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ABSTRACT The process of deep globalization and open innovation is deeply shaping the global innovation
geography, which drives the evolution of global innovation network simultaneously. Based on the innovative
service value matrix of city-by-inventor’'s R&D activities, the paper employs the complex network analysis and
GIS to illustrate the internal and external features of global innovation networks. The global innovation map
reveals the status and function of Chinese cities represented by Shanghai in the network. Meanwhile, this paper
reveals the signification of urban agglomeration for corresponding cities to integrate into global innovation
network, such as Yangtze River Delta Urban Agglomeration, to leverage and rise within the global innovation
network. This research concludes potential scenery of Chinese characteristic model for innovation development

and its transformation in the coming days.

INTRODUCTION

In the information era, economic globaliza-
tion continuously amplifiesthe width and depth
of the mobility of innovation resources such as
knowledge, talent, and information. According
to the relational turn in the Economic Geogra-
phy (Bathelt and Glickler 2003; Boggs and Ran-
tis 2003; Hudson 2004; Yeung 2005; Sunley 2008;
Bathelt and Gliickler 2011), and the shift of open
innovation paradigm (Chesbrough et al. 2006), it
isvery important to access and leverage the ex-
ternal innovation resourcesfor the regional eco-
nomic performance. Innovationisno longer con-
fined within the border of firms, regions, and
nations, the open innovation widely using re-
sources inside and outside regions has become
a sustainable way of innovation development.
The accessibility of innovation networks pro-
motes the integration of the local innovation
activitiesand external environment. It indicates
that amulti-level feature of innovation networks
in the geographic space, which is not only
showed as local innovation networks, but also
extended to national and global levels.

The world enters into an open innovation
eracharacterized by global mobility of innova-
tion elements as an essential feature. Asalead-
ing forcein globalization, multinational corpora-
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tions achieve global innovation and optimal al-
location of resources by the layout of R&D in-
stitutions and the establishment of R&D net-
works across the world. The global technology
innovation networks of multinational corpora-
tions are coupled and merged by the global
knowledgeinnovation networks among univer-
sities, as well as the local innovation systems
worldwide, interweaving into an integrated and
sophisticated global network of innovation. In
thisglobal innovation networks (GINs), anum-
ber of citeswithinternational superior geograph-
ic location, better industrial foundation and in-
novation environment are able to gather broad-
er global innovation flows, becoming nodes in
the innovation networks.

Under this background, the role of global
innovation networks is more significant than
global production networks, becoming apower-
ful force of reshaping economic geography. Dif-
ferent from the costs oriented, raw materialsori-
ented and market oriented location choices of
production activities, innovative activities are
more sensitive to location and have more com-
plex requirements. It suggests global spatial pat-
tern of innovation presented as a spikey world
(Florida 2008), which further reshapes global
economic geography profoundly. As the core
supporter of the global movement of innovation
resources and the spatial concentration, global
innovation networks has become a significant
issue of human-economic geography under hot
debates (Hervas-Oliver et a. 2015).
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Depending on the focal point of research-
ers, the existing research of GINsin thefield of
human-economic geography can be summarized
into four categories. The first one is the enter-
prises-based study of global innovation net-
works by Organization for Economic Co-opera-
tion and Development (OECD). OECD (2008)
pointed out that enterprises develop R&D ac-
tivities outside of their home locations in order
to get close to the enormous and growing mar-
ket, get access to engineers and researchers,
and approach the location of manufacturing,
marketing and other activities. In this process,
innovation development will be open to external
partners, which may be affected by geographi-
cal proximity, market demands, the pursuit of
excellence, and other factors and motivations.
The amount of cross-organizational innovative
activities has significantly increased, forming
global networksof innovation. OECD claimsthat
innovation is about collaboration, and collabo-
rationinvolvesall typesof firmsby R&D status.
Policies that stimulate collaboration and net-
worksinitiatives will have an impact on the en-
tire spectrum of innovativefirms.

The second branch focuses on the R&D
outsourcing of the flagship enterprise represent-
ed by Ernst (2002). By the means of increasing
vertical specialization of knowledge, multination-
al enterprises penetrated into emerging markets
and constructed the global innovation networks.
The GINs integrate separate projects, produc-
tions, and research activities across corporate
boundariesand geographical boundaries, promot-
ing interdependencerel ationship of national econ-
omies and innovation system into an unprece-
dented level. In the case of ICT industry, Ernst
(2009) identified four levelsof innovation loca
tionswithinthe GINSs, including global centers of
excellence in the United States, Japan, and the
EU; advanced locations (Israel, Ireland, Taiwan,
and Korea); catching-up locations (Beijing, the
Yangtze River Delta, and the Pearl River Déltain
China, and Bangal ore, Chennai, Hyderabad, and
Delhi inIndia); new frontier locations (lower-tier
citiesin Chinaand Indiaplus Romania, Armenia,
Bulgaria, Vietnam, and others). Along with the
development of GINs, Asiaplaysanincreasing-
ly significant role (Ernst 2008).

