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This paper addresses the spatial pattern of urban biomedicine innovation
networks by separately using four scales, i.e., the national scale, interregional
scale, urban agglomeration scale, and provincial scale, on the basis of Chinese
biomedicine patent data from the incoPat global patent database (GPD)
(2001-2020) and using the method of social network analysis (SNA). Through
the research, it is found that (1) on the national scale, the Chinese biomedicine
innovation network becomes denser from west to the east as its complexity
continuously increases. Its spatial structure takes the form of a radial network
pattern with Beijing and Shanghai as its centers. The COVID-19 pandemic
has not had an obvious negative impact on this network at present. (2) On
the interregional scale, the strength of interregional network ties is greater
than that of intraregional network ties. The eastern, central and western
biomedicine innovation networks appear to be heterogeneous networks with
regional central cities as the cores. (3) At the urban agglomeration scale,
the strength of intraurban-agglomeration network ties is greater than that of
interurban-agglomeration network ties. The three major urban agglomerations
have formed radial spatial patterns with central cities as the hubs. (4) At the
provincial scale, the intraprovincial networks have poor connectivity and low
internal ties strength, which manifest as core-periphery structures with the
provincial capitals as centers. Our research conclusion helps to clarify the
current accumulation of technology and offer guidance for the development
of China’s biomedicine industry.
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Introduction

The outbreak of the COVID-19 pandemic has accelerated
the evolution and development of the biomedicine industry. As
the “Diamond Industry” of the new century, biomedicine has
already become a strategic industry in countries of the world,
e.g., the biomedicine industry has been included in the high -
end industrial field of national key development in China, and
receives focused support by governments (1, 2). In light of the
developing situation of the biomedicine industry at home and
abroad, this sector favors spatially aggregated distribution, with
a significant amount of clustering (3). At present, the Chinese
biomedicine industry has taken on the notable characteristics
of regional aggregation in the Yangtze River Delta (YRD),
Beijing-Tianjin-Hebei (BTH) and Pearl River Delta (PRD) areas.
With knowledge and information flowing faster across both
individual regions and across the whole world, the biomedicine
industry no longer seeks cooperative innovation within an
agglomeration only and has rather begun to be characterized by
interregional cooperation (4). With the support of policies, the
Chinese biomedical industry has developed rapidly, but there
are still some problems that restrict the further development
of the industry, especially in regional innovation cooperation,
which need to be solved. In practice, the means of seizing
this opportunity to accelerate Chinese self-innovation in the
biomedical industry and to optimize the spatial structure of
this industry has become an urgent problem to be solved in
postpandemic China.

In addition, since the 1980s, the research perspective
regarding contemporary economic geography has shifted from
that of “Relationship” to that of “Flow Space,” the traditional
line mode has been transformed into a network mode,
and networking innovation has become the mainstream of
innovation research (5). In terms of methodology, most
scholars have carried out research efforts on innovation
networks by using data related to jointly applied patents and
cooperative papers (6-8). With respect to research contents,
scholars have conducted research and analysis of innovation
networks on the basis of different disciplines and perspectives.
In the early stages of this research, scholars studied the
concepts and connotations of innovation networks mainly
from perspectives such as organizational systems, information
covenants, knowledge and skills, and regional space (9-15).
To deepen this research, scholars have shifted their focus
to the formation process, characteristics and structure of the
innovation network using such SNA indices as centrality,
structural hole, and network density, using knowledge flow,
technological innovation, and industrial agglomeration, etc., as
breakthrough points from industry perspectives such as those of
bioscience and information technology (16-19).

Over recent years, scholars have generally attached greater
importance to the factors influencing the formation of
innovation networks, conducting research mainly on the
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internal structure of the network and its external environment.
The internal structure of a network includes the general
characteristics of the network, represented by indices such as
network scale, and the network formation elements, represented
by indices such as small world properties (19-24). Research
on the external environment of a network mainly focuses on
proximity and the regional environment where the subject is
located (25-28).

A general review of the existing research finds that previous
research efforts on innovation networks were mostly carried
out on a single scale, e.g., the national scale, provincial scale,
urban agglomeration scale, urban scale or rural scale (29-
31). However, in existing research projects, investigations into
urban innovation networks rarely take an urban perspective.
Athey et al. (32) pointed out that research on innovation
should take cities and the important characteristic of their
orientation as basic units, since cities are geographic spaces
where innovation subjects are the most active and centralized
and are the places with the highest innovation efficiency. As a
result, ascertaining the spatial situation of cooperation between
Chinese biomedicine and Chinese biomedicine patent data can
help to identify problems from a novel point of view and help
to better understand China’s technological accumulation in the
biomedicine field.

The potential contributions of this research are as follows:
(1) Taking cities as the basic unit, we assess the biomedical
innovation capabilities of Chinese cities and deepen the research
on urban innovation networks; (2) The research methods
verticalize the original innovation network research perspective,
namely, that of multispatial scales, and enrich the theoretical
system of innovation geography; (3) Moreover, an in-depth
analysis of the evolution of urban biomedicine innovation
network patterns from the perspective of different spatial scales,
e.g., the national scale, urban agglomeration scale, interregional
scale, and provincial scale, will help drive the innovative growth
of the Chinese biomedicine industry and offer guidance for the
development of China’s biomedicine industry.

The rest of this paper is organized as follows: Chapter 2
introduces the research methods and data sources; Chapter 3
analyzes the structure and evolution of China’s urban biomedical
innovation network from different spatial scales, e.g., the
national scale, urban agglomeration scale, interregional scale,
and provincial scale. Chapter 4 summarizes the research content
and points out the potential contribution and limitations.

Research data and methods

Research data
The data quoted in this paper came from the incoPat GPD.

The retrieval year interval spanned from 2001 to 2020, the
retrieved objects were Chinese biomedicine patents (excluding
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H.K., Macao, and Taiwan), and the retrieval strategy was to
require two or more applicants® in the patent application, so a
total of 37,350 biomedicine patents2 were selected.

Research methods

In this paper, the SNA method was used to analyze
the structural characteristics of Chinese urban biomedicine
innovation networks and the evolution of their network
patterns. The SNA method is a quantitative analysis method
developed on the basis of mathematical methods, graph theory,
etc., and it is one of the most widely used research methods in
sociology and economics (33).

For our research, we defined overall network structures on
four scales, i.e., the national scale, interregional scale, urban
agglomeration scale, and provincial scale, by taking Chinese
cities as the nodes of the network and the connections between
the cities as the edges of the network. On this basis, we
quantified the node, edge and overall characteristics of the urban
biomedicine innovation network on multiple scales to study
the evolution of the Chinese urban biomedicine innovation
network pattern.

