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Abstract 

Regional economic integration is an endogenous need for China’s development. The 
Yangtze River Delta city clusters are highly concentrated in regional resources and are 
an excellent growth soil for technological innovation. They are also an important 
gateway for the country to participate in world economic exchanges. Therefore, studing 
the innovation efficiency of city cluster is of great significance. Based on the CCR-DEA 
model, this paper measures the innovation efficiency of the Yangtze River Delta urban 
agglomeration, and uses the SDM model to study its influencing factors in terms of 
regional economic development level, Internet penetration, and government support. 
The result is that (1) The innovation efficiency of the triangle city group is relatively high 
and it exhibits HH agglomeration spatial characteristics (2) The level of regional 
economic development will significantly promote the improvement of innovation 
efficiency, and government support will hinder the improvement of innovation 
efficiency. 
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1. Introduction 

Regional economic integration is not only the general trend of global development, but also the 
endogenous needs of China's development. Urban agglomerations highly gather regional 
economy, manpower, information, and technology. They are an excellent growth soil for 
technological innovation and an important gateway for countries to participate in world 
economic exchanges. The innovation resources of a single city are often limited and are not 
conducive to agglomeration effects. But in an urban agglomerations, there are a large number 
of innovative resources such as manpower and capital that can flow freely. This free flowing 
resources can maximize the optimal allocation of resources in space and improve innovation 
efficiency. Therefore, the urban agglomeration is the research Goals can better reflect the 
impact of resource allocation on innovation efficiency. In June 2016, the National Development 
and Reform Commission of China issued the "Yangtze River Delta City Group Development 
Plan", which included 26 cities in Anhui, Jiangsu, Zhejiang, and Shanghai into the Yangtze River 
Delta City Group. On December 1, 2019, the Central Committee of the Communist Party of China 
and the State Council issued the "Yangtze River Delta City Group Development Outline". This 
Outline includes 41 cities in Jiangsu, Anhui, and Zhejiang Provinces in the planning scope. The 
Yangtze River Delta City Group, as an important growth pole supporting the development of 
the Yangtze River Delta region and the whole country, has become a key force in building a 
national innovation system, And is moving towards the sixth largest city cluster in the world. 
At present, the Yangtze River Delta urban agglomeration is the most mature urban 
agglomeration in China. It has obvious innovation advantages and strong innovation 
capabilities. However, there are significant differences in innovation capabilities among cities 
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in the Yangtze River Delta urban agglomeration. Due to factors such as geography, policy, and 
administrative boundaries among some cities, the flow of innovative elements such as talent, 
economy, and technology cannot be fully utilized, and the innovation efficiency is not high. It is 
not conducive to the integrated development of the Yangtze River Delta. Therefore, how to 
improve the efficiency of technological innovation in the Yangtze River Delta region has become 
an important issue that needs to be resolved in the construction of the Yangtze River Delta, an 
emerging city cluster. Based on this, this article will measure the technological innovation 
efficiency of 41 cities in the Yangtze River Delta region based on the DEA model, and examine 
its influencing factors. 

2. Organization of The Text 

2.1. Calculating innovation efficiency 

2.1.1. Model 

The DEA model can measure the efficiency of the unit in the case of multiple inputs and multiple 
outputs. In order to fully investigate the factors when a decision-making unit is invalid, this 
paper will use the CCR model to measure the innovation efficiency of different regions. The 
specific model is as follows: 
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2.1.2. Variables selection 

Innovation investment includes capital investment and human capital investment. We use the 
number of scientific and technological personnel (persons) to measure human capital 
investment, and the fixed asset investment of the whole society (ten thousands yuan) to 
measure capital investment. At the same time, we use the number of patent applications and 
the sales revenue of new products as Output indicators, construct an indicator system as shown 
in Table 1: 

Table 1. Indicator system 

Innovation Input 
Capital Investment Fixed asset investment in the whole society 
Human Investment Number of scientific and technical personnel 

Innovation Outcome 
Number of patent applications 

New product sales revenue 

 

2.2. Spatial correlation 

2.2.1. Global Moran’s Index 

In order to examine the spatial evolution process of innovation efficiency between cities, we 
use Global Moran’s I to measure whether 41 cities have spatial correlation. Global Moran’s I 
expresses it as follows: 
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In the formula, N is the number of cities, i and j represent each city, where i is not equal to j, and 
x is the city's technological innovation efficiency value. Generally speaking, the value of Moran 
Index is between -1 and 1, and greater than 0 means Positive spatial correlation; less than 0 
indicates a negative spatial correlation. 

