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Abstract: Innovative cities not only constitute an important basis for innovation activities, but
also play a strategically critical role in constructing an innovative country, producing new
forms of urban development, and fostering urban sustainable development. Currently, China
is marching toward the goal of establishing an innovative country by 2020, but in the start-up
phase of this process of innovative city construction, the fundamental transition from fac-
tor-driven development to innovation-driven development is not being realized. As a result, a
wide gap currently exists between China’s innovative cities and the advanced innovative cit-
ies in developed countries. This paper argues that this necessary transition is being con-
strained by a series of bottlenecks in investment, income, techniques, contributions, and tal-
ents. The article takes 287 prefecture-level cities as its object of comprehensive assessment,
developing a comprehensive assessment system for innovative cities and devising innovative
monitoring system software in order to evaluate the current situation in China’s innovative city
construction. The analysis addresses four key aspects — namely, independent innovation,
industrial innovation, living environmental innovation, and institutional innovation — as well as
the spatial heterogeneity of the innovative city construction process. The results demonstrate
that the level of innovation in Chinese cities is low, and the paper warns that building an in-
novation-oriented country will, as a consequence, be difficult. Some 87.8% of the cities
studied maintained comprehensive levels of innovation that were lower than the national av-
erage. The level of comprehensive innovation in a city was found to have close and positive
correlation with economic development. The level of the eastern region of China was, in par-
ticular, found to be significantly higher than that of the central and western regions. The levels
of urban independent innovation, industrial innovation, environmental innovation, and institu-
tional innovation showed consistent spatial heterogeneity, as did the comprehensive level of
innovation in cities. In the future, the authors suggest, China should speed up the construc-
tion process in accordance with the basic principles of “independent innovation, break-
throughs in key fields, market-oriented, regional interaction, talent-supported,” with the pur-
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pose of building up Beijing, Shenzhen, Shanghai, and Guangzhou as global innovation cen-
ters; and Nanjing, Suzhou, Xiamen, Hangzhou, Wuxi, Xi’an, Wuhan, Shenyang, Dalian, Tian-
jin, Changsha, Qingdao, Chengdu, Changchun, Hefei, and Chongqing as national innovation
centers, by 2020. Through this process, China will finally build a national urban innovation
network that includes 4 global innovative cities, 16 national innovative cities, 30 regional in-
novative cities, 55 local innovative cities, and 182 innovation-driven development cities,
thereby contributing to the establishment of an innovative country by 2020.

Keywords: innovative city; comprehensive assessment; sustainable development; future configuration; China

1 Introduction

Innovation is certainly a popular keyword today in fields like planning and economic geog-
raphy, where it is deployed as driver of both policies and interventions in urban space
(Vanolo, 2013). “The innovative city” envisages a city driven by science and technology,
dominated by independent innovation, and based on innovation culture, which relies on in-
novation elements such as technology, knowledge, human intelligence, culture, and systems
to develop (Hall, 1998; Marceau, 2008). Innovative cities contain six primary elements: city
innovative resources (Isaksen and Aslesen, 2001), innovation platforms (Leslie and Rantisi,
2011), innovation spaces (Iskander, 2010; Campbell, 2006), innovation environments (Fitjar
and Rodriguez-Pose, 2011; Ache, 2000), innovation services (Johnston, 2011), and innova-
tion channels (Lin, 2014; Wei, 2011). The construction of an innovative city can be concep-
tualized in four stages, necessitating a transition from the resource-based city to the capi-
tal-based city, to the innovation-based city, and ultimately to the intelligence-based city
(Fang, 2013) (Figure 1). The key link in the process of pressing ahead with the building of a
national innovation system (Chen and Karwan, 2008), the innovative city forms an impor-
tant base upon which national innovative activity might be undertaken and an innovative
country constructed (Johnson, 2008). The core engine of speeding up the economic trans-
formation (Lee and Drever, 2013), innovative cities advance both urbanization and rural
development processes at a national level. Innovative city research is urgently needed in
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Figure 1 The strategic phases of the development of the innovative city
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order to explore new modes of urban development and to propel urban sustainable develop-
ment (Liu et al., 2014; Evans and Jones, 2008).

The development of innovative cities has particular strategic importance in relation to
China’s economic and social development (Dente and Coletti, 2011). In fact, the construc-
tion of “the innovative city” has been proposed both through a series of administrative
documents produced by the Ministry of Science and Technology of China. Further, the latest
revised Party Constitution of the Communist Party of China (CPC) and the Report to the
Eighteenth National Congress of CPC both put forward the strategy of constructing “the
innovative country,” thereby implementing innovation-driven development at a national
scale (Hu, 2012). Given that China has now entered a crucial stage in its goal to complete
the building of an innovation-oriented country by 2020, it is critically important that the ba-
sic connotations and standards behind the innovative city model are judged scientifically
(Cohendet, 2010). Further, the status quo and existing problems affecting China’s project to
construct the “innovative city” must also be rationally evaluated, both with reference to in-
ternational experiences and through the use of scientific methods. Moreover, the spatial dis-
tribution properties and patterns of the innovative city also require further analysis. We ad-
vocate that the performance of these tasks of evaluation and analysis has the realistic poten-
tial to speed up the construction of an innovative China, thereby strengthening China’s in-
dependent innovation ability and its international competitiveness.

