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Abstract: As an important step enhancing regional innovation, researches on collaborative innovation have attracted much more atten-
tion recently. One significant reason is that cities can get excessive benefits while they take collaborative innovation activities. Based on
the theories of innovation geography, this paper takes the collaborative innovation of the Yangtze River Delta (YRD) Urban Agglomera-
tion as a case study and measures the collaborative innovation capacity from innovation actors and innovation cities by adopting the
catastrophe progression model. Then on this basis, the study depicts the spatial pattern and the benefit allocation of collaborative innova-
tion by using the coupling collaborative degree model and benefit allocation model of collaborative innovation. The results show that:
1) The collaborative innovation capacity of cities in the Yangtze River Delta has strengthened largely, while the capacity still is not high
enough. Cities with high collaborative innovation capacity are concentrated in Shanghai, the southern part of Jiangsu, and Hangzhou
Bay, yet the cooperation of the universities-industries-research institutes need to improve. 2) The spatial pattern of collaborative innova-
tion of the Yangtze River Delta presents several innovation circles, which are in Suzhou-Wuxi-Changzhou Metropolitan Circle, Nanjing
Metropolitan Circle, Hangzhou Metropolitan Circle, Ningbo Metropolitan Circle, and Hefei Metropolitan Circle. Shanghai plays the role
of the central city of collaborative innovation, while Suzhou, Nanjing, Hangzhou, Ningbo, and Hefei act as sub-central cities. 3) The be-
nefit each city allocated from collaborative innovation activities has increased. However, the allocations of the benefit show that cities

with higher innovation capacity have significant advantages in most cases, which lead to serious disparities in space.
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1 Introduction er and Venables, 2004; Rigby and Essletzbichler, 2006;

Esposito and Rigby, 2019). As the development of re-

Innovation is the driving force of regional economic
growth, while the city is the carrier of it. Regional col-
laborative innovation can help innovation resources
flow into cities within the regions, then realize the trans-
fer and transformation of innovation resources and max-
imize the benefits of collaboration (Grant, 1996; Storp-
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gional integration accelerated, collaborative innovation
has become a new direction and pattern leading region-
al development. The Yangtze River Delta (YRD) Urban
Agglomeration is located at the intersection of ‘One
Belt and One Road’ and
Belt’. It bears dual tasks of driving the development of
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the western area and at the same time participating in
global competition externally. With the regional integra-
tion of the YRD Urban Agglomeration becoming one of
the national important development agendas, the role of
YRD Urban Agglomeration played in global competi-
tion has been further highlighted. As one of the world’s
urban agglomerations, the economic growth in the cit-
ies of YRD Urban Agglomeration is full of vitality (Cao
et al., 2018; Li and Phelps, 2019). The strong economic
basis, the high-quality human resources, the well-estab-
lished intellectual property system, have all helped the
vitality and competitiveness of regional innovation of
YRD Urban Agglomeration to improve greatly. However,
due to the unbalanced spatial distribution of innovative
resources and impeded resource flow, the collaborative
innovation performance still needs to be improved.
Hence, it is of great significance in both theoretical and
practical industrial transformation and helps to upgrade
through discussions on how to promote the integration
of innovation in-depth in the YRD Urban Agglomeration.

As an important force driving global economic
growth, regional innovation has always been a hot topic
that studying over years in economic geography (Ddring
and Schnellenbach, 2006). The strand of ‘regional in-
novation’ literature can retrospect to Schumpeter, who
believed that innovation could introduce new products,
new methods, and open new markets, discover new sup-
plies of resources, and form new organizational forms
(Schumpeter, 1934). Many researchers found that re-
gions that clustered enterprises, universities, and re-
search institutes always tend to have strong innovation
capacity through regional innovation studies (Bonaccor-
si and Piccaluga, 1994; Philbin, 2008; Peng et al.,
2019). These insights demonstrated that their coopera-
tion or communication in innovation activities is de-
terminant. Through cooperation or communication, ex-
plicit and tacit innovation resources such as new
products or new ideas could circulate to every corner of
the region and realize transformation to get even more
benefits than before (Hékansson, 1989; Malmberg and
Maskell, 1997; 2002; Cooke and Morgan, 1998). This
can be regarded as the theoretical and empirical founda-
tion of collaborative innovation research.

Since innovation cannot be independent from innov-
ators, researchers believe that innovation actors should
be considered primarily (Cooke, 1997; Tddtling and
Trippl, 2005). From innovation actors, universities, pub-

lic or private funding organizations, large and small-
sized firms are the key constitutions (Etzkowitz and
Leydesdorff, 2000; Acs et al., 2002; Asheim and Coen-
en, 2005). However, these actors are often considered as
independent and have no relation with each other in tra-
ditional concepts because researchers believe that in-
novation activities are isolated and linear. Yet with the
emergence of some new findings on the ‘innovation sys-
tem’, researchers have started to consider that innova-
tion activities are evolutionary, non-linear, interactive,
and cooperative. It is easy to understand that independ-
ent innovation is always not an easy job. Driven by cost-
saving, and resource endowment, organizational actors
are spontaneously linked through knowledge spillovers,
flows of funds, and some face-to-face communication,
which is not always visible (Cooke et al., 1997; Kaneva
and Untura, 2019). Besides, linkages between organiza-
tional actors are also equally important. One of the sig-
nificant characterizes of collaborative innovation re-
searchers argued is that it can use various elements or
resources through linear or non-linear interaction to cre-
ate synergy effect (i.e., ‘1 + 1 > 2’ effect), which can not
be realized by one single innovation actor or regions
(Chen, 2010). From the view of cooperative game the-
ory, due to the complementarity of knowledge innova-
tion, knowledge can be transferred and shared in both
innovation actors and cities, thus generating the syn-
ergy effect and would benefit all participants in collab-
orative innovation (Docherty et al., 2004). Thus, the
concept of collaborative innovation can be concluded as
follows: It is an ability generated by combined, divided,
cooperated, or integrated core resources (human capital
or material capital) and other auxiliary resources of re-
gions, to help regions to achieve the maximum innova-
tion benefits eventually (Hansen, 2015; Herstad and
Ebersberger, 2015).

Most existing researches have made many probes in
collaborative innovation. A strand of study has been
concentrated on the composition of collaborative innov-
ation (Anselin et al., 1997). Researchers in this strand
consider that collaborative innovation may include mi-
cro and macro collaboration (Li and Phelps, 2019). For
micro collaboration, they claim that innovation actors
like enterprises, universities, research institutes as well
as governments and agents are indispensable. These in-
novation actors may share talents, capital, or tacit know-
ledge to generate higher benefits, which cannot be cre-
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ated only by themselves (Liu et al., 2017). Regarding
the macroscope, they believe that material resources
such as technologies, knowledge, capital, information or
talents, etc. are indispensable components. They be-
lieve that utilizing the resources circulated among cities
is the key point to bring more benefits (Docherty et al.,
2004).

Another strand of studies is focused on why cities are
willing to take part in collaborative innovation. The
most conceivable reason for researchers is its potential
benefits. Just as scholars state briefly in their papers, the
benefit especially on shared of human resources, new
technologies, high-quality facilities, and specialized ser-
vices agents brought from collaborative innovation
activities, have greatly increased their willingness
(Docherty et al., 2004; Hansen and Mattes, 2018). In-
novation actors such as scientific and technological
firms could also be benefited from collaboration innova-
tion activities, and these benefits are mainly coming
from those located in the innovation clusters (Marshall,
1920; Amin and Thrift, 1992). In this way, collaborat-
ive innovation can be regarded as a mechanism that fa-
cilitates regions in sharing various kinds of resources,
material capital, and policy suggestions, to help them
raise economic returns. Besides, as the peripheries of
cities, administrative boundaries are faced with the eco-
nomic depression most of the time, which can be sup-
posed that once the economy of these boundaries are de-
veloped, it may help the cities’ economy step into a
higher stage. This is similar to the fact that some cities
or regions can benefit from collaborative innovation
activities of cross-regional boundaries (Edmunds, 1993).