Thirdly, Coeand Bunnell (2003) put forward
the theory of transnational innovation networks
based on the concepts of practical communities,
knowledge communities, and international com-

munities, which surpass the traditional research
prospective of enterprises and institutions. They
stressthat the GINsalso have specific social net-
worksand transnational communitiesin addition
to the internal relationships of enterprises and
relationships among enterprises.

The last research focuses on the analysis of
global cluster networks. Bathelt and Li (2014)
detected the network of formal linkages (FDI)
between organi zations yet primarily focused on
a specific industrial cluster or a dyad of loca
tions. Built upon the knowledge-based cluster
and global value chainsliteratures Turkinaet al.
(2016) suggested an overall network to evolve
fromageographicaly localized Sructureto atrans-
local hierarchical structurethat isstratified along
value chain stages. The global cluster network
provides effective attempts of cross-regional
knowledge transfer and sharing. However, the
quantitative descriptions of the GINs contained
in the global cluster networks still need more
investigation.

The GINsisthe extension of GPNs. Similar
totheanalysisof GPNs, mostly researches char-
acterize global innovation networks of specific
industrial sectors based on innovative subjects,
lacking of apanoramic analysis. Thislimitation
isincreasingly evident in the cross-border (dis-
cipline, department, region, etc.) collaborative
innovation under the background of openinno-
vation. This paper argues that global innova-
tion networks are the combination of innova-
tion actors and spatial carriers. Transnational
enterprises and countries are two of the main
characters (Dicken 2007) shaping thelong-term
and potential changing process of the global
economy. Theglobal distribution of multination-
a enterprises’ R& D institutions becomes akey
factor driving the formation of global innova-
tion network. R&D institutions can act as the
catalyst of innovation centers' activitiesof learn-
ing new knowledge and devel oping innovative
capacity (Enrst 2008). Inthe post-crisisera, com-
pared to therole of national governmentsin glo-
bal production networks, cities play increasing-
ly important rolesin building global innovation
networks. New York, London, Tokyo, Paris, Sin-
gapore and other global cities have considered
technological innovation as strategic initiatives
to reconstruct the competitive advantages of
cities, and striveto become core nodesin global
innovation networks, which clearly affect the
reshaping of the global innovation geography.
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Asthe world’s factory, China has been ac-
tively implementing the independent innovation
strategy since setting innovative country as the
goal of 2020 in 2006. As the result, the rate of
scientific and technological progress contribu-
tionincreased from thirty percent in 2000t0 55.3
percent in 2015.Thetarget of China sinnovative
country islargely conducted through the imple-
mentation of Self-dependent Innovation Dem-
onstration Areain urban regions. From 2009 to
the first half of 2016, 14 Nationa Innovation
Demonstration Zones have been set up cover-
ing 24 citiesinmainland China, promoting cities
agglomeration of innovation factors and inno-
vation capacity through institutional reform and
policy motivation. Supported by the central gov-
ernment, Beijing (Zhongguancun National In-
novation Demonstration Zone) and Shanghai
have set the establishment of global scienceand
technology innovation centers as their targets
since 2013. Citiesin mainland Chinahave been
becoming new participators in the global inno-
vation competition. Shanghai, Beijing, Guang-
zhou, Shenzhen, Tianjin, Chengdu, Qingdao,
Hangzhou, Nanjing, Dalian and other citiestake
positionsamong 2014 GawC world city system.
Especially, Shanghai and Beijing are ranked in
the 5" and the 10" places. In the Global Power
City Index 2015, Beijing and Shanghal frommain-
land Chinaareranked inthe 17" and 18" places.
InAustralia’s“ 2thinknow” Innovation Cities ™
Index 2015, Shanghai, Beijing and Shenzhen from
the Chinese mainland are ranked in the 20", 40™,
and 75" places, compared respectively to previ-
ousyear'srank of 35", 50", and 74", Besidesthe
rapid rise in this rank and more and more Chi-
nese citiesemerging init, Shanghai and Beijing
have been ranked among thefirst classasNEX-
UScitiesworldwide. Theinnovation-driven de-
velopment of Chinese citiesis restructuring the
global innovation networks. To depict global
innovation networks based on innovation ac-
torsand the main cities and to specify the status
and function of Chinese citiesin the global in-
novation networks is a new proposal worth ex-
ploring. The GINs acted as the channels and
conduits of knowledge and other innovation
factors flow. Compared to previous research,
from the dual actors-cities perspectivetoinves-
tigate the structure and function, GINs has ad-
vantage to reveal the main gathering places of
the R&D institutions of leading innovators
worldwide. Accordingly, it could enablethere-

searchers to describe the status of Chinese cit-
iesin the GINsand their potential to access and
make use of global innovation elements, and to
absorb external knowledge to translate into en-
dogenous innovation capability.