2 Literature Review
2.1 Definition and construction conditions of innovative cities

The American economist Joseph Alois Schumpeter first put forward the term “economic
innovation” in his book The Theory of Economic Development in 1934. The well-known
British economist C. Freeman subsequently advanced the concept of a “national innovation
system” in the 1970s, advocating that innovation could improve human productivity. Ad-
dressing the spatial implications of these concepts, Peter Hall later defined “the innovative
city” as a city that has a new social form, which results from the integration of many new
things, the experience of social and economic change, and the presence of innovation (Hall,
1998). Charles Landry, the founder of COMEDIA (an authoritative institution in innovative
city research in Britain), provides an alternate list of factors, nominating seven elements
which make up an innovative city, including: innovative people, will and leadership, diver-
sity of people, wisdom-obtained, an open organizational culture, a strong positive sense of
local identity, urban space and infrastructure, and internet access (Landry, 2000).

The core concepts mentioned above have been illustrated and deepened through a number
of case study analyses of successful innovative cities. For instance, whilst analyzing the
“spirit of innovation” that pervaded the development of Silicon Valley, Professor Henry
Rowen from Stanford University points out that innovative city construction must overcome
the worship of GDP — rather, according to Rowen, such strategies must regard the value of a
World Top 500 enterprise as being equal to that produced by a returned student who starts
his/her business in their mother land (Qian, 2011). Further, as the book Innovative Cities (an
empirical study of Stuttgart, Milan, Amsterdam, Paris, and London conducted by James
Simmie of Oxford University and supported by the European Economic and Social Com-
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mittee) demonstrates, city innovation can be seen to result from internal scale effects, a lo-
calized economy, innovation and urbanization economics, and globalization effects (Simmie,
2011). In a similar vein, the Report on Southeast Asian Innovative Cities published by the
World Bank also considers the antecedent conditions of innovative cities through a study of
seven cities (Ren et al., 2009).

2.2 Evaluation indexes and methods for the study of innovative cities

At present, a number of representative evaluation indexes exist in relation to the study of
innovative cities. These include: (1) the European Innovation Scoreboard (IUS), which was
proposed by the European Committee in 2000 and consists of three first-level indicators
(input, corporate activity, and output), eight second-level indicators (human resources, the
research system, capital and support, corporate investment, contact and entrepreneurship,
intelligence assets, innovators, and economic effects), and 24 third-level indicators (Euro-
pean Commission, 2011); (2) the National Innovative Capacity Index proposed by Porter
and Stern in 2000, which contains four first-level indicators (the ratio of scientists and engi-
neers, innovation policy, the innovation environment of industry agglomerations, and com-
munication quality), and nine second-level indicators (Porter and Stern, 2000); (3) the Crea-
tive Index (or, the “3T” creative index) put forward by American scholar Richard Florida in
2006, covering talent, technology, and tolerance (Florida, 2002); (4) the Innovation Capacity
Index proposed by Augusto Lopez-Claros in 2010, which includes five first-level indicators
(the institutional environment, human capital training and social inclusion, supervision and
legal framework, research and development, and information and telecommunication acqui-
sition and use), 12 second-level indicators and 52 third-level indicators (Lopez-Claros,
2011); (5) the Global Innovation Index developed by Boston Consulting Group and Ameri-
can National Manufacture Association in 2011, which includes five input indicators (system,
human capital, infrastructure, maturity of market, and maturity of commerce) and two output
indicators (science output and innovation output) (Dutta and Benavente, 2011); (6) the
Global Innovation City Evaluation Index constructed by Australian innovation study institu-
tion 2thinknow in 2011, which covers four aspects (cultural assets, human capital, market
network, and patent grant) through 162 indicators (2thinknow, 2011). Meanwhile, the Robert
Hakins Association, a well-known British think tank, generated the city competitiveness
assessment model — or, the World Knowledge Competitiveness Index (WKCI) model —
which focuses on the knowledge economy, relying on the human capital theory and an en-
dogenous model of economic growth (Cetindamar and Gunsel, 2012).

Beyond these international examples, the representative evaluation indexes developed
within the Chinese context include: the Innovative City Construction Monitoring Evaluation
Index System, developed by the Ministry of Science and Technology (CSTDSRG, 2011); the
China Regional Innovation Capacity Evaluation Index, developed by the Innovation Devel-
opment Research Center of the Chinese Academy of Sciences (2009); the National Innova-
tion Evaluation Index from Renmin University (Ji and Zhao, 2008); the China Innovative
City Evaluation Index from the Innovative City Evaluation Research Group (2009); the in-
novative city evaluation index from the research group behind the Innovative Country Con-
struction Report (NISSRG, 2011); the innovative city evaluation index from the Strategic
Research Group for the National Innovation System Construction (Zhan and Xiong, 2010);
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the Zhongguancun innovation index (NISSRG, 2008); the Shenzhen innovation index (Zhou,
2007); and the Zhangjiang innovation index (Chen, 2007).

Pursuant to an analysis of these international and Chinese indexes, China’s “innovative
city construction criteria” can be identified as constituting the following ten items: (1) that
the GDP per capita exceeds US $10,000; (2) that the ratio of R&D investment to GDP is
more than 5%; (3) that the ratio of R&D investment to total sale revenue is more than 5%; (4)
that the ratio of public education expenditure to GDP is more than 5%; (5) that the ratio of
new product sales to total sales is over 60%; (6) that the contribution of scientific develop-
ment to economic growth is more than 60%; (7) that high-tech industry added-value to the
industrial added-value is over 60%; (8) that domestic dependency on technology is more
than 70%; (9) that the proportion of invention patent applications to the total patent applica-
tions is over 70%; and (10) that the proportion of corporate patent applications to total social
patent applications is over 70%. This study argues that cities that fulfill these criteria can be
regarded as “innovative cities.” Such cities are also an important symbol of urban sustain-
able development (Liu ef al., 2014; Evans and Jones, 2008).