How to measure collaborative innovation is another
issue that concerned scholars both at home and abroad,
and that is indeed hard work because some of the tech-
nology and knowledge diffusion are invisible. There-
fore, visible cooperation is vital to measurement. Some
researchers try to use patent citations and discover that
geographical distance is determinate to collaborative in-
novation due to their findings of a mass of cooperation
coming from the same state (Jaffe et al., 1993).
However, a growing number of studies found that the
impact of geographical distance is not the only determ-
ining factor in recent years. Some researchers demon-
strate this point by means of following paper trails by
citations between some high-tech patents, and they fur-
ther note that as national border affects the impact of

geographical distance on collaborative innovation, the
collaboration in the specific industry easily occurs
among regions where technological proximity exists
(Laursen and Salter, 2006; Balland, 2012).

Comprehensively speaking, most existing researches
discussed a lot on the composition, dynamic mechan-
ism, and measurement model of regional collaborative
innovation from an empirical view. The empirical stud-
ies mainly focused on measuring the level or spillover
effect of regional collaborative innovation by using the
gravity model, synergetic degree model, spatial panel
data model, efc (Niu and Liu, 2012; Liu, 2016; Sheng
and Ma, 2017). However, many studies may only em-
phasize specific innovation actors or specific innova-
tion regions, while comprehensive studies that com-
bined both innovation actors and regions remain to be
strengthened (Lin, 2016; Su and Fang, 2017). On this
basis, the study talks about the collaborative innovation
capacity from innovation actors and cities. Then it de-
picts the spatial evolution patterns of collaborative in-
novation and analyzes the collaborative innovation
activities. After that, the research tries to calculate the
benefits cities in the YRD Urban Agglomeration will
get from collaborative innovation activities, and then
find some implications for cities engaged in the integra-
tion of YRD Urban Agglomeration.

2 Methods and Database

2.1 Study area

The YRD Urban Agglomeration studied in this paper in-
cludes 26 cities, which include Shanghai, Jiangsu
Province (which include Nanjing, Wuxi, Changzhou,
Suzhou, Nantong, Yancheng, Yangzhou, Zhenjiang, and
Taizhou), Zhejiang Province (which include Hangzhou,
Ningbo, Shaoxing, Huzhou, Jiaxing, Jinhua, Zhoushan,
Taizhou), and Anhui Province (which include Hefei,
Wuhu, Ma’anshan, Tongling, Anqing, Xuancheng,
Chizhou, Chuzhou) (Fig. 1).

2.2 Index construction

Regional collaborative innovation capacity refers to a
capacity that realizes the flow of knowledge, talent,
technology, and other innovative resources across re-
gions and organizations, form regional innovation sys-
tems and attain the demand of improving the innovation
level of the whole region (Feldman, 1994; Agrawal,
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Fig. 1 Cities in the Yangtze River Delta

2001). Therefore, this paper believes that researchers
should make considerations comprehensively in both
micro and macro scopes. From the microscope, indicat-
ors should include all innovation actors involved in the
process of collaborative innovation, which is named as
collaborative innovation of inter-actors in this paper.
This can be interpreted as: by mutual communication
and cooperation, innovation actors (such as universities,
scientific research institutes, enterprises, efc.) within the
city can achieve the innovation resources configuration
efficiently. From a macroscope, indicators could be con-
sidered as the collaborative innovation of cities, which
is named as collaborative innovation of inter-cities. It
could be interpreted as: with the enhancement of region-
al innovation activities and integration of the cross-dis-
trict administrative barriers, resources might circulate
both initiatively and unconsciously in various cities.
Thus, the probability of cooperation and communica-
tion between cities would increase, which improves the
innovation of the whole region. The specific indicators
of collaborative innovation capacity can be seen in
Table 1.

Collaborative innovation of inter-actors can be meas-
ured by the scale of innovation actors and the interac-
tion of innovation actors. That is because regional col-
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laborative innovation capacity not only depends on one
individual innovation actor but relies on multiple innov-
ation actors’ interaction. In other words, no matter
which innovation actor is missing, the enhancement of
the region’s collaborative innovation capacity will be
constrained. The scale of innovation actors includes the
scale of multiple innovation actors, mainly concerning
universities and enterprises; the interaction of innova-
tion actors is examined by cooperation data of patent
and scientific paper (Table 1).

The collaborative innovation of inter-cities is ob-
served by the innovation scale of cities, the innovation
spillover, and the innovation environment. The innova-
tion scale of cities should be considered because once
some city’s innovation scale has a huge gap with others,
the collaborative innovation capacity of the whole re-
gion would be constrained. Indicators to measure the in-
novation scale of cities, Innovation spillover, and the in-
novation environment can be seen from Table 1.

2.3 Methods

2.3.1 Catastrophe progression method

Most existing researches often use the coefficient meth-
od and entropy weight method to measure the indicat-
ors. Although it can fix the weight of each indicator ob-
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Table 1 Indicators of collaborative innovation capacity

Indicator First-level indicators Second-level indicators Third-level indicators

Collaborative innovation Collaborative innovation of ~ Scale of innovation

capacity inter- actors actors

Interaction of

innovation actors

Collaborative innovation of Innovation scale of

inter-cities cities

Innovation spillover

Innovation

environment

The number of college students / person
The number of invention patent applications by universities / piece
The number of invention patent applications by enterprises / piece

The output value of new products of industrial enterprises above designated size /
100 million yuan (RMB)

The number of co-invention patent applications by universities-enterprises / piece

The number of co-invention patent applications by universities-enterprises-
scientific research institute / piece

The output value of high-tech industry / 100 million yuan (RMB)

R & D personnel full-time equivalent / (person/year)

The proportion of R & D found investment / %

The number of patent applications granted / piece

The number of newly signed project contracts with foreign investors / piece
High-tech industry exports / 100 million dollars (USD)

The number of scientific paper co-publication with another city in YRD Urban
Agglomeration / piece

The number of patents co-application with another city in YRD Urban
Agglomeration / piece

Government expenditure ratio of technology / %
Amount of FDI / 10 thousand dollars (USD)
Amount of teleservice / 100 million yuan (RMB)

The density of highway network / %

jectively, the stability of the result might be variated by
years or specific parameters. The catastrophe progres-
sion method can help to avoid the subjectivity of the
result while revealing the relative relation between con-
trol variables and state variables. The cusp catastrophe
model (two control variables), dovetail catastrophe
model (three control variables), and butterfly cata-
strophe model (four control variables) could be selected
according to the number of control variables (Chen et
al., 2006). Specific formulas are as follows:

v(x) = x* +ux® +vx )
v(x) = X +ux® +vx® +wx 2)
v(x) = X+ x* +uxd + v +wx 3)

where v(x) is the potential function of the catastrophe
model; x is the state variable; u, v, w, t are control vari-
ables for x. The normalized cusp catastrophe model,
swallowtail catastrophe model, and butterfly catastrophe
model are as follows:

Xy = ul/z,xv =y!/3 “4)

172

Xy =u'?x, =015, = w4 Q)

xe =12 x, =u'3 x, = v x, =W (6)

2.3.2 Coupling collaborative degree model

The study adopts the coupling collaborative degree
model to estimate the intensity when two cities take col-
laborative innovation activities in the YRD Urban Ag-
glomeration. The specific formula is as follows (Wang,
2017):

2

UarUs )1/2 ™

Cap= [UAUB/( 5

where C,p represents the coupling degree of collaborat-
ive innovation activities between city 4 and city B. U,
and Ujp are the collaborative innovation capacity of 4
and B respectively.