The paper starts with a conceptualization of
GINs. In subsequent sections, the researchers
present the research design and methods, ex-
plore the characteristics of Global Innovation
Network, and discover the status of Chinese cit-
iesinthe GINs. Inthefinal section, theresearch-
ersdiscussthe academic and policy implications
of this study.

METHODOLOGY
Data Sour ces

The data adopted in this paper is from the
Thomson Reuters Top 100 Global Innovators
released in 2014. Thomson Reuter isan informa:
tion firm well-known in theworld and the major
information provider of businessinformation for
professional corporations, financial institutions
and consumers. It was created since the Thom-
son Corporation’s purchase of British-based
Reuters Group. Thomson Reutersrel eases year-
ly the list of Top 100 Global Innovators since
2011, which becomes one of the most widely
recognized rank of innovatorsintheworld. The
innovators are selected through the Thomson
Reuters Derwent World Patents Index, Derwent
Patents Citation Index, Quadrilateral Patent In-
dex and Thomson Innovation, a collaborative
research platform of intellectual property and
intelligence. Thefinancial reports of theseinno-
vators are from the Thomson Reuters financial
information platform. The specificindicatorsin-
clude the total number of patents, rate of suc-
cessful patent licensing, global reach of patent
portfolio and citation-based influence of patents.
Generally, the Thomson Reuters Top 100 Global
Innovatorsis scientific and representative. The
researchers further collected the location, size
and function of these innovators through news,
the official website of the innovators, reports
and other documents for the following analysis
of inter-city innovation linkages.

The researchers’ research approach draws
on the analysis from the GawC on the world
city networks and the global production net-
works. According to the GawC, global enter-
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prises more often locate their offices in world
cities, which promoted the agglomeration and
development of advanced producer services
(APS). Hence the basisframework of theworld
city networks can be constructed by an analy-
sison the global offices network of world lead-
ing APSfirms. For building an APS firm-based
global city network, an interlocking network
model have been used (Taylor et al. 2010, 2011,
2014). Themodelling consists of two steps. First
is to quantify the service value of each city in
which there offices are. Then isto set up aspa-
tial interaction model referenced to quantify the
connectivity between cities and grade the inte-
gration of thecitiesin global city network which
reveals the global status of the city. The re-
searchers’ modelling for GINsissimilar to that:
assuming that the R& D departments of global
innovatorsmainly agglomeratein citiesthat have
arelatively richer innovation resources, better
innovation endowments and prospects for de-
velopment, henceimplying their potential toim-
prove their innovation capability in the future
based on global R& D network of global innova-
tors, to describe and portray the global innova-
tion network in which cities are as nodes and
the intercity connectivity (innovation factors
flowing, knowledge exchange and transfer, and
cooperation among different R&D institutes
belong to the same inventor) as channels.

Quantitative Characterization of the GINs

Complex network is a reflection of the net-
work in the form of complex systems, whichis
the theoretical basis for the researchers’ global
innovation network analysis. As a complex gi-
ant system, global innovation network covers
the flow of innovation resource flows, innova-
tors (such as firms and R&D institutes, etc.),
and innovation environment. Cities have been
treated as the node of GINs, and the interac-
tions among different R& D institutions within
theinnovatorsaslines of the network. GINs can
be quantitatively characterized by using atwo-
dimensional model. Meanwhile, different from
the general complex network, GINs also has a
sense of gpatial distribution due to the geo-
graphical attribute of a particular city. Specifi-
cally, to describe GINs includes the following
three steps:

+ The first step is to abstract the global

innovation activities as an innovation

network model which consists of three
layers: network layer, nodelayer, and sub
node layer.

8 Sub node layer: Sub node layer is com-
posed of 2014 Top 100 Global Innovators
released by Thomson Reuters.

b) Nodelayer: Nodelayer consistsof major
cities(node), which arefrom the locations
of 2014 Top 100 Glaobal Innovators R&D
institutions. Statistical research indicates
that the R& D institutions locational dis-
tribution of 2014 Top 100 Global Innova-
torsisin424 citieslocated in US, Europe,
East Asia and Southeast Asia (see Fig.
1.

c) Network Layer: Network layer isamesh
layer arising from the flow of innovative
activities, also known asthe final global
innovation network map. Innovativeflow
means innovative connections among
different citieswhich is calcul ated based
onR& D activitiesof 2014 Top 100 Global
Innovators (specific measurement meth-
od will be mentioned below).

