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Abstract: A city’s ability of science and technology innovation is the basis for its sustained competitiveness，However, innovation activity is also complicated system engineering. It is significant to describe the structure and mechanisms of innovation factors to enhance the city’s ability of science and technology innovation. In this paper, structural equation method is used to construct the structural model of city’s innovation system. Then the paper gives the analysis on the different effects of variables as well as their mechanism and ranks the 436 global cities about their innovation ability based on weight figured out from path coefficients. Different from previous conclusion, the paper finds that the factors, such as public system and global connection, have the largest effect on innovation ability and coordination of different policies also affect the ability greatly.
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Chapter One   Introduction
With the rapid development of economic globalization, science and technology is changing with each passing day, city plays a more important role in a country and in the globe, and becomes a basic unit participating directly in the international economic activities. The growth of city has become the major engine of regional and national development. “As the soul of a city and its urban competitiveness, science and technology innovation ability is the source of urban value return and welfare wealth”, which provides the greatest contribution to the urban comprehensive competitiveness. (NI Pengfei et al., 2010). Since scientific innovation is a complex systematic project, the study on the element system, internal structure and application mechanism of City Innovation System is of great significance for the cultivation of urban science and technology innovation ability and urban comprehensive competitiveness. 
The study on innovation system originally started from the state level（C. Freeman，1987；Michael E. Porter and Scott Stern, 1999）and regional level research was proposed afterwards. （Philip Nicholas Cooker，1994； Metcalfe，1995）. The essential elements of regional innovation system, viewing from the existing literature, has already become common-sense in the area of study （Asheim，Tsaksen，2002；Todtling，2000；HUANG Lucheng，2000；Kaufmann 1999，2002）. Nevertheless, some critical factors, for instance, the global connections, have received only scant attention, and the interior structure on the factors' mutual relation is still remain in the “black box”. The related research in this filed is mostly from qualitative level analysis of the experience rather than from quantitative view with related model of the innovation system. Mostly carrying on the basic content of the regional innovation system, the research on the city innovation system is still in the initial stage.（James Simmie，J. Sennett，P. Wood，2002； Manfred M. Fischer， Javier Revilla Diez， Folke Snickars，2002，2010；Ron Martin，James Simmie，2008；Siming Liu et al.，2007；Kefan Xie et al.，2009）
Based on previous study, this research adopts structural equation method to explore and discover the internal structure and influencing mechanism of the innovation system through causality analysis and path analysis, trying to find the most influential factor of enhancing urban innovation ability and its acting path so as to give some relevant policy proposals correspondingly.  
Chapter Two   Hypothesis of Global City Innovation System SEM
Structural Equation Modeling (SEM) is an important linear statistical model technique based on variables of covariance matrix to hypothesize causal relationships with the capacity of processing complex relationships between one or more independent variables and one or more dependent variables, and evaluating factor structure and factor relations as well as estimating the fitting degree of the whole model. These advantages made SEM a very powerful multivariate analysis technique in diverse disciplines especially social sciences. Innovation itself is a systematic project involving multiple and complex bodies. The hypothesis of global city innovation system SEM is as follows: 

Joseph Alois Schumpeter (1911，1934，1942) stressed that the decisive factor of promoting innovation is the profit-oriented entrepreneurship. As a principle part of innovation activity, enterprise is playing the decision role of enhancing city innovation ability. Meanwhile, as the “knowledge Generation Subsystem” of innovation activities, universities and research institutions are also main body of urban innovation system. Therefore, the indexes of scientific and technical corporations, universities and central indexes of R&D are adopted by the present research as the exogenous observed indexes of innovative main body. 
H1: Innovative main body has a relatively important direct positive effect on the urban science and technology innovation ability. 
Innovative main body is not and can’t be isolated in the city innovation system, but needs communication and interaction with each other. What makes knowledge different from ordinary products is that knowledge has spill-over effects (Paul M.Romer，1986). How close the innovative main body connects with each other and the quality of the connection will greatly affect the way the system operates. Meanwhile, the generation of modern knowledge should be promoted by multiple subjects with the form of network, and the original boundaries of foundational and applied study boundaries should be broken up (Gibbons，1999). Thus, internal connection, or the construction of interior platform, is also a very important part of city innovation system. The present research uses science park numbers, international correlated industry indexes and bank indexes as the exogenous observed indexes of interior platform. 
H2: Interior platforms have an important positive effect on the urban scientific innovation ability through innovative main body. 
The resources and environment of a city decide its potential of innovation capacity. Besides necessary caption input, according to the characteristics of hi-tech industrial, human capital as the knowledge carrier, plays a decisive role in the essential productive factors (WU Jinglian, 1999). Moreover, in the process of promoting and spreading innovative products to the society, information technology can provide relevant knowledge and information, while interpersonal communication plays a more direct and effective role in persuading people to accept and use the products. (Everett M. Rogers, 1962). Therefore, the best way of promoting innovative products is to find the combination of information technology and interpersonal communication. Consequently, efficient information and transportation network also have great help to promote the wide spread of innovation. The present research takes the talent indexes, ratio of R&D input in the GDP, web server indexes, and aerial line numbers as the exogenous observed indexes of resource endowment. 