Structural characteristics of the
urban biomedicine innovation
network on different spatiotemporal
scales

National scale

The Chinese national biomedicine innovation
network becomes denser from west to east as
its complexity continuously increases

In this paper, the evolution process of the network was
divided into four phases, namely, the starting phase (2001-
2005), growing phase (2006-2010), expanding phase (2011-
2015), and mature phase (2016-2020), according to the
cooperative situation of urban biomedicine patents. In addition,
the four phases of evolution of the Chinese urban biomedicine
innovation network were visualized with ArcGIS software
(Figure 1).

Starting phase: The 2001-2005 period is the starting phase of
the Chinese national urban biomedicine network (Figure 1A).
In this phase, the overall ties among the cities in the network
were generally weak, and the network had a low density
and a simple structure with a rare closed-loop innovation. In

1 In calculating patent cooperation, if a patent is applied for jointly by
three patent applicants, i.e., A, B, and C, then cooperations between A and
B, between A and C, and between B and C will be calculated separately.

2 The data retrieval date is May 31, 2022.
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detail, less than one-fifth of the cities were brought into the
biomedicine innovation network, with Beijing and Shanghai
serving as the cores and Guangzhou and Tianjin as the main
nodes. Chongqing, as a municipality controlled directly by the
Central Government, did not exhibit an evident impetus toward
radiating outwards during this phase. The ties between Beijing
and Shanghai, Beijing and Fushun, Beijing and Shenzhen,
Shenzhen and Nanjing, and Beijing and Haikou were all close.
In terms of region, there were only six cities in the west that
participated in the biomedical innovation network.

Growing phase: The 2006-1010 period represents the
growing phase of the Chinese national urban biomedicine
network (Figure 1B). In this phase, the network nodes increased
considerably from those in the first phase, which indicates that
there were more cities participating in the Chinese national
urban biomedicine innovation network, which was experiencing
an evidently expanding network size and a strengthening of
the ties among cities. In terms of spatial structure, Beijing
and Shanghai functioned as the radiation impetus center,
with Nanjing, Guangzhou, Tianjin, Shenzhen, Hangzhou, and
Wuhan serving as the main nodes. In detail, the density of
the innovation network increased remarkably in the eastern
coastal areas but remained at a low level in the west. Beijing and
Shanghai continued to be the core cities and to play a radiation
impetus role in the network during the growing phase. The ties
between Beijing and Fushun and between Beijing and Shenzhen
became increasingly close, which slightly differed from those
in the starting phase. Meanwhile, some cities in the west were
brought into the network, and the ties between the cities in the
central region and those in the eastern region increased, with the
interregional obstacles between the eastern and central regions
gradually began to break down.

Expanding phase: The 2011-1015 period represents the
expanding phase of the Chinese national urban biomedicine
network (Figure 1C). In this phase, the number of cities
participating in the biomedical innovation network increased
by nearly 50% from that during the second phase, with the
size of the network obviously expanding. The network in this
phase exhibited a radial spatial structure with Beijing and
Shanghai serving as the main radiation impetus cores and
Nanjing, Guangzhou, Wuhan, Shenzhen, Hangzhou, Chengdu
and Tianjin serving as the main nodes. The main ties in
the network were between Beijing and Shanghai, Beijing and
Tianjin, Beijing and Xi’an, Beijing and Jinan, Beijing and
Qingdao, and Beijing and Shenzhen.

Mature phase: The 2016-1020 period represents the mature
phase of the Chinese national urban biomedicine network
(Figure 1D). During this phase, most Chinese cities were
brought into the biomedicine innovation network, with both
the size and density of the network increasing obviously.
Beijing and Shanghai remained the core cities in this phase,
and the network density in the west increased robustly. In
particular, the radiation impetus abilities of Chengdu, Xi’an
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FIGURE 1
Spatiotemporal Evolution of the Chinese National Urban Biomedicine Innovation Network during the time span of 2001-2020. (A) Starting
phase (2001-2005). (B) Growing phase (2006—2010). (C) Expanding phase (2011-2015). (D) Mature phase (2016-2020).

and Chongging were enhanced, and Chengdu, Xi'an and
Chongging became the radiation impetus centers in the west,
with close ties with the central and eastern regions. The tie
strengths between Tianjin and Beijing, Beijing and Nanjing,
Beijing and Xi’an, Beijing and Shanghai, Suzhou and Shenzhen,
and Lianyungang and Shanghai were obviously strengthened
compared with those in the expanding phase. In addition,
many closed innovation loops, including Nanjing-Kunming-
Baoshan, Beijing-Yulin-Xi’an, and Chonggqing-Beijing-Yantai,
were developed within the Chinese national urban biomedicine
network. Such a closed network spatial structure enabled
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the flow of knowledge and information within the network
to exhibit a self-reinforcing effect, which is helpful for
biomedical innovation.

Generally, both the density and size of the Chinese national
urban biomedicine innovation network have increased robustly,
but the radiation impetus centers and innovation ties are
all located in the eastern coastal areas, with the innovation
network density becoming obviously lower as one moves west.
In detail, Beijing and Shanghai have salient core positions in the
innovation network with very strong radiation impetus abilities
and the most extensive influence and scope. In all four phases,
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the innovation network displayed a radial spatial pattern with
Beijing and Shanghai as the cores.

Overall ties in biomedicine innovation network
strengthened over time, and polarization
weakened

The statistical characteristics of the network (see Table 1)
were assessed by calculating the nodes, edges, average degree
and average weighted degree of the Chinese urban biomedicine
innovation network throughout the 2001-2020 period using
Gephi. In terms of network size, the numbers of nodes and
edges increased from 56 and 88 in the 2001-2005 period to 337
and 2,889 in the 2016-2020 period, respectively, which indicates
that in the mature phase, a total of 337 cities were brought
into the national urban biomedicine innovation network; in
other words, most Chinese cities had been incorporated into
the network. In terms of network connectivity, the average
degree rose from 3.14 in the 2001-2005 period to 17.15 in the
2016-2020 period, which means that on the national scale, in
the mature period, every city had connected with ~17 other
cities with respect to biomedicine patent cooperation, which
accounted for ~5% of the total number of cities, indicating
poor network connectivity. In terms of network ties strength,
the average number of biomedicine patents related to intercity
cooperation increased from 11 in the 2001-2005 period to 208
in the 2016-2020 period.