Dap = +Cap(aUy+BUp) (8)

where a, £ is the undetermined coefficient. Since cities
must cooperate with each other when they take collabor-
ative innovation activities, so a = f = 0.5. D,p infers to
the coupling collaborative degree of city 4 and city B.
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2.3.3 Benefit allocation model of collaborative innov-
ation

To measure the benefits produced when cities take col-
laborative innovation activities, the study referenced the
diagram of benefit allocation structure (Yang et al.,
2007) of collaborative innovation (Fig. 2).

In the diagram, S5 represents the total benefits of
collaborative innovation between city 4 and city B.
S40c Spoc represent the benefits of city 4 and city B al-
located in the collaborative innovation activities respect-
ively. Ky, and Kp are the slopes of L, and L, which
can be expressed by the capacity of collaborative innov-
ation of city 4 and city B. Ky,=1-U,; Koz=1/(1-Up).
The specific formulas are as follows:

Loa = Lop=UaUpDap ©
1 [ 1
Sao = =UaUpDyp|arctan —arctan(1—Uy)
2 I 1-Upg
(10)
1 [ 7T
SA0C=§UAUBDAB Z—arctan(l—UA)] (11)
S UnUsDas |arct ! l (12)
== arctan - =
poc = 5UaUs ABr 1—U,) " 1
Benefit ratiog = Saoc/Spoc (13)

2.4 Database

The paper takes 26 cities in the YRD Urban Agglomera-
tion as the research units. Statistical data used in this
study are acquired from Shanghai Statistical Bureau (ht-
tp://tjj.sh.gov.cn/), Jiangsu Statistical Bureau (http://tj.ji-
angsu.gov.cn/), Zhejiang Statistical Bureau (http://
tjj.zj.gov.cn/), Anhui Statistical Bureau (http:/tjj.
ah.gov.cn/), and Department of Science and Techno-

1y

"--._Cooperation line of collaborative
) innovation of AB

o

llaborative

innovation , 7 >~ ™
benefit of B S
s ™,

Fig. 2 Benefit allocation structure of collaborative innovation

logy of Anhui Province (http://kjt.ah.gov.cn/). The num-
ber of patents applied and cooperated; the number of
scientific papers published and cooperated are acquired
and calculated from the State Intellectual Property Bur-
eau (https://www.cnipa.gov.cn/) and Chinese Periodic
Database (http://qgikan.cqvip.com/).

3 Results

3.1 Capacity of collaborative innovation of YRD
Urban Agglomeration

The catastrophe progression method is used to measure
the capacity of collaborative innovation of 26 cities in
the YRD Urban Agglomeration (Table 2). Then the col-
laborative innovation capacity has five levels, which in-
cludes extremely low capacity (0.0-0.2), low capacity
(0.2-0.4), general capacity (0.4-0.6), high capacity
(0.6-0.8), and extremely high capacity (0.8—-1.0).

3.1.1 Collaborative innovation of inter-actors

It is clear that only when innovation actors (that is uni-
versities, scientific research institute, and enterprises)
are within the region coupled, interacted, and cooper-
ated effectively, the region can achieve the innovation
resource configuration effectively (Becheikh et al.,
20006). Thus, the collaborative innovation capacity of the
region can be enhanced.

In general, the capacity of collaborative innovation of
inter-actors in the YRD Urban Agglomeration has in-
creased significantly, since the number of cities with
higher capacity in collaborative innovation increased
from 11 to 17 during 2010-2016. In terms of the scale
of innovation actors, the result shows that Shanghai,
Nanjing, and Suzhou have got the highest scores among
26 cities in the YRD Urban Agglomeration. Although it
has a slight decline, the score of Shanghai is still as high
as 0.937 and always ranked first in the YRD Urban Ag-
glomeration. That is because Shanghai has both advant-
ages in universities and enterprises, which becomes an
important precondition of the high score on the scale of
collaborative innovation of inter-actors. This makes cit-
ies in YRD Urban Agglomeration still have a certain
gap compared to Shanghai. The notable ones are
Nanjing and Suzhou. Although they have huge advant-
ages in innovation actors, the two cities emphasize one
specific innovation actor while ignoring the develop-
ment of multiple innovation actors (for example, Su-
zhou has strong strength in the innovation resources of
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Table 2 Score of collaborative innovation of inter-actors

Second-level indicator

First-level indicator

City Scale of innovation actors Interaction of innovation actors Collaborative innovation of inter-actors
2010 2016 2010 2016 2010 2016
Shanghai 0.957 0.937 1.000 1.000 0.993 0.989
Nanjing 0.813 0.820 0.758 0.927 0.902 0.949
Wuxi 0.685 0.696 0.436 0.476 0.771 0.788
Changzhou 0.540 0.578 0.345 0.412 0.701 0.738
Suzhou 0.746 0.811 0.414 0.506 0.775 0.822
Nantong 0.511 0.533 0.338 0.369 0.691 0.709
Yancheng 0.342 0.401 0.134 0.260 0.533 0.624
Yangzhou 0.441 0.473 0.134 0.310 0.564 0.668
Zhenjiang 0.509 0.594 0.236 0.324 0.642 0.705
Taizhou (Jiangsu) 0.352 0.419 0.103 0.245 0.513 0.622
Hangzhou 0.830 0.799 0.756 0.685 0.905 0.878
Ningbo 0.570 0.631 0.236 0.302 0.658 0.704
Shaoxing 0.454 0.539 0.231 0.311 0.624 0.686
Huzhou 0.355 0.430 0.146 0.183 0.545 0.591
Jiaxing 0.423 0.500 0.176 0.258 0.585 0.651
Jinhua 0.391 0.419 0.146 0.299 0.557 0.648
Zhoushan 0.252 0.308 0.028 0.159 0.400 0.537
Taizhou (Zhejiang) 0.393 0.391 0.134 0.206 0.550 0.593
Hefei 0.591 0.741 0.366 0.471 0.722 0.796
Chuzhou 0.268 0.432 0.028 0.096 0.406 0.533
Ma’anshan 0.341 0.400 0.103 0.122 0.510 0.543
Wuhu 0.442 0.574 0.028 0.165 0.465 0.618
Xuancheng 0.135 0.138 0.028 0.082 0.341 0.402
Tongling 0.282 0.318 0.079 0.128 0.468 0.520
Chizhou 0.168 0.198 0.079 0.000 0.417 0.291
Anqing 0.245 0.370 0.028 0.097 0.397 0.515

enterprises but is relative lacks universities. Nanjing has
a huge advantage in universities and research institutes
but is relatively weak in enterprises). In addition, as
Shanghai is accelerating its step to become a global city
in the world, innovation resources from worldwide also
keep flowing into Shanghai as well. That further helps
Shanghai accelerate its speed on transforming to the ori-
ginal place of innovation, and meanwhile strengthen its
siphon effect on talents, scientific research institutions,
and other important innovation actors. All the above-
mentioned make great contributions to the high score of
Shanghai. Besides, it is worth notice that the score of
Chuzhou, Hefei, Wuhu, and Anqing have all improved
greatly due to their carrying on the industry transfer

from the leading cities in the YRD Urban Agglomera-
tion. With the capital, technology, and other innovative
resources flowing inward, innovation spillovers hence
are generated and help to elevate cities’ innovation. In
terms of the interaction of innovation actors, although
the result shows that the score of cities in the YRD Urb-
an Agglomeration has been enhanced slightly from 2010
to 2016, the overall circumstance is not well. The study
found that although the YRD Urban Agglomeration has
both quantity and quality universities, research insti-
tutes, and enterprises, these innovation actors seem over
agglomerated in Shanghai, Nanjing, Hangzhou, etc. In
view of other cities, they perform badly in either uni-
versities or enterprises. This leads to a significant re-
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gional difference in the score of the interaction of innov-
ation actors.