H3: Resource endowments have a relatively important positive effect on the urban scientific innovation ability through innovative main body.
Innovation results from market-oriented economy and market growth potential decide the speed and direction of invention activities. It is the market demands who promote science and technology innovations, not the reverse (Jacob Schmookler, 1966). The “Dual drive mode” of technological innovation shows that it is the result of common function of the technological progress and market demands (C. Freeman, 1976). Therefore, market demand variable is added into the urban innovation system and decided by minimum wage and highway lines as the two exogenous observed indexes. In this paper, the index of minimum wage represents the market demands of the city and the index of highway lines stand for the regional market demands. 
H4: Market circumstances have a relatively important direct positive effect on the urban scientific innovation ability. 

City is an organization. The effectiveness of its institution decides the operating efficiency of its science and technology innovation activities because of the huge gap of personal benefits and social benefits during the innovation activities. Therefore, the persistent effort of improving technology can only be realized when an institution of property rights which supports people’s innovation activities is set up and personal income is improved. (Douglass C. North, 1991). As the key subject of the institution, government’s function is to become the “powerful source of rapid technological and method innovation of enterprises, and the brain lead the enterprises develop to the appropriate direction.” (Michael E. Porter，1999). A positive choice of institution will promote the innovation of technology while an inappropriate institution design will restrict science and technology innovation and halt the improvement of innovative efficiency. The cases of 128 high ways and Silicon Valley (AnnaLee Saxenian，1994) have fully demonstrated the significance of public institutions and social cultures to science and technology innovation apart from renown universities and sufficient investment. In this research political stability, the central and local government’s financial revenues ratio, economic freedom, public governance indexes are adopted as the exogenous observed indexes of public institution. 
H5. Public institution has a very important positive effect on the urban scientific innovation ability through innovative main body.

H6. Public institution has a very important positive effect on the urban scientific innovation ability through resource endowment.

H7. Public institution has a very important positive effect on the urban scientific innovation ability through interior platforms.

The process of innovation relies on the transmission and spread of knowledge. In the era of globalization, because of the effect of knowledge spill-over, the degree of the city connecting with the world has a major impact on a city innovation capacity. Therefore, building around the premise of traditional factors of innovation system, the paper creatively adds variables into global connection. 
H8. Global connection has positive effect on the urban scientific innovation ability.

Thus, seven variables are included in the city innovation system, namely: city innovation ability, innovative main body, resource endowment, market environment, interior platform, global connection, public institution. Among these seven variables, the first one is an exogenous variable, the rest are endogenous variable. The hypothesis of city innovation system as shown in Figure 1:
This article assumes that the most important direct factor in the city innovation system is innovation main body, which is the carrier of innovation activities and the main result part, the critical hub of the whole system. Other factors act on innovation main body from different aspects and directions so as to exert influences on the capacity of scientific and technical innovation. Among the seven, the public institution does not only act on innovation body but also has great impacts on the construction of interior platform and accumulation of resource endowment. 
As for the choice of the observed indexes of innovation ability, according to the internationally accepted indicators design, the gross patent applications and patent applications per million people are selected as the exogenous observation indicators. Although some limitations do exist when using patent data as the indicator of city science and technology innovation ability, the data has a close relationship with innovation and is easily accessible with. Meanwhile, the criteria of patents are objective and slow-varying over the years, so patents are still fairly reliable indicators of evaluating scientific and technical innovation ability. (Griliches，1990；Acs，2002). The amount of patent application is a more valid reflection of the real level of scientific and technical innovation than that of patent authorization, (Groshby, 2000), for the patent authorization is largely influenced by many human factors like government patent office so that the uncertain factors increases with the abnormal dynamics. Whether any hysteresis relationship exists in the input and output of scientific and technical innovation? Some scholars believe that there is hardly any hysteresis effect in the research input and patent application. (Jaffe，2000), or the influence of the effect is not obvious. (Griliches，1990). The present research chooses the gross patent applications and patent applications per million people as the exogenous observation indicators, and no hysteresis relationship exists in exists in the input and output of scientific and technical innovation.