2.3. Spatial measurement analysis 

2.3.1. Spatial measurement model 

The spatial measurement model is an extension of the ordinary regression model that 
incorporates different spatial interaction effects, and it mainly includes the following three 
categories: 

SLM model: This model includes endogenous interaction terms between dependent variables, 
which means that the efficiency value of a certain region is not only affected by some of its own 
factors, but also by the efficiency values of other regions: 

 
SEM model: The SEM model contains a certain interaction effect between the error terms, which 
means that the efficiency value will be affected by some difficult-to-observe disturbance terms: 

 

 
SDM model:The SDM model includes endogenous and exogenous interaction effects, which 
means that the efficiency value of a certain area is not only affected by the efficiency of the 
neighboring area, but also by the influencing factors of the neighboring area: 

 
2.3.2. Influencing factors 

The efficiency of urban innovation is generally affected by many factors, such as the level of 
regional economic development, the level of urban innovation and technology development, 
the policy environment, and people’s willingness to innovate. According to existing research 
and the status quo of the Yangtze River Delta urban agglomeration, we start from the economic 
development level, Internet penetration and government support to analysis their impact on 
innovation efficiency. 

Table 2. Influencing factors 
Variables Symbol Implication 

The level of economic development ECO Gross Domestic Product 
Internet penetration INT Number of Internet users 

Governmental support GOV Ratio of science and technology expenditure to total fiscal expenditure 

 

2.4. Empirical analysis 

2.4.1. Innovation efficiency calculation results 

We use software maxdea to calculate the technological innovation efficiency of 41 cities in the 
Yangtze River Delta. The results are shown in Table 3. It can be seen from the table that most of 
the cities with higher efficiency in the Yangtze River Delta are located in the east, and Shanghai’s 
innovation The efficiency value was 1 in year 2016 and 2017. 

The efficiency value of Shanghai-centered cities such as Suzhou has always been 1 during the 
inspection period. In terms of provinces, the average innovation efficiency of the cities in 
Jiangsu and Zhejiang ,they are all at a relatively high level, that have been greater than 0.65, 



Volume 2 Issue 8, 2021 

DOI: 10.6981/FEM.202108_2(8).0042 

288 

Frontiers in Economics and Management 

ISSN: 2692-7608 

while the average innovation efficiency of Anhui cities has been low, always below 0.6, but it 
has shown an increasing trend, rising from 0.43 in 2011 to 0.55 in 2017, Has good development 
prospects.  

 

Table 3. Innovation efficiency value of the Yangtze River Delta urban agglomeration 

 
 

In addition, some cities, such as Lishui and Taizhou, have higher scores because they consume 
less innovation input, although they have less innovation output. 

2.4.2. Spatial correlation 

Using software Stata15 to measure the Global Moran Index of the objects, the calculation results 
are shown in Table 4. From the table, it is obvious that the Moran Index of the Yangtze River 
Delta’s innovation efficiency values from 2011 to 2016 were all greater than 0, and passed the 
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significance test which proves that there is a positive spatial correlation. In 2017, the 
significance test was not passed, but this does not mean that there is no spatial correlation this 
year, because the calculation of Moran Index in this paper is an adjacency matrix, but with the 
development of technology, in particular, with the development and application of Internet 
technology in recent years ,inter-regional innovation activities are no longer confined to 
neighborhoods, and the correlation between neighboring regions may be positive-negative 
balance. Therefore, it is necessary to further calculate the local Moran index to observe its space. 
Correlation. 

Table 4. Global Moran Index of the Yangtze River Delta City Group 

 
 

By calculating the Local Moran Index in 2017, drawing the Moran scatter plot as shown in 
Figure 1. It can be seen from the figure that there are 10 cities in the first quadrant (HH) and 16 
cities in the second quadrant. with 26 units in total, accounting for 63.41% of the total. 
Therefore, it can be considered that there is a spatial correlation, so spatial econometric 
analysis can still be carried out. 