2.3 General appraisal of existing research

A number of comparative studies (Athey ef al., 2008) and case analyses of widely recog-
nized global innovative cities have found that innovative cities around the globe tend to be
densely distributed in developed areas which possess convenient traffic conditions, close
economic contacts with the external world, and extensive global markets. Further, the lit-
erature also indicates that those innovative cities which feature developed science and tech-
nology service agents and capacity are able to gather a high amount of diversified high-level
creative talent. As a result, such cities are subsequently able to attract research institutions
and organizations of excellence, and establish world-famous innovative platforms and spa-
tial carriers with cultures typical of openness and inclusiveness. During the process of con-
structing such global innovative cities, urban governments play an irreplaceable facilitation
role, by setting up special leading institutions (Hospers, 2008), developing multi-level inno-
vation coordination, drawing up complete innovation promotion policy, making use of na-
tional-level laws and regulations, and supporting civil innovation organization development
Ma et al., 2013).

An analysis of typical innovative city evaluation indexes from both domestic and interna-
tional contexts reveals that international-level innovative city evaluation indexes tend to be
based on the national level and display obvious political tendencies. At the same time, the
content of such indexes are based on creative capacity, and the indicators mainly address
social items. Further, the results of such indexes are often more beneficial for developed
countries. In comparison, innovative city evaluation in China is more targeted at prov-
ince-level and prefecture-level cities and generally neglects assessment at a national level.
Domestic indicators also generally appear to lack scientificity, authority, universality, effec-
tiveness, operability, and monitoring. It can be seen that a comprehensive assessment system
is still a weak link in the research addressing urban sustainable innovation around the world.
As such, we advocate that it is necessary to establish a universal scientific evaluation index
system, and develop a comprehensive Chinese innovative city evaluation and dynamic
monitoring system, which uses GIS methods in order to assess innovative city construction
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from a scientific perspective.

3 Materials and method
3.1 Evaluation objects and data sources

The evaluation objects in this study of the innovative city in China comprised 287 prefec-
ture-level cities. The data sources used were the national, provincial, and urban Statistical
Yearbooks of 2009, 2010, and 2011; on-the-spot investigations; the urban government web-
site; telephone interviews; and relevant computed data. In this paper, 60%—65% of the data
came from the China Statistical Yearbooks, the China Statistical Yearbook on Science and
Technology, the China Industrial Economy Statistical Yearbook, the China Urban Construc-
tion Statistical Yearbook, the China City Statistical Yearbook, the China Statistical Yearbook
for Regional Economy, the China Energy Statistical Yearbook, and the provincial statistical
yearbooks and statistical yearbooks on science and technology, as well as urban statistical
yearbooks and government announcements. Between 10% and 15% of the data came from
basic comprehensive assessment during on-the-spot investigation in more than 40 cities (in-
cluding Beijing, Shanghai, Tianjin, Guangzhou, Shenzhen, Hangzhou, Suzhou, Ningbo,
Chongqing, Nanjing, Guiyang, Xi’an, Wuhan, Kunming, and Zhengzhou). Between 20%
and 25% of the data came from the city government website, and between 3% and 5% from
telephone interviews. In total, this study took into account 114,000 items of basic data,
65,700 items of indicator data, 66,570 items of standardized data, 85,590 items of weight
coefficient data (supported by entropy technology), and 85,590 items of fuzzy membership
function evaluation index data (which reached an accuracy of 95%, thus ensuring a scientific,
objective and authoritative evaluation result).

3.2 The evaluation system

In addressing the construction of innovative cities in China, this research had the following
aims: to perform a scientific evaluation, to maintain a focus on independent innovation
models, to clarify the role of corporate entities, to emphasize the transformation of economic
structures, to present an innovative growth model, and to stress the importance of institu-
tional innovation. The study developed a comprehensive evaluation index system with four
second-level indicators (city technology innovation, city industrial innovation, city living
environment innovation, and city institutional innovation), ten third-level indicators (inno-
vation platform construction, innovation factor input, innovation achievement transfer, cor-
porate innovation, structural innovation, technology benefiting index, energy-saving and
emission-reduction, living environment improvement, innovation service and culture con-
struction, and policy innovation), and 55 fourth-level indicators (Table 1).

3.3 Comprehensive evaluation analysis model

Based on the model and basic data detailed above, this study adopted an Analytic Hierarchy
Process (AHP) model, supported by entropy technology, to assign the weight coefficient
according to the importance of indicators at different levels. We used a fuzzy membership
function method to establish an innovative city evaluation model (ICEM) value, and to
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Table 1 Constitution of comprehensive assessment system of innovative cities in China

Third-level
index

Fourth-level index

Innovation
Platform
Construction
Index C1

Innovation
Factors Input
Index C2

Innovation
Achievement
Transfer
Index C3

Where D1 is the number of higher education institutions per million people;
D2 is the number of national key laboratories per million people; D3 is the
number of national engineering research centers per million people; D4 is the
number of national high-level technology development zones per million
people; DS is the number of national innovative technology zones per million
people; D6 is the number of innovative corporations per million people; D7 is
the number of national innovation incubators per million people; DS is the
number of post-doctoral affiliations per million people; and D9 is the number
of post-doctoral research work stations per million people.

Where D10 is the proportion of social R&D investment to GDP; D11 is the
proportion of education funding expenditure to local government expendi-
ture; D12 is the proportion of technology expenditures to local government
expenditure: D13 is the proportion of R&D employees to total social em-
ployees: D14 is the number of students in college per 10,000 people; D15 is
the number of internet users per 100 people; and D16 is the number of
mobile phones per 100 people.