On the basis of the overall network properties and using
hierarchic statistics, the data with tie strengths of >1 and those
with tie strengths that were greater than the average were
selected to form new networks, and then the nodes, edges,
average degrees and average weighted degrees of the networks
were calculated separately. When the tie strength was >1, either
the number of nodes and edges or the average degree and average
weighted degree decreased to a certain extent. However, the
extent of such declines differed over time: the extent of the
decline in the numbers of nodes and edges dropped from 41.07
and 57.95% in the 2001-2005 period to 10.09 and 25.06% in
the 2016-2020 period, respectively. The extent of the decline
in the average degree rose from 11.36% in the 2001-2005
period to 25.06% in the 2016-2020 period. This means that
during the mature phase, by taking cooperation strength into
account, we can see that the number of cities participating in
the national biomedicine innovation network decreased by 34,
and the intercity cooperation quantity decreased by 5, which is a
large drop compared with that across the entire network. 10.09%
of cities had an urban biomedicine innovation cooperation
quantity of <1. Taking the average tie strength into account,
the numbers of nodes and edges and the average degree of
the network during the 2001-2005 period were 50.00, 35.23,
and 35.22% of those across the entire network, respectively,
and the numbers of nodes and edges and the average degree
of the network in the 2016-2020 period were 51.04, 16.03,
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and 16.03% of those across the entire network, respectively.
This means that over the 2001-2005 period, the technological
cooperation quantity was less than the average in half of the
cities, and ~65% of the biomedicine patent cooperation projects
were located in 28 core cities, including Beijing, Shanghai,
and Guangzhou, which had a salient polarization effect on
the innovation network. In the 2016-2020 period, however,
nearly half of the cities had biomedicine innovation cooperation
quantities that were lower than the average, and nearly 80%
of the patent cooperation projects were located in 172 cities,
with the polarization effect within the innovation network
greatly weakened.

Generally, the overall ties in the Chinese national urban
biomedicine innovation network have been gradually
strengthened, the cooperation scope has been somewhat
expanded, and the polarization effect of the network has

gradually disappeared.

Further discussion: Impact of the COVID-19
pandemic on the biomedicine innovation
network

Investigating the Chinese urban biomedicine innovation
network before and after the outbreak of the COVID-19
pandemic shows that the pandemic has not had a negative
impact on Chinese biomedicine innovation cooperation. In
contrast, the numbers of nodes and edges and the centrality
and weighted centrality of the network have increased (see
Table 2). The number of cities participating in the Chinese urban
biomedicine innovation network increased by 19 from 2019
to 2020, with the number of network ties increasing by 298.
In terms of network connectivity, the average degree increased
from 9.26 in 2019 to 10.61 in 2020, which means that on
the national scale, the number of cities cooperating with every
other city regarding biomedicine patents increased from 9 to 10,
and the network connectivity increased. It can be found from
network ties strength that the average quantity of the intercity
biomedicine patent cooperation projects rose from 57 in 2019 to
65 in 2020.

Beijing and Shanghai have served as the main Chinese
innovation nodes and radiation impetus centers both before
and after the outbreak of the COVID-19 pandemic. Qingdao
dropped from the top 10 cities, and Xi’an replaced Qingdao and
ranked 6th. In addition, among the top 10 nodes, the centrality of
Shenzhen dropped from 65 in 2019 to 60, which means that the
number of cities cooperating with Shenzhen in patents decreased
to 60, while the centralities of other nodes increased to varying
degrees. In 2019, the ties between Beijing and Tianjin, Shenzhen
and Suzhou, Beijing and Shanghai, Beijing and Nanjing, and
Beijing and Wuhan were the main ties in the network. In 2020,
the ties between Beijing and Qingdao strengthened, ranking
among the top 10.
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TABLE 1 Evolution of the statistical characteristics of the Chinese national urban biomedicine innovation network.

Period Node Edge Average Average weighted
degree degree
Entire network 2001-2005 period 56 88 3.14 11.11
2006-2010 period 142 315 4.42 30.72
2011-2015 period 280 1,080 7.71 83.64
2016-2020 period 337 2,889 17.15 208.62
Ties strength >1 2001-2005 period 33 37 2.79 10.75
2006-2010 period 89 280 3.94 30.24
2011-2015 period 217 900 6.43 82.35
2016-2020 period 303 2,165 12.85 204.33
Ties strength greater than the average 2001-2005 period 28 31 1.11 7.18
2006-2010 period 55 80 1.13 22.44
2011-2015 period 124 211 1.51 63.04
2016-2020 period 172 463 2.75 160.74

The average values of cooperation strength in the 2001-2005 period, 2006-2010 period, 2011-2015 period, and 2016-2020 period were 3.53, 6.94, 10.84, and 12.17, respectively.

TABLE 2 Evolution of statistical characteristics and network patterns of the Chinese national urban biomedicine innovation network.

2019 2020

Number of nodes 293 312

Number of edges 1,357 1,655

Centrality 9.26 10.61

Weighted centrality 57.07 65.61

Node (centrality) Beijing (155) Shanghai (88) Nanjing (72) Wuhan (70) Guangzhou Beijing (179) Shanghai (104) Nanjing (83) Guangzhou (83)
(70) Shenzhen (65) Chengdu (61) Hangzhou (58) Tianjin (55) Wuhan (78) Xi’an (75) Hangzhou (71) Chengdu (67) Tianjin (60)
Qingdao (54) Shenzhen (60)

Edge (weight) Beijing-Tianjin (172) Shenzhen-Suzhou (172) Beijing-Shanghai Beijing-Tianjin (253) Beijing-Xi’an (191) Beijing-Chengdu (162)

(171) Beijing-Nanjing (155) Beijing-Wuhan (139) Beijing-Xi’an
(127) Lianyungang-Shanghai (120) Beijing-Chengdu (116)

Beijing-Nanjing (152) Shenzhen-Suzhou (130)
Lianyungang-Shanghai (126) Beijing-Wuhan (119)

Beijing-Dongying (109) Shanghai-Suzhou (106)

Beijing-Qingdao (115) Shanghai-Suzhou (115) Beijing-Shanghai
(111)

Interregional scale

Interregional network ties are stronger than
intraregional network ties

For this research, China was divided into three regions, i.e.,
the eastern, central and western regions, and interregional urban
biomedicine innovation networks were generated between each
pair of regions. The basic statistical characteristics of the
networks were calculated with the software Gephi to show the
spatial structure properties of the Chinese interregional urban
biomedicine innovation networks (see Table 3).

From the statistical characteristics of the interregional urban
biomedicine innovation networks, it can be seen that the sizes of
these networks have evidently grown over time. The numbers
of nodes between the eastern and central regions, between
the eastern and western regions, and between the central and
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western regions rose from 17, 12, and 0 in the 2001-2005 period
to 196, 176, and 120 in the 2016-2020 period, respectively, and
the numbers of edges rose from 13, 11, and 0 in the 2001-
2005 period to 733, 522, and 235 in the 2016-2020 period,
respectively. In terms of network connectivity, the average
degree of the networks rose from 1.53, 1.83, and 0 in the 2001-
2005 period to 7.48, 5.93, and 3.92 in the 2016-2020 period,
respectively, and the average weighted degree increased from
4.35, 5.50, and 0 in the 2001-2005 period to 69.97, 57.69,
and 16.15 in the 2016-2020 period, respectively. As seen from
the sizes of the intraregional urban biomedicine innovation
networks, the numbers of nodes within the eastern, central
and western regions in the 2016-2020 period rose by 1.77
times, 52 times and 104 times, respectively, compared with
those in the 2001-2005 period, and the numbers of edges
increased by 13.16 times, 271 times and 235 times, respectively.
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TABLE 3 Statistical characteristics of interregional urban biomedicine innovation networks among the eastern, central, and western regions of