+ Thesecond step isto construct matrix \z
of innovation (service) value.

Based on the collection of information on
each innovator’s al R&D institutions and their
corresponding locationswith particular sizeand
functions in different cities worldwide, that is,
based on each inventor’s R&D ingtitution net-
work, thecity-by-inventor matrix V, of innovation
(service) value could be obtained. \/i. isthe“inno-
vation servicevalue’ of city i to innovator j- This
servicevalueisastandardized measure of theim-
portance of a city to an innovator’s R& D institu-
tion network, which dependson the sizeand func-
tionsof aninnovator’'sR& D ingtitution(s) inacity.
The size and functions of an innovator’'s R&D
ingtitution(s) inacity arequantifiedintofivelevels
(scored as 1-5) (Table1).

Table 1: Quantitative standard of R&D institutions

Size and function Score

Global R&D headquarter

Large regional R&D institution
National R&D institution
Regional R&D institution

Only office/ small scale institute

PNWbhO

On the basis of innovation value (service)
matrix V,, further cal culations of innovation con-
nectivity degree between cities R_. can be im-
plemented. R, measures connectivity of inno-
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Fig. 1. Distribution of R&D centers in cities worldwide

Source: Author

vation factors exchanges such as knowledge
flow between city a and city j. Finally, GINa,
indicator measuring the importance of city @ in
the GINs, could be calculated, which shows the
position of city a in the GINs.

According to the levels of GINs construc-
tion, the degree of innovation connectivity be-

tween cities R__ and the indicator of importance
of city GINa répresent weight values of mesh
layer and node respectively. The calculation for-
mulas are as follows: 0

R, =2v.,xv, (azi)

GIN, = iRM (a=i) @

Rij

Information
20-33
— 3463

City_infor

147-308
308-327
528-821
822-1407
1408-4045

Fig. 2. City-centered global innovation network

Source: Author
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= a represents the city where the innova-
tor'sR& D institution located, j represents
acity other than city a

= | represents innovator, V, represents the
level of sixe and functions of each R&D
institutions established by the innovator

= R_. represents that degree of innovation
cohnectivity between cities, GINa repre-
sents the importance of city in the GINs.

=V, represents the level of size and func-
tions of innovators f’s R&D institution in
city i thei.

¢ Thethird stepisto draw GINSs.

According to the city’s geographical loca-
tion, R, and GNa, GINs shown n Figure 2 can
bedrawn by tehe means of Aregis.

Each line in Figure 2 represents innovative
connection between the two cities. The thicker
is the line connected between the cities, the
greater the weight of the communication and
innovative (service) valueis, and thusthe more
closely is the innovative connection between
the two cities. Points represent the node cities
in GIN, and dot size represents the importance
of the city in the innovation network. Pursuant
to network diagram, the center of gravity of the
whole Figure is on the right, and East Asia has
the highest density network.

The Specific Characteristicsof GIN

External Characteristics of Global
I nnovation Network

As shown in Figure 2, the center of gravity
of GINsisinthe Northern Hemisphere, and the
highest density area of GINs is in East Asia,
indicating that the status of East Asia in the
global R&D systems is becoming increasingly
important.

According to global innovation networks
node city ranking conducted by GINa(Table 2),
most cities of the top 10 cities are located in
Asia. Severad cities from the devel oping coun-
tries such as China and India substantially in-
crease their innovative connectivity. These cit-
ies have advantage to attract the top innovators
to establish R&D institutions, which enable
them to access external knowledge and talent.

The above analysis shows that traditional
R& D institutions agglomeration structure has
changed obviously. Shanghai ranked first in
the global innovation network node cities, be-
sides Shanghai, Beijing, Shenzhen and other
Chinese cities also being listed in the top 100
nodes (Table 2).