Chapter Three  
Fitting and Conclusion of Global City Innovation systematic structure model
1. Study Sample
Based on the requirement of structural mode for the sample size, the present research chooses 436 cities around the world as the data sample. According to the method of choosing sample data from “2009-2010 Global Urban Competitiveness Report”, the sample cities are selected from different countries and regions of six continents, taking population and per-capita income into consideration.  Ranging from largest to smallest; good to poor, highest to lowest, choose the cities with statistical data relatively accessible, standard and accurate.
From the spatial distribution, the sample cities spread all over 130 countries and regions of 6 continents. Specifically speaking, among 436 cities, there are 154 Asian cities, 124 European cities, 99 North American cities, 28 South American cities, 8 Oceania cities and 23 African cities. Covering different developing stages, these cities can represent the latest states of cities of different developing stages in different regions of world. 
2．Data Sources and Index Presentation 
The data of the present research comes from the database of “2009-2010 Global Urban Competitiveness Report”, and the indexes are from the 2007-2008 statistical survey data. (Table 1)
Table 1.    Structural Equation Variables for Global City Innovation Capacity 
	Variable Classification
	Latent Variable
	Variable
	Names of indexes
	Code of Indexes

	Exogenous Variable C
	Innovation Capacity
	C
	Gross patent applications
Patent applications per million people
	C1
C2 

	Endogenous variable l 
	Innovation Main Body
	i1
	Scientific 
and technical corporations

Universities

R&D Central Indexes 
	i1.1

i1.2

i1.3

	
	Resource Endowments
	i2
	Talent indexes

Ratio of R&D input in the GDP

Web server indexes

Aerial lines
	i2.1
i2.2
i2.3

i2.4

	
	Market Environment
	i3
	Minimum wage
Highway lines
	i3.1

i3.2

	
	Interior Platform
	i4
	Science parks

International correlated industries 

Bank indexes 
	i4.1

i4.2
i4.3

	
	Global Connection 
	i5
	Multinational corporation

Multiple languages
International Exhibition
	i5.1
i5.2
i5.3

	
	Public Institution
	i6
	Political Stability

Central and local government’s financial tax ratio

Degree of economic freedom

Public governance indexes
	i6.1

i6.2
i6.3
i6.4


3. Data Processing and Reliability Analysis
Because the units used to measure the data are varying, dimensionless method should be applied to the data in the first place. By employing the thresholding method, the monitoring data can be standardized, the formula is as follow: 
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is the original data value. After processing, all the data become dimensionless data in the range [0,1], but the order does not change. 
With multi-scope and multi-statistical caliber, the data has been applied to SPSS13.0 statistics software to conduct reliability coefficient and validity testing in order to ensure data validity. The cronbach’s Alpha coefficient of the data is 0.843, showing good reliability and validity. 
4. Fitting and evaluation of the model 
Apply Amos18.0 software to run make calculations of the initial model. This research makes model calculation by maximum likelihood estimate, and modifies the model according the evaluation of model fit indexes and the estimates of coefficient to get the final model and path coefficient. (Figure 2) 
[image: image7.emf]
The result of common fit indexes is ideal (Table 2).  Except the ratio of Chi-Square value and degrees of freedom being 2.746 less than 3, all the rest fit indexes achieve the ideal state: CFI、NFI、IFI are more than 0.7, RMSEA is less than 0.08, and all the coefficients have passed the significant test at 95% level, which shows the model fitting is suitable. 
Table 2  Major Model Fit Indexes
	Fit indexes
	Chi - square values (Degree of Freedom)
	CFI
	NFI
	IFI
	RMSEA
	AIC