China.
Region Period Number of nodes Number of edges Average degree Average weighted degree
Eastern-Eastern 2001-2005 39 63 3.23 12.31
2006-2010 68 166 4.88 43.15
2011-2015 97 425 8.76 140.95
2016-2020 108 892 16.52 355.57
Central-Central 2001-2005 2 1 1.00 1.00
2006-2010 20 16 1.60 3.30
2011-2015 70 89 2.54 14.60
2016-2020 106 272 513 33.98
Western-Western 2001-2005 0 0 0.00 0.00
2006-2010 14 10 1.43 4.43
2011-2015 55 68 247 11.75
2016-2020 104 235 4.52 24.00
Eastern-Western 2001-2005 12 11 1.83 5.50
2006-2010 38 49 2.58 14.74
2011-2015 104 176 3.39 26.31
2016-2020 176 522 593 57.69
Eastern-Central 2001-2005 17 13 1.53 4.35
2006-2010 59 70 2.37 12.34
2011-2015 137 271 3.96 36.10
2016-2020 196 733 7.48 69.97
Central-Western 2001-2005 0 0 0.00 0.00
2006-2010 4 3 1.50 3.00
2011-2015 48 51 2.13 8.25
2016-2020 120 235 3.92 16.15

In terms of network connectivity, the average degrees in the
networks rose by 5.08, 4.13 and 4.52 times, respectively, with
the average weighted degrees increasing by 27.89, 32.98, and
24 times, respectively. In general, the interregional urban
biomedicine innovation networks were superior in both tie
closeness and strength to the intraregional urban biomedicine
innovation networks, except for the intraregional urban
biomedicine innovation network in the eastern region during
the 2001-2010 period.

Heterogeneous space with regional central
cities as cores formed in the eastern, central,
and western regions

As seen from the spatial structure of the urban biomedicine
innovation networks on an interregional scale (see Table 4),
both the centrality of network nodes and the strength of the
intercity biomedicine cooperation in the 2016-2020 period
increased greatly compared with those in the 2001-2005 period,
with an expansion of the heterogeneous space with regional
central cities as cores that formed in the eastern, central and
western regions.
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It can be seen from the spatial structure in the 2016-
2020 period that Beijing was the radiation impetus center
of the eastern-central urban biomedicine innovation network,
with Wuhan, Shanghai, Nanjing and Zhengzhou serving as
subcenters. The main innovation ties in the network occurred
between Beijing and cities in the central region, such as
Wuhan and Hefei. The spatial structure of the eastern-eastern
network is similar to that of the eastern-central network,
with Beijing, Shanghai, Nanjing, Guangzhou and Shenzhen
serving as important nodes. Many closed subnetworks were
formed in the eastern-eastern urban biomedicine innovation
network, and these subnetworks were located mainly in Nanjing,
Shanghai, Suzhou and other cities in the YRD area and
in Foshan, Guangzhou, Shenzhen and other cities in the
PRD area.

The eastern-western urban biomedicine innovation network
is relatively spatially expansive: in the northern part, four
east-west axes are formed from Beijing as an apex to Xi'an,
Chengdu, Chongqing and Urumqi in the western region; in
the central part, two east-west axes are formed from Shanghai
as an apex to Chengdu and Kunming in the western region;
in the southern part, one east-west axis is formed between
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TABLE 4 Spatial pattern of the Chinese urban biomedicine innovation network on the interregional scale in the 2016—2020 period.

Region Nodes (Top 5 in terms of

centrality)

Eastern-Eastern (2001-2005)
(10) Tianjin (10) Nanjing (8)
Eastern-Eastern (2016-2020)
Guangzhou (61) Shenzhen (57)

Eastern—Central (2001-2005)
(2) Bengbu (1)
Eastern—Central (2016-2020)
Nanjing (39) Zhengzhou (38)

Eastern-Western (2001-2005)
Kunming (2) Xi’an (2)
Eastern-Western (2016-2020)
Chonggqing (32) Nanjing (31)

Central-Western (2001-2005) None
Central-Western (2016-2020)

Chengdu (21) Changsha (19)
Western-Western (2001-2005) None
Western-Western (2016-2020)

Chonggqing (26) Nanning (21)
Central-Central (2001-2005)
Central-Central (2016-2020)

Yingtan (1) Nanchang (1)

Zhengzhou (26) Taiyuan (19)

Shenzhen and Chengdu. Biomedical innovation ties are formed
among the main nodes, and the distribution of the nodes
within the network is relatively unbalanced. The central-western
urban biomedicine innovation network exhibits a radial spatial
structure with Wuhan as a radiation point that connects
with Chengdu, Zhengzhou, and Chongqing. The western-
central urban biomedicine innovation network basically spreads
toward Wuhan, Xi’an and Chonggqing, exhibiting a relatively
significant imbalance. The spatial structure of the central-
central network is relatively similar to that of the western-
western network, with a maximum tie strength of no more
than 90. The western-western urban biomedicine innovation
network takes Chengdu, Xi’an, Kunming and Chonggqing as
cores, and the central-central urban biomedicine innovation
network takes Wuhan, Hefei, Changsha and Zhengzhou,
which are the provincial capitals of Hubei Province, Anhui
Province, Hunan Province and Henan Province, respectively, as
radiation points.
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Beijing (17) Shanghai (14) Guangzhou

Beijing (94) Shanghai (77) Nanjing (63)

Beijing (4) Hefei (4) Shanghai (3) Jinan

Beijing (96) Wuhan (54) Shanghai (46)

Chengdu (4) Shanghai (4) Beijing (3)

Beijing (59) Xi’an (43) Chengdu (42)

Wuhan (32) Xi’an (26) Chongqing (22)

Chengdu (36) Xi’an (30) Kunming (26)

Wuhan (41) Hefei (32) Changsha (29)
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Edges (Top 5 in terms of weight. If the weights
are more than 100, Top 10 are listed)

Beijing-Shanghai (19) Beijing-Fushun (16) Beijing-Shenzhen (14)
Shenzhen-Nanjing (13) Beijing-Haikou (10)

Beijing-Tianjin (784) Beijing-Nanjing (659) Beijing-Shanghai
(594) Shenzhen-Suzhou (587) Lianyungang-Shanghai (508)
Beijing-Jinan (419) Beijing-Dongying (390) Shanghai-Suzhou
(386) Beijing-Shenzhen (383) Beijing-Hangzhou (374)
Yuncheng-Shanghai (8) Hefei-Shenzhen (7) Beijing-Hefei (3)
Bengbu-Shanghai (2) Beijing-Jingzhou (2)