Table 3 selected five countries, which have
the highest proportion of citieswhere R&D in-
stitutions of 2014 Global 100 Innovatorsarelo-
cated, and counted the number of citiesin GINs.
The study involved atotal number of 424 cities.
US have 115 cities that have R& D institutions
of 2014 Global 100 Innovators, more than one
quarter of thetotal. There are 61 citiesin Japan,
accounting for 14.4 percent of the total. On the
contrary, cities, such as Shanghai and Banga-
lore, have the most innovative connectivity,
however, their corresponding countries, China
and Indiaaccounted for relatively small innova-
tive connectivity. ThisFigureindicatesthat glo-
bal giant innovators have relatively balanced

Table 3: The number of node cities in GINs in
particular countries

Country Number of node cities
China 23
India 15
Japan 61
German 24
USA 115

Table 2: Rank of global/Chinese innovation network node city ranking

Country City Rank Country City Rank

China Shanghai 1 China Shanghai 1
India Bangalore 2 China Beijing 3
China Beijing 3 China Shenzhen 9
Japan Tokyo 4 China Chengdu 16
USA San Jose 5 China Taipei 20
Singapore Singapore 6 China Nanjing 21
German Munich 7 China Tianjin 45
Japan Yokohama 8 China Hong Kong 46
China Shenzhen 9 China Guangzhou 50
USA Santa Clara 10 China Xian 53
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R& D ingtitutionslayout in devel oped countries,
and conversely, R& D layout in devel oping coun-
tries is more concentrated. To some extent, the
Figurereflectsthat the overall strength of inno-
vation ismuch stronger in devel oped countries,
only afew cities in developing countries have
stronger attractivenessfor innovative enterpris-
es and institutions. Developing countries are
gtill in the stage of transferring technology from
developed countries, and have deficiencies in
deepening localization of technique. Also, de-
veloping countries seek more opportunities to
cooperatewith global research and devel opment.

Internal Structure of the GINs

The GINsisacomplex giant system, the GINs
diagram (Fig. 2) reveals more agglomeration of
innovative flow trends and innovative activi-
ties, but it cannot reveal theinternal structure of
the GINs. Complex network analysis can trans-
fer the relationship between the elements and
each element into a network of nodes and edg-
es, describing the relationship between the var-
ious parts of the real system through network
format and emphasi zing the topol ogical proper-
ties of the system structure. In addition to vast
majority of characteristics of complex weighted
network, global innovation network, as space
network, also hasfeaturesthat are different from
abstract network. These features determine the
topological nature of the city connection net-
work. To summarize: 1) the node of global inno-
vation networks is present in the two-dimen-
sional geographic space, and have a clear posi-
tion; 2) the side of global innovation networks
has practical meanings, which is not simply the
relationship defined in the abstract space; 3)
Remote connection among the nodes of global
innovation networksrequiresacertain cost, and
thisfeature directly affectsthe possibility of the
emergence of small-world behavior, whichisfea
tured as short path and optimum distance. There-
fore, using complex network analysiscan revea
the structure and the essential characteristics of
innovation systems.

Centrality Analysis of GINs

Centrality indexesinclude degree centrality,
Closeness centrality, Betweenness centrality
(Freeman 1977). Inthe graph theory, degreek; of
node i is defined as the number of other nodes

connected to the node i, indicating the impor-
tance of node city in global innovation network.
Largek indicates hub node citiesin global inno-
vation network, and meanwhile these citieshave
ahigh degree of connectivity. Thisisaweighted
complex network, and the weight need to be in-
volved in the calculation to get the strength of
node.

Degree focuses on a single node, but be-
tweenness reflects the role and influence of the
nodes or edges. If therearedifferent B pieces of
the shortest path between a pair of nodes, and
there are b pieces pass through node i, then the
contribution of node i to the betweenness of
the pair of nodesis b/B. Betweenness of nodei
can be calculated by adding up contributions of
nodei to all pairs of nodes and then dividing by
the total number of pair of nodes. The greater
the betweenness is, the more the shortest paths
that pass through the node are. In the process
of innovation flow, the more theinnovation flow
that passes through the city node, the easier the
innovation spillovers can happen.

Figure 3 visualizes the degree and the be-
tweennessof GINs. IntheFigure 3, thecolor rep-
resents the degree, while the node size reflects
the betweenness. Similarly, the darker the color
between the two cities nodes is, the more closer
is the innovation connection between the two
cities. Thecolor fromdark tolight of thecity node
means that the city has more connections with
other cities, indicating that the city obtains more
innovative flow. Based on the Figure, Shanghai,
Bangalore, Beijing, Noida, and San Josehavelarge
degreeof centralization and have more city nodes
that haveinnovation connection with them. Also,
Shanghai, Bangalore, Beijing, Singapore, and
Munich have larger size of city nodes and the
larger betweenness, indicating that these cities
are situated in the communication and exchange
paths of |ots of network nodes, showing the abil-
ity to control the innovation connections hap-
pening among other nodes.