	Result
	922.6(336)
	0.793
	0.779
	0.795
	0.068
	578.664


The regression coefficient and correspondence statistics obtained from final fitting are demonstrated in Table 3. The C.R. value is a Z statistic, consisting of the ratio of parameter estimate to standard deviations. The statistical test probability or “P-value” can be used as the statistical significance test for the path coefficient. The Data of Table 3 show that most p-values of path coefficient are significant below the 0.01 level, and two are significant below the 0.05 level. 
5. Conclusion and Application of the Model. 
(1) Functions and influencing mechanism of variables. All the endogenous variables in the model are divided into variables with direct effects and variables with indirect effects. In the Figure 2, the structural equation model of innovation capacity of the cities shows the influencing mechanism of all the endogenous variables to the exogenous variables. The influencing mechanism reflected in the path of endogenous variables working on the exogenous variables, and the final influence coefficient of endogenous variables working on the exogenous variables obtained through each path coefficient. L
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based on Table 3. 
Table 3 Parameters Evaluation of Global City Technical Innovation
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Note：“***”stands for significant below the 0.01 level，L
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 stands for path coefficients of latent variables, l
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stands for the path coefficients of the observed indexes. 
Innovation main boy and resource endowments are two variables with direct effect, that is to say, their influence on the innovation capacity is direct. Their influence coefficients are 0.222 and 0.234.
Market environment, interior platform and global connection are three variables with indirect effect, showing that these three variables influence the innovation capacity indirectly. 
Take interior platform as an example, it exerts indirect influence on city innovation capacity from the following four paths:
Path 1: interior platform → market environment →innovation main body →innovation capacity. Influence coefficient : L43×L31×L1C=1.051×1.039×0.222=0.2424；
Path 2: interior platform → public institution → innovation capacity. Influence coefficient : L46×L6C=0.388×0.593=0.2300；
Path 3: interior platform → public institution → innovation main body → innovation capacity. Influence coefficient: L46×L62×L2C=0.388×0.423×0.234=0.038412
Path 4: Interior platform → public institution →resource endowments → innovation capacity. Influence coefficient: L46×L61×L1C=0.388×（-0.135）×0.222=-0.011628

Combining the above four paths, Influence coefficient of interior platform to innovation capacity is: 0.2424+0.2300+0.038412+（-0.011628）=0.4984.
Through this calculation, the influence coefficients of all the six endogenous variables can be obtained as follow: (see table 4)
Table 4 Influence of the Six Endogenous Variables to Global City Innovation Capacity

	Endogenous Variable
	The way of Influence
	Influence Paths
	Influences Coefficients

	Innovation Main Body
	direct
	1
	0.2220

	Resource Endowments
	direct
	1
	0.2340

	Market Environment
	indirect
	1
	0.2307

	Interior Platform
	indirect
	4
	0.4984

	Global Connection
	indirect
	4
	0.4787

	Public Institution
	direct/ indirect
	3
	0.6620


 (2) Determine the observed index weight. Path coefficient reflects the direct influence of the causal variables to the effect variables. The larger the path coefficient is, the stronger the direct influence will be. The path coefficient W
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 from the normalization processing observed Indexes to variables can be regarded as the basis for determining the observed index weight.
W
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The index weight for observed indexes of il innovation main body is:  
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The same procedure may be easily adapted to obtain W
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=0.3110; W
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=0.2378; 
The index weight of all the observed indexes are presented below: (see Table 5):
Table 5. Observed Indexes Corresponding Endogenous Variable Index Weight
	Index Weight
	Names of index
	Value
	Index Weight
	Names of index
	Value