Beijing-Wuhan (414) Beijing-Hefei (382) Beijing-Zhengzhou
(367) Beijing-Changsha (294) Beijing-Changchun (277)
Beijing-Puyang (144) Beijing-Daqing (142) Beijing-Nanchang
(125) Shenzhen-Wuhan (108) Beijing-Huhhot (105)
Chengdu-Beijing (6) Liuzhou-Shanghai (6) Chongging-Shanghai
(4) Guangzhou-Fangchenggang (3) Xi’an-Beijing (3)
Beijing-Xi’an (630) Beijing-Chengdu (471) Beijing-Chongqing
(402) Beijing-Urumgqi (174) Beijing-Yulin (162) Beijing-Kunming
(120) Chengdu-Shenzhen (110) Kunming-Shanghai (86)
Chengdu-Nanjing (80) Chengdu-Shanghai (77)

None

Chengdu-Wuhan (39) Zhengzhou-Chonggqing (39)
Wuhan-Chonggqing (36) Xinxiang-Chongqing (33)
Guigang-Wuhan (25)

None

Chengdu-Mianyang (55) Chengdu-Chongqing (54)
Chengdu-Xi’an (43) Xi’an-Xianyang (35) Chengdu-Urumgi (25)
Yingtan-Nanchang (1)

Ezhou-Wuhan (82) Hefei-Zhengzhou (62) Jingzhou-Wuhan (54)
Harbin-Jixin (53) Xinxiang-Zhengzhou (51)

Urban agglomeration scale

Intraurban-agglomeration network ties are
stronger than interurban-agglomeration
network ties

With three major Chinese urban agglomerations (BTH,
YRD and PRD) being used as spatial units, the urban
biomedicine innovation networks of BTH, YRD, PRD, PRD-
BTH, PRD-YRD, and YRD-BTH arose separately. The basic
statistical characteristics of the networks were calculated with
the software Gephi to show the spatial and structural properties
of Chinese

innovation networks (see Table 5).

interurban-agglomeration urban biomedicine

As can be seen from the statistical characteristics of the
urban biomedicine innovation networks among the three
major Chinese urban agglomerations, the network sizes have
increased over time, and all the cities that comprise the

urban agglomerations participated in biomedicine innovation
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TABLE 5 Statistical characteristics of urban biomedicine innovation networks among BTH, YRD, and PRD.

Period Urban agglomeration Number of nodes
2001-2005 BTH 4
2006-2010 BTH 8
2011-2015 BTH 11
2016-2020 BTH 13
2001-2005 PRD 5
2006-2010 PRD 7
2011-2015 PRD 9
2016-2020 PRD 9
2001-2005 YRD 12
2006-2010 YRD 18
2011-2015 YRD 25
2016-2020 YRD 26
2001-2005 PRD-BTH 4
2006-2010 PRD-BTH 8
2011-2015 PRD-BTH 13
2016-2020 PRD-BTH 16
2001-2005 PRD-YRD 6
2006-2010 PRD-YRD 12
2011-2015 PRD-YRD 22
2016-2020 PRD-YRD 32
2001-2005 YRD-BTH 9
2006-2010 YRD-BTH 18
2011-2015 YRD-BTH 32
2016-2020 YRD-BTH 38

cooperation during the mature phase. Both the network
connectivity and the network ties strength of an intraurban-
agglomeration network are stronger than those of an interurban-
agglomeration network. In terms of network connectivity, the
intraurban-agglomeration network of the YRD has the strongest
connectivity among the three major urban agglomerations. The
interurban-agglomeration network between the PRD and YRD
urban agglomerations has the strongest connectivity of the
interurban-agglomeration networks. In terms of network tie
strength, the intraurban-agglomeration network of BTH is the
strongest among the three major urban agglomerations. The
interurban agglomeration network between the YRD and BTH
urban agglomerations has the strongest ties in the interurban
agglomeration networks.

Radial spatial structure with central cities as
hubs formed in three major urban
agglomerations

As seen from the spatial structure of the urban biomedicine
innovation networks on the urban agglomeration scale, both the
centrality of network nodes and the intercity urban biomedicine
cooperation strength were greatly increased in the 2016-2020
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Number of edges Centrality Weighted centrality
4 2.00 5.50
10 2.50 30.25
19 3.46 119.27
36 5.54 296.15
4 1.60 3.60
7 2.00 10.00
16 3.56 69.11
21 4.67 266.67
14 233 7.17
39 433 42.67
83 6.64 92.48

141 10.85 263.08
4 2.00 13.00
8 2.00 32.25
13 2.00 66.00
26 325 128.00
5 167 9.33
11 1.83 10.00
39 3.55 4527
79 4.94 107.44
9 2.00 9.56
20 222 22.78
39 244 73.31
80 421 176.21

period compared with those in the 2001-2005 period, while the
radial network structure using the central cities of the urban
agglomerations as cores was enhanced.

The biomedical innovation networks of BTH, the YRD
and the PRD have developed over the 2001-2005 period from
single-core urban agglomerations with Beijing, Shanghai and
Guangzhou serving as those single cores, respectively, to double-
core urban agglomerations using Beijing and Shijiazhuang,
Nanjing and Shanghai, and Guangzhou and Shenzhen as double
cores, respectively (see Table 6). In the biomedical innovation
network within the PRD urban agglomeration, cooperation was
mainly carried out by Guangzhou with other cities, including
Shenzhen and Foshan. In the biomedical innovation network
within the YRD urban agglomeration, cooperation was mainly
carried out by Nanjing and Shanghai with other cities, including
Suzhou and Hangzhou. In the network within the BTH urban
agglomeration, cooperation was mainly carried out by Beijing
with other cities, including Shijiazhuang and Tianjin.

In the interurban-agglomeration biomedicine innovation
cooperation, the PRD-YRD had a double core structure with
Guangzhou and Shenzhen as the cores, and both the PRD-BTH
and the YRD-BTH used a single-core structure with Beijing as
the single core. In the interurban-agglomeration biomedicine
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TABLE 6 Spatial pattern of Chinese urban biomedicine innovation networks on the interregional scale in the 2016—-2020 period.

Region Nodes (Top 5 in terms of centrality)
2001-2005 Guangzhou (4) Foshan (1) Dongguan (1) Jiangmen (1)
The PRD Shenzhen (1)

2016-2020 Guangzhou (8) Shenzhen (8) Dongguan (6) Foshan (5)
The PRD Zhuhai (4)

2001-2005 Shanghai (7) Hangzhou (4) Nanjing (4) Shaoxing (3)
The YRD Jinhua (2)

2016-2020 Nanjing (23) Shanghai (21) Hefei (20) Hangzhou (19)
The YRD Suzhou (18)

2001-2005 Beijing (3) Shijiazhuang (2) Tianjin (2) Langfang (1)
The BTH

2016-2020 Beijing (12) Shijiazhuang (12) Tianjin (9) Baoding (7)
The BTH Tangshan (5)

2001-2005 Hefei (2) Guangzhou (2) Shenzhen (2) Nanjing (2)
The PRD-The YRD Shanghai (1)

2016-2020 Guangzhou (19) Shenzhen (17) Zhuhai (10) Shanghai
The PRD-The YRD (8) Zhongshan (8)

2001-2005
The PRD-The BTH

Beijing (2) Guangzhou (2) Shenzhen (2) Tianjin (2)