Overall, the collaborative innovation of inter-actors
has been improved a lot during 2010-2016, and about
46.15% of 26 cities reached the average score. Besides,
what can not be overlooked is that although it has strong
strength in innovation actors, yet the interaction activit-
ies among multiple innovation actors are not enough. In-
novation actors in the YRD Urban Agglomeration have
strong strength in scientific research and R & D (Re-
search and Development) but hardly interacted with
each other. Thus, the result of lower integration in enter-
prises-universities-research institutes is also along with

Table 3 Capacity of collaborative innovation of inter-cities

lower commercialization of research findings.
3.1.2 Collaborative innovation of inter-cities
The research of innovation geography points out that in-
novation activity would form an obvious core-periphery
structure in space (Krugman, 1991). This structure
makes resources spread from the core area to the peri-
phery area, which results in the circulation of multiple
innovation resources such as talents, technology, know-
ledge, capital, and information. All these helped regions
to get the maximum synergy effect.

It can be seen from Table 3 that most cities in the
YRD Urban Agglomeration have a high capacity in the
innovation of inter-cities, which is quite different com-

Second-level indicator

First-level indicator

City Innovation scale of cities Innovation spillover Innovation environment Collaborative innovation of inter-cities
2010 2016 2010 2016 2010 2016 2010 2016
Shanghai 0.933 0917 0.967 0.945 0.97 0.893 0.984 0.972
Nanjing 0.725 0.810 0.682 0.736 0.665 0.676 0.876 0.899
Wuxi 0.783 0.796 0.613 0.589 0.699 0.655 0.873 0.865
Changzhou 0.658 0.734 0.513 0.547 0.658 0.652 0.829 0.847
Suzhou 0.925 0.963 0.823 0.809 0.787 0.734 0.941 0.938
Nantong 0.697 0.769 0.501 0.532 0.659 0.597 0.832 0.841
Yancheng 0.458 0.599 0.370 0.400 0.509 0.512 0.741 0.774
Yangzhou 0.582 0.663 0.459 0.431 0.634 0.516 0.802 0.792
Zhenjiang 0.587 0.685 0.393 0.386 0.611 0.569 0.783 0.790
Taizhou (Jiangsu) 0.545 0.668 0.389 0.410 0.544 0.532 0.766 0.789
Hangzhou 0.804 0.812 0.571 0.561 0.655 0.619 0.862 0.856
Ningbo 0.764 0.800 0.500 0.498 0.659 0.576 0.841 0.835
Shaoxing 0.631 0.674 0.322 0.348 0.583 0.543 0.766 0.775
Huzhou 0.550 0.597 0.354 0.300 0.539 0.506 0.757 0.744
Jiaxing 0.615 0.674 0.350 0.349 0.664 0.649 0.782 0.788
Jinhua 0.580 0.598 0.334 0.383 0.535 0.481 0.756 0.765
Zhoushan 0.375 0.381 0.181 0.251 0.388 0.387 0.645 0.672
Taizhou (Zhejiang) 0.593 0.604 0.279 0.292 0.487 0.470 0.735 0.738
Hefei 0.564 0.740 0.390 0.456 0.655 0.755 0.783 0.837
Chuzhou 0.331 0.458 0.200 0.214 0.302 0.495 0.627 0.691
Ma’anshan 0.389 0.489 0.234 0.292 0.503 0.542 0.685 0.729
Wuhu 0.494 0.619 0.280 0.332 0.673 0.739 0.742 0.785
Xuancheng 0.321 0.394 0.112 0.124 0.412 0.318 0.607 0.612
Tongling 0.399 0.395 0.206 0.189 0.412 0.408 0.664 0.656
Chizhou 0.079 0.123 0.152 0.104 0.209 0.223 0.498 0.502
Anging 0.248 0.211 0.174 0.150 0.379 0.380 0.610 0.589
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pared to the serious polarization effect of the collaborat-
ive innovation of inter-actors. There are nine cities
that got an 'extremely high capacity' on the capacity
of collaborative innovation of inter-cities. From second-
level indicators, there are numbers of cities that have
a ‘high capacity in the indicator on the innovation scale
of cities, the number of which increased from 7 to
11 during 2010-2016. About 80.77% of cities reached
the average or above. It is worth noting that Suzhou has
got the highest score on the innovation scale in the YRD
Urban Agglomeration. That is mainly due to the settle-
ment of large numbers of scientific research institutions
in recent years, which brought with large numbers of
high-quality human resources and became the inex-
haustible motive force of Suzhou’s high-tech industry.
Thus, the high-tech industry in Suzhou has been
strengthened a lot. On the score of innovation spillover,
the overall score of 26 cities is relatively low and
presents a large regional difference, where technical
proximity played an important role. For the city itself,
the smaller the technical gap between cities, the more
possible cities’ cooperation will be (h industry in Su-
zhou has been strengthened a lot. On the score of innov-
ation spillover, the overall score of 26 cities is relat-
ively low and presents a large regional difference, where
technical proximity played an important role. For the
city itself, the smaller the technical gap between cities,
the more possible cities’ cooperation will be (Gertler,
2003). Therefore, cities with advanced technology seem
to have more possibilities for collaborative innovation.

In the innovation environment, there exist no extremely
low capacity cities in the YRD Urban Agglomeration
and the overall situation is not bad. However, about
69.23% of cities show a declining tendency. These are
caused by the decreased support of the government in
scientific and technological innovation.

3.2 Spatial pattern of collaborative innovation in
YRD Urban Agglomeration

After analyzing the capacity of collaborative innovation
of cities, the paper wants to further depict how cities in
the YRD Urban Agglomeration collaborate in spatial-
temporal changes. Therefore, the paper adopts equa-
tions 7 to 8 to calculate the value of coupling collaborat-
ive degree to measure the intensity when cities take col-
laborative innovation activities. After the calculation,
the paper uses the line density method to depict the spa-
tial pattern of collaborative innovation in YRD Urban
Agglomeration.

The scale, density, and the scope of the spatial pat-
tern of the collaborative innovation of inter-actors ex-
tended a lot (Fig. 3). The spatial pattern presents sever-
al collaborative innovation circles in space, which are
the Suzhou-Wuxi-Changzhou Metropolitan Circle,
Nanjing Metropolitan Circle, and Hangzhou Metropolit-
an Circle (Suzhou, Nanjing, and Hangzhou are the core
respectively). It is obvious to see that the Suzhou-Wuxi-
Changzhou Metropolitan Circle has the highest network
density. However, the barriers in administration, culture,
and technology between each city have hindered the in-
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teraction or integration of innovation actors to some ex-
tent. According to the results, the value of coupling col-
laborative degree between Shanghai and Nanjing are the
highest in 2016, almost 3.26 and 3.11 times of Chuzhou
(has lowest coupling collaborative degree) city respect-
ively. The disparity of collaborative innovation in space
was huge.

On the variation of the spatial pattern of collaborat-
ive innovation of inter-cities, the coupling collaborative
degrees of cities in the YRD Urban Agglomeration have
improved a lot from 2010 to 2016 (Fig. 4). However, the
scale, density, and scope of the network have not shown
any obvious extend. The coupling collaborative degrees
of inter-cities of cities are not bad, and the restriction of
administrative boundary on collaborative innovation to
cities has decreased to some extent. The administrative
boundaries restriction in the southern part of Jiangsu
and the northern part of Zhejiang have decreased signi-
ficantly. That is because with the integration of the
YRD Urban Agglomeration enhanced a lot, innovation
resources have a better circulation on the cross-adminis-
trative district. Moreover, through this circulation, the
enclaves located between every two cities that were al-
ways undervalued in the past become important nodes
that help the flow of complementary resources. Thus,
the restrictions of administrative boundary on collabor-
ative innovation in the YRD Urban Agglomeration have
been reduced. Another notable finding show from Fig. 3
is that although geographical proximity is important to
collaborative innovation, technology proximity seems to

have the same importance on collaborative innovation.
This can be traced to the phenomenon that strong col-
laborative innovation happens between cities that both
have strong technology, while weak collaborative in-
novation happens between cities that are both weak in
technology skills.