	w11
	Scientific and technical corporations
	0.4513
	w41
	Science park
	0.9155

	w12
	Universities
	0.3110
	w42
	International correlated industry
	0.8285

	w13
	R&D Central Indexes
	0.2378
	w43
	Bank indexes
	-0.7440

	w21
	Talent indexes
	0.1264
	w51
	Multinational corporation
	0.4798

	w22
	Ratio of R&D input in the GDP
	0.2881
	w52
	Multiple languages
	0.2115

	w23
	Web server indexes
	0.2947
	w53
	International Exhibition
	0.3088

	w24
	Aerial line numbers
	0.2908
	w61
	Political Stability
	0.2807

	w31
	Minimum wage
	0.3081
	w62
	Central and local government’s financial tax ratio
	0.1538

	w32
	Highway lines
	0.6919
	w63
	Degree of economic freedom
	0.2549

	
	
	
	w64
	Public governance indexes
	0.3106


It is important to point out that the index weight for banks is negative, which is different from the expectation hypothesis. According to present documents and literature, a healthy financial platform, in particular, those financial agencies specially serve for the PE, VC funds of scientific and technological companies，can help the enterprises to carry out innovation through to the end, accomplishing the whole process from designing to marketing. There are several reasons that might explain the fitting result. First, the science park numbers and international correlated industry indexes have high positive correlation with the interior platform, however, in the real global samples the bank indexes have lower positive correlation with the interior platform, or may be because of the effectiveness of merging is less than satisfactory, even the positive correlation of science parks to interior platform demonstrate the opposite effect. Second, the bank index data comes through one source only, without consideration to the different situations in different cities and financial agencies. However, there is no denying that the construction of financial platform does have positive effect on the innovation capacity of a city. Through Spearman correlation analysis, the correlation coefficient of bank indexes to gross patent applications and patent applications per million people are 0.515 and 0.433. The results are confirmed
 (3) Analysis on the ranking for the scientific and technical innovation capacity of the global cities. Based on weighting coefficient of the observed indexes and the influence coefficient of all the variables, the scientific and technical innovation capacity of a city can be obtained through weighted computing of all the observed indexes. For instance, innovation main body consists of 3 indexes; weighted computing the 3 indexes according to the coefficients of Table 5, the scores of other variables can be obtained. Weighted computing the scores of all the six variables of each city according to Table 4 we can get the score of their innovation capacity, then ranks cities according to their scores. The cites ranking top 20 are London, Singapore, Barcelona, New York, Madrid, Tokyo, Beijing, Hong Kong, Paris, Sydney, Washington D.C., Munich, Toronto, Huston, Moscow, Shanghai, Armstrong, Brussels, Melbourne and Stockholm. No matter the six elements of innovation or the six factors of synergistic effect of science and technology innovation ability, these 20 cities are relatively better than peers. Their innovation capacity indexes are ranging in 1.7586—1.2336. Given the limited space available, the cities outside top 20 and their indexes are not presented in the paper. 
Chapter Four   Conclusion and Political Implications

Science and technology innovation is by no means a mere linear progressive relationship，nor a simple innovation chain, rather it is a complicated, comprehensive and systematic project. (SONG Gang, et al.2008). Figure 2 illustrates the interrelated relationship of every factor in structural model of city’s innovation system and their influencing paths to urban innovative ability. Table 4 demonstrates the degree of six endogenous factors influencing ability to urban innovation. Based on the two tables, we have the following findings. 
1. The fundamentality, comprehensiveness and substantiality of public system to technical innovation 

Comparing the coefficients of the six endogenous variables on urban innovation and science and technology innovation ability, we found that the influence coefficient of public system variables on urban innovation is 0.6620, taking the first place, which indicates that policies are the most influential on urban innovation.  

Seeing from Figure 2, we found that public system is also the most frequent factor, which interacts most with other factors. It takes its place from three directions, one being direct, and the other two being indirect. This indicates that the public system not only has a direct impact on urban innovation ability, but also on other factors in a broad way, which consequently influence science and technology innovation ability. Public system plays a fundamental, comprehensive and substantial role in this regard. 

In order to upgrade the urban scientific and technological innovation ability, focus should be spent on innovating and perfecting the public system, especially the public system of innovation of science and technology. It is also needed to perfect the Intellectual Property Protection system and improve city level intellectual property binding. In addition, initiatives should be established not only on national level, but also on urban levels to stimulate main-body’s innovation drive. Besides, efforts should be made to perfect market economic system, give full play to the fundamental role of market in terms of resources allocation, make the city enterprises become the main body of technological innovation, promote economic freedom and safeguard fair competition. Globalization makes the city government more and more important in local affairs. In this case, government should expand the role of local administrative ability, including promotes city’s responsibilities, obligations and rights. Besides, government should continuously improve the government public management level in the field of science and technology innovation.
2. The great significance of interior platform to science and technology innovation. 