Distribution of node degree is an important
geometric property of the network: Deltadistri-
bution shows the nodes have the same values
of degreein regular network; distribution of the
degree of the nodes in random network can be
approximately described by the Poisson distri-
bution; the degree distribution of power-law
forms exists in scale-free networks. From the
perspective of distribution of node degree, the
global innovation network is more closed to
scale-free network (Fig. 4).
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Barabasi and Albert (1999) proposed model
of scale-free network, and suggested that growth
and cherry-picked encouraged the generation of
so many scale-free networks in redlity. In this
model, growth often starts at a small population
of nodes, and adds new nodes at each time inter-
val. After that the new node is connected to the
existed node in the system. Selecting a connec-
tion point of the new node is conducted by cher-
ry-picked mechanism, and probability depends
on the degree of node. In global innovation net-
works, therearerelatively small amounts of nodes
with greater degree, and relatively large amount
of nodes with smaller degree, showing distribu-
tion of power-law to some extent. Global innova-
tion networks expands mainly through adding
new nodes, and the new established city node
connectswith cities, which havelarger degree of
nodes, in other words, connects with important
city nodes. That isto say, the original birth place
of R&D ingtitution(s) and magjor R& D center(s)
arerelatively centralized. Thereafter research and
development activitieswill contact with the edge
innovative cities, and these activities research
gradually expandsto sub level cities.

By the means of concentration analysis of
degree and betweenness, the analysis of distri-
bution of degreein GINSs, the GINs has obvious
structure characteristics of Core-Periphery struc-
ture. As shown in Table 4, city nodes, such as
Shanghai, Bangalore, Beijing, and Munich, are
core subsystem in the global innovation net-
work. In this core subsystem, there exists fre-
guent flow of innovation elements and dense
innovation activities. Also showed in Table 4,
cities, such as Amsterdam, Montel, Atlanta,
Bangkok, and Copenhagen, maintain tight con-

Table 4: The result of core-periphery analysis

nections with each respective core city node
but have less connection with each other and
less innovation correlation. Thus, these cities
form peripheral subsystem of the global innova-
tion network.

TheLength of Shortest Path of GINs

The shortest path represents the path that
has the least number of edges between two
nodes. The length of shortest path iscalled dis-
tance between two points, and represented by
d.. The average distance between all pairs of
nodes is the average length of path, called L.

In the global innovation networks model,
the average length of shortest path, which re-
flects the number of intermediate cities needed,
is an important index of network accessihility.
According to calculations, the average length
of shortest path for networksis 1.702, meaning
that theflow of innovation from the original city
to target city only needs to go through one in-
termediate city. Despite the enormous number
of nodes in the network, the average length of
path in the network is very small, showing sig-
nificant small-world effect. If relation between
the increase in the average distance between
any two pointsin the network L and the number
of grid points N is logarithmic growth, being
described asL ~ | n N, and part of structurein
the network still has obvious group characteris-
tics, then the network hasasmall network world
effect. Watts and Strogatz (1998) proposed a
construction method for small-world network
model (WS): connecting all sides of anodein
theregular network, and disconnecting one end-
point with a certain probability P, and then re-

Core cities

Periphery cities

Gdansk Hamburg Manchester Dublin Berlin London Brno Paris Vienna
Budapest Graz Ottawa Minneapolis Istanbul Madrid Beijing Tianjin
Seoul Tokyo Yokohama Nagoya Osaka Phoenix Dallas Nanjing
Shanghai Chengdu Wuhan Hangzhou Chongging New Delhi Guangzhou
Guadalgjara Pune Hyderabad Bangalore San Jose Kuala Lumpur Rio de
Janeiro Johannesburg Sydney Helsinki Portland Goteborg New York
Stockholm Vancouver San Diego Singapore Munich Shenzhen Santa
Clara Austin Noida Moscow Cambridge(us) Taipei Saint Paul Bucharest
Gurgaon Geneva Sofia Antipolis Bristol Prague Zurich Haifa Basel
Louvain-la-Neuve Hongkong Catania Plano Xi’an Farmington Hills
Agrate Brianza Avezzano Cambridge(UK) Cavaillon Thourotte Palo
Alto Nice Swinton Berne Suzhou Sunnyvale Hokkaido Washington
DC Herzliya Eindhoven Linkoping Raleigh Riyadh Campinas Boras
Tampe

Amsterdam Warsaw Calgary Montreal
Toulouse Buffalo Pittsburgh Kawasaki At-
lanta Calcutta Bangkok Canberra Auckland
Melbourne Edinburgh Zagreb Bombay
Algiers Casablanca Luanda Palermo Rabat
Seattle Livonia Dusseldorf Rennes Tel Aviv
Grenoble Tours Rousset Diegem Scottsdale
Ludwigshafen Waltham Hejdelberg Iselin
Copenhagen Olomouc Columbia Albuquer-
que Chihuahua
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connecting to any other node. When reconnect-
ing probability P=0, it meansthat the network is
aregular network; P=1 meansthe network formed
iscompletely random network. When 0 <P <1, it
means the network formed is small-world net-
work. Small-world network not only hascluster-
ing characteristicslikeregular network, but also
has shorter length of average path like random
network. In other words, small-world network
has both large coefficient of clusters and small
average shortest distance. GINs obtains both
large coefficient of clusters and small average
shortest distance, indicating that network has a
high degree of clustering, that innovation oc-
curs mainly between several mgjor cities, and
that innovative edge of city is often directly as-
sociated with higher degree of innovation cit-
ies, rather than spreading from the high energy
level of innovation city to middle level innova-
tion city, and finally to low level innovation city.