Comprehensively, it is obvious to see that the scale,
density, and scope of the collaborative innovation net-
work in the YRD Urban Agglomeration have been en-
hanced a lot from 2010 to 2016. Researchers found that
innovation resources usually gather to the central city of
innovation system first, and then begin with the second
diffusion that from the central city to the sub-central cit-
ies (Brown and Cox, 1971; Pred, 1975; Salman and
Saives, 2005; Mellett et al., 2009). Hence, as the central
city in the collaborative innovation of the YRD Urban
Agglomeration, Shanghai always absorbs the innovat-
ive resources first and then through the secondary diffu-
sion spreads to sub-central cities (corresponding to
Nanjing, Suzhou, Hangzhou, Ningbo, and Hefei).
However, when innovative resources spread from the
sub-central cities to their surrounding cities (corres-
ponding to cities within Nanjing Metropolitan Circle,
Suzhou-Wuxi-Changzhou Metropolitan Circle, Hang-
zhou Metropolitan Circle, Ningbo Metropolitan Circle,
Hefei Metropolitan Circle), due to the constraint of their
relatively lower innovation capacity the innovative re-
sources may persistently preferential to these sub-cent-
ral cities. Thus, this may result in serious regional dis-
parities. That is why the capacity of the south of Anhui
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has been strengthened a lot, but cooperation among in-
dustries-universities-research institutes still needs to be
pushed as much as possible. The main reason is that
most innovation actors in the YRD Urban Agglomera-
tion have strong independent innovation capacity, which
causes them always to prefer self-dependence in innova-
tion. Therefore, it results in little collaboration among
industries-universities-research institutes and a lower
conversion rate of technological achievements.

3.3 Benefit allocation of collaborative innovation
The analysis above clearly depicts the spatial pattern
when every two cities take collaborative innovation
activities in the YRD Urban Agglomeration. Whereupon,
it may take the problem to the front that what is the im-
petus for cities to take collaborative innovation activit-
ies. It is easy to understand that collaborative innova-
tion could create ‘1 + 1 > 2 effects’ when two cities take
collaborative innovation activities they can get much
more benefits that can not be created only by one city.
Hence, that the excessive benefits cities could get from
collaborative innovation activities is one important de-
termination. However, the allocation of excessive bene-
fit between every two cities may not be the same. Thus,
how cities allocate excessive benefits when they take
collaborative innovation activities is another key point
the paper wants to further illustrate. For this purpose,
the paper uses the result of coupling collaborative de-
gree and then adopts Equations (10)—(14) to calculate
the benefit each city gets in collaborative innovation
(Table 4). After the calculation and thorough analysis of
the result in detail, the research finds that the results of
benefit allocation between the central city and sub-cent-
ral cities, sub-central cities, and their surrounding cities
could approximately reflect the situation of the YRD
Urban Agglomeration. The paper divides the calcula-
tion into four ranks: extremely low benefit (0-0.2), low
benefit (0.2—0.4), general benefit (0.4-0.6), high benefit
(0.6-0.8), extremely high benefit (0.8—1.0).
Comprehensively speaking, the benefit that each city
gets from collaborative innovation activities has been
enhanced significantly. Six pairs of cities rank at an ex-
tremely high benefit in 2016, while there are only three
pairs in 2010. The significant increase occurred mainly
between the sub-central city, sub-central city, and their
surrounding cities, yet still needs to be enhanced for
there are no pairs of cities reaching high benefit. From

the total benefit, Shanghai and Nanjing, Shanghai and
Suzhou, Shanghai and Hangzhou are the highest, with
0.669, 0.675, and 0.654 respectively. Zhoushan-Ta-
izhou (Zhejiang) gets the lowest score, only 0.298. It is
easy to find from the result that cities with higher col-
laborative innovation capacity usually seem to get more
benefits. On benefit allocation and benefit ratio, the re-
search finds that cities with higher collaborative innova-
tion capacity have obvious advantages compared to cit-
ies with lower ones. The larger the capacity gap between
them is, the more disparity of benefit allocation would be.

The greater the gap between them is, the more unbal-
ance benefit allocation will be. That is because when
cities take collaborative innovation activities, high-capa-
city cities usually have a stronger ability to absorb high-
quality innovation resources. Whereas, cities with lower
capacity have few advantages to attract innovation re-
sources, thus resulting in lower benefit allocation. An-
other notable finding is that some cities such as Zhoush-
an, Ma’anshan have significant advantages in geograph-
ical location (they are geographically close to sub-Cent-
ral Cities, and have fewer restrictions on administrating
boundaries and cultural barriers with sub-Central Cities),
and they should have more chances to engage in more
collaborative innovation activities. However, due to the
limitation of innovation capacity, these cities cannot
load substantial innovation resources flowed from the
relocation of industry. Thus, the possibility of these cit-
ies to take collaborative innovation activities has re-
duced a lot.

4 Discussion and Conclusions

4.1 Discussion

1) It is easy to find that the collaborative innovation ca-
pacity of innovation actors in the YRD Urban Agglom-
eration is still not high enough. Innovation actors prefer
to take innovation activities by themselves, which may
reduce the possibility of collaboration innovation (Et-
zkowitz and Leydesdorff, 2000). One of the important
reasons is the imbalanced spatial configuration of innov-
ation actors in the YRD Urban Agglomeration. For in-
stance, universities and research institutes with strong
scientific research strengths are located mainly in
Shanghai and Nanjing, while enterprises such as high-
tech enterprises and private enterprises are mainly loc-
ated in Suzhou, Shanghai, Nanjing, Wuxi, Hangzhou,
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Table 4 Benefit allocation and benefit ratio of collaborative innovation in 2010 and 2016