   We have found from Table 4 that the influence coefficient of interior platform is 0.4984, taking the second place of the six endogenous factors, indicating its great influence on science and technology innovation. Figure 2 also shows that there are four paths that interior platform takes to influence city innovation ability. Innovation is rather an intellectual activity that stresses cooperation, but requires good policy support and platform. The successful experience in some cities with great innovation ability, such as Munich in Germany, told us the important role that the government and intermediaries play in innovative activities. 

In order to foster city science and technology innovation ability, efforts must be spent to build interior platform. There is more than one way to establish a public technology service platform, which provides science and technology resource sharing and public technology service. It is also required to construct and perfect a service system, including legal, financial, information and intermediary innovations provided by public or private sectors. We can also take other forms and platforms to encourage and promote the enterprises, scientific research institutions and universities to carry on interactive cooperation. Last but not least, efforts should be made to secure the smoothness of the policy and the effectiveness of communication and cooperation. 
3. Interior platform positively influence the formation and implementation of public system
As you can see from Figure 2, there is a relationship between the interior platform and public system. The platform has a positive feedback on the public system. In fact, on the one hand, the interior platform, including production, academy and research, is a kind of institutional arrangements; on the other hand, a wide and high quality interior platform can not only promote the innovation and perfection of the public system, but also help the implementation of the system.

Therefore, when certain bodies formulate and implement public policies in innovation, they should give full play to the interior platform. Through it, the government can have a better understanding of the hidden problems and the demands, consult the advice to perfect systems of science and technology innovation. Meanwhile, we should actively use this platform to achieve an effective and powerful execution in this regard. 

 4. The enlargement of global connection can uplift city innovation ability. 

The influence coefficient of global connections on the city science and technology innovation ability is 0.4787, taking the third place of the six factors. This indicates that global connection is beneficial to innovation ability. We can find by the influencing paths that global connection function first on innovation main body and then on the city innovation ability through exerting influence on interior platform and market demand.  If cities can widen the connection with the world in market, factors and subjects, they can receive many benefits, for example, the expanded interior platform, market demands, and innovation drive. In this case, global connection is more than merely good for knowledge flow and communication, which will benefit innovative ability, but has profound meaning. 

 Under the background of globalization, the city government and the relevant decision-making bodies should actively promote the economic subjects in the city to have more global connection, make full use of global technical resources and the market of science and technology. At the same time, by introducing the subject of technology innovation and global communication in this regard, we can extend platform for innovation, perfect innovation service system, promote the exchange, stimulate innovation demand in cities, and stimulate enterprise innovation drive, so as to enhance their ability of innovation of science and technology.

5. City innovation ability ultimately relies on the coordination of six factors. 

Table 4 and Figure 2 indicated that the main body of innovation and resource abundance exert a small but direct impact, but the market demand plays bigger but indirect impact. In general, the six endogenous variables have the positive effect on city innovation ability in different levels. These variables may take the direct or indirect, one or multiple paths to play a role on city science and technology innovation ability, which can be concluded that the city science and technology innovation depends on the interacted coordination. 

When the decision makers are making the public policies in order to enforce technological innovation, they should consider the path relations of structure models; wisely utilize the relevant policies and initiatives to avoid offsetting the effect but optimize the relevant innovation activities. The decision makers should also be in line with the interior mechanism of technological innovation and appropriately take measures to safeguard the driving factors. In other words, only when we are reinforcing the concerning factors in one path can we make sure the effectiveness of this path. For example, when we are upgrading the interior platform to improve the city innovation ability, we should also stimulate market demands and motivate main bodies of innovation to make sure the effect of interior platform can exert influence on city innovation ability. This has great significance to all cities which are paying great effort on building science and technology platform led by science and technology parks. The interior platform should be in an appropriate manner, in line with market demand and main body of innovation; otherwise, the unmatched and excessive construction only results in waste.
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