Network Density Analysisof GINs

Network density can be illustrated via two
statistical indicators, density of figure and coef-
ficient of clustering. Density of figure measures
the integrity of network. The density of a com-
pleted figurewith all potential connected edges
is1. Thecoefficient of clustering in the network
can identify dense and sparse region to discov-
er the relationship between the global schema
and relation among data. If anodei in the net-
work connected with other nodesk,, then nodes
k can be viewed asneighbors of nodei. Thesek
nodes can only have up to k (k-1)/2 pieces of
edge. E represents pieces of edge that actually
exist. The coefficient of clusteri ng of nodei can
be calculated by using k (k.-1)/2 divided by E.

op—
Kk

C represents the average value of all nodes’
coefficient of clustering
Gi representsall nodesi

1
C=x2ZG (4)

Coefficient of clustering of anoderesearch-
es the degree of connection density between
node and its neighbors. Higher coefficient of
clustering means the node is a leading role in
the node network. The range of coefficient of
clusteringisfrom0to 1. When C=0, al nodesin
the network areisolated point; when C =1, each

(3)

node has edge to connect with other nodes. The
larger the coefficient of clustering of city node,
the easier the innovation can flow in the city.
The more coefficient of clustering in the net-
work, the higher density of connection between
one node and its neighborsis. In other words,
innovation network focuses on areas that have
frequent innovative flow frequent. On the con-
trary, the higher density of figure, the more con-
nectionsin global innovation and the more bal-
anced distribution of innovative flow are. The
calculated global innovation network coefficient
of clusteringis0.753, and the density of figureis
0.315. Relatively high coefficient of clustering
of network and low density of figure indicate
that the network concentrates in certain areas,
suggesting that this complex global innovation
network is not completely random, and that in-
novative flow has significant clustering effect.

Chinese CitiesasI mportant Nodesof GINs

AsTable 2 showed, there are 8 cities of Chi-
namainland, along with Taipei and Hong Kong
which ranked in thetop 100 node citiesof GINSs.
Among them, Shanghai, Beijing, Shenzhen,
Chengdu, and Nanjingranked No 1, 3, 9, 16, 21
and 45. Shanghai has become the most impor-
tant node of GINs, and established innovation
linkage with the vast majority of nodes distrib-
uted in each continent (Fig. 5). Shanghai has
deeply integrated into the GINs.

Hakanson and Nobel (1993) treated geo-
graphical and psychological distance asanim-
portant factor affecting the Multi-National Cor-
poration’s overseas R& D investment location.
The research of this paper shows that the inno-
vation activity of innovative enterprises is be-
coming more and more globalized, and it hasthe
tendency to transfer from the developed coun-
tries to the developing countries, especially to
the Asian countries. The significant position of
Chinese cities in GINs would be thanks to the
foreign R& D activities, human capital, closeness
to the excellence center of R& D, regional inno-
vation center and the expanding agglomeration
economies of scale (Siedschlag et al. 2013). In
terms of Shanghai, on the one hand, Shanghai
has advantageous conditions of development:
the biggest comprehensive economic center of
China, with rich resources endowment of sci-
ence and technology, Shanghai culture environ-
ment, broad market hinterland, superior traffic
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Fig. 5. The innovation linkage of Shanghai to other node cities in GINs

Source: Author

conditions, but also anew round of reform and
opening up thefrontier (FTA). Ontheother hand,
Shanghai isChina’'slargest integrated center city,
superior location, the high ranking in the world
city system, etc. Therefore, it isone of the most
preferred destinations for enterprises R&D in-
gtitutionsin China. By the end of 2014, foreign
R&D center in Shanghai has reached 366, ac-
counting for 1/4" of the country. There are more
than 70 multinational corporationsin Shanghai
to set up aglobal and regional R& D center. Gen-
eral Electric, Dow Chemical and other world fa-
mous multinational companiesin Shanghai R& D
center in the business functions and scale have
been with North Americaand the European R& D
center to keep pace. From this perspective, Chi-
naistransforming from so called world factory
toworld lab with factory. Currently, most of the
Top 100 Global Innovators released by Thom-
son Reutersare from USA, Japan, German, and
France. The GINs are still dominated by tran-

snational corporations’ FDI, Chinesecities’ in-
novation fates, including Shanghai, Beijing, etc.
which are chained to the West to alarge extent
(Maand Assche 2013).