2010 2016
Metropolitan circle City 4 and City B Sioc Swoc Siop Benefitratio Sioc Ssoc  Ssop  Benefit ratio
Center and sub-center Shanghai-Nanjing 0.349 0.330 0.679 1.060 0.356 0.344 0.699 1.034
Shanghai-Hangzhou 0.347 0.326 0.673 1.064 0.338 0316 0.654 1.068
Shanghai-Suzhou 0.344 0.322 0.666 1.069 0.346 0.329 0.675 1.052
Shanghai-Ningbo 0.308 0.268 0.576 1.149 0.310 0.274 0.585 1.130
Shanghai-Hefei 0.307 0.266 0.573 1.153 0.323 0.294 0.618 1.099
Nanjing-Hangzhou 0.299 0.298 0.597 1.004 0.310 0.300 0.610 1.033
Nanjing-Suzhou 0.297 0.294 0.591 1.009 0.318 0.312 0.630 1.018
Nanjing-Ningbo 0.266 0.245 0.511 1.084 0.285 0.260 0.545 1.092
Nanjing-Hefei 0.264 0.243 0.507 1.088 0.297 0.279 0.576 1.063
Hangzhou-Suzhou 0.294 0.292 0.586 1.005 0.292  0.297 0.589 0.985
Hangzhou-Ningbo 0.263 0.243 0.506 1.080 0.262 0.248 0.509 1.057
Hangzhou-Hefei 0.261 0.241 0.503 1.083 0.273 0.265 0.539 1.029
Suzhou-Ningbo 0.260 0.242 0.501 1.075 0.272  0.254 0.526 1.074
Suzhou-Hefei 0.258 0.240 0.498 1.078 0.284 0.272 0.556 1.045
Nanjing Metropolitan Circle Nanjing-Zhenjiang 0.254 0.228 0.482 1.116 0.277 0.249 0.526 1.112
Nanjing-Yangzhou 0.247 0.217 0.463 1.138 0.272 0.242 0.515 1.124
Zhenjiang-Yangzhou 0.187 0.183 0.370 1.020 0.208 0.206 0.413 1.011
Suzhou-Wuxi-Changzhou Metropolitan Circle ~Suzhou-Wuxi 0.279 0.272 0.551 1.026 0.288 0.278 0.565 1.036
Suzhou-Changzhou 0.263 0.247 0.510 1.065 0.278 0.263 0.542 1.058
Wuxi-Changzhou 0.246 0.237 0.484 1.038 0.254 0.249 0.503 1.021
Hangzhou Metropolitan Circle Hanghzou-Jiaxing 0.244 0.215 0.458 1.134 0.248 0.226 0.474 1.096
Hangzhou-Huzhou 0.234 0.201 0.436 1.163 0.233  0.205 0.438 1.140
Hangzhou-Shaoxing 0.246 0.219 0.465 1.126 0.250 0.230 0.480 1.090
Jiaxing-Huzhou 0.170 0.166 0.336 1.026 0.185 0.178 0.363 1.040
Jiaxing-Shaoxing 0.179 0.180 0.359 0.993 0.198 0.199 0.397 0.994
Huzhou-Shaoxing 0.168 0.173 0.341 0.968 0.179 0.188 0.367 0.956
Ningbo metropolitan Circle Ningbo-Zhoushan 0.161 0.132 0.293 1.214 0.186 0.163 0.350 1.139
Ningbo-Taizhou (Zhejiang) 0.190 0.175 0.365 1.087 0.202 0.187 0.388 1.081
Zhoushan-Taizhou (Zhejiang) ~ 0.116 0.130 0.247 0.895 0.145 0.153 0.298 0.949
Hefei metropolitan Circle Hefei-Wuhu 0.180 0.161 0.341 1.118 0.226 0.210 0.436 1.078
Hefei-Ma’anshan 0.178 0.158 0.336 1.127 0.209 0.184 0.392 1.136
Wuhu-Ma’anshan 0.134 0.133 0.267 1.007 0.172  0.164 0.336 1.054

Notes: 1) Given the limited space available, Table 4 only lists the results of the central city and sub-central city, sub-central city, and their surrounding cites. 2) The

division of the central city, sub-central city, Nanjing Metropolitan Circle, Suzhou-Wuxi-Changzhou Metropolitan Circle, Hangzhou Metropolitan Circle, Ningbo

Metropolitan Circle, and Hefei Metropolitan Circle are referred from ‘Development plan of the Yangtze River Delta Urban Agglomeration’

etc. Thus, solving the imbalance of spatial configura-
tion may be one of the key points. Cities that lack high-
quality universities can seek collaborative innovation
activities from project cooperation, talent introduction
policies, etc.; cities that are weak in industry innovation
can absorb innovation resources to develop competitive

industries, and at the same time improve the business
environment. This may help to enhance the collaborat-
ive innovation of inter-actors and improve the technolo-
gical innovation system of industries-universities-re-
search institutes.

2) Moreover, most cities in the YRD Urban Agglom-
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eration are weak in research and development, so their
industry innovation is relatively low. Lower innovation
capacity means lower attractiveness of various kinds of
innovation resources. For most cities that rely on under-
taking the industry’s relocation from central cities, since
they have neither enough capital nor have no matching
infrastructure, it is quite hard for them to take the task.
In this case, it is necessary to discover their local ad-
vantages to seeking cooperation with other technical en-
terprises and import the key sector of manufacturing and
industry innovation settled. In addition, the restriction of
administrative boundaries in collaborative innovation is
also notable. The junctions of each administrative
boundary have huge advantages in collaborative innova-
tion, such as the G60 Science & Technology innova-
tion valley of YRD Urban Agglomeration, and YRD
Urban Agglomeration Hi-tech city located at the junc-
tion of Jinshan district in Shanghai and Pinghu in Jiax-
ing. These initiatives are attempting to make the en-
claves that have always been the ‘administrative isol-
ated land’ of regional economic development trans-
formed into an innovative highland of technology.

4.2 Conclusions

(1) In brief, the collaborative innovation capacity of cit-
iesin the YRD Urban Agglomeration has been en-
hanced gradually, especially in Shanghai, the southern
part of Jiangsu Province, and Hangzhou bay, etc. Al-
though each innovation actors keep a high growth rate,
the interaction of industries-universities-research insti-
tutes is still stagnated, which results in the low rate of
commercialization of scientific and technological achie-
vements.

(2) The scale, density, and scope of the collaborative
innovation network have been enlarged significantly,
and the restriction on administrative boundaries has
been reduced, especially in the southern part of Jiangsu
Province. In addition, in the spatial pattern of collabor-
ative innovation of the YRD Urban Agglomeration,
Shanghai plays the role of the central city, while
Nanjing, Suzhou, Hangzhou, Ningbo, and Hefei hold
the host of sub-central cities. These sub-central cities are
in  Suzhou-Wuxi-Changzhou Metropolitan  Circle,
Nanjing Metropolitan Circle, Hangzhou Metropolitan
Circle, Ningbo Metropolitan Circle, and Hefei Metro-
politan Circle respectively.

(3) The benefit each city allocated from collaborative

innovation has increased. However, cities with higher
collaborative innovation capacity can easily absorb high-
quality innovation resources, so they usually have more
advantages in benefit allocation. Hence, the spatial dis-
parity of benefit allocation in the YRD Urban Agglom-
eration tends to become more and more serious.

(4) There are still some limits to this research. First,
the research attempt to calculate the collaborative innov-
ation in quantitation, which may not conclude all invis-
ible collaborative innovation activities. Second, the pa-
per only chooses two-time nodes. This is because, in
2010, the ‘regional planning of the YRD Urban Ag-
glomeration’ clarified to build the YRD Urban Agglom-
eration as the world center of the modern manufactur-
ing industry; in 2016, the ‘development plan of the
YRD Urban Agglomeration’ placed the urban integra-
tion of the metropolitan circles in the YRD Urban Ag-
glomeration. These two-time nodes can roughly depict
the collaborative innovation in this period. Overall, this
paper is an attempt to study regional collaborative in-
novation and may enlighten researchers on collaborat-
ive innovation in other regions or states.

References

Acs Z J, Anselin L, Varga A, 2002. Patents and innovation counts
as measures of regional production of new knowledge. Re-
search Policy, 31(7): 1069-1085. doi: 10.1016/S0048-
7333(01)00184-6

Agrawal A K, 2001. University-to-industry knowledge transfer:
literature review and unanswered questions. International
Journal of Management Reviews, 3(4): 285-302. doi:
10.1111/1468-2370.00069

Amin A, Thrift N, 1992. Neo-Marshallian nodes in global net-
works. International Journal of Urban and Regional Research,
16(4): 571-587. doi: 10.1111/j.1468-2427.1992.tb00197.x

Anselin L, Varga A, Acs Z, 1997. Local geographic spillovers
between university research and high technology innovations.
Journal of Urban Economics, 42(3): 422-448. doi: 10.1006/
juec.1997.2032

Asheim B T, Coenen L, 2005. Knowledge bases and regional in-
novation systems: comparing Nordic clusters. Research Policy,
34(8): 1173-1190. doi: 10.1016/j.respol.2005.03.013

Balland P A, 2012. Proximity and the evolution of collaboration
networks: evidence from research and development projects
within the global navigation satellite system (GNSS) industry.
Regional Studies, 46(6): 741-756. doi: 10.1080/00343404.
2010.529121