2016-2020 Beijing (9) Shenzhen (6) Guangzhou (6) Tianjin (5)
The PRD-The BTH Zhuhai (4)

2001-2005 Beijing (5) Shanghai (3) Tianjin (3) Suzhou (2)
The YRD-The BTH Hangzhou (1)

2016-2020 Beijing (26) Tianjin (16) Shanghai (11) Nanjing (9)

The YRD-The BTH Shijiazhuang (8)

innovation cooperation network between the PRD and the
YRD urban agglomerations, the level of cooperation between
Guangzhou and Shenzhen in the PRD and between Shanghai
and Suzhou in the YRD was dominant. In the interurban-
agglomeration biomedicine innovation cooperation network
between the PRD and BTH, the level of cooperation between
Beijing in the BTH and Guangzhou and Shenzhen in the PRD
was dominant. In the interurban-agglomeration biomedicine
innovation cooperation network between the YRD and the BTH,
the cooperation between Beijing in the BTH and Nanjing and
Shanghai in the YRD was dominated.

Provincial scale

Intraprovincial biomedical innovation networks
have poor connectivity and low internal tie
strength

The intraprovincial urban biomedicine innovation networks
in 27 provinces, including Shaanxi, Shandong, and Guangdong,
over the 2016-2020 period were investigated from the
perspective of provincial scale (see Table 7). The network size
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Edges (Top 5 in terms of weight. If the weights are more
than 100, then the Top 10 are listed)

Guangzhou-Shenzhen (4) Fosha-Guangzhou (2) Guangzhou-Jiangmen (2)
Guangzhou-Dongguan (1)

Guangzhou-Shenzhen (295) Foshan-Guangzhou (203) Guangzhou-Zhaoqing
(202) Dongguang-Guangzhou (113) Guangzhou-Zhuhai (112)
Shanghai-Suzhou (7) Shanghai-Shaoxing (6) Hangzhou-Jinhua (5)
Nanjing-Jiaxing (4) Taizhou-Shanghai (4)

Shanghai-Suzhou (386) Nanjing-Shanghai (196) Hangzhou-Shanghai (148)
Nanjing-Suzhou (142) Shanghai-Taizhou (131) Shanghai-Shaoxing (111)
Nantong-Shanghai (107)

Beijing-Shijiazhuang (4) Beijing-Tianjin (4) Beijing-Langfang (2)
Tianjin-Shijiazhuang (1)

Beijing-Tianjin (784) Beijing-Shijiazhuang (328) Beijing-Langfang (275)
Baoding-Beijing (148) Baoding-Shijiazhuang (59)

Shenzhen-Nanjing (13) Hefei-Shenzhen (7) Shanghai-Guangzhou (5)
Zhaoqing-Nanjing (2) Hefei-Guangzhou (1)

Shenzhen-Suzhou (587) Guangzhou-Shanghai (154) Shanghai-Shenzhen (99)
Nanjing-Shenzhen (68) Guangzhou-Nanjing (63)

Beijing-Shenzhen (14) Guangzhou-Tianjin (7) Beijing-Guangzhou (3)
Tianjin-Shenzhen (2)

Beijing-Shenzhen (383) Beijing-Guangzhou (278) Guangzhou-Tianjin (59)
Beijing-Dongguan (56) Beijing-Zhuhai (42)

Beijing-Shanghai (19) Beijing-Hangzhou (4) Beijing-Wuxi (4) Suzhou-Tianjin
(4) Xingtai-Shanghai (4)

Beijing-Nanjing (659) Beijing-Shanghai (594) Beijing-Hefei (382)
Beijing-Hangzhou (374) Beijing-Suzhou (185) Beijing-Jinhua (132)

of the urban biomedical innovation network in each province
is small. In terms of network connectivity, the average degrees
differ greatly among the provinces: the average degrees of
eight provinces, i.e., Jiangsu, Shandong, Guangdong, Zhejiang,
Fujian, Sichuan, Anhui, and Henan, are 3.05 higher than the
average value, indicating a relatively high level of connectivity
among the node cities within the network. The average degrees
of Heilongjiang, Hainan, Ningxia and Tibet are lower than
2.0, while those of the other provinces are within the range
of 2.0-3.0. In general, the connectivity among cities in the
networks is not strong, with insufficient local networking. In the
entire country, the average intraprovincial ties strength made
up less than one tenth of the average strength of the total
ties, which means that compared with interprovincial ties, the
intraprovincial ties were relatively weak.

The intraprovincial biomedicine innovation
network forms a core-periphery structure with
a provincial capital as the core

Table 8 shows that the provinces with multicore urban
biomedical innovation networks include Shandong (with Jinan,
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TABLE 7 Statistical characteristics of the intraprovincial urban biomedicine innovation networks of All Chinese Provinces in the 2016—-2020 period.

Province =~ Number Number Average Average Proportion of  Province Number Number Average Average Proportion of

of nodes of edges degree weighted intraprovincial of nodes of edges degree weighted intraprovincial
degree ties (%) degree ties (%)

Anhui 16 30 3.75 23.13 0.119 Jiangxi 6 6 2.00 30.00 0.052

Fujian 9 17 3.78 54.22 0.092 Liaoning 10 11 220 8.00 0.062

Gansu 9 10 222 10.67 0.112 Inner 10 11 220 6.40 0.093

Mongolia

Guangdong 21 61 5.81 174.95 0.114 Ningxia 3 2 133 5.33 0.043

Guangxi 13 16 2.46 13.69 0.119 Qinghai 4 4 2.00 450 0.100

Guizhou 7 8 2.29 11.43 0.099 Shandong 17 54 6.35 96.35 0.117

Hainan 6 5 1.67 4.67 0.086 Shanxi 10 14 2.80 14.60 0.113

Hebei 11 16 2.91 26.73 0.077 Shanxi 9 10 222 17.78 0.060

Henan 17 29 341 33.06 0.104 Sichuan 17 32 3.77 2529 0.116

Heilongjiang 9 8 1.78 16.44 0.079 Tibet 2 1 1.00 1.00 0.025

Hubei 15 19 2.53 39.73 0.082 Xinjiang 13 15 231 8.46 0.133

Hunan 12 16 2.67 2117 0.088 Yunnan 16 24 3.00 1525 0.156

Jilin 7 9 2.57 14.29 0.087 Zhejiang 11 29 527 103.09 0.088

Jiangsu 13 53 8.15 183.54 0.089
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Qingdao, and Yantai as the main nodes), Zhejiang (with
Hangzhou, Ningbo and Shaoxing as the main nodes), Jiangsu
(with Nanjing, Suzhou, Wuxi, and Yangzhou as the main nodes),
and Fujian (with Fuzhou, Xiamen, and Quanzhou as the main
nodes). Guangdong (with Guangzhou and Shenzhen as the
main nodes) has a double-core network. Qinghai and Tibet
only form biomedicine innovation ties between Haidong-Xining
and Lhasa-Linzhi, respectively. Most of the other provinces
use a core-periphery structure with the provincial capital as
the core. The provinces with intraprovincial tie strengths of
>90 include Guangdong, Jiangsu and Shandong, which means
that the intraprovincial tie strengths in these provinces are
relatively high. The provinces with intraprovincial tie strengths
of <10 include Gansu, Hainan, Liaoning, Inner Mongolia,
Ningxia, Qinghai, and Tibet, indicating that the intraprovincial
tie strengths in these provinces are relatively low.