Where D17 is the number of innovation patents per million people; D18 is
the contractual turnover volume in technology market per capita; D19 is the
number of effective trademark registrations per million people; D20 is the
number of famous Chinese trademarks per million people: D21 is the
number of geographic indication products per million people; D22 is the
number of independent innovation products at provincial level or above per
million people; and D23 is the number of national key new products per
million people.

Corporate
Innovation
Index C4

Structural
Innovation
Index C5

Technology
Benefit Index
C6

Where D24 is the proportion of Top 500 corporations in the city to the total
number of Top 500 corporations; D25 is the number of high-tech corpora-
tions at the provincial or above per million people; D26 is the proportion of
the number of R&D institutions to total corporations with considerable
scale; D27 is the proportion of R&D input to total primary business income
of corporations with considerable scale.

Where D28 is the proportion of high-tech industrial output to total indus-
trial output; D29 is the proportion of added value of the service industry to
GDP; D30 is the proportion of high-tech product exports in the total ex-
ports of all products; D31 is the proportion of output of high-tech industry
development zones to GDP; and D32 is the proportion of new product sales
to total primary business income with considerable scale

Where D33 is per capita GDP; D34 is total productivity; D35 is the dis-
posable income of urban residents per capita; and D36 is the urban regis-
tered unemployment ratio.

Primary Secondary
index index
City Technol-
ogy
Innovation
Index B1
Comprehensive
Innovation
Assessment City Industrial
Index of a Innovation
City A Index B2
City Living
Environment
Innovation
Index B3

Energy-saving
and Emis-
sion-reduction
Index C7

Living Envi-
ronment
Improvement
Index C8

D37 is the comprehensive energy consumption per unit of industrial added
value; D38 is the decrease rate of energy intensity per unit GDP; D39 is
carbon emissions per 10,000Yuan GDP; D40 is the urban water-saving
ratio; and D41 is the comprehensive utilization productivity of “the three
wastes”

Where D42 is the urban air quality index; D43 is the urban sewage treat-
ment rate; D44 is the urban living garbage harmless disposal rate; D45 is
the comprehensive utilization ratio of urban industrial solid wastes; and
D46 is the green coverage ratio of urban built-up area.

City Institu-
tional Innova-
tion Index B4

Innovation
Service and
Culture Con-
struction
Index C9

Policy Inno-
vation Index

Where D47 is the number of talent intermediary service institutions per
million people; D48 is the number of national technology associations per
million people; D49 is the number of public library collections per 10,000
people; and D50 is the number of opera houses and movie theaters per
10,000 people.

Where D51 refers to a listing on the “National innovative city pilot” un-
dertaken by the National Development and Reform Commission (NDRC);
D52 refers to classification as a “national innovative pilot city” by the
Ministry of Science and Technology; D53 refers to classification as a “na-
tional sustainable development experimental zone” by the Ministry of

S Science and Technology; D54 refers to listing as a “national intellectual
property pilot city” ; and D55 denotes a rating as a “national outstanding
city in technical progress.”

Total 4 10 55
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calculate comprehensive innovation index of each innovative city. We also developed new
software, named the China Innovative City Comprehensive Assessment and Dynamic
Monitoring System V1.0 (National Computer Software Copyright Registration Certificate
No.2011SR082055) (Fang and Xiong, 2011), based on GIS technology. The standardized
data, weight coefficients, and fuzzy membership function values of these indicators were
computed and ranking results obtained through commissioning and trial operation of this
software.

(1) The first level of ICEM. This model focuses on the specific evaluation indicator Uj; to
build a U;— U; evaluation model. Assuming that the evaluation area includes p regional units
(p=287, if all the prefecture-level cities are evaluated), the true value (statistical or investi-
gating data) in S regional unit of the jth indicator Uy in the evaluation index set U;is Uj’
(s=1,2,...,p).

The largest value of the jth indicator in each specific city is the theoretically maximum
value; the smallest value of the jth indicator is the theoretically minimum value. That is,

max __ max_ s min __ min_ s
Uy = Uy, Uy = Uy (1)

If Uy is a positive indicator (the bigger, the better), the half ascending trapezoidal fuzzy
membership function model is chosen; if Uj; is a negative indicator (the smaller, the better),
the half descending trapezoidal fuzzy membership function model is chosen (Fang et al.,
2011).

The comprehensive assessment indicators of the innovative city based on ICEM are all
positive ones. a; is the degree of membership of the sth city unit, which is subordinated
from innovation degree of the innovative city, generating the following degree of member-
ship matrix:

2
a, 4a; a;
1 2 P
a. a. a:
i2 i2 i2
4=|" .
: cee el : 2)
1 2 2
ain, ain, in;

In the evaluation index set U, if the evaluation indicator’s weight coefficient is W;=(W,
Wi, ..., Wi), the first-level evaluation result can be obtained by the following formula:

V=V V2 V) = W4, (3)
where the V¥ (s=1, 2, ..., p) is the degree of membership of the sth city unit, which is subor-
dinated from the innovation degree of the innovative city.

(2) The second level of ICEM. This model focused on the evaluation index set U; that was
built up on the evaluation index set U (U;—U). Based on the first-level evaluation model, let

1 2 Y4

Vl 1% Vi R

— —| 1! 2 P
A=|v, |=|v, Vv, ... Vv W
1 2 P 4

v, 12N A VX

In the set U, if the weight of each evaluation index set is W=(W,, W,, ..., W;,), the second
level evaluation (that is the comprehensive evaluation result) is as follows:

V='W, ) =WA (5)
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where V;’ (s=1, 2, ..., p) is the degree of membership of the sth city unit, which is subordi-
nated from the innovation degree of the innovative city. Then, the priority order can be gen-
erated by ranking the V;' (s=1, 2, ..., p) in a descending order.

