in the Pearl River Delta region, and there is no outstanding advantage
in interprovincial innovation links. We can also reflect that the inland provinces and
coastal areas in central and southern China, especially the Yangtze River Delta region,
have not formed relatively close innovative connections. In addition, from 2009 to
2019, the innovation connection nodes of the three municipalities (Beijing, Shanghai,
and Tianjin) were downgraded, which was related to the size of the provinces and
municipalities. Over time, the development of the economy, education, transportation,
technology, and other aspects in each province has widened the gap in development
volume between the municipalities and the provinces, while narrowing the gap in in-
novation connection levels between the provinces and municipalities. This eliminates
the advantages of municipalities in interprovincial innovation connections, reflecting
the increasingly important role that the innovation environment will play in China’s
interprovincial innovation network.

The innovation connections between provinces are influenced by various factors
such as local policies and systems. Therefore, the content of this study can only reflect
the basic pattern of China’s interprovincial innovation connection network. Overall, the
enhancement of the strength of interprovincial innovation connections mainly lies in
increasing the scale of outward innovation and shortening the comprehensive distance
between provinces. In combination with the above conclusions, in terms of innovation
and development, China needs to further improve the scale of outward innovation in
each province, put forward innovative development policies, and define the overall goals
of development at the overall level, and form an innovation network radiating outward,
with the Yangtze River Delta, Bohai Bay Rim, and the Pearl River Delta as the innovation
core at the regional level. To further strengthen and gradually radiate the innovation and
development of the central and western regions of China, it is necessary to form relevant
policy guidance at the provincial level based on the overall development goals, improve the
level of scientific and technological innovation in each province, and strengthen regional
innovation exchanges to create a good innovation environment. In addition, shortening
the comprehensive distance between provinces is also quite important. Affected by the
comprehensive distance, provinces in the central and western regions have been improving
their innovation connections year by year, but the improvement is relatively slow compared
to the eastern region. The comprehensive distance between provinces includes the influence
of geographical distance, cultural distance, social distance, etc. It is necessary to improve
the construction of highways and railways between cities, counties, and cities, vigorously
promote the development of internet and communication technology, enhance cultural
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and social exchanges between provinces, and shorten the comprehensive distance between
provinces. Through this, we can develop the innovation core of the central and western
regions and gradually build a nationwide innovation network.
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