Conclusions and discussions

Conclusions

This paper analyzes the spatiotemporal evolution of the
Chinese urban biomedicine innovation network pattern on
four scales, i.e., the national scale, interregional scale, urban
agglomeration scale, and provincial scale, using Chinese
biomedicine patent cooperation data from the incoPat GPD
(2001-2020) and the SNA method to investigate the structure of
Chinese urban biomedicine innovation networks. The following
conclusions were drawn:

(1) The evolution process of the Chinese national biomedicine
innovation network was divided into four phases, namely,
the starting phase, growing phase, expanding phase, and
mature phase. In all four phases, the network took Beijing
and Shanghai as the cores, with its density and complexity
continuously improving over time, and its density increased
from west to east. Generally, the overall ties in the
Chinese national urban biomedicine innovation network
have been gradually strengthening, the cooperation scope
has been somewhat expanding, and the polarization effect
of the network has gradually disappeared. The COVID-19
pandemic has not had an impact on Chinese biomedicine
innovation cooperation. In contrast, the numbers of nodes
and edges and the centrality and weighted centrality of the
network all increased.

(2) On the interregional scale, the interregional urban

biomedical innovation networks were superior in both

tie closeness and strength to the intraregional urban
innovation networks, except for the intraregional urban
biomedical innovation network in the eastern region over
the 2001-2010 period. Both the centrality of network nodes
and the level of intercity biomedicine cooperation in the
2016-2020 period were greatly enhanced compared with
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those in the 2001-2005 period, with an expansion of the
heterogeneous space using regional central cities as cores
that formed in the eastern, central and western regions.
The sizes of the urban biomedicine innovation networks
among the three major urban agglomerations have evidently
increased, and all the cities in the urban agglomerations
participated in biomedicine innovation cooperation during
the mature phase. The BTH, YRD, and PRD urban
agglomerations all developed from single-core urban
agglomerations into double-core urban agglomerations.
In the interurban-agglomeration biomedicine innovation
cooperation, the PRD and the YRD form a double-core
urban agglomeration with Guangzhou and Shenzhen as the
double cores, while the PRD to BTH and the YRD to BTH
networks form single-core urban agglomerations that use
Beijing as the core.

(4) On the provincial scale, all intraprovincial biomedicine
innovation networks have relatively small sizes, with large
variations in average degree, weak connectivity and low
internal ties. Each intraprovincial biomedicine innovation
network has formed a core-periphery structure with the
provincial capital as the center. Excepting Guangdong,
Jiangsu and Shandong, the internal ties strengths in all other
provinces are lower than 90.

Improvement and suggestions

(1) It is necessary to fully consider the radiation effects and
impetus functions of such central cities as Beijing, Shanghai,
Guangzhou, and Shenzhen, and to actively upgrade the
function of the edge cities in the entire network through
cooperation with the surrounding cities so that they
better accept new innovation relationships. A coordinative
biomedicine innovation mechanism should be set up to
break the communication entanglements and political
barriers between cities, promote the integration of intercity
biomedicine innovation elements and impair polarization
within the network.

Geographical distance plays an important role in the urban
biomedicine innovation network. The further the distance
between two cities is, the weaker their ties will be. As
a result, it is necessary to strengthen the construction of
the transportation network in China to lessen the costs of
innovation ties between cities.

A government is both an important leader in urban
innovation and a formulator of policies, playing a
key role in urban biomedicine innovation cooperation.
The government should accelerate the implementation
of incentive policies regarding biomedicine innovation
cooperation and strengthen the protection of property
rights within biomedicine. In addition, the government
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TABLE 8 Statistical characteristics of the intra-provincial urban biomedicine innovation networks of all Chinese provinces in the 2016—2020 period.

Province Nodes (Centrality) Edges (Weight)

Anhui Hefei (15) Huaibei (6) Huainan (5) Hefei-Tongling (28) Hefei-Huaibei (25) Hefei-Huainan (16) Fuyang-Hefei (15)
Fuyang (4) Chuzhou (4) Chuzhou-Hefei (10)

Fujian Fuzhou (8) Xiamen (6) Zhangzhou (5) Fuzhou-Xiamen (40) Fuzhou-Sanming (34) Xiamen-Zhangzhou (31)
Quanzhou (4) Longyan (3) Quanzhou-Xiamen (28) Fuzhou-Ningde (24)

Gansu Lanzhou (8) Baiyin (3) Dingxi (2) Baiyin-Lanzhou (9) Jiuquan-Lanzhou (9) Dingxi-Lanzhou (6) Lanzhou-Zhangye
Zhangye (2) Jinchang (1) (6) Jinchang-Lanzhou (5)

Guangdong Guangzhou (20) Shenzhen (18) Guangzhou-Shenzhen (295) Foshan-Guangzhou (203) Guangzhou-Zhaoqing
Dongguan (10) Foshan (10) Zhanjiang (202) Dongguan-Guangzhou (113) Guangzhou-Zhuhai (112)
(6)

Guangxi Nanjing (12) Laibin (3) Guilin (3) Baise Laibin-Nanning (11) Beihai-Nanning (10) Nanning-Baise (10) Nanning-Guilin
(2) Hezhou (2) (9) Nanning-Qinzhou (9)

Guizhou Guiyang (6) Qiannanzhou (3) Anshun Guiyang-Qianxinanzhou (10) Bijie-Guiyang (8) Guiyang-Zunyi (7)
(2) Bijie (2) Tongren (1) Anshun-Guiyang (6) Bijie-Anshun (2)

Hainan Haikou (5) Chengmai (1) Danzhou (1) Haikou-Sanya (6) Chengmai-Haikou (3) Danzhou-Haikou (2) Ding’an-Haikou
Ding’an (1) Sanya (1) (2) Lingshui-Haikou (1)

Hebei Shijiazhuang (10) Baoding (5) Tangshan Baoding-Shijiazhuang (59) Langfang-Shijiazhuang (37) Cangzhou-Shijiazhuang
(3) Cangzhou (2) Hengshui (2) (9) Shijiazhuang-Qinhuangdao (9) Shijiazhuang-Tangshan (6)

Henan Zhengzhou (15) Xinxiang (5) Xuchang Xinxiang-Zhengzhou (51) Sanmenxia-Zhengzhou (41) Luoyang-Zhengzhou (39)
(5) Pingdingshan (4) Anyang (3) Anyang-Zhengzhou (21) Nanyang-Zhengzhou (20)