3.4 Comprehensive innovation index assessment model

This model is mainly used to calculate the comprehensive innovation index U. The city
comprehensive innovation index consists of the city technology innovation index U, city
industrial innovation index U,, city living environment innovation index Us, and city institu-
tional innovation index U,. The equation is as follows:

m
U= aU;=aqU+a,U,+aUs+a U,
i=1

n n n n (6)
= alz;ﬂ_/Uﬁ“zZ;%Uﬁ%z;é_/[]ﬁ%z;&/%
j= Jj= j= j=

where ay, a,, a3 and a4 represent the contribution coefficients of technology innovation in-
dex, industrial innovation index, living environment index, and institutional innovation in-
dex respectively to the city comprehensive innovation index i=4; S, f, and f; refer to the
contribution coefficients of the innovation platform construction index, the innovation fac-
tors input index, and the innovation transfer index respectively to the city technological in-
novation index, i=4, j=3; y1, 7, and y; are the contribution coefficients of the corporate inno-
vation index, the structural innovation index, and the technical benefiting index to the city
industrial innovation index, =4, j=3; 0, and J, represent the contribution coefficients of en-
ergy-saving and emission-reduction index, and living environment improvement index to the
city living environment index, i=4, j=2; p; and p, refer to the contribution coefficients of the
innovation service and cultural construction index and the policy innovation index to the city
institutional system innovation index, i=4, j=2.

The city can be defined as an advanced innovative city if U=0.75; the city is regarded as
a senior innovative city when U=0.50-0.75. If the innovation index U is between 0.25 and
0.50, the city can be deemed to constitute a middle-level innovative city; and when the index
U is less than 0.25, the city is defined as a primary innovative city.

4 Results and discussion

By operating the China Innovative City Comprehensive Assessment and Dynamic Monitor-
ing System V1.0, all the 287 prefecture-level cities’ comprehensive innovation levels could
be calculated. The following conclusions can be drawn from the results of that analysis.

4.1 Overall level and development stage

The comprehensive innovation index of each city was found to range between
0.1145-0.6037, 0.1171-0.6022, and 0.1328-0.6233 in 2009, 2010, and 2011 respectively. In
fact, only Beijing and Shanghai’s innovative indexes were higher than the average level of
0.5 (although they did not reach 0.75). Based on these results, it can be concluded that with
the exception of Beijing and Shanghai it will be difficult for Chinese cities to complete their
task to become innovative cities by 2020. Greater efforts are therefore required in order to
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achieve this goal. Compared with innovative cities in developed countries, all of the 287
prefecture-level cities in China showed a low degree of innovation capacity. Although most
cities have prepared an innovative city construction plan, only 60% of the cities studied have
proposed an innovative city development strategy and conducted related pilot programs.
Whilst these policy developments have improved the coordinated innovative environment
and led to some extraordinary achievements, results demonstrate that China’s innovative city
construction still occupies the primary stage in the schema outlined in Figure 1 of this paper,
and the country has not yet finished the strategic transfer from factor-driven to innova-
tion-driven development. Further, both the single indicator and the comprehensive innova-
tion index indicate a wide gap between China’s innovative city development and to date and
real innovative city development. Results reveal that only four cities (Beijing, Shenzhen,
Shanghai and Guangzhou) are in the senior stage of innovative city construction. Only 25%
of all Chinese cities in China are at the middle stage of innovative city construction, with the
rest still occupying the primary stage (Fang, 2013).

By comparing each city’s innovation level and the national average level, it can be seen
that 35 cities, accounting for 12.2% of the total prefecture-level cities in China, evidenced
comprehensive innovation levels that were above the national average level (0.3144). These
cities included Beijing, Shenzhen, Shanghai, Guangzhou, Nanjing, Suzhou, Xiamen, Hang-
zhou, Wuxi, Wuhan, Xi’an, Shenyang, Changzhou, Zhuhai, Qingdao, Tianjin, Chengdu, Da-
lian, Hefei, Ningbo, Changsha, Jinan, Zhongshan, Taiyuan, Dongguan, Foshan, Changchun,
Fuzhou, Nanchang, Harbin, Dongying, Jiaxing, Zhengzhou, Zhenjiang, and Yantai. Another
way of expressing this is to point out that 252 prefecture-level cities (87.8% of the total
number of cities studied) had comprehensive innovation levels that were below the national
average level.

Among the total 287 cities studied, the top 50 cities — that is, those which displayed an
average higher comprehensive innovation index — between 2009 and 2011 were: Beijing,
Shenzhen, Shanghai, Guangzhou, Nanjing, Suzhou, Xiamen, Hangzhou, Wuxi, Wuhan,
Xi’an, Shenyang, Changzhou, Zhuhai, Qingdao, Tianjin, Chengdu, Dalian, Hefei, Ningbo,
Changsha, Jinan, Zhongshan, Taiyuan, Dongguan, Foshan, Changchun, Fuzhou, Nanchang,
Harbin, Dongying, Jiaxing, Zhengzhou, Zhenjiang, Yantai, Jinhua, Weihai, Lanzhou, Kun-
ming, Kelamayi, Haikou, Chongqing, Shaoxing, Zibo, Wuhu, Yinchuan, Xiangtan, Huzhou,
Hohhot, and Wenzhou.