Becheikh N, Landry R, Amara N, 2006. Lessons from innovation
empirical studies in the manufacturing sector: a systematic re-


https://doi.org/10.1016/S0048-7333(01)00184-6
https://doi.org/10.1016/S0048-7333(01)00184-6
https://doi.org/10.1111/1468-2370.00069
https://doi.org/10.1111/1468-2370.00069
https://doi.org/10.1111/j.1468-2427.1992.tb00197.x
https://doi.org/10.1006/juec.1997.2032
https://doi.org/10.1016/j.respol.2005.03.013
https://doi.org/10.1080/00343404.2010.529121
https://doi.org/10.1016/S0048-7333(01)00184-6
https://doi.org/10.1016/S0048-7333(01)00184-6
https://doi.org/10.1111/1468-2370.00069
https://doi.org/10.1111/1468-2370.00069
https://doi.org/10.1111/j.1468-2427.1992.tb00197.x
https://doi.org/10.1006/juec.1997.2032
https://doi.org/10.1016/j.respol.2005.03.013
https://doi.org/10.1080/00343404.2010.529121

WANG Yue et al. Spatial Pattern and Benefit Allocation in Regional Collaborative Innovation of the ... 913

view of the literature from 1993-2003. Technovation, 26(5-6):
644-664. doi: 10.1016/j.technovation.2005.06.016

Bonaccorsi A, Piccaluga A, 1994. A theoretical framework for
the evaluation of university-industry relationships. R&D Man-
agement, 24(3): 229-247. doi: 10.1111/j.1467-9310.1994.
tb00876.x

Brown L A, Cox K R, 1971. Empirical regularities in the diffu-
sion of innovation. Annals of the Association of American Geo-
graphers, 61(3): 551-559. doi: 10.1111/.1467-8306.1971.
tb00806.x

Cao Z, Derudder B, Peng Z W, 2018. Comparing the physical,
functional and knowledge integration of the Yangtze River
Delta city-region through the lens of inter-city networks. Cit-
ies, 82: 119-126. doi: 10.1016/j.cities.2018.05.010

Chen Danyu, 2010. Research on Synergy Effects in Regional In-
novation Systems of the Yangtze-Delta. Hangzhou: Zhejiang
University. (in Chinese)

Chen Yunfeng, Sun Dianyi, Lu Genfa, 2006. Application of cata-
strophe progression method in ecological suitability assess-
ment: a case study on Zhenjiang new area. Acta Ecologica Sin-
ica, 26(8): 2587-2593. (in Chinese)

Cooke P, Uranga M G, Etxebarria G, 1997. Regional innovation
systems: institutional and organisational dimensions. Research
Policy, 26(4-5): 475-491. doi: 10.1016/S0048-7333(97)
00025-5

Cooke P, Morgan K, 1998. The Associational Economy: Firms,
Regions, and Innovation. Oxford: Oxford University Press.

Docherty I, Gulliver S, Drake P, 2004. Exploring the potential be-
nefits of city collaboration. Regional Studies, 38(4): 445-456.
doi: 10.1080/03434002000213950

Déring T, Schnellenbach J, 2006. What do we know about geo-
graphical knowledge spillovers and regional growth? A survey
of the literature. Regional Studies, 40(3): 375-395. doi:
10.1080/00343400600632739

Edmunds J C, 1993. Collaborating to compete: using strategic al-
liances and acquisitions in the global marketplace. In: Joel
Bleeke and David Ernst (eds). The Columbia Journal of World
Business. John Wiley & Sons Inc. New York, 102—103.

Esposito C R, Rigby D L, 2019. Buzz and pipelines: the costs and
benefits of local and nonlocal interaction. Journal of Econom-
ic Geography, 19(3): 753-773. doi: 10.1093/jeg/1by039

Etzkowitz H, Leydesdorff L, 2000. The dynamics of innovation:
from National Systems and ‘Mode 2’ to a Triple Helix of uni-
versity—industry—government relations. Research Policy, 29(2):
109-123. doi: 10.1016/S0048-7333(99)00055-4

Feldman M P, 1994. Knowledge complementarity and innova-
tion. Small Business Economics, 6(5): 363—372. doi: 10.1007/
BF01065139

Gertler M S, 2003. Tacit knowledge and the economic geo-
graphy of context, or the undefinable tacitness of being (there).
Journal of Economic Geography, 3(1): 75-99. doi: 10.1093/
jeg/3.1.75

Grant R M, 1996. Toward a knowledge-based theory of the firm.
Strategic Management Journal, 17(S2): 109—122. doi: 10.1002/

smj.4250171110

Hékansson H, 1989. Corporate Technological Behaviour: Co-op-
eration and Networks. London: Routledge.

Hansen T, 2015. Substitution or overlap? The relations between
geographical and non-spatial proximity dimensions in collabor-
ative innovation projects. Regional Studies, 49(10):
1672—-1684. doi: 10.1080/00343404.2013.873120

Hansen T, Mattes J, 2018. Proximity and power in collaborative
innovation projects. Regional Studies, 52(1): 35-46. doi:
10.1080/00343404.2016.1263387

Herstad S J, Ebersberger B, 2015. On the link between urban loc-
ation and the involvement of knowledge-intensive business ser-
vices firms in collaboration networks. Regional Studies, 49(7):
1160-1175. doi: 10.1080/00343404.2013.816413

Jaffe A B, Trajtenberg M, Henderson R, 1993. Geographic local-
ization of knowledge spillovers as evidenced by patent cita-
tions. The Quarterly Journal of Economics, 108(3): 577-598.
doi: 10.2307/2118401

Kaneva M, Untura G, 2019. The impact of R&D and knowledge
spillovers on the economic growth of Russian regions. Growth
and Change, 50(1): 301-334. doi: 10.1111/grow.12281

Krugman P, 1991. Increasing returns and economic geography.
Journal of Political Economy, 99(3): 483-499. doi: 10.
1086/261763

Laursen K, Salter A, 2006. Open for innovation: the role of open-
ness in explaining innovation performance among U. K. manu-
facturing  firms. Strategic Management Journal, 27(2):
131-150. doi: 10.1002/smj.507

Li Y C, Phelps N A, 2019. Megalopolitan glocalization: the
evolving relational economic geography of intercity know-
ledge linkages within and beyond China’s Yangtze River Delta
region, 2004-2014. Urban Geography, 40(9): 1310-1334. doi:
10.1080/02723638.2019.1585140

Lin Lan, 2016. Innovation dynamics and spatial response of
heavy-chemical industry: rethinking the cluster innovation.
Acta Geographica Sinica, 71(8): 1400—1415. (in Chinese)

Liu Hedong, 2016. Research on synergy degree of high-tech in-
dustry innovation system-empirical analysis based on the ob-
ject of the large and medium-sized enterprises. Science and
Technology Management Research, 36(4): 133—137, 161. (in
Chinese)

Liu Youjin, Yi Qiuping, He Ling, 2017. The industry-university
collaborative innovation effect on regional innovation perform-
ance in Yangtze River economic belt. Economic Geography,
37(9): 1-10. (in Chinese)

Malmberg A, Maskell P, 1997. Towards an explanation of re-
gional specialization and industry agglomeration. European
Planning Studies, 5(1): 25-41. doi: 10.1080/0965431970
8720382

Malmberg A, Maskell P, 2002. The elusive concept of localiza-
tion economies: towards a knowledge-based theory of spatial
clustering. Environment and Planning A: Economy and Space,
34(2): 429-449. doi: 10.1068/a3457