Heilongjiang Harbin (8) Daqing (1) Jixi (1) Jiamusi Harbin-Jixi (53) Suihua-Harbin (9) Daqing-Harbin (4) Harbin-Mudanjiang (3)
(1) Mudanjiang (1) Harbin-Qiqgiha’er (2)

Hubei Wuhan (14) Enshi (3) Yichang (3) Ezhou-Wuhan (82) Jingzhou-Wuhan (54) Huanggang-Wuhan (32)
Jingmen (2) Jingzhou (2) ‘Wuhan-Xiaogan (22) Jingmen-Wuhan (19)

Hunan Changsha (11) Xiangtan (4) Changde Changde-Zhuzhou (38) Huaihua-Changsha (25) Xiangtan-Changsha (16)
(3) Zhuzhou (3) Xiangxi (3) Changde-Changsha (9) Yueyang-Changsha (8)

Jilin Changchun (6) Yanbian (4) Tonghua (3) Jilin-Tonghua (10) Jilin-Changchun (9) Yanbian-Changchun (8)
Jilin (2) Siping (1) Changchun-Tonghua (7) Siping-Changchun (6)

Jiangsu Nanjing (12) Suzhou (12) Wuxi (11) Nanjing-Suzhou (142) Nanjing-Taizhou (95) Lianyungang-Nanjing (91)
Yangzhou (11) Zhenjiang (9) Nanjing-Wuxi (87) Changzhou-Nanjing (74)

Jiangxi Nanchang (5) Ganzhou (2) Shangrao (2) Nanchang-Yichun (48) Nanchang-Jiujiang (19) Ganzhou-Nanchang (8)
Ji’an (1) Jiujiang (1) Ji’an-Nanchang (6) Ganzhou-Shangrao (5)

Liaoning Shenyang (8) Dalian (4) Benxi (2) Dalian-Shenyang (8) Dalian-Jinzhou (6) Shenyang-Tieling (5) Fushun-Shenyang

Inner Mongolia

Ningxia

Qinghai

Shandong

Shanxi

Shaanxi

Sichuan

Tibet

Jinzhou (2) Anshan (1)

Huhhot (9) Hinggan League (3) Chifeng
(2) Tongliao (2) Bayannur (1)
Yinchuan (2) Wuzhong (1) Guyuan (1)
Haixi (1) Xining (1)

Jinan (15) Qingdao (12) Yantai (10)
Tai’an (8) Zibo (8)

Taiyuan (9) Jinzhong (5) Linfen (3)
Lvliang (3) Jincheng (2)

Xi’an (8) Weinan (3) Ankang (2)
Xianyang (2) Baoji (1)

Chengdu (16) Liangshan (7) Yibin (7)
Luzhou (6) Panzhihua (6)

Lhasa (1) Linzhi (1)

(4) Liaoyang-Shenyang (4)

Huhhot-Hinggan League (8) Huhhot-Xilingol League (5) Hinggan
League-Hinggan League (4) Huhhot-Chifeng (3) Huhhot-Ulanqab (3)
‘Wuzhong-Yinchuan (7) Yinchuan-Guyuan (1)

Haidong-Xining (6)

Qingdao-Weifang (116) Jinan-Qingdao (71) Dezhou-Jinan (52) Jinan-Taian (51)
Jinan-Jining (40)

Jinzhong-Taiyuan (34) Taiyuan-Xinzhou (7) Taiyuan-Changzhi (7)
Taiyuan-Yuncheng (5) Linfen-Taiyuan (3)

Xi’an-Xianyang (35) Xi’an-Yulin (11) Baoji-Xi’an (9) Hanzhong-Xi’an (9)
Xi’an-Ankang (7)

Chengdu-Mianyang (55) Chengdu-Panzhihua (21) Chengdu-Meishan (15)
Chengdu-Zigong (14) Chengdu-Leshan (13)

Lhasa-Linzhi (1)
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TABLE 8 (Continued)

10.3389/fpubh.2022.1036586

Province Nodes (Centrality) Edges (Weight)

Xinjiang 1li (4) Changji (3) Bayingolin (2) Shihezi Urumgi-Ili Kazak Autonomous Prefecture (13) Changji Hui Autonomous
(2) Aksu Prefecture-Urumgqi (10) Turpan-Urumgi (6) Bayingolin Mongol Autonomous

Prefecture-Urumgqi (4) Shihezi-Ili Kazak Autonomous Prefecture (3)

Yunnan Kunming (15) Chuxiong (5) Kunming-Yuxi (19) Xishuangbanna Dai Autonomous Prefecture-Kunming (17)
Xishuangbanna (4) Honghe (4) Dehong Kunming-Lincang (9) Baoshan-Kunming (7) Chuxiong Yi Autonomous
Prefecture (3) Prefecture-Kunming (6)

Zhejiang Hangzhou (10) Ningbo (8) Shaoxing (7) Hangzhou-Shaoxing (99) Hangzhou-Taizhou (88) Hangzhou-Ningbo (81)

Huzhou (5) Jiaxing (5)

Hangzhou-Huzhou (51) Hangzhou-Jinhua (51)

should establish an innovation foundation to increase
investment in biomedical innovation.

Theoretical contribution

(1) This research deals with Chinese urban biomedicine
innovation networks on multiple scales, i.e., the national
scale, urban agglomeration scale, interregional scale, and
provincial scale, by using a three-dimensional method based
on the original innovation network research approaches to
reveal the pattern characteristics of the innovation networks
across different scales. It breaks the limitation of using
a single scale on innovation networks and enriches the
theoretical system of innovation geography.

(2) Research on urban innovation networks is an important
component of research on innovation systems. This
research evaluates Chinese urban biomedicine innovation
capability on the basis of data related to urban biomedicine
patent cooperation, and it contributes to the filed not only
by deepening the research on innovation system theory but
also by the application of this theory.
(3) This research thoroughly analyzes the positions and
functions of various node cities in the innovation networks
on the urban agglomeration scale, interregional scale,
and provincial scale, etc., and it is conducive not
only to enhancing the understanding of the innovative
development functions of cities but also to deepening the
research on urban geographical theory.

Shortcomings of research and prospects

(1) This paper studies Chinese urban biomedicine innovation
networks solely on the basis of patent cooperation
data, which appears to be slightly one-sided for fully
describing Chinese biomedicine innovation networks.
Next, on the basis of data availability, future research
can be conducted with the data related to cooperative
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papers to comprehensively describe the level of Chinese

biomedicine innovation.
(2) Owing to its length, this paper does not analyze the factors
influencing Chinese biomedical innovation networks. In
future research efforts, the evolution mechanism of
the networks can be further explored on the basis of
this research.
Considering the research and development of patents
requires a certain amount of time, the data set needs to
be further expanded in the future. The conclusion made
on the basis of an investigation into Chinese biomedicine
innovation networks during the 2019-2020 period that
found the COVID-19 pandemic has not had a negative

impact upon the network needs further testing.
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