4.2 Restricted factors and bottlenecks

The findings of the study indicate that innovative city construction in China faces seven
low-ratio problems. Firstly, the proportion of city and corporate R&D investment to GDP is
relatively low. Secondly, the proportion of new product sales revenue to the total product
sales revenue is also low. The third problem lies in the low proportion of high-tech industrial
outputs in relation to the total industrial output. Fourthly, cities’ internal dependence on
technology is not high. Fifth, the number of invention patent applications to the total patent
applications is low. The sixth problem is that the contribution of city technology to eco-
nomic growth is not high enough. The final, seventh, problem lies in the low proportion of
public education funding to GDP in Chinese cities. Results revealed that 98.85% of the cities
studied maintained proportions of R&D investment to GDP that were lower than the innova-
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tive city construction standard (5%). In about 98% of the cities studied, the proportion of
corporate R&D input in relation to the total sales revenue was less than the standard (5%).
Further, 99% of the cities studied maintained a proportion of new product sales revenue to
the total product sales revenue that was less than the standard (60%) and in 97.6% of the
cities studied, high-tech industrial output was less than 60% of the total industrial output.
The proportion of most cities’ internal dependence on technology and invention patent ap-
plications to total patent applications was less than 70%. In 93.7% of the cities, the contribu-
tion of technological development to economic growth was lower than the standard, and in
132 cities, their technical contribution to economic growth was found to be below the na-
tional average level (46.5%). Finally, 91.96% of the cities studied evidenced a proportion of
public education funding to GDP that was less than the standard (5%). Accordingly, it can be
concluded that innovative city construction in China has to face up to bottlenecks in invest-
ment, income, technology, contribution and human resources (Fang, 2013).

4.3 Relationship between comprehensive innovation level and economic development

Developed cities tend to have higher comprehensive innovation indexes; correspondingly,
the comprehensive index in less developed cities tends to be low. The results of this study
reinforce these tendencies. The cities found to have the 10 highest comprehensive innova-
tion indexes — that is, Beijing, Shenzhen, Shanghai, Guangzhou, Xiamen, Suzhou, Nanjing,
Hangzhou, Wuxi, and Wuhan — are all well-developed economically. This is also true of the
top 10 cities in terms of industrial innovation indexes— namely, Beijing, Shenzhen, Shanghai,
Suzhou, Guangzhou, Wuxi, Zhuhai, Xiamen, Dongguan, and Nanjing. The cities which had
the 10 highest independent innovation indexes—Beijing, Shanghai, Shenzhen, Guangzhou,
Nanjing, Hangzhou, Xiamen, Changsha, Wuhan—are, furthermore, also all located in the de-
veloped eastern region. The top 10 institutional innovative cities are also developed cities —
Beijing, Guangzhou, Shenyang, Chengdu, Shanghai, Qingdao, Shenzhen, Tianjin, Hefei, and
Ningbo. Accordingly, the economic development level is positively related to the compre-
hensive innovation level. This supports the assertion that innovation is the major driving
force in promoting economic growth.

4.4 Spatial heterogeneity and the comprehensive innovation level

Results reveal that some innovation levels (such as the technology innovation level, the in-
dustrial innovation level, the living environment innovation level, and the institutional in-
novation level) were clearly much higher in cities located within the eastern region of China
than in those in central and western China. A gradient distribution pattern of the overall
comprehensive innovation index therefore illustrates a shift from being the highest in the
eastern region to being the lowest in the western region (Figure 2).

Computation revealed that 32 of the top 50 cities with the highest comprehensive innova-
tion indexes from 2009-2011 were located in the eastern region. Further, 9 out of the top 10
cities were located in the eastern coastal region. These included Beijing, Shenzhen, Shang-
hai, Xiamen, Guangzhou, Nanjing, Suzhou, Hangzhou, and Wuxi. Among the top 10 cities
with the highest independent innovation index, 7-namely, Beijing, Shanghai, Shenzhen,
Guangzhou, Nanjing, Hangzhou, and Xiamen—were located in the eastern coastal region. All
of the top 10 cities with the highest industrial innovation indexes—that is, Beijing, Shenzhen,
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Shanghai, Suzhou, Guangzhou, Wuxi, Zhuhai, Xiamen, Dongguan, and Nanjing—were lo-
cated in the eastern coastal region. Further, the eastern coastal cities of Beijing, Guangzhou,
Shenyang, Shanghai, Qingdao, Shenzhen, Tianjin, and Ningbo (8 in total) were among the
top 10 cities with the highest institutional innovation index. These spatial differences in the
comprehensive innovation level in China cannot, we believe, change in the short term.
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Figure 2 Spatial heterogeneity of the comprehensive innovative level of prefecture-level cities in China

As such, in the next 20 years, the eastern coastal cities will likely be the key places that
facilitate China’s comprehensive innovation capacity and strengthen the country’s strategic
status on the international stage. These developments will provide important support for
China’s goal to construct an innovative country by the year 2020. As such, central and west-
ern China holds the key to the continuing production of innovation in the future. Establish-
ing infrastructures and atmospheres of innovation will be fundamental for the leapfrog de-
velopment of innovation in China.