Marshall A, 1920. Principles of Economics. Philadelphia: Porcu-


https://doi.org/10.1016/j.technovation.2005.06.016
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1016/j.cities.2018.05.010
https://doi.org/10.1016/j.cities.2018.05.010
https://doi.org/10.1016/S0048-7333(97)00025-5
https://doi.org/10.1016/S0048-7333(97)00025-5
https://doi.org/10.1080/03434002000213950
https://doi.org/10.1080/00343400600632739
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1016/S0048-7333(99)00055-4
https://doi.org/10.1007/BF01065139
https://doi.org/10.1093/jeg/3.1.75
https://doi.org/10.1002/smj.4250171110
https://doi.org/10.1080/00343404.2013.873120
https://doi.org/10.1080/00343404.2016.1263387
https://doi.org/10.1080/00343404.2013.816413
https://doi.org/10.2307/2118401
https://doi.org/10.1111/grow.12281
https://doi.org/10.1111/grow.12281
https://doi.org/10.1086/261763
https://doi.org/10.1002/smj.507
https://doi.org/10.1002/smj.507
https://doi.org/10.1002/smj.507
https://doi.org/10.1080/02723638.2019.1585140
https://doi.org/10.1080/09654319708720382
https://doi.org/10.1080/09654319708720382
https://doi.org/10.1068/a3457
https://doi.org/10.1016/j.technovation.2005.06.016
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-9310.1994.tb00876.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1111/j.1467-8306.1971.tb00806.x
https://doi.org/10.1016/j.cities.2018.05.010
https://doi.org/10.1016/j.cities.2018.05.010
https://doi.org/10.1016/S0048-7333(97)00025-5
https://doi.org/10.1016/S0048-7333(97)00025-5
https://doi.org/10.1080/03434002000213950
https://doi.org/10.1080/00343400600632739
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1093/jeg/lby039
https://doi.org/10.1016/S0048-7333(99)00055-4
https://doi.org/10.1007/BF01065139
https://doi.org/10.1093/jeg/3.1.75
https://doi.org/10.1002/smj.4250171110
https://doi.org/10.1080/00343404.2013.873120
https://doi.org/10.1080/00343404.2016.1263387
https://doi.org/10.1080/00343404.2013.816413
https://doi.org/10.2307/2118401
https://doi.org/10.1111/grow.12281
https://doi.org/10.1111/grow.12281
https://doi.org/10.1086/261763
https://doi.org/10.1002/smj.507
https://doi.org/10.1002/smj.507
https://doi.org/10.1002/smj.507
https://doi.org/10.1080/02723638.2019.1585140
https://doi.org/10.1080/09654319708720382
https://doi.org/10.1080/09654319708720382
https://doi.org/10.1068/a3457

914 Chinese Geographical Science 2021 Vol. 31 No. 5

pine Press.

Mellett H, Marriott N, Macniven L, 2009. Diffusion of an ac-
counting innovation: fixed asset accounting in the NHS in
wales. European Accounting Review, 18(4): 745-764. doi:
10.1080/09638180903118710

Niu Fangqu, Liu Weidong, 2012. Relationships between scientif-
ic & technological resources and regional economic develop-
ment in China. Progress in Geography, 31(2): 149-155. (in
Chinese)

Peng Fei, Zhang Qiqi, Han Zenglin et al., 2019. Evolution charac-
teristics of government-industry-university cooperative innova-
tion network of electronic information industry in Liaoning
Province, China. Chinese Geographical Science, 29(3):
528-540. doi: 10.1007/s11769-019-1047-x

Philbin S, 2008. Process model for university-industry research
collaboration. European Journal of Innovation Management,
11(4): 488-521. doi: 10.1108/14601060810911138

Pred A R, 1975. Diffusion, organizational spatial structure, and
city-system development. Economic 51(3):
252-268. doi: 10.2307/143120

Rigby D L, Essletzbichler J, 2006. Technological variety, techno-
logical change and a geography of production techniques.
Journal of Economic Geography, 6(1): 45-70. doi: 10.1093/
jeg/1bi015

Salman N, Saives A L, 2005. Indirect networks: an intangible re-

Geography,

source for biotechnology innovation. R&D Management,
35(2): 203-215. doi: 10.1111/j.1467-9310.2005.00383.x

Schumpeter J A, 1934. The Theory of Economic Development.
Cambridge: Harvard University Press.

Sheng Yanwen, Ma Yanji, 2017. Coupling coordinative analysis
and influencing factors of regional industry-university-re-
search institute innovation system. Economic Geography,
37(11): 10-18, 36. (in Chinese)

Storper M, Venables A J, 2004. Buzz: face-to-face contact and
the urban economy. Journal of Economic Geography, 4(4):
351-370. doi: 10.15957/j.cnki.jjd1.2017.11.002

Su Wensong, Fang Chuanglin, 2017. Dynamic mechanism of co-
ordinated development and collaborative development models
of high-tech parks in the Beijing-Tianjin-Hebei urban agglom-
eration: a case study of Zhongguancun Science Park. Progress
in Geography, 36(6): 657—-666. (in Chinese). doi: 10.18306/
dlkxjz.2017.06.001

Todtling F, Trippl M, 2005. One size fits all? Towards a differen-
tiated regional innovation policy approach. Research Policy,
34(8): 1203—1219. doi: 10.1016/j.respol.2005.01.018

Wang Wei, 2017. The evaluation of Coordinated development
level between urban and rural and Its spatial-temporal pattern
in Yangtze river economic zone. Economic Geography, 37(8):
60—-66+92. (in Chinese)

Yang Xianming, Liang Shuanglu, 2007. The capacity differences
between west China and east China and the capacity-improve-
ment in west China. Journal of Yunnan University (Social Sci-
ences Edition), 6(2): 70-78, 96. (in Chinese)


https://doi.org/10.1080/09638180903118710
https://doi.org/10.1007/s11769-019-1047-x
https://doi.org/10.1108/14601060810911138
https://doi.org/10.2307/143120
https://doi.org/10.1093/jeg/lbi015
https://doi.org/10.1111/j.1467-9310.2005.00383.x
https://doi.org/10.15957/j.cnki.jjdl.2017.11.002
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.1016/j.respol.2005.01.018
https://doi.org/10.1080/09638180903118710
https://doi.org/10.1007/s11769-019-1047-x
https://doi.org/10.1108/14601060810911138
https://doi.org/10.2307/143120
https://doi.org/10.1093/jeg/lbi015
https://doi.org/10.1111/j.1467-9310.2005.00383.x
https://doi.org/10.15957/j.cnki.jjdl.2017.11.002
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.1016/j.respol.2005.01.018
https://doi.org/10.1080/09638180903118710
https://doi.org/10.1007/s11769-019-1047-x
https://doi.org/10.1108/14601060810911138
https://doi.org/10.2307/143120
https://doi.org/10.1093/jeg/lbi015
https://doi.org/10.1111/j.1467-9310.2005.00383.x
https://doi.org/10.1080/09638180903118710
https://doi.org/10.1007/s11769-019-1047-x
https://doi.org/10.1108/14601060810911138
https://doi.org/10.2307/143120
https://doi.org/10.1093/jeg/lbi015
https://doi.org/10.1111/j.1467-9310.2005.00383.x
https://doi.org/10.15957/j.cnki.jjdl.2017.11.002
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.1016/j.respol.2005.01.018
https://doi.org/10.15957/j.cnki.jjdl.2017.11.002
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.18306/dlkxjz.2017.06.001
https://doi.org/10.1016/j.respol.2005.01.018

	1 Introduction
	2 Methods and Database
	2.1 Study area
	2.2 Index construction
	2.3 Methods
	2.3.1 Catastrophe progression method
	2.3.2 Coupling collaborative degree model
	2.3.3 Benefit allocation model of collaborative innovation

	2.4 Database

	3 Results
	3.1 Capacity of collaborative innovation of YRD Urban Agglomeration
	3.1.1 Collaborative innovation of inter-actors
	3.1.2 Collaborative innovation of inter-cities

	3.2 Spatial pattern of collaborative innovation in YRD Urban Agglomeration
	3.3 Benefit allocation of collaborative innovation

	4 Discussion and Conclusions
	4.1 Discussion
	4.2 Conclusions