Moreover, except for the city’s own endow-
ments, located in an advanced and sophisticat-
ed urban agglomerationisvital for particular city
integrated into the GINs. Shanghai is the lead-
ing city of Yangtze River DeltaUrban Agglomer-
ation, which isthe sixth urban agglomerationin
theworld. Other member cities such asNanjing,
Hangzhou, and Suzhou are al so important nodes
among the GINs, which are connected with
Shanghai closely and deeply.

DISCUSSION

Innovation and venture are more and more
city-based or even metropolitan-based phenom-
enon. The concept of the innovation as a net-
worked city-based phenomenon (2thinknow
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2006) has been widely accepted. City-by-inno-
vator based GNIs analysis has clear advantage
to describe and characterize the GINS, to reveal
the main innovation locations in the world and
global flow of innovative resources.

Chinese cities are rising as important nodes
inthe GINs. There are 23 Chinesecitiesin total
that have become the worldwide network nodes.
Thisis helpful for Chinato access, acquire and
deploy the global highly mobile innovation re-
sources effectively. It is surprising that Shang-
hai occupies the first place in the GINs, and
Beijing as the third, and Shenzhen as the ninth
node, etc. Chinese citieswould reshapethe glo-
bal innovation geography, because more and
more Chinese enterprisesare expectedto rank in
Glaobal top 100 innovators during the process of
China sindigenousinnovation devel opment and
the construction of Self-dependent Innovation
Demonstration Zone. Astime goeson, moreand
more Chinese enterprises are expected to grow
up to bethe global flagship enterprises, not only
private enterprises such as Huawei (among the
2015 Top 100 Global Innovators released by
Thomson Reuters), but also state-owned enter-
prises reconstructed and reformed (Sun et al.
2014). These global brands would take the do-
mestic cities as headquarters and adopt a much
more proactive approach to go abroad world-
wide to set up offshore R&D institutions and
affiliatesto make full use of innovative resourc-
es around the world locally, which would pro-
mote the ongoing rise of Chinese cities as key
node in the GINs, along with the enhancement
to attract global R& D investment from both de-
veloped and developing countries.

CONCLUSON

In terms of theinternal structure of GINs, it
consists of 424 cities as its nodes, and presents
distinguished core-periphery feature. The Unit-
ed States, Japan, Germany are in the leading
position of the GINswith the United States hav-
ing the most innovative networks nodes. The
global innovation networks node in the devel-
oped countries of the space layout is relatively
even. Meanwhile, the center of gravity of the
GINs is showing a clear trend towards Asia,
where the network density is the largest. In a
sensg, it partially resulted from the offshore R& D
outsourcing activities and global distribution of
R& D institutions of transnational corporations

from devel oped countriesto highly selected cit-
ies in developing countries, representing the
functional upgrading along the global value
chain in cities of emerging economies. Again,
FDI from the north to the south still matters as
key drive force for the innovative local-global -
ization process.

Shanghai, Bangalore, Beijing, Noida, and
San Jose have large degree of centralization and
have more city nodes that have innovation con-
nection. Also, Shanghai, Bangalore, Beijing, Sin-
gapore, and Munich have larger size of city
nodes and the higher betweenness, indicating
that these cities are in many network nodes of
communication paths, showing the ability to
control innovation connections with other
nodes. The GNIs obtains both large coefficient
of clusters and small average shortest distance,
indicating that network hasahigh degree of clus-
tering, that innovation occurs mainly between
several major cities, and that innovative edge of
city is often directly associated with higher de-
gree of innovation cities, rather than spreading
from the high energy level of innovation city to
middle level innovation city, and finally to low
level innovation city. The GINsisnot complete-
ly random, and the innovative flow has signifi-
cant clustering effect.

RECOMMENDATIONS

The researchers’ analysis also reveals an
important phenomenon that citieswith multi-in-
dustry and comprehensive industrial structure
have advantage to attract top innovators to set
up R&D institutions. It needs to be stressed
that the GINs primarily act as the platform and
channel for global innovation factor flow. The
importance of the node citiesin the GINsrepre-
sents its capabilities in innovation resources
agglomeration and its connection with other in-
novation location, but not the actual innovation
ability. Asaresult, the complex effect of GINson
the innovation and development performance
of node cities especially Chinese citiesisanew
field for further research.
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