 

 
Figure 1. Local Moran scatter plot 

 

2.4.3. Space measurement 

This article first sets up a non-spatial econometric model to estimate it, and then tests the lag 
or residual spatial correlation. The LM test was performed using the residual sequence 
obtained by the OLS under the double fixed effects of time and space. The test results showed 
that the LMerror value was 61.68, the R-LMerror value was 6.697, the LMlag value was 63.046, 
and the R-LMlag was 8.063. All passed The 5% significance test which indicates that there are 
both spatial error effects and spatial lag effects. In order to further compare whether the SDM 
model can be replaced by the SLM model and the SEM model, we conducted the LR test. The 
statistics compared with the SAR and SEM models are respectively Both 27.51 and 37.86 passed 
the 1% significance test, so the SDM model was used for regression. However, the above test 
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does not subdivide model random effects or fixed effects, so this article uses the assumption of 
random effects to perform Hausman test. The test result p value is less than 0.01, so the original 
hypothesis is rejected and the fixed effects model is adopted. The specific regression results are 
shown in Table 5. 

The regression of the SDM model under fixed effects cannot determine whether the time fixed 
effect or the individual fixed effect is used, but the R value of the regression results under 
different effects can reflect the fitness of the model in a certain extent. It can be seen from the 
table that R value is largest under the time fixed effect (=0.330), so we choose time fixed model 
as the final result. The regression value of ECO is 0.002 and is significant at the 5% level, which 
means that the level of economic development has a significant positive correlation with 
innovation efficiency However, the value of government support is -0.034, and it is significant 
at the 1% level. This may be because government investment has a certain degree of crowding 
effect on the innovation activities of enterprises. Therefore, government intervention should be 
appropriately controlled to fully Give full play to the initiative of the enterprise itself. 

 

Table 5. Regression results under different effects 

 
 

3. Literature References 

The research on technological innovation in the Yangtze River Delta has always been a hot topic 
in this area. Most of the existing studies are based on the SFA and DEA methods to measure the 
innovation efficiency of the cities in the Yangtze River Delta and analyze its influencing factors. 
The innovation activities themselves are knowledge production. Activities have a certain 
degree of spillover, especially the maturity and application of today's networked technologies 
have significantly enhanced the spillover of innovative activities between regions. It is generally 
believed that the cause of this spillover is the liquidity of the innovation input elements 
themselves. This spillover can be It is divided into trickle-down effect and siphon effect. The 
trickle-down effect means that the innovation efficiency of a certain area has a positive spatial 
spillover, but this spillover exhibits an attenuation phenomenon with increasing distance; the 
siphon effect is a negative innovation efficiency of a certain area. Spatial spillover; In addition, 
many scholars have conducted research on the relationship between different influencing 
factors and the spillover effect of innovation. For example, Han Xianfeng empirically 
investigated the spatio-temporal heterogeneous effects of Internet on the innovation efficiency 
of enterprises, and believed that the spillover to innovation efficiency exists in space and time. 
Heterogeneity, Zhao Lu et al. conducted research on the spillover of green innovation efficiency 
based on different types of environmental regulation behaviors, and empirically examined the 
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indirect, direct and total effects of different types of environmental regulation on innovation 
efficiency. 

4. Conclusion 

Based on the CCR-DEA model, we measures the innovation efficiency of 41 cities in the Yangtze 
River Delta City Group, and analyzes the influencing factors based on the spatial panel model, 
and draws the following conclusions: 

(1) The overall innovation efficiency of the Yangtze River Delta urban agglomeration is 
relatively high. In particular, most of the urban agglomerations centered on Shanghai are at the 
forefront of efficiency, indicating that the innovation pole of the Yangtze River Delta urban 
agglomeration is radiating innovation activities in surrounding cities. On the other hand, the 
innovation efficiency of the Yangtze River Delta urban agglomerations presents a spatial 
characteristic of high agglomeration, but this characteristic gradually weakens over time. 
Therefore, the Yangtze River Delta is developing from a unipolar innovation to a multi-
polarization. 

(2) The level of regional economic development provides a large amount of funds for the region 
as innovation inputs. At the same time, because some innovation elements such as human 
capital are mobile, a higher level of economic development will attract high-quality innovation 
elements to improve regional innovation capabilities; in addition, government investment 
Regional innovation efficiency has a certain obstructive effect, which means that the 
government should appropriately let go and give full play to the subjective initiative of 
enterprises and other innovation subjects, so as to further improve innovation efficiency. 
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