4.5 Spatial heterogeneity and innovation improvement speed

Turning to the issue of improvements in the comprehensive innovation levels of the cities
studied, it is noted that 36 out of the top 50 cities (72%) with the highest growth rates were
located in central and western China (26 cities in western China and 10 cities in central
China). Further, 26 out of the top 50 cities (of 52%) with the slowest growth rate were lo-
cated in central and western China (14 western cities and 12 central cities).
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A great gap exists between China’s cities in terms of their speeds of development, and this
is reflected in the results of this study. For example, the fastest growing city was found to be
Wuzhong, with a growth rate of 13.83%; Luzhou was found to take second place, with a rate
of 11.29%. However, in contrast, the comprehensive innovation level in 20 cities — including
Xiangyang, Quanzhou, Baicheng, Lanzhou, Zhengzhou, Daqing, Yuxi, Qingyang, Baotou,
Qingdao, Hefei, Datong, Kunming, Dalian, Jixi, Yingtan, Ma’anshan, Chongqing, Wuhu,
and Jiuquan—dropped markedly; among these, the rate of decrease in Jiuquan and Chongqing
was 3.66% and 2.93%, respectively.

The growth rate of 241 prefecture-level cities was found to exceed the average national
comprehensive innovation development speed of 1.01%, with only 46 cities developing at a
lower than the average speeds. This indicates that potential exists for improvement and that
prospects are bright for Chinese cities’ comprehensive innovation level in the future.

4.6 Consistency in the spatial pattern

When compared with other innovative cities in developed countries, the 287 Chinese cities
studied in fact had relatively low independent innovation levels. The independent innovation
indexes of each city in 2009, 2010, and 2011 were found to be between 0.0194-0.5263,
0.018-0.5183, and 0.0235-0.5469 respectively. Only Beijing exceeded the average level
(0.5), but was still less than 0.75. Only 77 cities (26.8% of the total studied) were found to
maintain a higher independent innovation level than national average level of 0.1288: cor-
respondingly, 73.2% of the total cities were found to be below the average value. A great gap
was revealed to exist between cities in terms of their independent innovation level. Devel-
oped cities, such as Beijing, Shanghai, Shenzhen, Guangzhou, Nanjing, and Xiamen, tended
to have higher independent innovation index. Cities in eastern region performed better than
cities in central and western China in terms of their independent innovation and innovation
platform construction levels, their completion of innovation facilities, their innovation input
and innovation achievement transfer levels. This results in a gradient distribution pattern of
the independent innovation level from the highest in the eastern region to the lowest in the
western region (Figure 3).

The industrial innovation indexes were found to be between 0.0613-0.6147, 0.0659—
0.6116, and 0.0677-0.6339 in the years 2009, 2010, and 2011 respectively. Only Beijing,
Shenzhen, Shanghai, Suzhou, Guangzhou, Wuxi, and Zhuhai had higher industrial innova-
tion levels than the average level of 0.5, but all maintained a level less than 0.75. Compared
with innovative cities in developed countries, the industrial innovation level of all of the 287
cities was relatively low — in fact, 83% of the cities studied were below the national average
value. Huge regional differences were shown to exist in terms of industrial innovation levels
in China. Cities with well-developed economies, such as Beijing, Shenzhen, Shanghai,
Suzhou, Guangzhou, Wuxi, and Zhuhai, tended to have higher industrial innovation indexes.
Cities in eastern region performed better than cities in central and western China in terms of
their industrial innovation and innovation platform construction levels, their completion of
innovation facilities, and their innovation input and innovation achievement transfer levels,
giving rise to a gradient distribution pattern of the independent innovation level being high-
est in the eastern region to lowest in the western region (Figure 4).
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The city living environment innovation indexes were between 0.4624-0.7843,
0.5195-0.8123, and 0.5086—-0.8364 in 2009, 2010, and 2011 respectively. The level of city
living environment innovation was found to be relatively high, with 80% of all the cities
studied exhibiting a living environment innovation level that was higher than the national
average. Great differences were still shown to exist between regions, but developed cities
did not enjoy a higher living environment innovation level, indicating that no close positive
relation exists between living environment innovation level and urban economic develop-
ment level. For instance, cities like Huangshan, Lianyungang, Dongying, Yingtan, Dalian,
Haikou, Zhuhai, and Sanya tended to have higher living environment innovation levels, de-
spite the fact that they are not particularly well developed economically. In contrast, most
resource-based cities and mining cities like such as Yangquan, Anshan, Hegang, Weinan,
Wuzhong, Jiayuguan, Lanzhou, Chifeng, Jixi, Shuangyashan, Panzhihua, Liupanshui, and
Baiyin were found to maintain lower living environment innovation indexes. In general,
eastern cities had markedly higher living environment innovation levels and energy-saving
and emission-reduction levels than central and western cities. Given these patterns, the liv-
ing environment innovation index shows a gradient distribution pattern of the independent
innovation level that is the highest in the eastern region and the lowest in the western region
(Figure 5).

The institutional innovation index of each city was found to be between 0.0028-0.7123,
0.0032-0.7222, and 0.0030-0.7264 in 2009, 2010, and 2011, respectively. Only Beijing,
Guangzhou, Shenyang, Chengdu, Shanghai, Qingdao, Shenzhen evidenced institutional in-
novation indexes that were above the average level (0.5). These were still less than 0.75.
Compared with innovative cities in developed countries, the institutional innovation level of
all the 287 cities studied was revealed to be relatively low, suggesting that Chinese cities
may face innovation difficulties in relation to institutional factors in the future. Only four
cities (accounting for just 1.39% of the total number of cities) showed institutional innova-
tion levels that exceeded the national average value (0.5796) — namely, Beijing, Guangzhou,
Shenyang, and Chengdu. In other words, 98% of cities studied were found to be below the
average level. There were, again, huge regional differences at play in the distribution of in-
stitutional innovation level. Specifically, developed cities like Beijing, Guangzhou, Shen-
yang, Chengdu, Shanghai, Qingdao and Shenzhen, tended to have higher institutional inno-
vation levels, and less developed cities were more likely to see lower institutional innovation
levels. Generally, cities in the eastern region performed better than cities in central and
western China in terms of their urban innovation services, cultural construction levels, and
innovation policy levels. Therefore, a gradient distribution pattern of the institutional inno-
vation level was the highest in the eastern region and the lowest in the western region (Fig-
ure 6).

S5 Conclusions and prospects

This paper has evaluated the current situation of 287 prefecture-level cities in China by per-
forming a comprehensive assessment of innovative cities and using innovative monitoring
system software. In so doing, it has highlighted four aspects, namely independent innovation,
industrial innovation, living environment innovation, and institutional innovation, and re-
vealed the spatial heterogeneity of innovative city construction in China. The results of the
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study are considered to enrich the theory of sustainable development and innovation in
China, thereby greatly facilitating the development of China’s urban geography. Finding can
be summarized as follows.

(1) The evaluation model established in this paper in order to address the innovative city
in China is more comprehensive than the models advanced in preceding studies. Innovation
is a comprehensive concept; as such, this study reflected a number of different aspects of
innovative ability in building the model, integrating aspects like a city’s technological inno-
vation ability, city industrial innovation ability, living environment innovation ability, and
institutional innovation ability. Through the 55 indicators developed, the study was able to
address not only economic, social, and human elements, but also natural, institutional, and
technological elements. Moreover, we developed a new piece of software — the China Inno-
vative City Comprehensive Assessment and Dynamic Monitoring System V1.0 — which
provides an advanced technical method for the current and future assessment of China in-
novative city sustainable development.

(2) The 287 prefecture-level cities in China considered in this study evidenced a spatially
heterogeneous character not only in terms of their levels of comprehensive innovation, but
also in terms of their innovation improvement speeds. Further, in the process of constructing
an innovative country, comprehensive innovation levels in the eastern region were generally
found to be markedly higher than those observed in central and western China. This dispar-
ity resulted in a gradient distribution pattern of the overall comprehensive innovation index

Grade of innovation cities . e
Provincial capnal,-; )

. . . . ® Prefecture ci
Global innovation-oriented city ty
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Figure 7 Strategic spatial configuration planning of national innovative cities
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that showed the highest levels in the eastern region and the lowest in the western region. The
innovation improvement speed of the 287 prefecture-level cities studies was found to reflect
the same character — cities with the highest improvement speeds were located in central
China, and cities with the lowest improvement speeds were located in western China. The
innovative ability of cities in China was also found to be spatially heterogeneous in character,
a finding which is consistent with current understandings of Chinese socioeconomic space.
(3) Ultimately, this paper proposes that good prospects exist for the development of the
innovative space of Chinese cities. Given the findings detailed here, we suggest that the
guiding principle for the next step of constructing innovative cities should be “independent
innovation, breakthroughs in key fields, market-oriented, regional interaction, and tal-
ent—supported,” and the core thread should be the improvement of the various aspects which
compose Chinese cities’ independent innovation ability. Meanwhile, the four key directions
of innovative city construction in China are: independent innovation, industrial innovation,

Table 2 Strategic spatial configuration planning of national innovative cities

Global innovative National innova- Regional innova-

Level . . . . . Local innovative city Innovation-driven city
city tive city tive city
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p reheHS}Ve Senior innovative Senior anFi mid- Middle-level . . . Primary innovative city
innovation . dle-level innova- . . Low-level innovative city A . ,
. city . . Innovative City (Potential innovative city)
index tive city
Number of 4 16 30 55 182
cities
Innovative  Global Innovation National Innova- Regional innova- . . .
. . Local innovation center Innovation center
status Center tion Center tion center
World city National central

Basic function

International Me-
tropolis National
Central City

city
Regional central
city

Regional central
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Local central city

Local central city
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Guangzhou Shenyang, Xi’an, Harbin, Taiyuan, shan, Zibo, Karamay, yang, Xiangyang, Xing-
Wuhan, Dalian, ~Nanchang, Zhen- Tongling, Jiaxing, Huzhou, tai, Chengde, Wuhai,
Tianjin, Chang- jiang, Yantai, Sanya, Nantong, Baoji, Pingdingshan, Quzhou,
sha, Qingdao, Haikou, Zheng- Taizhou, Weifang, Jing- Binzhou, Zhangjiakou,
Changchun, zhou, Shaoxing, dezhen, Jiangmen, Laiwu, Linyi, Xinxiang,
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Chongging, Hefei ming, Dongguan, Zhuzhou, Langfang, Shaoguan, Huaian,
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living environment innovation, and institutional innovation. Through the pursuit of these
directions, China should be able to realize its goal to construct a number of innovative cities
with significant radiating and leading influence in each of the country’s regions, and even
around the world. Based on the classifications resulting from this comprehensive assessment,
it can be suggested that by the year 2020, Beijing, Shenzhen, Shanghai, and Guangzhou will
have developed into four global innovation centers; and that Nanjing, Suzhou, Xiamen,
Hangzhou, Wuxi, Shenyang, Xi’an, Wuhan, Dalian, Tianjin, Changsha, Qingdao, Chang-
chun, Chengdu, Chongqing, and Hefei will form 16 national innovation centers. Ultimately,
we see the new spatial pattern of China’s innovative city network as containing four interna-
tional innovative cities, 16 national innovative cities, 30 regional innovative cities, 55 local
innovative cities, and 182 innovation-driven cities, which indeed would contribute to the
completion of the construction of an “innovative country” (Table 2 and Figure 7).
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